
JUNE  2020

FINAL REPORT

SOLAR  ENERGY  FOR  A  CIRCULAR  ECONOMY



1 

Project1 number: 816336 

Project acronym: SUNRISE 

Project title: Solar Energy for a Circular Economy 

Final Report 

Deliverable D5.3 

Periodic Technical Report 

Part B 

Lead Beneficiary ULEI 
Delivery date  30/06/2020 
Dissemination level   Public 
Version  5.3 

Period covered by the report: from 01/03/2019 to 30/04/2020 

Periodic report:  1st 

1 The term ‘project’ used in this template equates to an ‘action’ in certain other Horizon 2020 documentation 

Ref. Ares(2020)3430623 - 30/06/2020



 

2 
 

Document Information 
Grant Agreement Number 816336 
Acronym SUNRISE 
Start date of project (Duration) 01/03/2019 (12 months) 
Document due date 30/04/2020 
Submission date 30/06/2020 
Authors Christina Schlüpen, Harald Kerp, Huub de Groot, Nicola 

Armaroli, Arne Roth, Laura López, Frédéric Chandezon 
Deliverable number D5.3 
Deliverable name Final Report 
WP  5 – Management 

 
Version Date Author Description 
v0.0 May 2020 C. Schlüpen Outline 
v0.1 May 2020 H. Kerp Draft text 
v0.1 June 2020 H. de Groot Draft Summary 
v1.0 02/06/2020 N. Armaroli, A. Roth, L. 

López, F. Chandezon 
WP contributions 

v2.0 05/06/2020 H. Kerp Revision and update section 1-5, first draft 
section 5 

v2.1 05/06/2020 H. de Groot Update summary  
v2.2 08/06/2020 C. Schlüpen, H. de Groot Revisions 
v3.0 10/06/2020 H. Kerp Update of draft 
v3.1 12/03/2020 C. Schlüpen Added Use of resources tables 
v3.2 15/06/2020 H. de Groot Add/update graphics 
v4.0 15/06/2020 H. Kerp Finalization draft for upload EC portal, 

notification of partners 
v4.1 17/06/2020 H. Kerp Revisions 
v5.0 17/06/2020 H. de Groot Combine Revisions, adapt template 
v5.1 18/06/2020 H. Kerp, H. de Groot, C. 

Schlüpen 
Revisions, version for QIA 

v5.2 25/06/2020 S. Baumann, J. Kargul Revisions from QIA 
v5.3 29/06/2020 H. Kerp, H. de Groot, C. 

Schlüpen 
Final revisions, create final version 

 
 



3 

1. Explanation of the work carried out by the beneficiaries and Overview of the progress

The overall objective of SUNRISE coordination and support action (CSA) is to provide the
comprehensive design and description of the SUNERGY European large-scale research 
initiative (LSERI) to secure the supply side of the circular economy with a pipeline of 
disruptive technologies for manufacturing renewable fuel, chemicals, fertilizer and 
hydrogen from atmospheric H2O, N2 and CO2 at high yield with up to 2500 ton/ha.yr CO2 
sequestration (Figure 1). The demonstration of the value chain from source to final product 
is the single prioritizing criterion to deliver plug-in technologies for supplying fuel and 
chemicals manufactured from renewables at an affordable cost along three global priority 
research directions:  

• Can we combine water electrolysis with CO2 capture for realizing fully integrated value
chains?

• Does integration of steps (photovoltaic (PV) + electrolysis vs photoelectrochemical
(PEC) vs molecular vs biological) lead to superior processes in terms of efficiency,
selectivity/purity, and concentration over the value chain?

• How do we get access to all the hydrogen we need to defossilize our economies?

Figure 1. The Large-Scale European Research Initiative positioned in the renewables to fuel and chemicals landscape

The exploitable result of the SUNRISE CSA is the complete design and description of the 
SUNERGY LSERI in six Chapters, which is delivered in the form of this Final Report D5.3 
(Figure 2). Each Chapter encompasses one or more of the reports that are delivered in the 
CSA and are publicly available. The Chapters are a consolidated vision (D1.1), a strategic 
long-term research roadmap (D1.2), a blueprint for the large scale research initiative’s 
implementation (D1.3), an effective scientific leadership and governance structure (D4.1 
and D4.2), an innovation and exploitation plan (D2.3), and community building (D3.1 
and D3.3). These Chapters cover the work plan of the SUNRISE CSA (Fig. 1) and are 
further explained under 1.1 Objectives. The latest updated versions of the reports are 
included as annexes to this document. For the innovation and exploitation plan the process 
and structure were defined in discussions between stakeholders for which study documents 
are also publicly available (D2.1 and D2.2 “other” deliverables). The community building 
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is supported by the public website that is available online (D3.2 “other” deliverable) and in 
addition an open research data pilot data management plan is provided (D3.4, ORDP).    

Figure 2. Work plan for the complete design and description of the SUNERGY LSERI according to SUNRISE-CSA

1.1 Objectives 
The objective of SUNRISE-CSA is to perform the necessary preparatory actions to prepare 
for a LSERI (Figure 3). The first stages (vision, global context and goal setting and 
involvement of stakeholders) were well seeded while preparing the proposal. During the 
action the community building, S&T Roadmap development, planning for exploitation, and 
development of governance were performed. The CSA has now delivered the LSERI's 
unifying goal, its underlying S&T roadmap to encourage greater participation from 
industry, strengthened the consortium and its governance structure, and has attracted large 
public support through education, dissemination, and outreach. 

Figure 3. Preparatory actions for the SUNERGY LSERI performed in SUNRISE. 

The complete design and description of the LSERI includes: 
• A consolidated vision (D1.1 described under Task 1.1, section 1.2.1). The three global 

research directions listed above bridge the gap between the current state of the art and a 
unifying visionary goal of a CO2-neutral economy with affordable negative emissions 
technologies on a significant scale, which is articulated in this report as the manufacturing 
of fuel and chemicals to phase out fossil resources. Terms of reference are five S&T 
objectives that form a ten-year timeline towards targeted impact on economy and society 
(2020 to 2030), and on a longer timescale (2030 to 2050):

- 2023:  Seasonal storage demonstrated with solar to chemical energy 
conversion better than 15%

- 2025:  Demonstrator at a scale of > 1 MW that will provide an urban 
environment with 10% of its energy in sustainable form, with CO2 neutrality.

- 2027: Demonstration of 80% circularity at the regional level with artificial 
photosynthetic technologies for industrial feedstock, products and processes 
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- 2029: Negative emission carbon capture and utilization (CCU) and 
sustainable ethanol production on the industrial scale (i.e., with concentration to 
the MW level)

- 2030: 1000 ha (>150 MW) scale of SUNRISE/SUNERGY technologies for 
liquid fuels production for, e.g., air transportation; Decentralized and CO2-
neutral ammonia fertilizer production for precision farming 

• A strategic long-term research roadmap (D1.2 described under Task 1.2, section
1.2.1), showing how the unifying goal of net zero carbon emission in 2050 can be realised
with cost-competitive decentralized production of fuel and chemicals, EU-wide massive
deployment of sustainable hydrogen, and cost-competitive decentralized production of
ammonia. The roadmap has two major milestones:

i. seasonal storage in 2025 with direct air capture and conversion for sustainable
production of fuel and chemicals, and cost-competitive production of ammonia
and hydrogen in 2025; and

ii. demonstration of negative emission in 2030 with decentralized carbon free
production of ammonia; cost-competitive decentralized production of hydrogen,
and cost-competitive mid-scale jet fuel production.

The roadmap addresses a carbon-neutral European society by 2050, in accordance with 
the EU policy goals, a socially fair and economically viable transition to a carbon-
neutral society, import-independent production for EU autonomy and sovereignty, 
energy security, and, ultimately, reductions of the atmospheric CO2 concentration. The 
technologies take inspiration from nature, mimicking the natural photosynthesis 
processes in part or as a whole. Energy from sunlight or wind and raw materials 
abundantly available in the atmosphere (water, carbon dioxide, nitrogen) are 
transformed into green fuels and chemicals. This enables a progressive de-fossilization 
of the energy and transport sector, as well as the chemical industry (including 
agrochemistry).  SUNRISE and SUNERGY technologies provide sustainable fuels with 
high energy content to the transport and heating sector, using existing infrastructure, 
while chemical industry profits from fossil-free raw materials and energy. Converting 
sunlight and electricity into chemical energy represents a safe and easy way of long-
term storage for intermittent renewable energy sources. In the longer term, CO2 is taken 
directly from the atmosphere and becomes a valuable raw material. When transformed 
into fuels and burnt afterwards, a net zero-carbon emissions cycle is established, while 
when transformed into long-lasting chemical products, such as polymers, net CO2 
reductions (negative emissions) are achieved. 

• A blueprint for the LSERI's implementation (D1.3 described under Task 1.3, section
1.2.1) that sets out the collaboration and S&T framework for the large-scale research
initiative. It maps the necessary competencies and resources, including infrastructure
aspects, that are needed for an implementation with openness. It provides a mapping of
competencies and resources within Europe. The blueprint also considers the parameters
for openness in the process of exploitation of results, and develops a possible call
scheme for the first billion Euro of investments over the course of 10 years through a
portfolio of RIA and IA calls that serve to implement the roadmap for reaching the
SUNRISE, and subsequently SUNERGY goals.

• An effective scientific leadership and governance structure. This Chapter was split
into deliverables D4.1 Governance Plan and D4.2 Terms of Reference, described in
section 1.2.4. These elements were jointly developed between the ENERGY-X and
SUNRISE consortia based on the analysis of the governance structure of running
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European large-scale initiatives. It contains a tentative scenario for launching a 
SUNERGY LSERI in the context of Horizon Europe (HE) with a short-to-mid-term 
transition and “ramp-up” phase (2020-2024) and a long-term LSERI phase (after 2024). 
A co-programmed European partnership (cPPP) appears as the most suitable option, 
with both bottom-up Research and Innovation Action (RIA) and programmatic 
Innovation Action (IA) components and the necessary flexibility in terms of 
composition of partners, objectives and activities. Besides having both public and 
private partners, the cPPP instrument also allows to have member states (MS) and 
associated member states involved to align with national priorities in a tripartite 
research initiative at the required scale, which is much larger than current practice with 
cPPPs. 

• Innovation and exploitation describing the Intellectual Property (IP) structures and 
Science-to-Science (S2S) and Science-to-Business (S2B) exploitation methods within 
the large-scale partnership. This Chapter was split into deliverables D2.1, Innovation 
Process; D2.2, S2S & S2B Exploitation plans and IPR consortium guidelines structured; 
and D2.3, Innovation and Exploitation plan fully developed and IPR consortium 
guidelines updated, described in section 1.2.2. The proposed IP system on the individual 
project level will follow the established framework for EU funding programs with 
project partners sharing background IP as needed, while newly generated IP is owned 
by the inventing parties with conditional access and licensing rights for others. Since 
the possibility to transfer IP across the partnership is considered as beneficial in order 
to achieve the overall targets, and a coercive mechanism would highly discourage 
private parties from participating, it is proposed to create an environment which 
facilitates the transfer of IP on voluntary basis and that the partnership coordination 
actively encourages IP sharing by its community members. Different approaches for 
S2S and S2B exploitation will be used – also depending on the maturity of the 
development activity. Key for both S2S and S2B is making information timely and 
consistently available – either regarding interim or final development results or 
regarding market or business needs and requirements. Failure to commercialize 
technology is often largely related to a poor understanding of the market. It is hence 
proposed that project teams are actively coached in order to build their business case, 
and that the progress of the projects is continuously monitored in order to ensure their 
quality and impact, and hence their subsequent exploitability. 

• Community building. This Chapter is split into deliverables D3.1, Dissemination, 
Communication and Education Plan; D3.2, Project website, App and social media tools; 
D3.3, Dissemination and communication resources; and D3.4, Data Management Plan, 
all described in section 1.2.3. The documents describe how a growing community has 
been built during the preparatory action and identifies the main dissemination and 
communication objectives of the upcoming SUNERGY large-scale research initiative 
and the activities and tools that will be defined and implemented. We define the 
backbone of the future plans for dissemination, communication and education for 
responsible research and innovation (RRI) based on the evaluation of the activities 
carried out during the coordination and support action that comply with three 
conditions: (1) Continuous operation of communication tools; (2) Up to date and 
adapted content to address the different target audiences; and (3) Active engagement at 
the European and member states level. The plan includes an evaluation of the initial 
KPIs (Key Performance Indicators) to be considered in the short-term concerning the 
ramp-up phase and long-term, the large initiative phase. As the funding resources for 
the ramp-up phase are not yet ensured, keeping the current momentum achieved by the 
SUNRISE and ENERGY-X communities will be the main challenge. Reaching further 
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the general public and policy makers will also be one of the main objectives, which will 
be crucial in order to reach the second phase of the SUNERGY project: becoming a 
large-scale research and innovation initiative. 

1.2 Explanation of the work carried per WP 

1.2.1 Work Package 1: Strategy and Structuring 
Beneficiaries involved: CNR, ULEI, CEA, EMPA, UU, IMDEA Energia, Fraunhofer, 
FZJ, Imperial, EMIRI AISBL, UTU, UNIWARSAW, HIPC, JM, ICIQ, EERA AISBL, 
NTNU, UCL, ENGIE 

Objectives: 
● Establishing the vision and mission of SUNRISE through S&T objectives, with quantitative

targets and impacts (Task1.1).
● Structuring the long-term scientific and industrial roadmap of the large-scale research

initiative (Task 1.2).
● Providing the blueprint for the implementation of SUNRISE (Task 1.3).

Summary of progress and significant results for each task:
Task 1.1 (months 1-12): S&T objectives and assessment of their impact on a broader
scale (task leader- CEA)
In the first months of the project, the strategic directions of the SUNRISE community were
determined, in particular by establishing the S&T objectives of the three designated
approaches, i.e. electrochemical conversion, photoelectrochemical direct conversion and
biological/bio-hybrid direct conversion. The concepts emerged from the discussion within
the consortium partners and endorsing stakeholders. This active participation was
summarized and rationalised in the first major deliverable, the SUNRISE consolidated
vision (D1.1), which was the first significant output of the CSA. The document is an
extension of the vision reported in the proposal and it defines the targets and innovative
pathways of the project. Its focus is on the chemicals enabling the SUNRISE vision, namely
hydrogen (H2), ammonia (NH3) and carbon-based molecules produced using CO2. In this
context, it identifies performance targets and innovation needed. Most importantly, it clearly
defines the objectives of the SUNRISE technologies for solar fuels and chemicals by 2030,
including the initial demonstrators targeted by 2025 at > 1 MW scale and larger-scale plants
to be deployed by 2030 (1000 ha, >150 MW). The feasibility of the most ambitious
objective, i.e. carbon negative emissions, was set for the period 2030-2050. Impacts at the
economic and social level (e.g. social acceptance of technologies to be deployed on a large-
scale) were also examined.
The strategy for the elaboration of this deliverable was established at the post-award
meeting in January 2019 (Leiden) and consolidated at the project meeting in mid-May 2019
(Bologna) in order to be submitted by the end of May 2019. A preliminary draft of D1.1
was made by CNR, which was then consolidated by CEA, UCL, Fraunhofer, ULEI and UU.
The final version of the deliverable was elaborated by the Task Leader CEA, with the
contribution and final revision of all partners.

Task 1.2 (months 1-12): Roadmap of the SUNRISE large-scale research initiative (task 
leader: UCL)  
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The main goal of this task was the preparation of the global roadmap of SUNRISE, defining 
activities across mainly the decade from 2020-2030, up to 2050 for less mature 
technologies, which will open the route to a pipeline of new materials for the transition from 
a linear to a circular European economy. The preparation of the roadmap document (D1.2) 
ran through several steps, also with the active involvement of stakeholders and supporters. 
The basis of the document – which is a pillar of the legacy of the CSA SUNRISE – was laid 
down at the post-award meeting in January 2019 (Leiden). On this occasion, nine dedicated 
task forces were established across the three approaches, each of which working on a 
specific topic (e.g. hydrogen, CO2-to-chemicals, ammonia, jet fuel for Approach 1). A 
priority research direction (PRD) template was elaborated, in order to address the work of 
each task force to a homogeneous input for the final document. This complex work also 
benefited from the input of external stakeholders, which was collected during dedicated 
open events. The top event (Stakeholders Meeting) took place in Brussels in June 2019, but 
other events at the national level were also organized in several countries by individual 
SUNRISE partners (e.g. Italy, France, Sweden, Finland, Poland, just to mention a few). The 
roadmapping required an impressive amount of work, tackled by a dedicated team 
coordinated by Dr. Carina Faber (UCL) who also attended a roadmapping course in 
England. A roadmapping meeting was held in Brussels in July 2019, whereas further work 
and refinement was made at the consortium meeting in October 2019, in which the roadmap 
was assessed also by the external advisors of the mid-term review panel. The SUNRISE 
roadmap was published in November 2019. It consists of a main document and four 
technical appendices where the technical requirements for the development of the different 
technologies envisaged by the SUNRISE initiative are analytically reported and 
summarized. The writing team of the roadmap, led by the Task Leader UCL, included CEA, 
CNR, UU, UTU, ENGIE, Siemens, UNIWARSAW, ICIQ, Fraunhofer. Throughout the 
process, it received relevant contributions from all the other partners and from the 
supporters. 
The SUNRISE roadmap complements the ENERGY-X research agenda. These reports 
provide the technical underpinning of the SUNERGY initiative. This undertaking has been 
recently established with the joint contribution of both the energy-related CSAs, i.e., 
SUNRISE and ENERGY-X.  

Task 1.3 (months 1-12): Blueprint of the large-scale research initiative 
The activities of Task 1.3 were devoted to merging the S&T approaches and objectives 
determined in Task 1.1 and 1.2 into a coherent framework, with a focus on impact on EU 
industries and the economy. One of the final steps of the project – and the main goal of Task 
1.3 – was to deliver the blueprint for the European large-scale research initiative (aka 
SUNERGY). In the blueprint (D1.3) the overall collaboration along with the Science & 
Technology framework have been presented, also with the identification of necessary 
competencies, resources and infrastructures. A key step in the preparation of the blueprint 
was the last project meeting in Brussels (February 2020), where the consortium focused on 
the drafting of proposals for future EU calls (particularly IA, RIA and CSA) open for all 
organizations that are active in the field of solar fuels and chemicals, with the aim of 
promoting a future large-scale research initiative possibly in the context of a large 
partnership to be launched within 2024 and in the framework of the European Green Deal. 
The blueprint includes an overview of organizations that are active in the area of our 
objectives, including SUNRISE and ENERGY-X supporters as well as organizations from 
EERA joint programs. It also highlights the involvement of relevant stakeholders, with 
SUNRISE having gathered more than 200 supporters, from academia (ca.100), industry 
(55), local research networks and funding agencies. This shows that SUNRISE has been 
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successful in gathering a critical mass of research excellence and industrial capabilities, 
which will be crucial for addressing the challenge of reaching a carbon neutral energy 
system and chemical industry by 2050, in line with European long-term strategies. 
Upon finalization of the blueprint, SUNRISE industrial partners Siemens, Engie and 
Johnson Matthey provided letters of intent for participation in future SUNERGY proposals 
to be submitted in the research calls outlined in the SUNRISE blueprint deliverable. These 
letters are found in annex 5 of this document. D1.3 was written by Task Leaders UU and 
ULEI, in close collaboration with M2i, with input from all other partners during project 
meetings and dedicated discussions. 
 
The following Deliverables were due within the reporting period: 
 
D1.1 Vision due Month 2 (04/2019) 
submitted in 06/2019 
 
D1.2 Roadmap due Month 6 (08/2019)  
submitted in 11/2019 
 
D1.3 Blueprint Month 12 (02/2020) 
submitted in 04/2020 
 
 

1.2.2 Work package 2: Innovation and Exploitation 
Beneficiaries involved: Fraunhofer, CEA, EMPA, IMDEA Energia, FZJ, EMIRI AISBL, 
SIEMENS, UTU, UNIWARSAW, JM, UCL 
 
Objectives:  
• Development of an agile innovation process for SUNRISE 
• Development of exploitation plans for scientific as well as commercial activities 
 
Summary of progress and significant results for each task: 
 
Task 2.1 (months 1-14): Innovation 
 
The work in Task 2.1 was carried out in the following four sub-tasks.  
 
Subtask 2.1.1 Innovation Strategy:  
A high-level innovation strategy for technologies and processes pertinent to the scope of 
SUNRISE, i.e. the transformation from a linear to a circular economy based on utilization 
of solar energy, has been developed. In this context, innovation is the sum of 
invention/fundamental research and commercialization, so innovation relates to the process 
of bringing ideas, concepts and knowledge from basic science to commercial application.  
There is a broad consensus of distinct stages in any innovation process and what constitutes 
best practice for a particular business. However, SUNRISE recognises that for the transition 
to a circular economy we are dealing with something beyond the normal commercial 
context. The problem to be solved is global in magnitude, albeit with a European epicentre.  
 
Consequently, we will need from the outset to build collaborative forums for all partners 
and stakeholders to meet and set priorities for addressing short, medium and long-term 
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challenges for transitioning to a circular economy. The SUNRISE innovation strategy aims 
for bringing fundamental research to the market through the fastest possible route.  
For that purpose, it is necessary to create an environment, where new start-ups are founded 
in addition to the present industrial companies and SMEs to cover TRL 4/5 to 7/8. These 
TRLs often suffer from an absence of industrial partners, especially when inventing 
disruptive new technologies. Additionally, innovation cycles in the field of chemical 
feedstocks are quite large in the range of >10 years, as often high investments have to be 
made to introduce new processes or plants. Existing companies often cannot afford high 
risk investments in addition to their existing business commitments. 
To let technologies evolve in a free environment, the concept of SUNRISE valleys is 
introduced in the style of the Silicon Valley. To further realize this concept and to reduce 
the innovation cycle time demand, the combination of public funding as well as private 
investments and a long-term commitment (minimum of a 10 years period) from the EU is 
crucial to engage private investments. 
SUNRISE valleys are local or regional innovation clusters, providing comparable 
infrastructure and supporting with e.g. bookkeeping, business angels, VC companies, IP 
support, lawyers, marketing experts etc. Contributors are purposefully exposed to the views 
and opinions of all stakeholders so that new concepts and approaches to converting sunlight 
into fuels and chemicals are in sync with the drivers that are shaping our societies of the 
future. This will enable the fast and focused development of technologies of the before 
mentioned fields of actions in a business-friendly environment. In cooperation with large 
industry, these technologies can be distributed on a global scale to ensure the fast 
acceleration in technology distribution. 
 
The outcomes of sub-task 2.1.1 (Innovation Strategy) have been reported as part of D2.1 
(Innovation process) and form the basis for Task 2.2 (Exploitation). 
 
 
Subtask 2.1.2 Innovation Process:  
An innovation process for a large-scale research initiative was outlined in Task 2.1.2. 
SUNRISE has three principal approaches to develop solutions to the chemical and fuel-
based needs of Europe’s circular economy i.e. electrochemical, biological/biohybrid and 
photoelectrochemical processes. Five distinct stages of innovation are considered for the 
SUNRISE Innovation Process, that are generally applicable across the relevant S&T 
landscape: 
 
1. Idea generation 
2. Evaluation & selection 
3. Experimentation 
4. Commercialization 
5. Implementation 
 
The process must be operated with enough flexibility to account for the different technology 
scenarios. For example, stages 4 (commercialization) and 5 (implementation) will have 
more immediate relevance to the electrochemical production of hydrogen as this has already 
reached demonstrator stage, but lessons learnt here will have real value for passing onto the 
bio- and photo-electrochemical operations. 
The five stages of innovation are described and summarized in the following table.  
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Table 1. Overview of stages of innovation for the SUNRISE Innovation Process 
 
The outcomes of sub-task 2.1.2 (Innovation process) have been reported as part of D2.1 
(Innovation process) and form the basis for Task 2.2 (Exploitation). 
 
 
Subtask 2.1.3 Innovation Management:  

      

Objectives 
and 

Characteristics 

• Networking, 
forums for 
discussion & 
exchange on 
topics related to 
circular economy 
 

• Provide 
participants with 
holistic view of 
the challenge and 
what their 
technical projects 
should encompass 
to be relevant to 
progressing the 
roadmap 

 

Selection of 
projects for 
funding based 
on typical 
‘call gates’: 

 Being within 
scope of a 
particular call 
 Well-defined 

techn. challenge 
 Clarity of 

desired output 
& impact 
 Risk mgmt. 

strategy 
 Appropriate 

team with well-
matched 
resources and 
tasks 
 Logical cost 

basis and 
budget 
management 
plan 
 Clear objectives 

and targets 

• Trial, error, 
success, failure 
 

• SIP team will 
give support by 
providing contact 
point at local 
nodes for advice 
and guidance 
w.r.t. technical 
and 
administrative 
issues, arising IP, 
partner changes, 
accessing 
national S&T 
infrastructure 
(e.g. advanced 
analytical 
techniques) 

• Involving end-
users, analyzing 
costs and benefits 
 

• Involving new 
partners and 
partnerships, 
decoupling from 
academic input, 
moving towards 
commercialization 
 

• Further progress 
depending on 
nature of business 
endeavors such as 
spin-offs vs. large 
industrial 
company, state and 
EU-level financial 
incentives or 
subsidies, fossil-
fuel prices, 
possible market 
shifts 

• Most challenging 
stage as the 
required 
investment levels 
and risks rapidly 
increase 
 

• Commercialization 
and 
implementation of 
chemical processes 
take time  
evolutionary roll-
out, first focus on 
local customer 
bases where 
conditions are 
most conducive to 
mitigate costs and 
maximize benefits 

 
• Use lessons learnt 

from rapid growth 
of renewable 
energy generation 
and electrification 
of drive trains  

Deliverables 
(exemplary) 

• Requirement 
specifications for 
technology (and 
future products) 
 

• List of 
stakeholders and 
cooperation 
partners 
 

• Market potentials 
 

• Technology ideas 
& concepts 

Proposals 
including: 
• Technology 

design 
specification 
 

• Milestone & 
Review Plan 
 

• References to 
SUNRISE 
roadmap 
 

• Metrics for 
progress eval. 
 

• Risk assessment 
 

• Resource plan 

• Technology 
specifications 
and test results 
 

• Technology 
capability 
evaluation (incl. 
benchmarking 
vs. established 
solutions) 
 

• Review 
documentation 
 

• (Scaled) 
Prototypes 
 

• IP 

• List of potential 
markets and 
customers 
 

• Commercialization 
and financing plan 
 

• Market strategy 
and market entry 
documents 
 

• Implementation 
preparations (e.g. 
sourcing, 
manufacturing, 
validation) 

• Full-scale 
prototypes 
 

• Qualified systems 
 

• Requirement 
definitions for 
S&T based on 
operational 
experience 

 
• Evaluation of 

product operation 
 

• Identification of 
basic S&T 

Idea  
generation 

Evaluation, 
Selection 

Experi-
mentation 

Commer-
cialization 

Imple-
mentation 
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A system enabling the innovation management in a large-scale research initiative was 
outlined in Task 2.1.3. A central issue of innovation management is concerned with the 
management of knowledge and IP. This is particularly relevant for an initiative following 
the approach of open innovation. There must be clarity in respect of the rules of engagement 
that partners will be expected to abide by. This will facilitate both scientific information 
flow and the translation of acquired knowledge into practical, commercially viable 
technology. 
 
All projects require an over-arching governance structure and any Legal Agreement in a 
partnership will need to reflect this. We recommend a similar governance structure for IP 
whereby all partners have a representative on an ‘IP Management Committee’ (IPMC) that 
should oversee the processes of publishing, patenting, managing the flow of technical and 
scientific information into and out of the partnership, reviewing the IP landscape relevant 
to the project objectives and dealing with any disputes (see sub-task 2.1.4). The basic 
structure and content of a typical IP agreement is laid out in D2.2 and D2.3.  
 
A scheme for the connection and (inter)relation of individual projects to the overarching 
LSERI and its bodies, roadmap and R&D agenda, to the SUNRISE valleys as innovation 
nodes as well as for the entire flow of information has been developed and described in 
D2.3 (Innovation and Exploitation plan fully developed and IPR consortium guidelines 
updated). 
 
Subtask 2.1.4 Innovation Conflict management: 
Wherever there is new IP generated in collaborative projects, i.e. involving more than one 
partner, there are potential conflicts of interests. For that purpose, clear IPR guidelines are 
needed as part of the innovation management (see sub-task 2.1.3). A common 
understanding of and commitment to IPR guidelines from all partners is a prerequisite for 
the large-scale research initiative. In particular, where there are potential conflicts of 
interest, such as the academic imperative to publish against the need to protect know-how 
that might lead to commercial exploitation, ground-rules must be in place to help resolve 
potential issues at an early stage. Good note taking at meetings is a ‘must’ so that correct 
attribution in respect of inventorship of an idea, problem-solving etc, is recorded and made 
transparent. Finally, a word of caution in that trust between partners, critical to a successful 
project, can be quickly eroded unless potential disputes are dealt with in a timely and 
effective manner. Being alert to signs of discontent as well as potentially patentable results 
will be amongst the key functions of the IPMC (see sub-task 2.1.3). The IPMC should also 
actively promote, support and mediate the sharing of IP within the partnership when this is 
seen as beneficial from the partnership’s point of view. 
 
Task 2.2 (months 1-14): Exploitation 
 
The work in Task 2.2 was carried out in the following two sub-tasks.  
 
Subtask 2.2.1 “Science-to-Science” Exploitation plan (S2S)  
The purpose of this sub-task was to increase the capacity of the scientific community to 
provide new ideas and technological bricks towards SUNRISE/SUNERGY objectives. The 
reflexion was devoted to making Science-to-Science communication easier and to ensuring 
that basic scientists would be properly aware of the roadmap targets, bottlenecks, obstacles, 
as detailed in the D2.3 deliverable. Using standard scientific communication tools and 
structures (publications, conferences, seminars, organized physically or on the Internet) and 
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the decentralized SUNRISE/SUNERGY “valley nodes”, the community shall be made 
quickly aware of new results or new problems relevant to the roadmap. That for, a 
continuous scientific management of the roadmap, a kind of “scientific control room”, shall 
be put in action. It will scatter information towards the community, especially to orient new 
calls and new projects. We built the SUNRISE roadmap with this requirement in mind, 
paying a lot of attention to bridging the gap between scientific bottlenecks and societal 
goals. 
 
Subtask 2.2.2 “Science-to-business” Exploitation plan (S2B):  
For ensuring the short-, mid- and long-term S2B exploitability of the outputs of SUNERGY, 
the following approach has been developed during the 14 months of project duration: 
• On the one hand, a continuous coaching/outreach approach to the SUNERGY projects 

will be applied in combination with a stage-gate process to review the project progress. 
By doing so, compliance of the specific project objectives with the overall roadmap 
targets will be achieved and maintained, and hence the uptake and commercialization 
of the results by industry will be enabled. 

• On the other hand, a short-, mid- and long-term commercialization strategy of 
SUNRISE’s developments was defined by taking account of the fact that the creation 
of any new business inherently requires the availability of a complete and functional 
technology stack. 

• Furthermore, to inform and upskill end users in industry regarding the technological 
results of SUNERGY, corresponding elements have been incorporated into the 
SUNRISE Innovation process and the SUNRISE Valley concept. The feedback loop 
from the definition of roadmap targets over their implementation in corresponding 
projects to the information and interaction with the stakeholders is schematically shown 
in Figure 4. 

• As far as the contractual basis for IPR and knowledge management is concerned, the 
DESCA template was defined as a suitable baseline for low- to mid-TRL projects, while 
for mid- to high-TRL activities also other templates (like MCARD) can be used to 
address the specific needs of projects that are close to commercialization. That means 
that project partners share background IP as needed, and that newly generated IP is 
owned by the inventing party (or parties) with conditional access and licensing rights 
for other parties. 

 
Further details regarding the S2B exploitation are described in deliverable D2.3. 
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Figure 4.  Relationship between the SUNRISE roadmap, SUNRISE projects, SUNRISE Valley nodes and the SUNRISE 
stakeholders to enable exploitation across the partnership 

 
The following Deliverables were due within the reporting period: 
 
D2.1 Innovation process defined for SUNRISE due Month 6 (08/2019)  
submitted in 07/2019 
 
D2.2 S2S & S2B Exploitation plans and IPR consortium guidelines structured due 
Month 6 (08/2019) 
submitted in 12/2019 
 
D2.3 Innovation and Exploitation plan fully developed and IPR consortium guidelines 
updated  due Month 14 (04/2020) 
submitted in 04/2020 
 

1.2.3 Work Package 3: Dissemination, communication and education 
Beneficiaries involved: ICIQ, ULEI, CEA, CNR, EMPA, UU, IMDEA Energia, 
Fraunhofer, FZJ, Imperial, UTU, UNIWARSAW, HIPC, JM, EERA AISBL, NTNU, UCL, 
ENGIE 
Objectives:  
The overall objective of WP3 is to build the SUNRISE community, denoted "SUNRISE 
ecosystem" consisting of (A) the research community, (B) the industry sector, (C) policy 
makers and (D) multiple advocacy groups including citizens, students and NGOs. The 
activities of WP3 build on the “SOLAR RESOURCES” database that was elaborated by 
CNR and refined with the contribution of other SUNRISE partners, prior to the submission 
of the SUNRISE CSA proposal, and the innovation network from WP2 in order to identify 
the research community and the industry sector, respectively. In addition, WP3 will add the 
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policy makers and advocacy groups and merge (A) - (D) to ensure the best impact of the 
planned activities in a Responsible Research and Innovation (RRI) framework. 
There are three specific objectives: 
1. Implementation of the Dissemination and Communication Plan. 
2. Apply a Responsible Research and Innovation approach. 
3. Build a strong and actively growing “Solar conversion” ecosystem community. 
 
Summary of progress and significant results for each task: 
 
Task 3.1 (months 1-12): Implementation of the Dissemination and Communication 
Plan. (Task Leader: ICIQ)  
 
As part of the Dissemination, Communication and Education Plan, one of the main goals of 
the SUNRISE CSA has been to create a growing SUNRISE community that can contribute 
to work towards the large-scale research initiative’s goals. The dissemination and 
communication actions were proposed to attract new interested stakeholders and keep a 
fluid communication and interaction with supporters and followers, contributing to create a 
growing ecosystem around the initiative. The actions have been addressed to four main 
target groups: (A) research community, (B) industry sector, (C) policymakers, and (D) 
advocacy groups including citizens and students as well as NGOs and associations 
dedicated to sustainable and renewable technologies and solar conversion applications. 
Several strategies and tools have been put in place to effectively disseminate and 
communicate the progression and outcomes throughout the action. A description and 
evaluation of these activities was done for the first 6 months of the action and again at the 
end of the 12 months. The final updated D3.1 deliverable is described in section 2 of this 
report and the entire document has been added as an annex. 

Continuous activities monitoring has been used to adapt the SUNRISE Dissemination, 
Communication and Education Plan throughout the action, being a live document, starting 
with the first plan in the proposal that has been followed, updated and adapted to the action 
needs in the mid-term plan and at the end of the project. The final plan includes the common 
communication and dissemination actions agreed with the ENERGY-X CSA consortium as 
the two CSA projects, SUNRISE and ENERGY-X have merged in the broader SUNERGY 
initiative at their end. 

 
3.1.1 SUNRISE Website and related tools.  

The SUNRISE project website provides the basis for dissemination and communication 
actions. The current website will be expanded and updated regularly, and will be further 
developed to include an intranet. It will gather and promote relevant information related to 
solar-to-chemical technologies, and will include: (i) a news and events section to spread all 
the activities developed under the CSA umbrella; (ii) an open access portal with 
publications relevant to the SUNRISE mission with access to open data; (iii) a link to the 
solar resources database on research projects and initiatives on solar energy conversion and 
the circular economy; (iv) a link to the database on key research infrastructures to be 
networked during the early stage of the large-scale research initiative; (v) educational and 
training content, including e-learning material; (vi) a discussion forum including a blog and 
a questions corner where international experts can be contacted; (vii) promotional materials 
like posters, flyers, videos and newsletters; (viii) a contact section where followers and 
supporters can reach the management team and leave support statements and letters of 
support; (ix) a list of entities supporting the SUNRISE initiative and how they will 
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contribute. The website will have an associated SUNRISE App and it will offer direct access 
to social media and professional networks that will be used to introduce the project to a 
broad audience. The development of the website, App and virtual networks will ensure an 
easy and cost-effective regular flux of information, and will be used as key elements beyond 
the CSA and form part of the large-scale research initiative blueprint. 
 
The development of the website and social media profiles was one of the first goals within 
the WP, the main points related with this work and the strategy behind are summarised in 
the Deliverable D3.2 “Project website, App and social media tools”. This public deliverable 
describes the key points of design, execution, content, usage, and communication strategy 
behind the internet platform of the SUNRISE initiative.  
 
The URL of the website is www.sunriseaction.eu or www.sunriseaction.com and it has been 
online since September 20th, 2018 (already before the CSA started). With the start of the 
CSA the website was reworked, and a new version has been available since May 2019. The 
online platform has been created to serve as a project content management system on two 
levels: (1) External Communication and Dissemination of the project objectives and results, 
and (2) Internal Communication Platform within the consortium. The SUNRISE public 
website was developed to act as an information hub about the project’s aims, goals, 
activities and results, working as a first public dissemination tool. The public section 
provides the following content: a) general information about the project, including initiative 
description and vision and FAQs; b) recent news about the project; c) description of events 
organized within the framework of the project and related events of interest; d) description 
of consortium members taking part in the project; e) support and training materials, 
deliverables and presentations; f) press releases and media clippings; g) contact information 
and e-mail address (contact@sunriseaction.eu); h) supporters logos and community 
contributions; i) blog; j) links to social media; k) appropriate acknowledgment and reference 
to the European Union’s Horizon 2020 Framework Programme.   
 
The website also includes a direct link (with restricted access to validated users) to an 
intranet page used to share relevant information among all partners. The intranet used, 
called ‘Plaza’, has been made available by M2i (Materials Innovation Institute), the 
organization involved in the SUNRISE project management.  
 
Profiles in social media networks have also been developed throughout the action to 
promote the content of the project’s webpage, related projects and relevant news concerning 
artificial photosynthesis and related topics:  
• Facebook: https://www.facebook.com/sunriseaction/  
• Twitter: https://twitter.com/sunriseaction   
• LinkedIn: https://www.linkedin.com/company/sunriseaction 
• YouTube: https://www.youtube.com/channel/UCWBoKlQrVNn_cJsTSwGz0pA 
• ResearchGate: https://www.researchgate.net/project/SUNRISE-Solar-Energy-for-a-

Circular-Economy-EU-H2020-CSA-Ref-816336.  
 
Both the website and social media networks have been carefully designed to address the 
identified target groups in an effective manner, being the easiest way to ensure the visibility 
of the project for the EU as well as target audiences, consortium, stakeholders and general 
public. These communication tools have been continuously monitored during the action 
(See Deliverable 3.1 and its annex 1), including not only the number of followers and 
interactions, but also qualitative aspects like the most engaging posts content, etc.  

http://www.sunriseaction.eu/
http://www.sunriseaction.com/
https://www.facebook.com/sunriseaction/
https://twitter.com/sunriseaction
https://www.linkedin.com/company/sunriseaction
https://www.youtube.com/channel/UCWBoKlQrVNn_cJsTSwGz0pA
https://www.researchgate.net/project/SUNRISE-Solar-Energy-for-a-Circular-Economy-EU-H2020-CSA-Ref-816336
https://www.researchgate.net/project/SUNRISE-Solar-Energy-for-a-Circular-Economy-EU-H2020-CSA-Ref-816336
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Regarding the SUNRISE App, a demo version has been developed 
(http://events.tickaroo.com/projectsunrise/) and presented to visitors at the European 
Sustainable Energy Week (EUSEW), where SUNRISE had a stand. An internal survey 
within the consortium was also done, these feedbacks are the basis for its future 
development.  
 

3.1.2 SUNRISE Symposium and other dissemination and communication 
actions. 

 
SUNRISE partners have been very engaged and active introducing the initiative in the 
numerous conferences, workshops and meetings where they have participated, more than 
50 (see Table 3 in annex 1 from D3.1). Most of the events, being scientific conferences, 
were targeting academic and industrial researchers, although it is worth highlighting that 
policy actors have also been present in some of the events. For instance, SUNRISE had a 
dedicated session in the 9th EuroNanoforum (Bucharest, June 2019). The initiative actively 
participated in EUSEW 2019, while the SUNRISE Stakeholder Workshop (17-18 June 
2019) was organised in connection with the event, being one of the actions within the 
Energy Days and including a governance session with European Member States and 
European associations and foundations representatives. In addition, SUNRISE participated 
in the EUSEW conference, with a stand at the Networking Village and co-organizing the 
panel session ‘Energy storage to boost EU decarbonisation and competitiveness’.  Together 
with ENERGY-X, the project also participated in a lunchtime conference organized by the 
Directorate General for Energy (DG Energy) on October 24, 2019.  
 
The action has been successful in the organisation of its own events: 
  
- “SUNRISE Community Building Event”: organized before the launch of the CSA to 
present the initiative to the supporting entities, already counted with around 90 participants 
(Brussels, 15 November 2018).   

- “SUNRISE Stakeholders Workshop” (ramp-up meeting): it took place at month 4 of the 
CSA joining a big representation of supporters and followers with around 170 participants 
(Brussels, 17 and 18 June 2019).  

- “SUNERGY Kick-off Event”: this has been combined with the final closing symposium 
for SUNRISE and was organized jointly with ENERGY-X . It has served as well to present 
the new joint initiative: SUNERGY. The event gathered about 120 participants and it was 
divided in a Lunch discussion in the European Parliament “Decarbonising Europe: how 
large-scale R&I initiatives on fossil-free fuels and chemicals can contribute to the European 
Green Deal” and a public event with both SUNRISE and ENERGY-X communities 
(Brussels 5 and 6 February 2020). 
 
In addition, the action has organized 4 additional consortium meetings, with participation 
of different stakeholders, whenever possible: i) Kick-off meeting, March 2019, Brussels 
(EERA, included a streamline session for supporters); ii)  Consortium meeting, May 2019, 
Bologna (University of Bologna, included an open session to Italian supporters, with a 
presentation by Prof. John Mathews); iii) Mid-term consortium meeting, October 2019, 
Brussels (EERA, included a session with feedback from the external advisory board and a 
coordinated session with the Mission Innovation initiative); iv)  Final  consortium meeting, 

http://events.tickaroo.com/projectsunrise/
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February 2020, Brussels (EERA, included a blueprint session with participation of invited 
stakeholders).  

Moreover, several national stakeholder meetings have been organized through the action to 
introduce the initiative and organize national support and actions, including participation of 
local industry and policy representatives. 

To further promote the action, a young researchers’ travel grant contest was organized to 
facilitate the participation of young researchers, from partner or support organisations, in 
dissemination events, contributing to their formation. In collaboration with E-MRS the CSA 
also sponsored a poster prize in the E-MRS Spring Meeting 2019, to highlight research 
advances in the area. 

Regarding publications, all deliverables of the action will be publicly released after EC 
approval. Ahead of the other deliverables, the roadmap (D1.2) was approved and made 
public in November 2019. Importantly, an open and participatory approach has been 
followed for the most relevant technical documents: roadmap and blueprint, where 
consultation processes among supporters have helped to their preparation and consolidation. 
In addition, during the first months of the action, supporters contributed to set priority 
research directions through a password-protected site in SUNRISE’s website, these have 
later become the basis for the roadmap annexes. 

On the communication side, the plan has included actions to raise awareness of the project, 
project knowledge, actions to announce new updates, events, etc. and actions for 
stakeholder’s involvement like activities online and offline to boost the followers and 
supporters’ active participation and engagement in the project. 

Besides the website and social media channels, other relevant tools have been: i) 
Newsletters: 4 public newsletters have been released to all contacts and published in the 
website as wrap-ups of the main highlights of the action. In addition, continuous 
information and participation opportunities have been sent to supporters; ii) Videos & 
podcasts: the official video has been translated to 5 languages, 5 video-interviews have been 
released with consortium partners, as well as a video for the final event and a new video 
presenting the continuation action SUNERGY. In addition, podcasts of radio interviews and 
live interview videos are also available; iii) Press releases and media clippings: four press 
releases have been prepared and distributed for mainstream media, appearing in 
publications throughout Europe in 10 different languages. In addition, consortium partners 
have also participated in media interviews in newspapers and magazines, radio and TV; iv) 
Interactive actions: the action has launched online events like interviews, twitter chats, 
contests and polls. For instance, for choosing the SUNRISE logo or the new name of the 
continuation action; and v) Outreach activities: project’s partners have participated in 
several science and policy fairs, as well as other divulgation events, using the different 
dissemination and communication resources available. These actions have allowed a direct 
interaction with a big audience and are part of the basis for a future education plan, as further 
described below. 

The Deliverable 3.3. Dissemination and Communication Resources, describes the 
promotional and training resources and materials generated during the action. A list and 
description of the promotional materials, including: mugs, slides templates, posters, roll-
ups, factsheets, leaflets, infographics, different types of videos, podcasts, and newsletters; 
released throughout the past months is included, as well as the different press releases, and 
the agenda and list of attendees of the two main SUNRISE events. 
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3.1.3 Development of a Data Management Plan.  

 
The purpose of the Data Management Plan (DMP) is to provide an overview of the main 
elements of the data management policy that is used by the consortium concerning the 
project data.  The plan has evolved during the lifespan of the project to include additional 
datasets, and to adapt to changes. The plan covers the complete research data life cycle. It 
describes the types of data, its collection, storage, security and documentation, how they 
will be accessed and preserved and if they are shared or confidential.  

The data produced by the consortium has been made available through the SUNRISE 
website and on the M2i intranet plaza. In addition, a new community space has been created 
within ZENODO (https://zenodo.org/communities/sunrise/?page=1&size=20), a public 
repository hosted at the Conseil Européen pour la Recherche Nucléaire (CERN).  

Section 3 describes how the initial data management plan evolved into the final version that 
is also available as an annex to this report. 

 
Roles of participants:  
 
ICIQ has led this task with the preparation and update of the different plans, in continuous 
communication and coordination with the management board and the rest of the consortium. 
ICIQ appointed a Dissemination and Communication officer (part-time), this has been key 
to develop the planned actions (running the project website, prepare and select content for 
social media, managing the preparation of supporting materials, running interactive actions 
and contests, writing press releases, contacting media, helping in the preparation and edition 
of videos, monitoring tools, helping in deliverables preparation, etc.). ICIQ has prepared 
different dissemination and communication materials, with involvement of the management 
board and most of the partners, especially ULEI, FZJ, CEA, EERA, UW and EMPA have 
got a relevant role in the validation process. 
Fraunhofer has taken the lead in the development of the smartphone App, ICIQ helped in 
the following surveys and evaluation.  
EERA and UCL, helped by ICIQ, ULEI (and M2i) and the management board, led the 
organisation of the SUNRISE Stakeholder Workshop. EERA, ICIQ, ULEI (and M2i) 
together with ENERGY-X representatives led the organisation of the final symposium, the 
SUNERGY kick-off, helped by the management board. Different partners were in charge 
of organising national Stakeholder Workshops and other national events, with regional and 
national funding bodies. All partners have contributed to dissemination actions introducing 
SUNRISE in different events. 
UW, NTNU, Imperial, IMDEA and ICIQ have led the outreach programme, with 
contributions also from other partners, i.e. EERA and EMIRI.  
ULEI and ICIQ had been in charge of the Data Management Plan preparation and 
monitoring. 
The full consortium also contributed with news and updates to be used for the website, 
social media tools and newsletters, press releases distribution, media interviews, etc. 
 

Task 3.2 (months 1-12): Responsible Research and Innovation (RRI). Task leader: 
UW 
3.2.1 Education.  

https://zenodo.org/communities/sunrise/?page=1&size=20
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Responsible research and innovation principles have been especially considered for the 
design of the WP3 actions. In the CSA period, the project has already included and analyzed 
activities with an educational character as a basis for a future education plan to be fully 
developed within a large-scale initiative. 
 
The outreach activities developed during the action have been key to introduce this 
educational character, the project has applied and has been selected to participate at five 
different science fairs: the Big Challenge Science Festival (Trondheim, Norway), the EU 
Sustainable Energy Week (EUSEW, Brussels, Belgium), the Maker Faire (Barcelona, 
Spain), the 13th SET-Plan Conference (Helsinki, Finland) and the United Nations Climate 
Change Conference, COP 25 (Madrid, Spain). A description of these events can be found 
in Deliverable 3.1 Dissemination, Communication and Education Plan. The stands at 
EUSEW and the SET-Plan were more targeted to a general audience including policy 
makers, the other three ones included a general and familiar public, with young students 
that had access to interactive activities like a game App and live experiments showing how 
solar cells, electrolyzers, fuel cells and photo-electrochemical cells work.  
 

The audiovisual materials prepared during the action, including video-interviews, have been 
very useful for outreach activities. In addition, various infographic materials have also been 
developed. A specific 3-pieces infographic about the circular economy has been used to 
introduce this concept, and its relationship with the action, at different stands. Another 
infographic showed facts and figures to illustrate how the SUNRISE’s roadmap contributes 
to current challenges towards a fossil-free economy by 2050. All these materials are 
described in the Deliverable 3.3 Dissemination and Communication resources and available 
at SUNRISE’s website. 
 
Special activities have been developed during the action to involve and give visibility to the 
new generation of scientists, as these will be the ones applying and benefiting from 
SUNRISE’s long-term development. As mentioned above, a travel grant contest was 
organized for young students to participate in a dissemination event within the area and a 
photo contest was organised for the final conference event. Young researchers were invited 
to send pictures related with their research and an abstract, a poll followed in a new 
Instagram account, specially created. The winner was invited to give a presentation at the 
final conference.  
 
Finally, the consortium has kept close contact with universities. Academic partners have 
participated in their local events and outreach activities to introduce SUNRISE to 
undergraduate and graduate students. In addition, special sessions have also been organized 
at external universities and partners have also welcomed visits from groups of students at 
their facilities. 
 
Based on the analyses of the actions developed within WP3, more focused to training and 
educational goals, a basic skeleton for a future education plan has been provided in D3.1. 
The major goal of this plan will be to identify the training needs for the new technologies 
to be developed within a big research and innovation project and develop a myriad of actions 
to cover them. This identification will need to be run together with specialized academic 
institutions (i.e. LERU – League European Research Universities and EUA – European 
Universities Association are SUNRISE supporters) and industrial associations (EMIRI is a 
partner). Therefore, complementary actions, like organization and participation in 
Erasmus+ programs and other related ones, should also be explored. 
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3.2.2 Gender equality.  

 
Gender aspects have also been considered during the CSA action. The consortium has tried 
to maintain gender balance in the decision-making bodies, and this is also true for the design 
and preparation of dissemination, communication and education activities. For instance, 
audiovisual materials show images of both female and male researchers and experts, video 
interviews have also been done to both, contests and interactive actions have been open and 
inclusive to encourage participation of women and men. Gender balance has also been 
considered in outreach activities, SUNRISE stands have aimed for having a broad 
representation of researchers and experts, including both sexes, as well as PhD and master 
students when possible, to attract and interact with the youngest visitors. 
 
Gender balance has been taken into account in consortium meetings, where contributions 
of women experts have been very relevant as they have led important tasks. This has also 
been considered for organized events, trying to have a broad representation of profiles 
within the invited speakers and moderators, as well as in the round tables.  
 
Finally, a virtual campaign giving visibility to women in the consortium was done by UN 
International Day of Women and Girls in Science, 11 February 2020.    
 

3.2.3 Societal, ethical and legal implications.  
 
Societal, ethical and legal implications have also been very present throughout the 
preparation of the project’s main deliverables. As explained above, the project has sought 
the involvement and interaction with the numerous supporters, coming from different areas, 
aiming for a multidisciplinary approach.  Internally, also the appointment of a Quality and 
Impact Assurance (QIA) Team including different backgrounds has provided an important 
internal mechanism for keeping a broad vision and for maintaining high standards in all 
deliverables. 
 
As explained above, numerous activities have been promoted for public engagement. In 
addition, the different events organised by the action, also at the national level, have taken 
care of inviting representatives coming from various areas, including from social sciences, 
funding agencies, governmental representatives, education associations, etc. and introduce 
discussions about how to integrate different aspects like societal impact, societal 
acceptance, legal and regulatory frameworks, funding schemes and other sensitive aspects 
within the initiative. For instance, Swiss supporters organised an interactive workshop about 
SUNRISE’s impacts on society at the Switzerland Stakeholder Workshop, a Governance 
round table session with policy makers was included on the SUNRISE Stakeholder 
Workshop and several projects were invited to introduce their research approaches, 
including one project on social sciences, and participate in a round table discussion at the 
final conference, the SUNERGY kick-off. 
 

3.2.4 Evaluation of the WP3 actions and stakeholder analysis.  
The continuous evaluation and analysis of actions has been key to increase support for the 
project by involving more stakeholders and consolidate the final dissemination and 
communication plan. KPIs were set as measurement tools in the proposal stage and, during 
the first half of the project, website and social media data have been collected in order to 
know whether the target audiences are being reached or not, according to the different KPIs, 
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e.g. number of website visits, number of newsletter subscriptions, number of social media 
followers, etc. The main tools utilised to collect these metrics are Google analytics for the 
SUNRISE website, and the different free-of-charge available tools of each social network: 
Twitter analytics, Facebook insights, YouTube analytics, LinkedIn analytics, and 
ResearchGate stats (see annex 1 to D3.1 for the metrics). 

During the mid-term update of the Dissemination, Communication and Education plan and 
KPIs analysis, the different indicators were compared with the initial figures set in the 
proposal stage. This comparison and the trends identified in the analysis, allowed for a 
modification of the different indicators to better adapt them to the updated dissemination 
and communication actions. A comparison among the updated target indicators at the end 
of the CSA was also done and the results taken into account to propose future actions. In 
addition, qualitative values (such as the visited pages per session to the website, most 
viewed posts, etc.) and other values such as the number of interviews with consortium 
members in radio/TV, etc. have also been monitored through the action. The main results 
and conclusions of the evaluation are included all along the Dissemination, Communication 
and Education plan and the final update, and specifically detailed in annex 1 to D3.1. 

Role of participants: UW and NTNU had a leading role in the definition of outreach actions 
and the young researcher’s actions, together with ICIQ. They established contacts within 
their universities and other associations to plan the actions and prepare educational materials 
and experiments. ULEI and EMPA headed the introduction of SUNRISE at internal and 
external sessions and talks with university students, together with UW. ICIQ collected the 
KPIs, their analysis and adaptation were done at the mid-term of the action and at the end 
and presented at consortium meetings. The evaluation of the plan and the other WP3 
deliverables by the management board, the QIA Team and the full consortium, to a lesser 
extent, have been key to ensure inclusion of responsible research and innovation principles 
within the project’s activities and beyond plans. 
 
The following Deliverables were due within the reporting period: 
 
D3.1 Dissemination Plan due Month 6 (08/2019)  
submitted in 10/2019 (updated version in section 2 of this report) 
 
D3.2 Website & App due Month 2 (04/2019) 
submitted in 06/2019 
 
D3.3 Resources due Month 8 (10/2019) 
Updated version submitted in 04/2020 (first version submitted in 12/2019). 
 
D3.4 Data Management Plan due Month 6 (08/2019) 
submitted in 11/2019 (updated version in section 3 of this report) 
 
 

1.2.4 Work Package 4: Governance and processes 
Beneficiaries involved: CEA, ULEI, Fraunhofer, FZJ, EMIRI AISBL, SIEMENS, JM, 
EERA AISBL, UCL 
Objectives:  
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Developing and setting up an organisational structure and the operating and decision 
processes in order to ensure an effective scientific leadership and governance structure for 
the future large-scale research initiative. 

Summary of progress and significant results for each task: 

Task T4.1 (months 1-2): Analyze the governance structure of running large-scale 
research initiatives 
At first, the governance structures of the current FET flagships, which will continue as co-
funded European Partnerships in HE, were analysed and compared: i.e. the Graphene, 
Human Brain and Quantum Flagships. Next, we extended our analysis to existing European 
large-scale R&I initiatives with a private component, including the recently launched 
Battery 2030+ initiative as well as two different types of public-private partnership (PPP), 
namely the SPIRE co-programmed public private partnership (cPPP) and the FCH joint 
undertaking (JU).  
In a second step, interviews with different members of the three running flagship initiatives 
were performed to get insights in learnings, findings, dos and don’ts regarding the various 
governance and organisational structures. The interviewed persons were:  
• Prof. Katrin Amunts - Scientific Research Director of the Human Brain Flagship and

sub-program leader (SP 2 "Human Brain Data"),
• Prof. Tommaso Calarco – Coordinator of the Quantum Support Action of the Quantum

Flagship.
• Prof. Max Lemme – Scientific secretary of the Strategic Advisory Council and former

leader of the Partnering Division of the Graphene Flagship.
The main findings from the interviews and the analysis were presented during a governance 
session at the SUNRISE stakeholder workshop (17-18 June 2019, milestone M1). They 
were also used as input to design specific SUNRISE governance structure, which was 
delivered in D4.2. The main results of Task 4.1 were detailed in Deliverable D4.2. 
In practice, to run this task, besides the above-mentioned interviews, there were 4 remote 
Telco meetings.  

Task T4.2 (months 3-8): Developing the organisational structure and processes of the 
large-scale research initiative 
Due to the termination of the Flagship instrument which will no longer exist in Horizon 
Europe, a significant effort in this task was dedicated in exploring various possibilities and 
scenarios in Horizon Europe to launch a Large-Scale European Research Initiative (LSERI). 
In addition, during the course of this task, SUNRISE and ENERGY-X, agreed in August 
2019 to merge at the end of the two CSAs and to launch a new initiative, SUNERGY and 
to join efforts to pave the way towards a SUNERGY LSERI. Thus, the governance teams 
of both CSAs joined efforts on the governance side after the merging and had common 
meetings to explore and build scenarios and relevant governance schemes. Two possibilities 
appeared relevant for a SUNERGY (LSERI), namely partnerships and missions. 
Regarding partnerships, while current prospective HE public-private partnerships (PPP’s) 
focus on improvements on the demand side with limited impact, SUNERGY proposes a 
pipeline of high impact technologies that boost efficiency on the supply side with light-to-
products and fuel conversion from atmospheric CO2 at high yields up to 2500 ton/ha.yr. To 
achieve this, a programmatic effort is highly recommended and a proposal entitled “3FCM: 
Fossil-free fuels, chemicals and materials for a circular economy” was put forward. The 
SUNERGY initiative thus urges to complement the scope of existing European partnerships 
and enable the full decoupling of economic growth from the utilization of resources at the 
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local, regional, national and European levels with supply of renewables for a sustainable 
resilient growing economy. The possibility for SUNERGY to join other existing 
communities in the frame of new partnerships to be launched in 2021 was also considered, 
including “Carbon neutral and circular industry” (follow-up of SPIRE) or “Clean 
hydrogen”. Because of the tilt towards the demand side and to narrow focus this did not 
appear a feasible scenario. Since these communities are already well established this would 
lead to a fragmentation and marginalization with lack of focus on the supply side. 
Additionally, splitting into different communities and candidate partnerships would not 
allow for a programmatic effort addressing all aspects of the SUNERGY. This would 
inevitably lead to a loss of the global disruptive vision and approach of SUNERGY and thus 
a loss of impact. Nevertheless, there are ongoing discussions with the candidate partnerships 
that could have links with SUNERGY. 
The other option considered are the missions of HE, where there is a strong bottom-up 
approach to engage citizens and the society. Based on the five missions to be launched in 
2021 and their associated keywords, it appears that SUNERGY could have links with at 
least 3 of these missions: “Adaptation to climate change, including societal transformation”, 
“Climate neutral and smart cities” and “Soil health and food”. As discussed above for 
partnerships, this appeared not to be a long-term scenario for SUNERGY due to the risk of 
fragmentation. 
The main conclusion is that it is recommended for a SUNERGY LSERI to use the co-
programmed public private partnership (cPPP) instrument in Horizon Europe. Due to the 
flexibility of the cPPP, it can include both the programmatic and the bottom-up components 
under a single governance terms of reference framework with a program board of mandated 
experts that are personally responsible for assuring quality and impact facilitating rapid 
progress, without transfer of authority from the member states (MS) and EC, rather than a 
new mission built on the SUNERGY vision be launched that is disconnected from the 
programmatic efforts.  Besides having both public and private partners, the prospective 
cPPP instrument will have to allow for a tripartite approach to have MS involved via the 
signature of memoranda of understanding for aligning national priorities with the 
SUNERGY roadmap.  
  

Figure 5: Tentative scenario and timeline for the SUNERGY large-scale European research and innovation initiative 
(LSERI). 
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A tentative scenario and timeline are displayed in Figure 5 with the following steps: 
- Short term (2020): it starts at the end of the two CSAs until a new SUNERGY project is 
launched. This period will be used to implement the blueprint and prepare the next “ramp-
up” phase (e.g. strengthening the community, writing proposals, proposing topics for the 
work programmes of HE based on the SUNERGY design and description); 
- Mid-term (2021-2023): “ramp-up phase” towards a SUNERGY LSERI partnership with 
common coordination activities done in the frame of a common CSA (Coordination and 
Support Action) backed by several RIA (Research and Innovation Actions) and IA 
(Innovation Actions) open calls based on the roadmaps of SUNRISE and ENERGY-X. All 
the granted RIA and IA projects would conclude a collaboration agreement with 
SUNERGY and the CSA to contribute to the activities of the whole initiative and would be 
subject to mid-term review and evaluation at the end by a program board of experts with 
mandates from the MS and the EC to assure quality and impact without transfer of authority 
away from the MS and EU. This period would also be dedicated to develop and strengthen 
the SUNERGY community (academia, industry and society) and to pave the way towards 
the SUNERGY partnership with the contribution of the different stakeholders.  
- Long-term (after 2024): this corresponds to the start of a SUNERGY partnership “Fossil-
free fuels, chemicals and materials for a circular economy (3FCM)”. Regarding the type of 
partnership, with bottom-up (RIA) and programmatic (IA) components, a co-programmed 
European partnership (cPPP) appears as the most adapted.   
All this was detailed in Deliverable D4.2 which also integrated the main outcomes of Task 
4.1. 
For the practical organization and running of this task, there were in total 5 remote Telco 
meetings, one governance session during a SUNRISE consortium meeting in Bologna and 
a joint ENERGY-X and SUNRISE governance meeting in Roissy (October 2019) to build 
scenarios and timeline towards a SUNERGY LSERI.    
 
Task T4.3 (months 9-12): Set-up the organisational structure and processes of the 
large-scale research initiative 
All activities in this task were jointly performed between the ENERGY-X and SUNRISE 
consortia which merged to launch the SUNERGY initiative. Four remote Telco meetings 
(followed by subsequent elaboration phases) and one physical meeting (19 February 2020, 
at DECHEMA, Frankfurt) were held between the teams dealing with governance definition 
to develop and align the joint proposal for the future organization of the SUNERGY 
initiative and to assemble the different bodies identified in the proposed governance 
structure. The latter comprised amongst others the identification and nomination of various 
members of the decision making, advisory and operational bodies for SUNERGY in due 
consideration of balance and diversity, as well as setting up suitable communication 
schemes and frameworks. At the SUNRISE symposium (M3 at month 12), the key elements 
of the future governance structure were presented to all stakeholders, and the governance 
setup was subsequently further refined in close cooperation with the ENERGY-X 
consortium until month 14. Accordingly, the final Terms of Reference (ToR, Deliverable 
D4.2) were jointly developed between ENERGY-X and SUNRISE and shared with all 
involved stakeholders at the end of the task. 
 
The following Deliverables were due within the reporting period: 
- D4.1 Governance Plan due Month 8 (10/2019): submitted in 04/2020; 
- D4.2 Terms of Reference due Month 14 (04/2020): submitted in 04/2020. 
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1.2.5 Work Package 5: Management (CSA) 
Beneficiaries involved: ULEI, CEA 
Objectives:  
1. To ensure that the project runs efficiently and delivers objectives fully and on time 
2. To facilitate communication between partners 
3. To deliver reports to the European Commission 
4. To oversee expenditure and provide financial management 
5. To track progress and changes in the state of the art, and where appropriate update 
objectives 
6. To identify and correctly manage IP 
7. To manage the SUNRISE website 
8. To organise international meetings 
 
Summary of progress and significant results for each task: 
 
Tasks (months 1-14):  
Subtask 5.1 (months 1-14): Establishment of the project management structure. ULEI 
(lead partner), CEA 
During the duration of the project, the coordinator (ULEI) has been supported by the 
Materials Innovation institute (M2i) as a third linked party, to set up the project management 
structure. This included organisation and maintenance of the project intranet workspace 
(Plaza), exclusively accessible for project partners, containing all relevant project 
documents, administrative information and overview of supporters. The period of active 
maintenance extended until six months after the original end date of the CSA.  
M2i was also responsible for setting up and maintaining the structure of biweekly 
management meetings and the preparation and organisation of consortium meetings, as 
described under Subtask 5.3.  
 
 
Subtask 5.2 (months 1-14): Website. CEA (lead partner), ULEI 
The SUNRISE project website was set up by project partner ICIQ and provided the basis 
for dissemination and communication actions. During the duration of the project, the 
website was actively and continuously updated and expanded by ICIQ as described in this 
report, section 3.1.1. Four web domains, sunriseaction.eu, sunriseaction.com, 
sunriseflagship.eu and sunriseflagship.com, their dns settings and forwarding were 
maintained by ULEI using Europe Registry and Wix webhosting for community building 
purposes. 
 
Subtask 5.3 (months 1-14): Day-to-Day and General Management. ULEI (lead 
partner), CEA 
The communication between the partners took place on a continuous basis via email, the 
project website, distribution of documents via the intranet workspace, and in various project 
meetings. The overall supervision of project management, as well as the reporting to the 
European Commission, was in the hand of the coordinator. Apart from that, M2i was 
responsible for the organisation of online Management Board (MB) meetings every two 
weeks, including drafting of the agenda, minutes and follow-up of action points. In addition, 
biweekly Management Team (MT) meetings, i.e. meetings between the coordinator, the 
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deputy coordinator and M2i staff, were organized to ensure a continuous follow up of urgent 
actions. 
The status of the deliverables, milestones and overall project objectives was closely 
monitored by the coordinator supported by M2i. The weekly management meetings served 
as a tool to track any delays and potential bottlenecks.  
For specific activities, e.g. the contacting of Dutch National Contact Points for matters 
related to the project, or the formal invitation of various stakeholders, such as politicians, 
for project meetings, the coordinator was actively supported by M2i. 
M2i had a coordinating role in preparing the consortium meetings, in close collaboration 
with the members of the Management Board. The activities included the drafting of 
agenda’s, the selection of meeting locations, the follow up on participants, and the 
preparation of meeting minutes. 
 
 
Subtask 5.4 (months 1-14): Monitoring and Evaluation. ULEI (lead partner), CEA, 
others 
WP Leaders were responsible for gathering final progress reports from the partners in their 
WP. Deliverables were collected by the WP leaders and upon their approval reviewed for 
academic quality and societal impact assurance by the QIA Team prior to their release. 
 
In October 2019, when the SUNRISE CSA was midway, the draft roadmap, the 
consolidated vision and the innovation framework were assessed within the consortium with 
a panel of external advisors. This resulted in a set of clear recommendations (Mid-term 
Review D5.1) that were taken into account for the remainder of the project. See D5.1 for 
further details. 
The biweekly MB and MT meetings, described under subtask 5.3, were organized for 
weekly monitoring and evaluation purposes and ensured a continuous follow up of project 
activities. 
 
Subtask 5.5 (months 1-14): Coordination of financial and administrative aspects. 
ULEI (lead partner), info all partners 
The coordinator ULEI managed the administrative activities, including calculation of pre-
financing distribution, collection of relevant information from the Partners for the 
preparation of deliverables, reports, cost statements, organization of the project meetings. 
In addition, the project coordinator managed the first Amendment to the Grant Agreement 
with regard to the change of the project’s duration involving a two months extension as well 
as the inclusion of M2i, ULEI´s third party providing in-kind contribution against payment. 
 
Subtask 5.6 (months 1-14): EU Final Reporting. ULEI (lead), CEA 
This document including the annexes represent the technical report that has been created at 
the end of the SUNRISE project. 
According to the timetable for reporting of the Amendment 1 of the Grant Agreement the 
final technical and financial reports were due at month 14, the end of the project. The project 
coordinator supported by the project manager prepared the technical report while all 
Partners prepared their financial statement individually. Results and information for each 
work package have been collected from the work package leaders and information on 
objectives, deliverables and milestones and meetings have been presented. All 
achievements have been highlighted and all deviations have been clearly described. The 
report has been checked by all Partners and the Project Coordinator before submission to 
the EC. 
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Subtask 5.7 (months 1-14): Liaison with other CSA candidates Energy and Climate 
(ULEI, CEA) Health (ULEI), ICT (CEA) 
 
As described in, among others, sections 1.2.3 and 1.2.4 of this report, SUNRISE and its 
sister CSA ENERGY-X agreed in August 2019 to merge at the end of the two CSAs and to 
launch a new initiative, SUNERGY. The governance teams of both CSAs were combined 
after the merging and a series of common meetings were organized. Refer to 1.2.3 and 1.2.4 
for further details. 
 
Task 5.8 (months 1-14): Organisation of final international meeting. ULEI (lead 
partner), CEA  
On February 5th and 6th 2020 the final international meetings were organized in Brussels, 
when over 100 stakeholders gathered for a series of events including a high-level lunch at 
the European Parliament. During the meetings both CSAs SUNRISE and ENERGY-X 
presented their achievements throughout the past year, proposed a joint vision, and 
presented recently awarded projects relevant for both CSAs as well as upcoming funding 
opportunities. The organization of meetings was a coherent team effort, not only within the 
SUNRISE consortium but also in collaboration with the organizational committee of 
Energy-X and the Representation of the State of Hessen to the EU.  
Apart from the project partners and supporters of both CSAs, a number of politicians and 
public officials were invited. Despite the fact that the Executive Vice-President for the 
European Green Deal, dr. Frans Timmermans, was unable to attend, other prominent EC 
officials were present including Dr. Peter Dröll (Director Prosperity, Directorate General 
Research & Innovation) who held a Key Note speech on the strong support of the European 
institutions towards R&I to achieve the ambitions of the European Green Deal. 
 
The following Deliverables were due within the reporting period: 
 
D5.1 Mid-term Review due Month 6 (8/2019)  
Performed in month 9, report submitted in 12/2019 
 
D5.2 Symposium due Month 11 (01/2020) 
Performed beginning of month 12, report submitted in 04/2020  
 
D5.3 Final Report due Month 14 (04/2020) 
The present report represents this deliverable 
 
All Milestones were reached within the reporting period: 
MS1 Ramp-up conference. Reached in 06/2019  
MS2 Mid-term review Reached in 10/2019 
MS3 SUNRISE Symposium Reached in 02/2020 
 

1.3 Impact 
SUNRISE has created a comprehensive design and description of the SUNERGY LSERI 
for a pipeline of technologies that allow for the transformation of the energy and chemical 
industry sectors into a circular and sustainable resource economy. This LSERI is necessary 
to forge the tools for offering a portfolio of manufacturing solutions to the long-term and 
large-scale storage of renewable energy from fluctuating primary sources. To meet the goals 
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of the Paris Agreement (COP21), net negative CO2 emissions must be reached. The LSERI 
provides the impetus to achieve this objective. It will foster the next generation of 
researchers, innovators, and companies, and bring the European industry to a competitive 
forefront. SUNERGY will make Europe the global leader of a future clean-energy 
technology with major societal impact and ensure Europe’s energy independence.  

SUNRISE CSA prepares the required groundwork to establish a fully developed LSERI, 
i.e. SUNERGY, that will deliver the unifying goal of turning sunlight and molecules from
our atmosphere into valuable fuels and base chemicals, using technologies that are scalable
on the gigawatt and terawatt scales. The close collaboration and consultation with key
stakeholders has been essential to ensuring that SUNERGY is organized in the best possible
way, learning from previous Flagship programmes in order to establish SUNERGY as a
European hub for excellence in solar energy conversion.

The fuel market is the world’s largest market by far. EU countries pay around €200 
billion per year for imports of crude oil.2 Strategic pillars of European industry (steel, 
cement, chemicals) and agribusinesses are highly energy-intensive and rely significantly on 
the import of crude oil and gas. SUNERGY will drastically reduce their reliance on fossil 
fuels, and shift the international upstream oil and gas market towards renewably produced 
fuels and chemical feedstocks. This will also create a large downstream market for new 
solar-fuel refineries. When successfully developed, SUNERGY technologies have global 
reach and allow Europe to export innovative technology for industrial symbiosis to a wide 
range of countries. Just targeting only 10% of global crude oil and gas production in the 
first stage would still represent a value of €250 billion per annum in the upstream sector, 
even at the current low-price level. 

SUNERGY will also have a strong economic impact on the modernization of production 
processes: the investment costs for traditional refineries worldwide amount to €1700 billion, 
typically with a 10% reinvestment rate per year. The SUNERGY approach will create huge 
potential for upgrading existing plants and building new ones that transform SUNERGY 
products into certified fuels. To gain crucial understanding about what happens to the 
existing economic eco-system and the current flow of energy and materials if we replace 
one or more existing bricks by SUNERGY manufacturing of energy carriers and chemicals, 
the incorporation of new technologies and how these will impact the economics of the 
existing bricks will be modelled in a systems approach. This will help in providing 
resilience towards impact by identifying potential conflicts between environmental benefits 
and economic sustainability. 

SUNERGY technologies will not compete with agriculture and have a high solar energy 
conversion efficiency, potentially reaching close to 30%, which is much higher than 
biomass production (typically less than 1%). Since fulfilling societal energy and 
commodities needs will be no longer a distant, out-of-sight activity but an activity close to 
one's household, distinguished by a highly decentralized character and spanning across 
densely populated urban areas, societal acceptance will dominate environmental benefits. 
Existing paradigms of nature as a resource to be exploited or of humans as passive 
consumers of natural resources are inadequate. A full appreciation of the capacities and 
complexities of incorporating SUNERGY technologies in an existing ecosystem, 
requires evaluation of their impact on human dignity from the start for making 
strategic choices. During the preparatory action, the input of key stakeholders from 
society in the definition of the large-scale research initiative scientific and industrial 

2  https://ec.europa.eu/energy/en/data-analysis/eu-crude-oil-imports 
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roadmap has optimized the overall societal and environmental impact by increasing the 
connection to the general public interests. 
 

1.4. Access provisions to Research Infrastructures  
In accordance with Section 4.1 of the DoA, in SUNRISE CSA we used the databases on 
research infrastructures provided by EERA. The blueprint document gives a comprehensive 
overview of the necessary European R&D collaborations, competencies and resources, 
including infrastructure aspects, that are needed for an efficient implementation of the large-
scale research initiative. For this part ULEI, UU and M2i made use of databases from three 
relevant EERA joint programs, i.e. Advanced Materials and Processes for Energy 
Applications (AMPEA), Carbon Capture and Storage (CCS) and Fuel Cells and Hydrogen 
(FCH). In addition, we used the EMIRI industrial database and the ENERGY-X database of 
catalysis-oriented stakeholders to deliver a complete overview of organizations and 
infrastructure that are active in the area of the SUNRISE objectives. 

 

2. Update of the plan for exploitation and dissemination of result (if applicable) 
As described in section 1.2.3 of this report, deliverable D3.1 consists of the Dissemination, 
Communication and Education Plan which was split up in a plan delivered mid-term of the 
CSA and a final one at the end. The final updated D3.1 has been added as an annex to this 
report. 

The main purpose of the plan has been to provide a formal strategic document for the actions 
to be done during the CSA and beyond, to ensure effective dissemination and 
communication. Looking for simplicity, the plan has been divided in short-term and long-
term objectives and actions. In the mid-term review the short-term plan provided objectives 
and a more detailed description of actions until the end of the CSA project, indicating also 
the responsibilities of the partners and the key messages to be communicated. While the 
short-term actions in the plan provided at the end of the action, refer to the ramp-up phase 
once the two CSA projects have merged and prepare for a large-scale initiative. In both 
cases, the long-term plan gives a basis of the main dissemination, communication and 
education goals of a European large-scale research and innovation initiative. 

 

3. Update of the data management plan (if applicable) 
As described in section 1.2.3, the data produced by the consortium are available through the 
SUNRISE website, the M2i intranet plaza as well as at a new community space within 
ZENODO (https://zenodo.org/communities/sunrise/?page=1&size=20), a public repository 
hosted by CERN.  

An initial plan was submitted after the mid-term revision and an updated version can be 
found in annex D3.4 of this report, with the latest updates. The last version of this plan is 
intended to be the basis to support future actions. 

 

https://zenodo.org/communities/sunrise/?page=1&size=20
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4. Follow-up of recommendations and comments from previous review(s) (if 
applicable) 
A mid-term review was organized by the SUNRISE consortium, i.e. not by the EC, in 
October 2019. Several members of the SUNRISE Scientific Advisory Board were contacted 
to perform a mid-term review of the SUNRISE deliverables, with emphasis on the roadmap. 
The feedback received and how the conclusions were followed up are described in the mid-
term evaluation report, added as annex to this report. 

 

5. Deviations from Annex 1 and Annex 2 (if applicable) 

5.1 Tasks 
WP 1 – deviations:  
No substantial deviations from planned tasks. 
 
WP 2 – deviations: 
No substantial deviations from planned tasks. 
 
WP 3 – deviations: 
Overall, most of the actions envisaged within WP3 were successfully accomplished and the 
main objectives fulfilled. The initial targeted KPIs have been continuously monitored and 
adapted to the action needs and performance, formulating new ones when needed. The tasks 
and expected deliverables have been correctly executed, with only minor deviations from 
the initial description: 
 
Task 3.1 
Continuous evaluation and adaptation led to some deviations from the initial plan. For 
instance, although a blog section was created in the web and visitors have access to a contact 
e-mail address and can leave messages in the ‘support us’ section, not many interactions 
were received through these channels in the first months of the project. Instead, social media 
networks and newsletters have become the real interaction points with the SUNRISE 
community, therefore the previous idea of a discussion forum was not further promoted. On 
the other hand, audiovisual materials had acquired a relevant role in the communication 
strategy, including a series of video interviews and a SUNRISE YouTube channel that has 
been used as an audiovisual repository, and was not previously planned. 
 
Regarding the App, based on the primary feedback by visitors at the EUSEW stand, it was 
decided that a previous step for its development was needed with the collection of feedback 
and experience of a first group of users within the consortium partners. After presentation 
of the demo, a survey was done to consortium partners. Most of the participants expressed 
their interest in developing an App, however, most of them would not like to receive the 
latest research articles in their phones, other appropriate contents suggested are: open calls 
and events in the field and training and outreach/informative materials. Participants found 
interesting to keep working in the concept and development of an App as soon as possible, 
if funds are available, within the continuation action SUNERGY. 
 
Since the announcement of the SUNRISE and ENERGY-X merging at the end of the CSA 
periods, several joint dissemination and communication actions have been developed, some 
were not previously planned or have caused some adjustments to the planned ones. For 
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instance, the SUNERGY photo contest was initially thought as a slam video contest, but the 
idea evolved during the preparation and organisation of the final event, as many videos were 
already in place, but keeping the same spirit to be an interactive action, and adding a new 
social media profile. Altogether, the joint actions (described in D3.1) have complemented 
the initial plan, being positive for the task and objectives accomplishments, helping to reach 
an even bigger community.  
 
Task 3.2  
SUNRISE’s actions having an educational and training nature have been focused on three 
main audiences: young researchers, primary and secondary students and general public. 
Although concrete actions were also initially thought for industry actors, a more general 
outlook has been prioritized as a first approach during the CSA, in an effort to broadly 
introduce some of the concepts to a larger audience, like artificial photosynthesis and 
chemical storage, before going for a major stratification and technical specification at a later 
stage.  
 
WP 4 – deviations: 
Task 4.2 was extended until February 2020 and the related Deliverable D4.1 was ready by 
the end of February 2020 and submitted in April 2020. There were two main reasons for 
this extension. The first one is that contrary to initial plans based on the Flagship instrument, 
as this did not exist in Horizon Europe, Task 4.2 was largely devoted to finding suitable 
instruments and building scenarios in the new framework programme, Horizon Europe. 
knowing that its strategic plan was under discussion during all the course of the CSA and 
of the task T4.2. The second reason was due to the agreement end of August 2019 to merge 
the two communities, SUNRISE and ENERGY-X, beyond the current CSAs and to share 
efforts on tasks of common interest including governance, which in the ENERGY-X CSA 
had a different timeline with deliverables on governance proposals at the end of the CSA 
(February 2020). Thus, a common workshop and meetings were organized until beginning 
of 2020 to share and align views on governance plans and schemes and the related 
deliverables.   
 
WP 5 – deviations: 

• The mid-term review was extended with a session with Mission Innovation IC5. The goal 
was to collect their suggestions for improvement of the SUNRISE roadmap, with the 
underlying idea that SUNRISE would benefit from the interaction with MI by increasing its 
impact and visibility on a global scale. 

• The CEA mid-term meeting moved to Brussels and was extended with the above mentioned 
participation from Mission Innovation. 

• Besides the mid-term meeting, several other consortium meetings were upgraded as well to 
reach a larger audience. 

• The consortium meeting in Bologna evolved in a national Italian meeting for supporters. 
• Inclusion of M2i as 3rd linked party for support on project management and drafting of 

deliverable D1.3 
• The SUNRISE final symposium was extended with the SUNERGY starting event, which 

led to larger audiences. Further details can be found under, e.g. 3.1.2 SUNRISE Symposium 
and other dissemination and communication actions, section 1.2.3. 

• We brought the SUNRISE App to the demo stage, but then it was overtaken by more 
successful social media activities. For further details, see 3.1.1 SUNRISE Website and 
related tools, section 1.2.3. In addition, it turned out that the scientists were not contributing 
enough to the App, they chose other means for contributing to SUNRISE.  
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• An amendment for a two months extension of the project was requested to postpone the due 
date of deliverables D2.3, the fully developed innovation and exploitation plan; D4.2, terms 
of reference; and D5.3 the final report, as this would allow to deliver a comprehensive 
design and description of the large-scale research initiative of the highest quality. 
 
 

5.2.1 Unforeseen subcontracting (if applicable)  
Not applicable. 

 

5.2.2 Unforeseen use of in kind contribution from third party against payment or free 
of charges (if applicable)  
 
In the Amendment 1 to the Grant Agreement the coordinator ULEI added M2i as third party 
under article 11 of the GA (third party providing in-kind contribution against payment) with 
the following justification: 
During the grant agreement preparation of SUNRISE the intended project manager was no 
longer available for the appointment at ULEI. From a selection and screening procedure, 
M2i has emerged as the only party with the right expertise. They have a network that is both 
national and European international, focused on research and innovation. M2i is a 
professional project management organization for European projects and can also carry out 
project development at the interface of university and private research. M2i also has specific 
expertise that bridges biological and material research, which is the third leg of the 
SUNRISE approach. 
 
Within the reporting period of the SUNRISE project M2i provided support in the project 
management of the project coordinator ULEI and therefore was mainly involved in WP 5. 
In addition, M2i drafted the deliverable D1.3 (“blueprint”) in WP1. The activities performed 
by M2i are described under WP1 Task 1.3 (blueprint) and WP5 (management). 
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EXECUTIVE SUMMARY 
The vision of SUNRISE is to enable the production of renewable fuels, chemicals and materials on a 

global scale using abundant molecules as feedstocks (e.g., H2O, CO2, N2) and sunlight as the primary 

energy source. SUNRISE will develop artificial photosynthesis in a broad sense, aiming at solar to 

products yields tenfold to hundredfold higher than current biomass practice. SUNRISE will allow 

net-zero emission mobility and expedite the transition from a linear to a circular economy, with 

immense benefits for the society, the environment, the economy, and the ongoing efforts to mitigate 

climate change. The development of large-scale industrial processes employed in decentralized plants 

converting CO2 into environmentally friendly long lasting (e.g. building) materials will lead to an 

important negative emission technology. SUNRISE will foster and rely on the development of 

energy-efficient disruptive manufacturing processes, sober in critical materials. The transition to a 

circular solar-powered society is a key step to preserve the biosphere and allow modern civilization 

to prosper. The key targets of SUNRISE on a 10-year timescale are: 

2023:  Seasonal storage demonstrated with solar to chemical energy conversion better than 15% 

2025:  Demonstrator at a scale of > 1 MW that will provide an urban environment with 10% of its 

energy in sustainable form, with CO2 neutrality. 

2027:  Demonstration of 80% circularity at the regional level with artificial photosynthetic 

technologies for industrial feedstock, products and processes 

2029:  Negative emission carbon capture and utilization (CCU) and sustainable ethanol production 

on the industrial scale (i.e., with concentration to the MW level) 

2030: 1000 ha (>150 MW) scale of SUNRISE technologies for liquid fuels production for, e.g., air 

transportation 

Decentralized and CO2-neutral ammonia fertilizer production for precision farming 

On a longer timescale, 2030 to 2050, SUNRISE aims at a CO2-neutral economy with affordable 

negative emissions technologies on a significant scale. 
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1. SUNRISE concept

1.1 FROM THE FOSSIL LINEAR ECONOMY TO THE SOLAR CIRCULAR ECONOMY

Fossil fuels have had a tremendous impact on improving the quality of life globally during the last century. 

However, current production of fuels, plastics, agrochemicals, and pharmaceuticals based on fossil resources 

results in a linear economic model that is unsustainable, affects the stability of the biosphere, and causes 

anthropogenic climate change, thus threatening the future of modern civilization.1 The phasing-out of this 

linear model in favour of circular economic innovations, which focus on the renewable use of resources, is no 

longer an abstract scientific ambition but a key objective of global political action under the leadership of the 

European Union (EU).  

The only energy source that, in principle, can completely replace fossil fuels is sunlight. Even the most 

conservative estimates conclude that the flux of photons hitting the Earth is far in excess of modern 

civilization’s energy requirements. However, the energy of incoming solar radiation must be harnessed and 

converted into a storable, transportable and recyclable form. The most effective strategy for doing so is the 

direct conversion of solar energy into fuels and chemicals (solar fuels and solar chemicals), i.e. storing energy 

in chemical bonds. A viable alternative to fossil carbon sources in the manufacturing of fuels and chemicals is 

currently the atmosphere itself, where anthropogenic carbon dioxide (CO2) has accumulated, leading to global 

warming and the acidification of surface waters. Besides carbon, the atmosphere and hydrosphere are vast 

reservoirs of the other three main elements that feed the chemical industry: hydrogen, nitrogen, and oxygen. 

The production of alternative fuels, commodity chemicals and materials from renewable energy, water, 

and atmospheric sources is a real game changer and one of today's greatest challenges. While electricity 

is currently the main renewable energy carrier, it represents less than 20% of end-use energy consumption, 

with the rest being used in the form of fuels. In addition, the intermittency of renewable energy sources requires 

efficient and sustainable storage technologies in order to be competitive and attractive to energy companies. 

SUNRISE is the large-scale initiative that will address these scientific, technological, and societal 

challenges through the photorecycling of atmospheric CO2 into a variety of products and the 

photofixation of nitrogen to produce ammonia for fertilizers. More generally, closing loops at all levels, 

SUNRISE will make possible the direct solar-driven production of fuels, commodity chemicals or 

building materials. The concept of SUNRISE is schematized in Fig. 1. 

 Fig 1. SUNRISE concept of a circular economy of carbon using solar energy input and atmospheric gases as feedstocks 

1 W. Steffen et al., Proc. Natl. Acad. Sci. U.S.A. 2018, 115, 8252; W. Steffen et al., Science 2015, 247, 736.
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2. SUNRISE as a grand S&T challenge and game changer

2.1 S&T CHALLENGE 

The unifying goal of SUNRISE is to provide the key enabling technologies to make sunlight and 

ubiquitous molecules the prime sources of energy and materials for modern society, and displace fossil 

fuels by renewables on the terawatt scale. This objective has far-reaching consequences with global 

significance, such as (i) mitigating global warming, (ii) promoting the transition to a sustainable circular 

economy, (iii) reducing the European economy’s dependence on energy and feedstock imports. SUNRISE thus 

addresses all three highly relevant issues simultaneously. Closing production cycles increases energy return 

on energy invested (EROI), is the optimal path for stabilizing and eventually reducing CO2 concentration in 

the atmosphere and for decoupling the economic activity from depletion of natural resources. Furthermore it 

enables value creation from manufacturing renewables at a local level in a transaction economy that feeds into 

the economic system, thereby securing local energy supply, independent of imports. 

The scale-up of current laboratory-scale solar energy conversion devices into widespread, efficient 

industry-grade systems and installations is a grand S&T challenge that requires both scientific and 

technological breakthroughs. The added value SUNRISE creates for European countries will be 

essential, since it will provide tailored solutions for each European region to achieve the optimal 

manufacturing strength from utilization of solar irradiance and site-specific resources. 

2.2 SUNRISE GOALS AND APPROACHES (IN SHORT) 

[see §5 for a more detailed presentation of SUNRISE approaches] 

There are many different artificial approaches to producing chemicals from sunlight, ranging from 

electrochemical conversion to integrated photoelectrochemical cells and enhanced direct photobiological and 

biohybrid conversion systems (Fig. 2). SUNRISE will thus develop artificial photosynthesis in a broad sense, 

aiming at solar to products yields tenfold to hundredfold higher than today’s usage of biomass. To optimize 

yield, SUNRISE will promote knowledge exchange, interdisciplinarity and cooperation among relevant 

scientific and industrial communities, and foster hybridized solutions.  

SUNRISE is a game changer that will have an impact in many areas. These include: 

 Establishing sustainable and efficient ways of storing intermittent energy fluxes

 Supporting a fully sustainable hydrogen and e-mobility for zero net emission transportation

in urban environments

 Producing sustainable fuels, commodity chemicals and materials using the most abundant

energy source, the sun

 Developing a sustainable CO2-neutral air transportation system

 Restoring balance in the nitrogen cycle through precision farming via in-field and CO2-

neutral production of fertilizers

 Transforming the chemical industry with innovative strength for the manufacturing of

sustainable new materials including biodegradable plastic substitutes and CO2-storing

building materials which we could call “artificial wood”

 Developing region-specific solutions to sustainable chemical production and energy

storage

 Delivering less harmful fuels and chemicals for health and the environment

 Enabling a radical change in the energy system, i.e. from centralized to decentralized

 Transforming anthropogenic CO2 into a valuable resource

 Accelerating the transition from a linear to a circular economy

 Reducing Europe's dependence on imported fossil resources and improving its energy

security

 Developing the energy awareness of citizens in an industrial society
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Fig. 2: Within SUNRISE, electrochemical conversion using renewable power in combination with electrolysers will 

be complemented with photoelectrochemical and biological/biohybrid approaches for the direct conversion of sunlight 

into fuels, chemical compounds, and building blocks (www.sunriseaction.eu). 

The transition from a civilization that is fossil-fuel-dependent to one that is solar-powered, and which 

uses ubiquitous and abundant molecules as feedstocks in a circular manner, is the grandest scientific 

and technological challenge of our times. Addressing such an enormous feat requires a multidisciplinary, 

intersectoral, and strongly coordinated effort. Urgent action is required: the latest IPCC reports2 underline the 

need to reduce anthropogenic CO2 emissions to below zero within 50 years in order to reach the ambitious 

goals of the 2015 Paris agreement. Technologies enabling such a transition are still in their infancy. Large-

scale research and development efforts (from the megawatt scale onward) and massive investment are crucial. 

The enormous increase of wind and photovoltaic capacity in the EU and worldwide shows that a consolidated 

alternative to the use of fossil fuels on the terawatt scale already exists for electricity production.3 The situation 

is much less advanced for the conversion of solar energy into fuels and chemicals. Fossil fuels dominate 

transport and heating, with extensive existing infrastructure. The chemical industry, which supplies a variety 

of indispensable bulk chemicals, is dependent on fossil-based feedstocks. Genuine manufacturing of 

concentrated energy carriers and sustainable feedstocks instead of extracting them from natural 

resources is a real game changer for today's energy system and the chemical industry. 

SUNRISE will undertake three approaches (see Table 1 and Figure 2) to delivering solutions on different 

timescales for the replacement of fossil resources. In the short term (2020–2025), we will focus on efficient 

2  Intergovernmental Panel on Climate Change, “Global Warming of 1.5 °C, an IPCC special report”, 6 October 2018 
3  World Energy Outlook, International Energy Agency, 2017. 

Table 1.   Overview of SUNRISE Approaches and Goals. Present TRL levels are indicated. SUNRISE’s ambition is to achieve 

TRL 9 for fuels and chemicals and at least 7 for CO2 removal. 

Present TRLs 

Approach 

Goal 1 

Fuels 

Goal 2 

Chemicals 

Goal 3 CO2 

extraction 

and storage 

1. Electrochemical conversion with renewable power

fuels and commodity chemicals from CO2, H2O, O2, and N2
3-8 2-4 0-3

2. Direct conversion via photoelectrochemical systems

fuels and chemicals from CO2, … N2 and direct solar energy 2-4 0-3 0-3

3. Direct conversion via biological and biohybrid systems

unconventional methodology for photochemical conversion of

atmospheric CO2 with high yields
2-4 3-5 0-3
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and sustainable processes for the conversion and storage of renewable power into liquid or gaseous fuels, 

taking advantage of the continued growth of wind and solar electricity production. In the medium term (2025–

2030), we will forge tools to replace fossil feedstocks with key molecules and fertilizers produced with 

renewable energy. SUNRISE Goals (Table 1) will finally enable the Great Transition to take place on a longer 

timescale, deliberately reducing the level of greenhouse gases in the atmosphere (2030–2050). The ultimate 

long-term goal of SUNRISE is to outsmart nature in the use of direct sunlight (see Fig. 7, p. 17), capturing 

CO2 directly from the atmosphere and replacing fossil fuels as carbon sources. SUNRISE will systematically 

identify and address bottlenecks that could prevent a meaningful implementation of its goals, such as the need 

to develop technologies with a high EROI (> 10) and to sustainably use critical mineral resources in the 

manufacture of conversion and storage devices.4 

The above challenges require scientific and technological activities that are intrinsically multidisciplinary. 

Most notably, the kind of revolution envisioned by SUNRISE in the field of energy 

conversion/distribution and industrial production will go hand in hand with profound changes in 

society, the environment, and employment. More generally, the energy and industrial revolution enabled by 

SUNRISE will also result in a paradigm shift in the way we understand and organize the global economic 

system, demonstrating circular economy practices on a large scale, requiring active contributions from social, 

economic, and environmental sciences as well as the humanities.  

Fig. 3 outlines the pathway of the great energy and industrial transition, which aims at securing climate stability 

over the course of the 21st Century. The pivotal role played by SUNRISE in this epochal process is evident. 

2.3 ENERGY 

SUNRISE aims to provide energy conversion technologies that comprise stable, long-term storage of 

intermittent, solar renewable energy in the form of chemicals. SUNRISE not only provides a sustainable 

alternative to fossil-based energy carriers, including energy storage for e-mobility, fuels for transportation (e.g. 

hydrogen, gasoline, diesel and jetfuel) and heat generation, but will also replace the energy-intensive fossil-

fuel-based production of commodity chemicals. The long term target is making sunlight the sole primary 

energy source. In the shorter term, SUNRISE will increase the potential of e-mobility and hydrogen mobility, 

by providing higher efficiency and CO2-neutral chemical storage solutions; SUNRISE will use renewable 

power, sunlight or electricity as an intermediate stage, to drive the production of fuels and chemicals from CO2 

point sources, and atmospheric water and N2 by upscaling and innovating electrolysis (including the production 

of H2 as an intermediate) and by implementing new catalytic reactions and processes. The production of CO2 

neutral jet fuels will be pursued by advanced biosynthetic or biohybrid processes as well as by integrating 

photo-electrochemical conversion and CO2 Direct Air Capture (DAC) technologies. 

4 N. Armaroli, V. Balzani Chem. Eur. J., 2016, 22, 32.

Fig. 3   SUNRISE will provide the technological capability, with high energy efficiency, chemical yield, and materials efficiency, 

to displace fossil resources over time at an affordable cost and with acceptable land use. 



D1.1 SUNRISE CONSOLIDATED VISION 

Page 8 of 28 

With technologies converting 10-30% of solar energy into energy carriers (see Fig. 4 and §3 and 4 for 

performance targets), SUNRISE is in a very good position to turn metropolises, towns and suburbs into 

massive environmental improvement machines on the surface they already cover, based on the excellent 

economic efficiency that can be obtained in densely populated areas and establish a new conditional growth 

mechanism as a driver for eco-modernisation. 

2.4 REDUCING EUROPE’S DEPENDENCE ON FOSSIL FUELS 

Europe depends significantly on imported fossil fuels, with more than 85% of crude oil and 70% of natural gas 

currently being imported from foreign countries.5,6 SUNRISE provides an alternative by replacing crude oil, 

natural gas, and other concentrated fossil-based energy carriers with sustainable fuels (including jet fuels) and 

commodity chemicals. The latter are produced using sunlight or renewable electricity and resources, which are 

abundant and ubiquitous. SUNRISE benefits from Europe's diversity and proposes a portfolio of solutions for 

each region, depending on the renewable energy sources available and on the economic environment. In 

regions with abundant renewable electricity (hydro, wind, solar,) and available concentrated CO2 sources, 

electrolysis could provide a sustainable source of chemicals and fuels. In other regions with high solar 

irradiation, direct conversion approaches represent an ambitious, long-term option. With almost 75% of the 

European population living in urban areas, the importance of artificial photosynthesis for decoupling the 

economy from the consumption of natural resources cannot be overestimated. 

2.5 NEW INDUSTRIAL OPPORTUNITIES FOR EXPLOITATION AND SUSTAINABLE DEVELOPMENT  

In the short-to-medium term, electrolysis processes using renewable electricity and concentrated CO2 sources 

will result in exploitation opportunities based on the replacement of fossil-based feedstocks with renewable 

commodity chemicals and the modernization of production processes. The newly developed technologies will 

allow industries emitting large amounts of CO2 (e.g. cement manufacturing, iron- and steel-making) to reuse 

this greenhouse gas as a feedstock and remain competitive. The value for EU industry is evident also 

considering that Europe will become the leader for the global export of key industrial equipment in the energy 

and chemical sectors. 

SUNRISE will propel Europe to a leading position in renewable energy and sustainable production. EU 

industry will depend less on imported fuels and will increase its competitiveness in a circular economic model. 

This, in turn, will facilitate industrial symbiosis, the development of smart cities and communities, and the 

deployment of innovative industry concepts. New exploitation opportunities will emerge, especially for the 

materials and chemical sectors, leading to a complete modernization of industry, including new 

5  EU Crude Oil Imports and Supply Cost, Eurostat, 2018. 
6  Natural Gas Supply Statistics, Eurostat, 2018. 

Fig. 4  Primary average power consumption per 

capita is remarkably constant at ~6kW for 

European citizens. The table shows the land 

area required for solar fuel production at 

different energy conversion efficiency levels. It 

is assumed that 50% of the ~6kW/capita must 

come from solar fuel, which is lower than the 

current level of 75% of primary energy for a 

European population of 700 million and 

average insolation of ~ 100 W/m2. SUNRISE 

aims for 30% efficiency with an external 

quantum yield of 70%. This translates into ~100 

m2 per capita of surface required, which 

corresponds to ~1% of the European surface. 

This represents a massive leap forward 

compared to current biomass practice, which 

operates with less than 0.5% energy efficiency. 

This would require 10,000 m2 per capita for the 

same amount of fuel and might well require 

more than the entire European surface to fulfil 

the needs of the population. 

https://ec.europa.eu/energy/en/data-analysis/eu-crude-oil-imports
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Natural_gas_supply_statistics
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catalysts, reactors, and processes. The sustainable and cost-effective electrochemical production of nitrogen-

based molecules (fertilizers) and carbon-based fuels, and commodity chemicals will have a great impact on 

the chemical and transport sectors, respectively. The selection of novel commodity chemicals enabling the 

production of biodegradable and recyclable materials, including biodegradable plastic substitutes, with these 

new processes will also provide the European chemical industry with a tremendous innovative advantage in 

the pathway towards full sustainability. In addition, the advanced energy materials developed within the 

framework of the project will be of interest for other low-carbon energy technologies and will thus generate 

industrial opportunities in these areas. These include, for example, photosensitizers and light-harvesting 

materials for third-generation photovoltaics, new membranes for fuel cells, new catalysts and robust enzymes 

or strains for the chemical and biotech industry. SUNRISE technologies will also address the production of 

novel CO2-storing building materials with the potential to revolutionize the construction sector. 

3. SUNRISE Targets and Innovative pathways

3.1 PERFORMANCE TARGETS 

In order to make disruptive energy conversion technologies environmentally sustainable, it is crucially 

important that energy return on energy invested (EROI) indices7 above 10 be achieved. Photovoltaic and wind 

technologies already achieve EROIs of about 15 and 20, respectively, whereas those of conventional oil and 

gas lie between 30 and 70, depending on various factors such as the geographical location of the extraction 

sites or the technologies employed.8 The EROI index of solar fuels is currently very low. To improve it, the 

energy conversion efficiencies of solar fuel devices must be significantly increased. With today’s commercial 

technologies, overall sunlight-to-fuel energy conversion efficiency is only around 10% when using average 

commercial wafer-based silicon modules with a 17% solar-to-power efficiency, combined with electrolysers 

and chemical reactors with a 50% power-to-hydrogen-to-hydrocarbons yield. Although this value is already 

significantly above that of natural photosynthesis (on average, < 1% of incident light converted into biomass), 

SUNRISE aims for sunlight-to-fuel conversion efficiencies of at least 20% by 2025, aiming at 30% in 

2030. The short term goal could be achieved, for example, by 1) increasing the efficiency of photovoltaic 

systems to around 30% through the development of more efficient materials and device architectures (e.g. 

perovskites and highly ordered tandem solar cells), and 2) by raising the electricity-to-fuel efficiency to 80% 

using more efficient electrocatalytic hydrogen production coupled with downstream processes. 

In the long term, SUNRISE will deliver technological approaches that convert solar energy and ambient CO2 

directly into chemicals. Such a solar-driven chemistry represents a radical new form of energy and 

material conversion and storage. SUNRISE aims to directly convert sunlight and small molecules into 

hydrogen, organic molecules (alcohols, hydrocarbons including aromatics), biodegradable plastic substitutes, 

fertilizers and CO2-storing building materials. These radically new approaches include a range of new 

technologies from photo(electro)chemical processes to synthetic biology and biohybrid solutions. After 10 

years, SUNRISE targets the ambitious goal of a 30% sunlight-to-fuel energy efficiency through direct 

photoconversion. The ultimate goal is the large-scale deployment of these technologies within a circular 

economic model, which will be implemented at all levels, all the way from decentralized devices to large 

integrated manufacturing plants and systems. SUNRISE aims for a sustainable CO2 cycle, allowing for an 

initial decrease of CO2 concentration in the atmosphere before maintaining it at a level compatible with climate 

stability. In line with a circular economy model, targeted products will include monomers for the synthesis of 

biodegradable plastic substitutes. The solar driven production of chemicals, including ammonia, must be 

associated with a smart (i.e. ICT-based) transport and concentration grid, for instance to deliver agricultural 

inputs in a precision farming approach. SUNRISE will thus play a key role in enabling the shift to a carbon-

neutral society, counteracting the effects of anthropogenic climate change. For an effective impact on 

7  Energy conversion efficiency is the ratio of the useful output of an energy conversion device (e.g. electricity) and the input (e.g. 

sunlight), in energy terms. 
8 Photovoltaics Report 2019, Fraunhofer ISE, downloadable at www.ise.fraunhofer.de 

http://www.ise.fraunhofer.de/
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negative emissions, bulk materials shall realise carbon storage for the very long run, either in the form of 

carbonates with a mineral base, or CO2-storing building materials which we could call “artificial wood”.  

3.2 QUANTITATIVE SUSTAINABILITY ASSESSMENT OF SUNRISE TECHNOLOGIES 

SUNRISE will enable the deployment of radically new energy and chemical production as well as 

manufacturing technologies, which comprise light-harvesting and integrated conversion systems on a large 

scale. This rapid pace of technology development requires the development of new analytical methods and 

computational methods (software) for the rapid assessment of the environmental, economic, and social impacts 

of these emerging technologies. New methods shall provide integration of these different points of views, with 

a particular focus on the impact on climate, which is the main incentive of SUNRISE. The climate benefit 

induced by the avoided CO2 will be calculated, but also possible leaks of chemical compounds produced or 

used in the catalytic chains will be studied in terms of risk for climate, health and environment. For this 

assessment, as well as for integrated techno-economic and social studies, SUNRISE aims at cooperating with 

European centres focused on advanced methodologies. This effort will be essential to provide 

recommendations for SUNRISE technologies during development beyond the 1000 ha scale. 

3.3 ICT-BASED MATERIALS SCIENCE 

Novel materials will be crucial for achieving SUNRISE’s goals, because advanced materials are ubiquitous in 

the processes for the direct conversion of solar energy into fuels, chemicals and building materials. These 

include, for example, semiconductors, photosensitizers, catalysts, membranes and high-surface-area 

conductors, novel robust enzymes and microbial strains. Materials design and discovery is thus a cross-cutting 

key enabler for the entire SUNRISE technologies. However, translating new materials from the laboratory to 

the market can take 10 to 20 years and is very expensive, as highlighted by the Mission Innovation initiative.9 

According to the Energy Materials Industrial Research Initiative (EMIRI), advanced materials denote 50% of 

the manufacturing costs of clean energy technologies today and are expected to increase up to 80% in the near 

future. Materials discovery crucially needs scientific breakthroughs to optimally design the matter from the 

atomic scale up to the device scale. 

Catalyst materials, crucial in photo- and electrochemical approaches, also play a major role in the production 

of modern materials and components, reducing significantly the amount of energy needed to manufacture 

devices. Today’s catalysts have to be significantly improved and optimized in terms of efficiency and 

durability; they need to be earth-abundant and non-toxic in order to allow for a sustainable and affordable 

upscaling of the proposed technologies.  

European solar fuel materials hubs – where equipment and knowledge at the forefront are concentrated – could 

provide an automation of experimental synthesis characterization techniques based on modelling, big data 

analytics and artificial intelligence, and relying on expanding European high-performance computing (HPC) 

facilities. Advanced computer simulation techniques additionally guide experimental developments. Millions 

of hypothetical materials can be explored through high-throughput calculations and the most promising 

candidates are selected using artificial intelligence. Computational studies provide fundamental understanding 

enabling rational design and accelerating the exploration, discovery and use of new high-performance, low-

cost and non-toxic solar fuel materials.  

Once efficient materials are found, they have to be integrated and tested under real device conditions and the 

nanoscopic scale has to be bridged to the macroscopic world, for example with new bio-inspired engineering 

theories mimicking biological design principles. New components, catalytic electrodes, reactors, as well as 

innovative designs, shall also be investigated, in situ and operando, with the most advanced analytical 

techniques available to find functional relationship of the structure, reactivity and transport properties. In 

SUNRISE, the integration of the most promising materials into devices and systems will be addressed, while 

considering all relevant scales and aspects, from the molecular level up to the device integrated within the 

entire system environment. The final objectives are to optimize materials, device and systems 

architectures to achieve the highest possible solar conversion yield, and to scale up procedures for their 

9  Clean Energy Materials Innovation Challenge, Mission Innovation, 2018. 

http://mission-innovation.net/wp-content/uploads/2016/11/Materials-innovation-challenge.pdf
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cost-effective production. Furthermore, eco-design principles and chemical processes for recycling 

materials and devices will be introduced without compromising the life cycle. 

3.4 INNOVATION PROCESS 

A critical step for disruptive technologies and the SUNRISE 

vision is to bring fundamental research to the market through 

the fastest possible route across "the valley of death" for 

commercialization. In part 4 (see below), the TRL outline for 

the production of target molecules is given in view of different 

possible technologies. As innovation is the sum of 

invention/fundamental research and commercialization, 

SUNRISE will also put emphasis on commercialization to push 

innovation forward. It is necessary to create an open innovation 

network of incubators, where new start-ups, spin-outs and spin-

offs are embedded in the SUNRISE research infrastructure to 

accelerate raising the TRL levels from TRL 4/5 to 7/8.  

To let the SUNRISE technologies evolve in a free environment, 

the concept of SUNRISE valleys (see Fig. 5) is introduced in 

the style of the recently launched Hydrogen Valleys10. To 

further realize this concept and to reduce the innovation cycle 

time demand, the combination of public funding drawn in from 

the green bond market as well as private investments and a long 

term commitment (10 years period) from the European 

Commission is crucial to engage private investments. 

A comparable infrastructure of each valley concerning support with e.g., bookkeeping, business angels, VC 

companies, IP support, lawyers, marketing experts etc. will enable the fast and focused development of 

technologies of the before mentioned fields of actions in a business-friendly environment. In cooperation with 

large industry, technologies can be distributed on a global scale. 

SUNRISE will adopt best practices from other sectors/ economic regions for structuring the innovation process 

and for handling attendant information flow including intellectual property. We will leverage the existing 

Member State ‘innovation infrastructure’ to provide local nodes for assisting the overall Sunrise Innovation 

Process (SIP). Our SIP will be built up using well-recognised stages (outlined below). From the outset, it will 

be vital to create an innovation environment where contributors are purposefully exposed to the views and 

opinions of all stakeholders so that new concepts and approaches to converting sunlight into fuels and 

chemicals are in sync with the drivers that are shaping our societies of the future.  

SUNRISE will bring together an Innovation team as part of, and reporting to, the governance structure. The 

Innovation Team will be specifically responsible for organising and running the SIP. The team will be expected 

to evolve with time to reflect new developments in the political and social European landscape as they happen. 

The team will be tasked with leveraging relevant resource, assistance and advice from local, national and 

European organisations and institutions in building the SUNRISE innovation nodes. 

4. The chemicals enabling the SUNRISE vision

The SUNRISE vision is enabled by the sustainable production of key molecules: hydrogen (H2), ammonia 

(NH3) and carbon-based platform chemicals. The latter are made from both point sources and distributed 

sources of CO2, the ultimate goal being CO2 extraction from the atmosphere with subsequent storage. Fig. 6 

schematically illustrates the production and final utilization of the SUNRISE enabling chemicals, which are 

manufactured thanks to solar energy 

10 Launched in March 2019 by EC Fuel-Cell & Hydrogen Joint Undertaking, in the frame of the Mission Innovation Challenge 8: 

Renewable and Clean Hydrogen. https://www.fch.europa.eu/page/mission-innovation-antwerp-2019 

Fig. 5: Network of SUNRISE valleys in Europe. 

Geographical nodes shown are suggestions only. 

https://www.fch.europa.eu/page/mission-innovation-antwerp-2019
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Fig. 6  SUNRISE simplified scheme of enabling chemicals production and usage 

4.1 HYDROGEN (H2) 

HYDROGEN TODAY 

The lightest chemical element is largely abundant on Earth, but mainly covalently bound to other elements. 

Molecular hydrogen (H2) is scarce and is currently produced from hydrogen-rich molecules, primarily 

hydrocarbons (e.g. by steam reforming) and partly H2O (by electrolysis). At present, major uses of H2 include 

fuel refining, steel production, and ammonia production via the Haber-Bosch process. 

IMPACT 

H2 is the most appealing and sustainable carbon-free transportation fuel solution for heavy-duty vehicles and 

personal long-range vehicles, equipped with fuel cells. H2 is also a key process gas in chemical and heavy 

industry (e.g., synthesis of ammonia and methanol, hydrogenation reactions, steel industry). Large-scale 

implementation of SUNRISE technologies with high STH yield will provide both short-term and seasonal 

storage of fluctuating renewable energy fluxes in urban zones. Moreover, a renewable H2 economy can operate 

in both large-scale centralized factories and in small-scale distributed installations. As the latter will allow on-

site production and deployment without the need for a complex distribution infrastructure, SUNRISE will 

provide decoupling of the economic activity from fossil resources in smart cities. 

THE TARGETS FOR HYDROGEN PRODUCTION 

H2 production by electrolysis of water (“water splitting”) is already available today, but at high economic and 

material costs. Developing electrolysis routes to sustainably produce H2 is high on the agenda of European and 

global stakeholders, federated in the Hydrogen Council and Hydrogen Europe associations. With the 

overarching SUNRISE goal of optimizing land use and maximizing material efficiency, and increasing the 

Energy Return On Invested energy (EROI), we target the large-scale production of H2 by light-driven water 

splitting using novel photo-electrochemical cell technology, as well as innovations in materials to sustainably 

combine solar cells and electrolyzers. Solar H2 can be used directly as fuel, as energy carrier to produce 

electricity via fuel cells, as an intermediary, often necessary step towards other molecules and as feedstock for 

industrial processes affording ammonia and carbon-based molecules such as ethanol. 

SUNRISE will set up operational systems in rural areas at the area scale of hectares, producing H2 (> 90 

ton/ha·y) across Europe and further allowing the production of 300 ton/ha.y of ethanol (or equivalent carbon 

based fuels), or 500 ton/ha·y of ammonia at competitive cost levels starting from 0.4 €/l and down to 0.2 €/l 

for liquid fuel. To accelerate development of large scale systems, we will create local testbeds based on end-

user volunteers. In addition to stimulating social acceptance, these small scale test-beds will provide data for 
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scale-up refinements. In 2030, SUNRISE H2 production technology will represent a giant leap forward on the 

way to zero-emission mobility for people and transport, and net climate neutral feedstocks and material 

production in urban zones through processes that are at least 80% decoupled from consumption of natural 

resources.  

TIMELINE 

2021: Engaging the public in outreach activities, such as take-home experiments and demonstration of 

existing H2 technologies, to increase awareness of the benefits of, and social acceptance for, solar-to-H2 

as a viable carbon-free energy option.  

2025: Development of new materials for incorporation into electrolyzers (TRL3), for connection to 

commercial PV modules that employ abundantly available, non-toxic, and environmentally safe 

elements. Development of production-near manufacturing technologies for cost-efficient and robust 

processing of new materials.  

 Development of a scalable PEC device for direct light driven water splitting at readiness level 5, for H2 

production above 15% STH efficiency. The device will utilize abundant elements and provide >1 year 

stability. Benchmarking will be made against PV+ electrolysis systems. 

Implementation of a steam generator with heat utilization in a first demo plant for a PV-SOE system 

with 20% STH. 

2030: Reaching 30% efficiency in solar H2 production, in devices employing scalable and 

environmentally benign materials, as well as cost effective and scalable manufacturing technologies 

Infrastructural and technological development for conditioning, storage and distribution or direct reuse 

of H2. Integration of H2 production plants in the landscape, community and economy, via local testbeds. 

Implementation of solar H2 production at the 150 MW range (500 resp. 1000 ha range at 30 resp. 15% 

STH). Coupling Solar H2 production with NH3, ethanol and jet-fuel production at the 150 MW range 

(TRL 9). 

4.2 AMMONIA (NH3) 

AMMONIA TODAY 

Worldwide food production nowadays critically depends on the use of industrial fertilizers. Ammonia is by far 

the most used one,11 almost 90% of ammonia synthesized is applied in farmland, the rest is used for the 

production of chemicals (organic molecules such as amines). Ammonia is produced with the Haber-Bosch 

process using atmospheric N2 and H2 produced from fossil fuels and resulting in huge CO2 emissions. The 

annual global production of NH3 is > 150 Mton, along with >220 Mtons of CO2 waste. In addition, the supply 

of fertilizers is currently inefficient with less than 40% of the nitrogen supplied as fertilizer being actually 

taken by cultivated crops. This results in large nitrogen-based pollution, with severe negative impacts on the 

environment and biodiversity. The nitrogen cycle is the most unbalanced cycle in the planetary boundaries 

analysis. 

IMPACT 

The industrial ammonia production, mainly via the Haber-Bosch process, consumes 3-5% of the world’s 

natural gas supply, contributing to ca. 3% of the global CO2 release into the atmosphere. Photo- and/or electro-

catalytic reduction of atmospheric N2 under mild process conditions, using H2 from water splitting, will save 

a substantial amount of energy and will avoid CO2 release. The switch from centralized to distributed on-site 

and on-demand NH3 production from sunlight, air and water in rural areas will also result in savings of 

transport and storage related costs. Through limiting the amount of unused nitrogen fertilizer, we can further 

reduce the impact on the environment and biodiversity, and rebalance the nitrogen cycle. Beside its major use 

as a fertilizer, NH3 can play a role as hydrogen storage material12 and fuel. Indeed, conversion of air-abundant 

11World fertilizer trends and outlook to 2018, Food and Agriculture Organization of the United Nations, 2015 
12 Lamb, K. E., et al. (2019). "Ammonia for hydrogen storage; A review of catalytic ammonia decomposition and hydrogen 

separation and purification." International Journal of Hydrogen Energy 44(7): 3580-3593.  
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N2 into nontoxic, safe nitrogen-based fuels such as aqueous urea ammonium nitrate, could provide comparable 

energy-returns to existing carbon-based fuels, but requiring lower energy for feedstock separation.13 

THE TARGETS FOR AMMONIA PRODUCTION 

Although the Haber-Bosch process now operates close to the thermodynamic limit in terms of efficiency, there 

is a need to develop efficient, sustainable and scalable processes that can operate at low temperature and 

pressure, to increase conversion. To achieve these goals, electrochemical and photo(electro)chemical catalysis 

are promising. A first objective will be the production of CO2-neutral ammonia from atmospheric N2 and solar 

H2, using existing Haber-Bosch technology. On the longer run, we need to advance our understanding of 

biological N2 reduction mechanism so as to first develop new homo- and heterogeneous electrocatalysts, 

photocatalysts and photoelectrocatalysts and then to integrate them into functional N2 reducing systems driven 

by light or other renewable power. Direct and indirect (through intermediate production of solar H2) co-

(photo)electrolysis of N2 and water should be considered. 

These will allow for distributed ammonia production by converting atmospheric N2 into NH3 at ambient 

pressure and temperature. Within 10 years, SUNRISE will set up a pilot plant for decentralized solar ammonia 

production of 2 metric tons per day. In parallel, smaller systems will be developed, able to produce N-based 

fertilizers and to distribute them directly in the base of the plants in phase with culture needs. 

TIMELINE 

2021: production of CO2-neutral ammonia from atmospheric N2 and solar H2
 using existing Haber-

Bosch technology. 

2025: Developing electro- and photo-electrocatalysts able to convert N2 to NH3 (using electrochemical 

gas-phase conversion, photocatalytic N2 triple bond cleavage, or any combination); Achieving 

selectivity between N2 and proton reduction, using excited state properties and responsive matrixes; 

Ammonia synthesis prototype built for ambient condition operation (TRL 4). 

Ready for operation plasma conversion prototype on a laboratory scale for the demonstration in a 

realistic environment. 

2030: TRL6 electrochemical reactor for decentralized solar NH3 production. The area claimed by the 

plant is smaller than 1 ha. The plant will produce 2 metric tons of fertilizer per day so that an agricultural 

area of 100 km2 can be supplied with fertilizer with a density of 25 pound fertilizer per acre per year. 

Autonomous solar-driven devices for decentralized (at the plant foot, in fields) NH3 production for 

precision agriculture (TRL 5). 

4.3 CARBON-BASED MOLECULES (CN) PRODUCED FROM CO2 

ARTIFICIAL CO2 FIXATION TODAY 

Low TRL technologies exist to turn CO2 into carbon monoxide (CO) or formic acid with solar to chemical 

energy efficiency (STC) over 10%. Some catalysts are efficient and durable, but show a poor selectivity of 

products, except for CO and formic acid. Combining CO with H2, or high-temperature co-electrolysis of CO2 

and water in SOE, produces syngas from which Fischer-Tropsch synthesis can be performed. Meanwhile 

electrolytic H2 is being reacted with captured CO2 in the thermo-catalyzed Sabatier process to yield methane. 

Molecules with two or more carbon atoms remain a challenge in (photo)-electrochemistry, as for Faradaic 

efficiency, selectivity and stability, although recent breakthroughs have been achieved for direct ethanol and 

ethylene electrocatalytic production from CO2.14 Very few complete laboratory demonstrators have been 

reported. Reliable technologies have been developed to capture CO2 from industrial flue gas, or directly from 

the air (DAC), but have so far not been combined with (photo)-electrochemical processes. By contrast, 

photosynthetic organisms can directly extract CO2 from their environment, and photobiological processes exist 

for the production of alcohols, terpenes, jet fuels and high-value organic molecules that can be used as 

precursors for the synthesis of polymers and fine chemicals, including aromatics that can hardly be produced 

13 Grinberg Dana, A.; Elishav, O.; Bardow, A.; Shter, G. E.; Grader, G. S., Nitrogen-Based Fuels: A Power-to-Fuel-to-Power 

Analysis. Angew. Chem. Int. Ed. 2016, 55, 8798-805. 
14 De Luna et al, Science, 2019, 364, 350 
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by heterogeneous catalysis. Hypotheses exist to enhance CO2 conversion into molecules of interest in 

phototrophs exploiting microbial CCM (carbon concentrating mechanisms), increasing at the same time 

photobiological-driven CO2 sequestering.  

IMPACT 

SUNRISE will provide carbon-based liquid fuels for jets and internal combustion engines (ICE) as the sole 

solution for a CO2-neutral development of long distance air and sea transportation. 72% of the European 

population lives in urban areas that cover 17% of the surface, 4% cities and 13% towns and suburbs.15 The 

high yield solar-driven chemistry provided by SUNRISE will facilitate the full decoupling of the economic 

activity from natural resource consumption in smart cities. This will be a game changer in the decarbonization 

of Europe and its industry. New chemical synthesis routes will permit the transition towards CO2-neutral 

biodegradable or environment-friendly materials, namely plastic substitutes and reinforcement fibers. 

Incorporation of carbon / CO2 in building materials (artificial wood) able to store it for decades or even 

centuries, is indeed a main industrial concern, e.g. in the Cement industry. These are high on today’s European 

agenda, with key European initiatives on the industrial side: Phoenix and the low carbon industry Strategic 

Value Chain worked out under European Commission leadership. 

TARGETS FOR ARTIFICIAL CO2 FIXATION 

Carbon capture  

SUNRISE will bring the energy efficiency to 70% of the thermodynamic limit at an affordable cost, by 

coupling DAC technologies with (photo)electrochemical conversion. By merging functions of electrodes or 

membranes with adsorbent materials needed to concentrate CO2, we will cut losses for achieving a better 

economical and energetic yield.  

Fuels, chemicals and materials 

Although e-mobility and H2-mobility are anticipated to take a large share of transport decarbonization, the 

availability of sustainable carbon-based fuels is considered indispensable for a CO2 neutral long distance and 

aviation-based transportation system. ICE and jet fuels are priorities. Fuels for aviation will be obtained from 

biotechnological processes in the short to mid-term range, and later from a combination of solar-driven syngas 

production and Fisher-Tropsch processes. ICE fuels (e.g. ethanol) will be obtained either from 

(photo)electrochemical processes or via intermediate solar H2. 

Regarding commodity chemicals, ethylene should be obtained (photo)electrochemically, while synthetic 

biology is better fit to yield larger alkene derivatives, aromatics and synthons for e.g. biodegradable plastic 

substitutes and CO2-storing building materials.  

TIMELINE 

In 2021, the result of “Fuel from the Sun” Horizon Prize will be known and used to refine the CO2 to 

chemicals strategy. 

2021: analysis of DAC technologies integration  with SUNRISE electro- and photoelectrochemical 

approaches. 

2025: Enhanced jet fuel production by biotechnological processes assisted by synthetic biology 

approaches, on the ha range with 40 tons/ha/y production target. 

 All-integrated PV+electrolyser for co-electrolysis of CO2 and water, delivering liquid fuels/chemicals 

with a 15% STC efficiency.  

The devices shall use flue gas from the industry, potentially the cement industry. 

2030: deployment of 2025 device on the 150 MW scale (1000 ha at 15% STC), including DAC. This 

kind of devices will reach TRL 5-7 by 2030. 

Reliable perspectives of large scale deployment shall be obtained, with anticipated price of this liquid 

commodities under 500 €/ ton. (about 0.4 €/l). 

15 https://www.pbl.nl/sites/default/files/cms/publicaties/PBL-2016-Cities-in-Europe-2469.pdf 
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A SUMMARY OF SUNRISE GOALS BY 2030 

The complete replacement of fossil fuels as the main energy and chemistry feedstock represents a 

paradigm shift that will require decades to be fully accomplished. In the next 25 to 50 years, 

mankind can make the transition to a system of technologies that will transform CO2, H2O, N2, 

and O2 into fuels and commodity chemicals, using sunlight as the only energy source. This process 

will radically alter the existing paradigms of industrial production and energy transformation and 

usage. 

In order to kick-start this epochal transition of the industrial society and the global economy, 

the first ten years (2020–2030) are crucial, due to the need for a substantial acceleration in 

technological development2. In terms of science and technology, SUNRISE will make Europe the 

global leader of this decade-long process by coordinating human resources, research 

infrastructure, and industrial know-how across the continent to accomplish the following goals by 

2030: 

• The use of CO2, H2O, N2 and O2, as feedstock to deploy solar energy converters that produce

fuels (e.g. methane, ethanol, jet-fuels), synthesis gas (CO and H2), commodity chemicals (e.g.

ethylene, ammonia and biodegradable synthons for the plastic industry) and high-value

chemicals at a groundbreaking level of over 100 ton/ha per year.

• The conversion of up to 2500 ton/ha per year of CO2, depending on the molecular species and

latitude, into the cyclic economic system.

• The enabling CO2 mitigation strategies beyond 2050, when direct solar energy converters with

a tenfold to hundredfold energy gain over the current biomass practice will be deployed

worldwide on the TW scale for a negative-emission Earth system. This will allow for the

production of long-lasting carbon based materials (e.g. ‘artificial wood’) for long-term carbon

storage.

The key targets of SUNRISE on a 10-year timescale (and beyond) are: 

2023: Seasonal storage demonstrated (e.g. a PV field >15 kW with e-fuel conversion) with solar 

to chemical energy conversion better than 15% 

2025:  Demonstrator at a scale of > 1 MW to provide an urban environment with 10% of its energy 

in sustainable form, with CO2 neutrality.  

2027: Demonstration of 80% circularity at the regional level with artificial photosynthetic 

technologies for industrial feedstock, products and processes 

2029: Negative emission technologies for carbon capture and utilization (CCU) and sustainable 

ethanol production on the industrial scale (i.e., with concentration to the MW level) 

2030: 1000 ha (>150 MW) scale of SUNRISE technologies for liquid fuels production for, e.g., air 

transportation. 

Decentralized and CO2-neutral ammonia fertilizer production for precision farming. 

On a longer timescale, from 2030 to 2050, SUNRISE aims at a CO2-neutral economy with 

affordable negative emissions technologies on a significant scale. 
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5. SUNRISE Goals and approaches

[This section contains a detailed presentation of SUNRISE approaches, already introduced in §2.2] 

A realistic approach to SUNRISE’s ambitious goals requires a thorough examination of the flux of solar 

photons that reach the Earth’s surface and of the potential chemical conversion yields of these photons. Global 

irradiance on the ground 

varies continuously around 

an average value of 

150 W/m2 (mid-latitude 

average value: 180 W/m2 see 

Fig. 7) depending on time, 

meteorological conditions, 

geographical location, and 

seasons. The limits for 

candidate energy carriers 

are shown in Table 2, 

listing common half 

reactions starting from H2, 

CO2, and N2. Estimates for 

CO2 conversion and fuel 

production are obtained 

under the following 

assumptions: (a) systems 

absorbing 90% of the 

photons and converting 80% 

into products (SUNRISE 

target); (b) two photons per 

electron transfer; and (c) 

maxima and minima based 

on average annual solar 

irradiation in Malaga (Spain) 

and Stockholm (Sweden), 

respectively. The realization 

of such targets on the hectare scale in rural areas or on a smaller scale in urban zones requires radical new 

concepts and tandem devices that operate on a laboratory scale with a photochemical current of 16 mA/cm2 

under AM 1.5 irradiation. The half reaction n  (CO2 + 4H+ + 4e-) → carbohydrates + n  H2O also includes 

natural photosynthesis, with the additional restriction that it only uses half of the photons over the 

photosynthetically active region (PAR). Optimized biomass practice with Beta vulgaris L. (sugar beet) 

Fig. 7   European solar irradiation map. For selected cities at different latitudes (Malaga, 

Piacenza, Warsaw, Stockholm) the maximum potential for CO2 conversion is shown in red 

circles, together with the estimated production (per hectare and year) of a sustainable fuel 

(ethanol: green circles) or chemical (ammonia: blue circles). A two-electron process is assumed, 

consuming two photons per excited electron, 90% photon absorption efficiency and 80% 

chemical conversion efficiency. Radiation data for individual cities are taken 

from http://wrdc.mgo.rssi.ru.  

Table 2.   Selected half reactions for the conversion of CO2, H+ and N2 into chemicals and fuels. Minima and maxima refer to 

European regions with low and high annual solar irradiation. For details and assumptions made, see text. 

Reaction Conversion rate 

AM1.5 

[mol cm-2s-1] 

CO2 conversion 

potential 

[tons ha-1 y-1] 

Fuel/chemical 

production potential 

[tons ha-1 y-1] 

2H+ + 2e- → H2 0.086 - 52 - 130 

CO2 + 2H+ + 2e- → HCOOH 0.086 1120 - 2800 1182 - 2956 

CO2 + 2H+ + 2e- → CO + H2O 0.086 1120 - 2800 720 - 1799 

CO2 + 4H+ + 4e- → H2CO + H2O 0.043 560 - 1400 386 - 964 

CO2 + 6H+ + 6e- → CH3OH + H2O 0.029 378 - 945 274 - 686 

CO2 + 8H+ + 8e- → CH4 + 2H2O 0.022 280 - 700 103 - 257 

2CO2 + 12H+ + 12e- → CH3CH2OH + 3H2O 0.014 378 - 945 197 - 494 

N2 + 6 H+ + 6 e- → 2 NH3 0.029 - 308 - 772 

http://wrdc.mgo.rssi.ru/
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currently produces around 8 tons/ha of sugar and 5 tons/ha of ethanol annually through the direct conversion 

of atmospheric CO2 to sucrose. 

5.1 SUNRISE GOALS 

The three SUNRISE Goals are: (1) the provision of sustainable fuels from renewable energy (solar fuels); (2) 

the synthesis of commodity chemicals from renewable energy (solar chemicals); (3) the development of 

efficient methods to recycle CO2 from the atmosphere (long term, 2050) (see Table 1). To fulfil these 

objectives, SUNRISE will pursue three Approaches beyond their current technological limitations, taking into 

account key bottlenecks such as EROI and the availability and durability of critical materials, warranting their 

scale-up at an affordable cost for materials and the Earth’s surface. This synergistic approach gives SUNRISE 

an edge over the competition both within Europe and on a global level. 

5.2 SUNRISE APPROACHES  

As summarized in Table 1, SUNRISE will address its goals across all TRLs using three Approaches. 

APPROACH 1 – ELECTROCHEMICAL CONVERSION WITH RENEWABLE POWER 

The fastest-growing electricity generation technologies are photovoltaic (PV) and wind power, with price 

expectations below 0.03 €/kWh for the foreseeable future (IHS Markit, Aug 2018). However, this input must 

be integrated into the existing energy system, alongside distributed and dynamic chemical energy storage, with 

large-scale electrocatalysis providing a mature technology that can be rapidly implemented. 

Table 1.   Overview of SUNRISE Approaches and Goals. Present TRL levels are indicated. SUNRISE’s ambition is to achieve 

TRL 9 for fuels and chemicals and at least 7 for CO2 removal. [repetition of Table 1 in §2.2] 

Present TRLs 

Approach 

Goal 1 

Fuels 

Goal 2 

Chemicals 

Goal 3 CO2 

extraction 

and storage 

4. Electrochemical conversion with renewable power

fuels and commodity chemicals from CO2, H2O, O2, and N2
3-8 2-4 0-3

5. Direct conversion via photoelectrochemical systems

fuels and chemicals from CO2, … N2 and direct solar energy 2-4 0-3 0-3

6. Direct conversion via biological and biohybrid systems

unconventional methodology for photochemical conversion of

atmospheric CO2 with high yields
2-4 3-5 0-3

Fig. 8 The process chain for renewable power to hydrocarbons. 
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State of the art. Demonstration plants for power-to-hydrogen, power-to-gas, or power-to-liquid fuels by 

means of water electrolysis and subsequent thermal catalytic hydrogenation (e.g. Fischer–Tropsch) are 

currently being built on the MW scale; Fig. 8 schematically illustrates some examples. The energy conversion 

efficiency of commercial PV+electrolysis technology that can be deployed over large scale area is as high as 

10%, using e.g. high-pressure electrolyzers and hybrid Si-based heterojunction solar panels. The cost for H2 

produced by a standalone PV+E system today has been estimated to about USD 10 kg-1, ten times higher than 

the price of H2 obtained by steam reforming natural gas, and twice the price of H2 at a car fuelling station. The 

direct electrocatalytic conversion of CO2 with Earth-abundant metals is a promising option that at present is at 

the lab research stage for both high-temperature (solid-oxide) and low-temperature (aqueous electrolyte and 

membrane-based) devices. The cost of electrolysis driven by intermittent power sources, with subsequent low-

pressure CO2 hydrogenation, is currently too high to be considered for practical use.   

To make solar-to-H2 and solar-to-fuels an economically attractive as well as environmentally and socially 

sustainable solution, SUNRISE will increase the energy conversion efficiency to 30% STH, in conjunction 

with lowered material and production costs by upcycling of waste streams. We will then showcase a system 

of distributed industrial production for a circular transaction economy, where value is created locally from CO2 

valorisation with an energy source characterized by distributed ownership (solar electricity) for industrial 

competitiveness. Already existing pilot plants will be taken as success stories to push the power-to-X 

technologies to the highest TRLs. Complementary to the existing processes, the gap of the production of jet 

fuels will be closed by the installation of the first of its kind demo plant using syngas or methanol as 

intermediates. We will also develop currently low-TRL electrocatalytic technologies for the synthesis of 

ethylene, propylene or ethanol from CO2.16 Developing such new processes represents a real opportunity for 

targeting chemicals with minimized impact on the environment. They will use concentrated electricity with 

CO2 from point sources or PV coupled with Direct Air Capture technology. The development of CO2 capture 

technologies that tcan be directly integrated in electrochemical devices is another research direction that will 

be followed within SUNRISE. Finally, ammonia synthesis (Haber-Bosch process) uses 1-2% of the global 

energy supply and contributes to ca. 3% of the global CO2 release into the atmosphere to sustain agricultural 

crop yield. With electrochemical technologies for nitrogen fixation, fertilisers can be produced locally, 

lowering the costs and risks associated with transportation of large volumes, and providing solutions to limiting 

the amount of unused nitrogen fertilizer to rebalance the nitrogen cycle. Combined with CO2 activation 

processes, the electrochemical production of N-based chemicals as well as N-rich polymers and materials will 

be made possible. 

Table of problems and solutions for approach 1 

Bottlenecks Research opportunities 

Finding stable and abundantly available 

low cost catalysts for the water oxidation 

reaction. Key specification is the 

resistance to oxidative and acidic 

degradation17 

Alternative catalysts resistant to oxidative degradation (e.g. siloxanes, 

phosphates, polyoxometalates, and other main group oxides) will be used, 

supported by HPC, machine learning, and multi-scale modelling.  

Molecular knowledge (bioinspiration) will be transferred to materials 

science to integrate active catalytic sites within stable frameworks. 

Development of selective and stable 

catalysts for multi-electron/multi-proton 

reductive processes for direct CO2 

reduction and N2 fixation 

Tolerance of electrocatalysts to 

contaminated CO2-feeds 

High-throughput screening to discover materials coupled with 

experimental studies of catalyst design and function, thus opening up 

radical new avenues of electrocatalytic production for a whole range of 

platform products. Understanding degradation mechanisms (e.g.  by multi-

scale modelling). Strategies such as catalyst redeposition must be 

developed to keep the structure active. Develop smart matrices that can 

orient the selectivity and insure long-term  stability as well as provide 

tolerance to O2 and other impurities/poisons. 

16 Kätelhön et al. Proc. Natl. Acad. Sci. U. S. A. 2019, DOI: 10.1073/pnas.1821029116 
17  Z. Seh et al., Science 2017, 355, 146. 
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Scaling Solid Oxide Electrolyzers to 

MW size (e.g. limited reliability of cells 

leading to rejects in fabrication as well as 

failure in operation; cell performance 

enhancement necessary to minimize 

losses and required quantities of cells, 

thus, reducing cost; long term operation 

limited due to degradation by, e.g. 

catalyst migration, delamination…) 

requires producing several m2 of active 

area with high reliability cost-efficient 

production/stacking technology as well 

as low-cost housing materials 

Increasing fracture strength and/or toughness by advanced materials, e.g. 

fiber-reinforcement, as well as utilizing proven mass scalable production 

technology being cost-efficient, e.g. tape casting, screen printing, deep-

drawing, punching. 

High-throughput screening to discover high-performance materials with 

improved stability and tailored microstructures in order to improve 

performance, e.g. low electrolyte layer thicknesses, high electrode active 

surface areas. 

Understanding degradation mechanisms (e.g.  by multi-scale modelling) 

and  develop improved materials with low degradation and low contact 

resistance improving long-term performance. 

Capital expenditure of electrolysers (> 

500 €/kW) are above the permitted range 

Reduction of costs by material engineering towards cheap BOM (bill of 

materials) through the development of novel materials (e.g. ion-conducting 

membranes, catalysts) and novel architectures optimized by device 

simulation. 

Tolerance of catalysts for thermal 

reduction of CO2 to feedstocks towards 

O2 and H2O, improving selectivity  

Structure–conversion correlations will be established by advanced 

structural and mechanistic analysis and catalytic characterization assisted 

by multi-scale modelling from the atomic scale to mass transport 

phenomena in order to enhance product selectivity in, for example, 

Fischer–Tropsch-type processes. 

Low turnover/volume ratio of gas 

diffusion electrode-based CO2 and N2 

electrolysers 

Design and simulation work will lead to scaling relationships being 

broken and higher currents being yielded (e.g. > 1A/cm2) through 

alternative structural design, thus enabling, for example, a forced CO2 feed 

to the catalyst. 

Electrolysis of diluted CO2-feeds Develop smart matrices that can adsorb CO2 selectively (separation from 

O2) and drive it to catalytic centers;.Develop novel electrolysers 

integrating CO2-capture and conversion in one reactor. Redesign the 

materials systems of catalytic layers to implement CO2-reducing 

catalysts with conductive support, ionomer for proton transport and 

channels for substrate/product transport. 

Electrification of fine chemical synthesis 

(further conversion of bulk chemicals) 

Develop and Design of new electrosynthetic processes to allow the 

further conversion of synthesised bulk chemicals for the production of 

various fine chemicals, pharmaceuticals, agro chemicals, etc. 

APPROACH 2 – DIRECT CONVERSION VIA INTEGRATED ARTIFICIAL PHOTOSYNTHETIC SYSTEMS

SUNRISE pursues an ambitious vision of artificial photosynthesis becoming a truly disruptive technology to 

displace fossil fuels. Plant leaves and microalgae use sunlight to convert CO2 into carbohydrates on the Gt 

scale every year with two photosystems acting in tandem. Direct solar conversion, often referred to as artificial 

photosynthesis, mimics this process in dual band gap nano(bio)structures (Fig. 9), combining and hybridizing 

the best knowledge of biological, molecular, and materials sciences. Approach 2 aims to develop such 

integrated photoelectrocatalytic arrays to enable disruptive technologies for renewable fuel and chemical 

synthesis from photoexcited states of materials and/or (bio)molecular material , thus directly driving catalytic 

transformations. This is potentially more efficient than the PV + electro(cata)lysis scheme developed in 

Approach 1. Classic electrochemical approaches use electricity as a reactant near chemical equilibrium with 

the excited state of the semiconductors in a solar panel, thus limiting the conversion efficiency. In Approach 

2, the catalyst directly extracts charge carriers from the excited state of the photosensitizer to achieve multi-

electron/multi-proton chemical conversion. A cascade of redox processes enhances quantum efficiency by 

separating charge carriers in space, thereby preventing recombination pathways. In other words, the entropy 

changes for the two (PV and electrolysis) steps are combined in the photoelectrochemical device to minimize 

losses, and the entropy can be used for the release of gaseous products such as O2, H2 or CO. This opens up 

the potential for high performance by high yield and overcoming intermittency of renewable energy input. 
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This leads to lower materials and systems costs than for Approach 1, which thus leads to better capital and 

energy return on investment. 

In order to reach the high operational level of systems with 90% absorption and 80% conversion, SUNRISE 

proposes developing artificial photosynthetic technologies employing two tandem photosystems that will 

combine designed (supra)(bio)molecular and/or nanoscopic structures, aided by photon-management systems 

to maximize light harvesting. Natural photosynthesis is highly compartmentalized occurring in integrated 

multifunctional units that are composed of organized protein-based pigments, redox and catalytic cofactors. 

Such "quantasomes" are then multiplicated in photosynthetic membranes.18 Exploiting photoactive biological 

membranes or component or applying the quantasome concept to artificial photosynthesis is a highly promising 

way to overcome the low efficiency and limited (photo)stability bottlenecks of existing model systems. 

Artificial quantasomes to be developed in SUNRISE will exploit recently discovered physical phenomena and 

emerging concepts of efficient light-harvesting, excitation energy transport, as well as ultrafast and directional 

charge separation by vibration-assisted coherent evolution of reactants into products and coupling between 

structural and electronic dynamics, plasmonic light-absorption enhancement and reactivity (plasmonic 

catalysis), quantum electrodynamic effects in cavities (strong photon coupling). In natural photosynthesis, 

light-activation of proteins is structurally controlled and the primary charge separation occurs as an ultrafast 

directional process with a near-unity efficiency owing to coherent coupling with vibrations of the protein 

matrix.19 Dynamic matrix response also directs electron transfer, stabilizes redox intermediates, drives charge 

separation to completion and prevents unproductive charge recombination. Driving photochemical reactions 

in a lossless non-adiabatic process converts energy with near-unity yield.20 Vibration-induced delocalization 

between optically excited and charge-transfer states was also observed in synthetic materials.21 Coupling 

between the charge-separation process and dynamic matrix response emerges as a promising design principle 

(Fig. 10).22 Developing new selective catalytic sites for substrate (H2O, CO2, N2) reduction and coupled water 

oxidation, and their integration into 

photosynthetic membranes or artificial 

quantasomes will be essential, together 

with designing interfaces and couplings 

between the active components. 

Combining the quantasome and 

responsive matrix concepts in designing 

artificial photosynthesis systems will 

integrate the three fundamental losses of 

photocatalysis (originating from charge 

recombination, driving catalysis of 

product formation, and O2 in only one 

potential loss. To achieve high efficiency, 

the primary light harvesting and ensuing 

charge separation need to be ultrafast; and 

the de novo design of supramolecular as 

well as inorganic responsive matrices and 

quantasomes is a formidable challenge and 

a key goal of the SUNRISE initiative. 

18 Emerson, R.; Arnold, W. The Photochemical Reaction in Photosynthesis J. Gen. Physiol. Emerson and Arnold: The 

Photochemical Reaction in Photosynthesis 1932, 16, 191-205 and Park, R.B.; Biggins, J. Quantasome: Size and Composition Science 

1964, 144, 1009-1011. 
19 Romero, E. et al. Nature 2017, 543, 355. 
20 T. J. Eisenmayer et al., J. Phys. Chem B 2013, 117, 11162; D. Polli et al., Nature, 2010, 467, 440 
21 Falke, S.M. et al. Science 2014, 344, 1001 
22 Bredas, J.-L. Nat. Mat. 2016, 16, 35. 

Fig. 9   Schemes of possible architectures of tandem photoelectrochemical 

cells for solar fuel and solar chemical production. The inset exemplifies light 

harvesting with antenna effect, charge separation at the photosensitizer (P), 

and catalytic conversion in the case of H2 evolution (Source: CEA) 
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State of the art. The general idea of a compact, integrated device 

is an important driving force in the development towards sustainable 

solar-to-fuels. Direct solar-to-H2 systems, including unbiased 

photoelectrochemical (PEC) cells, nanoparticle systems, and 

integrated PV-catalyst devices (so-called ‘artificial leaves’) have 

been demonstrated as lab-scale devices, with diverse materials and 

device architectures.23
 Semiconductor heterostructures and nanowire 

arrays for light-harvesting and charge separation have been 

integrated with catalysts for water oxidation and H2 generation, and 

in some cases CO2 reduction. Active photobioelectrodes combining 

biological light-harvesting modules with enzyme variant or synthetic 

catalysts have been reported. An artificial quantasome has been made 

and its water-oxidation demonstrated.24 Many systems (such as 

photosensitized electrodes) operate well under diffuse light, making 

them suitable for mid- and northern latitudes of Europe. Enhancing 

light-harvesting efficiency by applying newly recognized physical 

concepts such as plasmonics, singlet fission, upconversion, and 

strong photon-matter coupling is currently an important direction of 

fundamental research in chemical physics. It is recognized that nano-structuring can improve light-capture and 

electron/hole collection efficiency. Low efficiency, which is sometimes caused by limited stability under solar 

irradiation, appears to be the main bottleneck of current systems of direct solar-to-fuels conversion. Many of 

the current challenges are similar between monolithic PV-catalyst and PEC solutions, such as achieving long-

term catalyst stability, and tailoring the bandgap energies of the semiconductors/molecular photosensitizers 

used to both maximise solar utilization and operate at sufficient over-potential for catalysis to occur. The 

challenge of preventing recombination of charged intermediates in multi-electron photocatalysis is a specific 

challenge for PEC devices. Lab-scale demonstrations of monolithic PV-catalyst devices have currently reached 

close to 20% solar-to-hydrogen (STH) energy conversion efficiency in non-concentrated sunlight, albeit by 

utilizing rare and/or toxic elements, and materials that require expensive production processes. 

In the SUNRISE project, we will change this situation by tailoring catalytic sites in advanced photoactive 

inorganic and supra(bio)molecular nanostructures exploiting or mimicking the functional 

compartmentalization of natural systems and optimizing the interfaces between light-harvesting, charge 

separation, and catalytic modules. Bottom-up supramolecular engineering of natural and artificial 

photosynthetic assemblies will be the key enabling technology in SUNRISE for developing the next-generation 

efficient solar-to-fuels energy conversion processes and systems. To achieve this, a robust function-based 

system engineering framework will be established for the design of artificial biomimetic systems that will aid 

in handling cross-scale models, identifying control points, and predicting system-wide effects of molecular 

components.  

The research will be based on three guiding principles: (i) the integrated quantasome concept, (ii) vibration-

assisted charge separation and transport involving coherence in responsive matrices, and (iii) kinetics 

synchronization and optimization between light harvesting, charge separation, charge-carrier transport, and 

catalytic conversion across interfaces. Semiconductor-based nanostructured photoelectrochemical systems 

(buried junctions, dye-sensitized n- and p- photoelectrodes coupled with catalytic sites…) will be developed 

as well, following similar design principles and sharing some of the catalytic units. The search for new 

materials will be guided by the computational and experimental screening of different elemental compositions. 

Semiconductor and catalyst development will be conducted in synergy with Approach 1, with the key 

challenge for Approach 2 being their integration.  

SUNRISE will also consider enhancing light harvesting efficiency by employing newly emerging aspects of 

light–matter interactions: plasmonic enhancement of light absorption across the solar spectrum, singlet fission 

(to utilize high-energy solar photons while minimizing thermalization losses), up-conversion (to utilize 

23 C.R. Cox et al., PNAS 2014, 111, 14057; D. Jia et al., Nat. Commun. 2016, 7, 13237; Q. Wang et al., Nat. Mater. 2016, 15, 611
24 Bonchio, M. et al. Nat. Chem. 2019,  11, 146 

Fig. 10   Responsive matrices are chemically 

programmed for the high-yield conversion 

of reactants by conformational twisting 

along a quantum reaction coordinate (Q). 

An energy gradient drives the system 

through a conical intersection by means of a 

non-adiabatic (i.e. quantum coherent 

vibronic) process. Such reactions go beyond 

the Born–Oppenheimer characteristics of 

classic adiabatic photoelectrochemistry and 

(photo)catalysis. 
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abundant low-energy solar photons), and the strong photon coupling regime (polariton formation in cavities) 

to facilitate light harvesting over antenna systems by accelerating excitation-energy transfer to reaction centers. 

Coupling between electron transfer and matrix dynamics will be utilized to accelerate and direct the initial 

charge separation and charge-carrier transport to catalytic sites (coherence-driven and nonergodic electron 

transfer). Photosynthetic systems will be kinetically optimized, while minimizing recombination reactions that 

both limit the performance and can lead to material degradation. Improved stability will thus be an emerging 

property of the device. Integration of active components into functional compartmentalized units 

(quantasomes) will be a challenge requiring us to design active interfaces to provide controlled electronic 

coupling, proton transfer, and mass transport (reactants, products). 

Bioinspiration will be the key driver of Approach 2. We will target materials, which (i) are based on Earth-

abundant elements, for reasons of cost-effectiveness and possible global upscaling, (ii) have catalytic sites with 

very few metal ions (in comparison, only a small fraction of metal atoms in nanoparticle catalysts are surface-

exposed and thus catalytically active), (iii) are highly selective and efficient in terms of energy conversion, 

and (iv) operate under ambient temperature and pressure conditions in aqueous media, thus reducing the 

environmental impact of manufacturing processes (i.e. green, safe processing).25 Biomimicry of the active sites 

of metalloenzymes (hydrogenases, dehydrogenases, nitrogenases, laccases, etc.) will be used to design new 

catalysts for multi-electron/multi-proton reactions such as CO2, O2 water, and N2 activation. (Supra)molecular 

and inorganic nanoparticle catalysts will be used, in combination with hybrid "matrices" and membranes, 

building on the current state of the art to control light-harvesting, charge separation, and catalysis. Photoactive 

bio-components (isolated photosynthetic reaction centers, photosynthetic membranes, redox cofactors) will be 

assembled with enzymes and synthetic catalysts in hybrid structures to enhance direct conversion processes. 

Photodriven catalytic protein systems ("photoenzymes"), which will combine photoreducing (or 

photooxidizing) and catalytic sites within a protein matrix will be investigated, developed, and explored. 

Mutants of natural redox proteins and enzymes with increased functionalities as well as de novo protein 

platforms, will be combined with photosensitizers or biological light-harvesting modules. Such artificial 

systems will allow for the efficient coupling of light harvesting and catalysis as well as the rapid separation of 

the products. Proteins also appear to be the first choice for responsive matrices, together with synthetic 

supramolecules, hybrid or inorganic membranes, and polymers. QM/MM/MD simulations and materials-

oriented HPC will aid predicting functional materials, photoenzymes, and their assembling in artificial 

quantasomes. SUNRISE will also study and explore self-assembly, self-repair, and regulation of 

photosynthetic assemblies to gain a better understanding of how they create energy gradients, boost catalysis, 

and maintain integrity. These accomplishments will enhance efficiency (improvement of light-harvesting 

properties, optimization of electronic connection between photosensitizer and catalyst) and also address 

stability (development of smart matrices and protective coatings, disarming of triplet states and reactive oxygen 

species, and self-repair/self-healing mechanisms). Resulting functional direct-conversion devices will most 

probably be hybrid systems combining supra(bio)molecular quantasomes with nanostructured materials 

(semiconductors, 2D-materials, possibly 3D covalent organic frameworks and metal-organic frameworks), 

and/or with novel systems obtained through synthetic biology. 

 H2O and CO2 will be used as feedstocks for artificial photosynthetic systems, producing hydrogen, methane 

or syngas as 1st generation solar fuels and formic acid as 1st generation solar chemicals. Water oxidation should 

be coupled with fuel production, while alternative oxidative processes will be developed for the production of 

commodity chemicals (e.g. H2O2, epoxides) Based on the progress made in Approach 1, we will subsequently 

develop artificial photosynthetic systems that produce more complex solar fuels, solar commodity chemicals 

(e.g. ethylene, ammonia), and high-value compounds. This will align with recent advances with respect to 

photoredox catalysis in synthetic organic chemistry and will drive the transition to more sustainable, minimal 

waste, and circular chemical manufacturing processes. 

25 V. Artero, Nat. Energy 2017, 2, 17131.
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In terms of the technological readiness, further development and integration with Approach 1 – systems 

into single photosynthetic units (buried junctions, sensitized photoelectrocatalysis) can be developed into 

applicable stage (TRL 6-8) within the next 10 years. De novo (i.e. contingent) systems engineering with 

bioinspired (bio)molecular-based modules utilizing the quantasome concept and novel physical principles to 

facilitate light harvesting, charge separation and transport present a major scientific and technological 

challenge and will lead to the next generation of artificial photosynthesis. TRL 4-5 is achievable in 10 years, 

provided that the corresponding development is supported by a critical mass of fundamental work that is 

genuinely cross-disciplinary across biology, chemistry and physics. 

Table of problems and solutions for approach 2 

Bottleneck Research opportunities 

Low conversion efficiency and 

stability of direct-conversion 

systems 

1) Increase light harvesting efficiency, charge-separation and catalytic

conversion yields by biomimicry and employing new physical concepts

(coherence, responsive matrices, singlet fission and upconversion

plasmonic, strong photon coupling)

2) Apply the quantasome concept to integrate light-harvesting, charge-

separating, and catalytic sites, organized and responsive matrices in

functional units

3) Enhance inherent robustness by facilitating productive steps, combine

with self-repair processes.

Sunlight harvesting not 

sufficient in meeting the 90% 

absorption target across the 

relevant part of the solar 

spectrum 

- Photon management in photosynthetic systems: singlet fission and NIR

photon upconversion to utilize high- and low energy solar photons,

plasmonics to enhance absorption in visible region

-exploit biological light-harvesting modules with increased absorption

cross-section

- Multichromophoric antennas, use delocalized excitons

- Facilitate excitation-energy collection and its channeling to charge-

separating sites or heterojunctions by employing strong light-matter

interactions (polaritons)

- Spectrum-splitting ("Z-scheme" systems).

Inefficient charge-separation 

due to: 

- charge recombination

- side reactions, charge

trapping, excited-state decay

- kinetics mismatch between

charge transport and catalytic

conversion

"Electron transfer beyond Marcus theory": 

- Utilizing hot excited states

- Coupling electron transfer with matrix dynamics: nonergodic electron

transfer, non-adiabatic conversion by adiabatic passage (NCAP),

polaron-stabilization of charge-separated states

- Coherence-driven electron transfer (directing and accelerating)

- Charge separation directly from excited light-absorbers (avoiding

antenna-to-reaction center energy transfer)

- Integrating charge separation and catalysis in quantasomes.

Slow catalysis, poor 

selectivity, catalysts cost and 

availability 

- New catalysts capable of multielectron/multiproton transfer, charge-

carrier accumulation

- genome mining for novel robust enzymes

- "photoenzymes": synthetic photocenters and catalytic sites in a protein

matrix

- Responsive matrices to fine-tune proton-coupled ET

- Plasmonic catalytic or electrocatalytic systems utilizing plasmon-

generated hot charge carriers and electromagnetic near-fields, integrating

light absorption and catalytic action

- Photochemistry of earth-abundant elements - based photosensitizers

that operate at moderate pH

- Controlling and optimizing traffic of substrates and products.

Recombination, at the 

semiconductor/catalyst 

interface, and in the bulk, 

limits efficiency 

- Engineering semiconductor/catalyst interfaces to allow for rapid

adaptation of catalyst potential with the Fermi level of the

semiconductor

- Developing electron buffer materials to induce charge accumulation at

high and low electrochemical potential
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- Kinetics optimization of electron-transfer pathways between charge-

separating and catalytic sites in supramolecular as well at sensitized

electrode and nanoparticle interfaces

-oriented immobilization and nanostructuring of photoactive and

catalytic modules with respect to electrode surfaces to minimise back

reactions.

Poor cofactors integration into 

functional systems 

- Compartmentalization based on replicated quantasomes

- Membrane and responsive matrix design

- Engineering of electron-, proton- and energy transfer pathways

between cofactors

- Combining supra/bio/molecular systems with structured semiconductor

surfaces, nanostructures, 3D or 2D-materials, optimizing interfacial

processes

- Efficient and stable grafting strategies.

Limited (photo)chemical 

stability 

- Increasing rate and directionality of primary charge separation

- Improving catalyst selectivity

- Compartmentalization (employing the quantasome concept)

- Self-repair mechanisms

- Stabilization by interfacial charge separation at semiconductor surfaces

- Build-in disarming of reactive side products (ROS, O2 shielding,

organic triplet states) for photoprotection

-exploring novel robust redox enzymes (though genome mining) and

genetic engineering of the existing redox enzymes to improve their

stability.

Instability of semiconductors 

in the presence of aqueous 

electrolyte  

- Using HPC and modelling to develop protective/passivating strategies

as well as optimizing kinetic stabilization.

- Implementing self-healing and optimizing kinetic stabilization.

Photocatalytic back reactions 

destroying the generated 

products 

Axiomatic design (theory and application) systems engineering of smart 

and responsive matrix architectures with differential affinity for reactant 

and product. 

Leaching of photoabsorbers or 

catalysts during operation  

Developing specific matrices in all-solid-state configuration to recapture 

these key components from the electrolyte or implement self-healing 

processes. 

APPROACH 3 – DIRECT CONVERSION VIA BIOLOGICAL AND BIOHYBRID SYSTEMS 

SUNRISE will employ two different types of systems – biological and biohybrid– which both involve living 

microorganisms and are capable of direct solar energy conversion and storage. In SUNRISE, different variants 

of explicit biological or biohybrid systems and microbial co-cultures will be exploited. 

State of the art. The photosynthetic organisms use sunlight as energy source and raw materials such as CO2, 

water and/or N2 and some mineral 

nutrients for synthesis of various 

molecules. Photosynthesis allows 

application of algae and 

cyanobacteria for industrial 

production of different natural 

products using exclusively sunlight 

and CO2 (e.g. industrial production 

in Europe Ecoduna, Algaenergy, 

Algosource, or in Japan Euglena Co 

Ltd). Dozens of engineered 

photosynthetic organisms hosting 

novel synthetic production pathways 

and enzymes are currently available. 

Yet, all the available prototypes 

Fig. 8   Schematic representation of solar fuel and chemical production by 

photosynthetic microorganisms (living factories) (A) and by a biohybrid system 

comprising a man-made inorganic photosensitizer powering the fuel and chemical 

synthesis in heterotrophic bacteria (B). 

https://www.ecoduna.com/?lang=en
http://www.algaenergy.es/en/
https://algosource.com/en/
https://www.euglena.jp/
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have a low solar-to-chemicals conversion efficiency and need significant improvements to serve as industrial-

scale production platforms. Exploitation of photosynthetic microorganisms to function as microbial cell 

factories, which catalyze the entire and direct process for production of solar fuels and chemicals, is becoming 

a reality along with development of strong synthetic biology technologies. Advanced and automatized 

synthetic biology toolboxes are currently becoming available at the advanced level for heterotrophic (non-

photosynthetic) microorganisms systems (bacteria and fungi). Radical progress in development of synthetic 

biology tools also for photosynthetic microorganisms now opens great prospects for realisation of 

algal/cyanobacterial-based direct production of renewable and sustainable chemicals. Photosynthetic light-

driven biotransformation by coupling specific redox enzymes (e.g. oxidoreductases) to light reactions provides 

a great potential for serving green chemistry by enabling a sustainable production of a wide range of desired 

bioproducts. The advantages of whole-cell biotransformation over the use of many industrial chemical 

catalysts, include the high selectivity, shorter synthetic routes, reduced toxic by-product formation and 

operation under physiological conditions. The proof-of-the concept for the ‘substrate in – product out’ 

photosynthetic biotransformation has been recently demonstrated, yet, the efficient and continuous platform 

requires further development.  

The choice of the starting chassis and novel enzymes for photosynthetic cell factories is of critical importance 

in industrial platforms. Out of the thousands of known species of algae/cyanobacteria, only a few strains are 

currently being employed as a production chassis. Research must focus on selecting robust strains capable of 

high biomass yield in industrial mode of cultivation but also being equipped, with favourable metabolic 

characteristics.  

The economic feasibility of the microbial cell factories technology still suffers from inherent problems of 

solar-based aquatic production systems, such as self-shading (leading to low light utilization and low 

production efficiency), excessive water consumption and requirements for energy-intensive mixing. Prolonged 

life time (e.g. avoiding the degradation of lipid reserves during the night) and optimization of secretion and 

separation of fuels and chemicals are also mandatory for biocatalysts to perform efficiently in photosynthetic 

cell factories.  

There are already >> 30 successful proof-of-concept reports for direct production of a plethora of fuels 

and chemicals, including hydrogen, alcohols, diols, polyols, alka(e)nes, fatty acids, organic acids, terpenoids 

etc, using cyanobacteria or microalgae as host organisms. These systems and chemical production platforms 

will be further improved by the proposed SUNRISE technologies. Currently there are several small companies 

in Europe (e.g. Photanol) working towards SUNRISE objectives for demonstration of the economic viability 

of the specific direct production platforms within photosynthetic microorganisms. The technology with best 

production yields for specific chemicals (e.g. lactic acid in Photanol) is currently at TRL 4 using pilot system 

enclosed in a greenhouse environment, but with plans and funding to build an outdoor demo plant to run at 

TRL 7. SUNRISE will strongly boost the speed of increasing the TRLs of several different target production 

systems that now are at a proof-of-concept stage. Ongoing collaborations and joint research programmes 

already exist between SUNRISE and oil/ and gas companies, (e.g. Total) to accelerate progress on the selection 

and optimisation of microalgae strains for industrial application26. 

Biohybrid systems involve a material–microorganism interaction. They generally rely on the best man-

made systems for solar energy conversion and provide this energy as reducing equivalents in a suitable form 

(e.g. electrons or H2) to drive biosynthetic pathways in non-photosynthetic microorganisms, thus ensuring the 

direct, integrated solar-driven production of desired target chemicals and fuels. Proof-of-concept experiments 

were recently presented with integrated systems whereby microorganisms metabolize H2, formed by in situ 

photoelectrochemical water splitting, to drive CO2 fixation and production of, for example, large alcohols with 

promising H2-to-alcohol conversion efficiencies. In other systems, bacteria or archaea feed directly on 

electrons produced by light-harvesting semiconductors and produce ammonia, methane or a variety of larger 

carbon compounds.  

26 https://www.total.com/en/energy-expertise/projects/bioenergies/pcv-algaeparc-qibebt-proving-and-harnessing-microalgaes-

potential 

https://www.photanol.com/
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In the SUNRISE project, the reducing power produced in the light reactions of photosynthetic 

microorganisms or in the man-made solar conversion devices of biohybrid systems will be efficiently coupled 

to maximize the CO2 reduction capacity and the production of high-density, complex carbon products in 

microbial cells. 

The biological production systems with photosynthetic microalgae or cyanobacteria as host organisms will 

be designed to function as living photosynthetic microbial cell factories that channel the maximum share of 

available resources (solar-based reducing equivalents and CO2) for the production of target chemicals, while 

maintaining a minimal flux for necessary housekeeping functions and other cellular activities. Target products 

are either volatile or engineered to be stored in or “pumped” out of the cells in order to maintain the high-level 

strength of the intracellular electron sinks. Photosynthetic microbial cell factories will be designed and tailored 

with advanced synthetic biology tools. They will also be guided by interactive models, enabling maximal solar 

energy utilization for CO2 reduction in every single cell for the high-yield synthesis of specialized products. 

Photosynthetic living factories will have also to grow on fresh, saline, and wastewaters, thus promoting a 

circular economy and ensuring a low impact on agriculture and arable land use.  

SUNRISE will make use of extensive research on synthetic biology and metabolic engineering for a wide 

range of production pathways in model organisms, taking into consideration the holistic function of the host 

organisms on the production system. The project will also develop attractive industrial biotechnology 

platforms for direct solar energy storage in a wide range of renewable fuels and chemicals. Systems biology 

and physiological knowledge of cyanobacteria and green algae has significantly advanced over the past 20 

years, hence SUNRISE can opt for the best strain selections and commercial production systems for its 

synthetic biology approaches.  

Research into biohybrid systems for the direct conversion of solar energy, water and CO2 into a wide range 

of products has only just begun but is highly promising if the key issues, such as long-term stability, can be 

resolved. SUNRISE will boost the development of biohybrid methodologies to create stable and viable bionic 

systems. This includes the construction of optimized interfaces between living systems and materials, solving 

the issues of importing non-biological material into cells, the possible impact of non-biological material on the 

metabolism, and the toxicity of the non-biological material for the cells. 

In SUNRISE, advanced photobiological and biohybrid systems will be primarily employed for the production 

of complex molecules such as hydrocarbons (fatty acid, alkanes, terpenes and jet-fuels.), aromatics (as 

synthons for fine chemistry and production of artificial wood), and precursors for biodegradable plastic 

substitutes.  

Table of problems and solutions for approach 3 

Challenge Research opportunities 

Efficient production of 

photosynthetic reducing 

equivalents (Fd, NADPH, 

electrons and protons) and their 

coupling for bioproduction  

Improvement of photosynthetic linear electron transport for efficient 

and homogeneous light harvesting and utilization in industrial-scale 

applications. Efficient coupling of reductants (i) with redox enzymes 

for a direct synthesis of targeted chemicals (including 

photobioproduction of H2) in situ and (ii) with novel enzymes or 

engineered bacteria in the electrochemical devices. Minimize 

inhibition and damage of biocomponents.  

Efficient coupling of harnessed 

solar energy with CO2 reduction 

pathways in microorganisms and 

in biohybrid electrochemical 

devices  

Enhanced carbon-concentrating mechanisms and CO2 fixation, either 

by natural pathways or by introducing novel pathways by utilizing 

synthetic biology tools. Metabolic engineering of efficient “electron 

sinks”, and elimination of competing metabolic pathways. Maintain 

a balance between production of photosynthetic reducing 

equivalents and ATP. Construction of optimized interfaces (on 

metabolic and material design level) between biocomponents and 

materials to ensure efficient electron transfer either via direct 

electron transfer or via electron mediators such as H2. In order to 

achieve this an improved understanding of cathodic external electron 

transfer pathways and/or hydrogen metabolism is required.  
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Broadening the light-harvesting 

spectrum, optimizing light 

harvesting. 

Utilization of sunlight across the entire PAR down to far-red region 

through the innovative use of natural and synthetic pigment systems. 

Application of plasmonics to boost functionality of (bio)catalysts. 

Minimize energy waste by lower useless light energy dissipating 

mechanisms. 

Identification and selection of 

robust host organisms (chassis) 

and enzymes  

Exploit biodiversity to select new strains with O2 tolerant enzymes 

and enhanced robustness towards industrial productivity (enhanced 

biomass, NOx and SOx resistance, tolerance of elevated growth 

temperature and illumination, withstanding high CO2 concentrations 

etc). Make use of natural biodiversity (genome mining) including 

identification of novel robust enzymes. Application of the adaptive 

laboratory evolution approach to select production 

organisms/enzymes with improved desired functionalities.  

Improvement of the synthetic 

biology toolboxes, and rapid 

engineering of libraries of strain 

variants. 

Computational design using HPC and reconstruction of metabolic 

models for selected production strains. Reiterative quantum 

modelling of electron-transfer processes including competing 

pathways. 

Design novel production pathways with strict cofactor balancing of 

the reactions and pathways, resulting in improved carbon yields. 

Automatization of synthetic biology processes. Systems Biology and 

‘omics’ technologies to understand complex biological networks and 

systems.  

Durability and lifetime of the 

microbial cell factories and 

biohybrid devices  

Enhancement of durability and lifetime by optimizing 

biocomponent/synthetic material interfaces. Improvement of the 

longevity of host organisms by systems biology and physiological 

monitoring, with subsequent alleviation of constraints developed, 

and by investigating microbial co-cultivation opportunities. 

Elimination of toxicity of end-products and non-biological materials. 

Optimization of the import of external substrates and export and 

separation of products. 

Taking into account the reproduction of living cells. 

Photobioreactor design Apply engineering skills and machine learning for optimization of 

photobioreactor design in terms of light harvesting as well as 

product biosynthesis and collection. Successful up-scaling and 

valorisation of large-scale production platforms. 
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Executive Summary 
    

Modern civilization thrives on a constant flow of energy and material goods obtained from natural               
resources such as fossil fuels. This leads to the production of large amounts of waste, increasingly                
difficult to handle. It represents a perfect example of a linear economic approach wrongly              
assuming that the Earth is an unlimited reservoir of resources and a bottomless dump. The ever                
growing increase in the consumption of fossil fuels and the ensuing release of carbon dioxide               
(CO2) into the atmosphere – altering climate stability with vast environmental, societal and             
economic consequences – exemplifies this. 

The SUNRISE action aims at promoting a large-scale research initiative to enable the             
transition from a linear to a circular economy: abundant molecules (carbon dioxide, water and              
nitrogen) are the material basis of a global economic system powered by sunlight. SUNRISE              
addresses the recycling of CO2 into a variety of products, the combination of nitrogen with               
hydrogen to produce ammonia for fertilizers and, more generally, the direct solar-powered            
production of fuels and chemicals. SUNRISE will provide in a fully sustainable manner energy              
carriers for the transport and heating sector, the possibility of long-term storage of excess              
renewable energy in the power sector and fossil-free raw materials for the chemical industry. High               
efficiency will be necessary to make the transition economically viable and has to come out of an                 
interdisciplinary team of scientists and engineers, handing it over to civil authorities and citizens. 

 
SUNRISE will facilitate the transition to a circular economy and a carbon-neutral society. Abundantly              
available molecules – carbon dioxide, water and nitrogen (CO2, H2O and N2) – replace fossil-based raw                
materials for the production of a broad range of chemicals and fuels. SUNRISE targets a sustainable CO2                 
cycle, where the concentration in the atmosphere is decreased and then maintained at a level compatible                
with climate stability, committing to the sustainable use of natural resources and land.  
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The SUNRISE action will focus on the development of artificial photosynthesis in a broad              
sense, delivering important solutions for a novel energy system adapted to a circular             
economy: 
− SUNRISE offers new options for security of access to fuels and chemicals, since the latter               

can be produced in Europe with solar energy and abundantly available resources. 
− SUNRISE offers the possibility of storing excess electrical energy at the long-term, a             

growing problem with renewable electricity reaching significant shares. 
− Some solar fuels, such as methane, can make use of the existing transport and storage               

infrastructure without significant modifications. 
− SUNRISE aims at storing solar energy in chemicals with yields tenfold-to-hundredfold           

higher than current biomass practice. This key target allows to reduce the needed amount              
of land surface compared to biomass (currently the only viable renewable option for             
long-distance transport). 

 
Land area required for solar fuel production at different energy conversion efficiency levels.             
SUNRISE aims at delivering energy at the TW scale in 2050 with a 30% conversion efficiency,                
representing a massive leap forward compared to current biomass practice. For 2 TW and 700               
million Europeans, it translates into ~66 m2 per capita of surface required, which corresponds to ~1%                
of the European surface (on average, 25 MWh per year are then provided for every citizen). 
 
The goal of SUNRISE is to develop competitive and green production pathways. In order to               
efficiently tackle climate change, one needs to address the manufacturing of commodity            
compounds consumed or produced by the industry. Those key intermediates are hydrogen,            
ammonia and carbon-based compounds. To reach this ambitious objective three approaches, with            
different timelines and use cases, are considered: 
The SUNRISE action will capitalize on the current maturity and deployment of solar electricity              
and electrochemical processes, aiming at the development of innovative technological bricks           
adapted to the current infrastructures and business models by 2025. This will encompass green              
processes for the production of ammonia and carbon-based compounds. On a longer term, the              
development of photo(electro)chemical, biological and biohybrid systems will provide the          
direct conversion of solar into chemical energy with milder operating conditions, more            
straightforward processes and better selectivity towards specific products. The capture of CO2            
from the atmosphere will be combined with chemical conversion processes to reach high energy              
efficiencies. These direct processes will allow to go from a centralized production of solar              
fuels and chemicals to a more decentralized approach by 2030, bringing better resilience to              
regions and favouring the development of a circular economy at a local scale. Such              
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technologies will be of primary interest for the development of areas where centralized             
infrastructures do not exist and will allow specific solutions adapted to local resources and needs.               
They will provide competitive prices for fuels and compounds, establishing a circular economy and,              
ultimately, enabling the capture of excess CO2 in the atmosphere. Concerning fertilizers, not only a               
low carbon-emission production is targeted, but also a decentralized production on the small-scale,             
only delivering the needed amounts of ammonia and thus limiting an excessive use. 
Beyond 2030, SUNRISE aims at providing a strong scientific and technological basis for             
negative emissions technologies, which will be then necessary to maintain the temperature            
increase below 2°C. Eventually, efficient solar energy conversion of carbon dioxide into long             
duration materials shall contribute to carbon dioxide removal, with the goal to reach a much lower                
land use than bioenergy-based technologies. The concomitant decoupling of economic growth           
from the depletion of resources is a much more appealing economical prospect than geological              
Carbon Capture and Storage [CCS]. Finally, by 2050, SUNRISE will contribute to a             1

CO2-neutral circular economy, net climate neutral mobility for people and goods, as well as              
affordable negative emissions technologies developed at a significant scale. 

SUNRISE Roadmap: The vision of SUNRISE is a carbon-neutral society based on a circular economy driven 
by solar energy by 2050. The sustainable production of hydrogen, ammonia and carbon-based chemicals 
and fuels is key. Major milestones are e.g. the cost-competitive, mid-scale production of jet fuels in 
2030 (700 000 barrels produced per year, i.e. delivering ~150 MW on 1000 ha). 

1 Since technologies for solar fuels and chemicals are an emerging field, detailed analysis comparing them 
with the more established bioenergy-based technologies and CCS approaches do not exist at present. 
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Context: what does the world look like today? 

A roadmap is not an abstract object standing on its own, its purpose comes with its actual                 
implementation and the solutions it brings to real-world challenges. It is crucial to analyze the               
specific context in which it will have to persist; what are today’s drivers? What are the challenges                 
we are facing? Even though it is a roadmap for research and innovation and not a business model,                  
it is strongly dependent on non-technological enablers such as financing mechanisms, political            
support and social commitment. Some of the following trends will accelerate the development of              
the proposed solar-driven SUNRISE technologies, others will hamper them. The latter have to be              
anticipated and, if possible, circumvented. 

Global challenges and drivers 

Ecological drivers  
Today’s energy production system strongly depends on fossil-based energy sources and raw            
materials. Their intensive use over the last decades not only depleted the Earth’s reservoirs, but               
also caused a significant increase of the carbon dioxide concentration (and other greenhouse             
gases) in the atmosphere. Among many worrisome consequences, a rise in the average global              
temperature is shattering. Latest reports point out the tremendous consequences of the ongoing             2

warming on ecosystems, resources and accordingly society in general.  3

In the EU, the energy and transport sectors generate the major part of greenhouse gas (GHG)                
emissions, with 54% for energy-related and 24% for transport-related activities in 2016. However,             4

these sectors are central for economic growth, industrial competitiveness and quality of life. A              
decarbonization of these sectors is urgently needed, decoupling economic benefits from the            5

pollution of the environment. Concerning electricity production, much progress has been made in             
the last decade: wind and photovoltaic capacity worldwide is now an established alternative to              
fossil energy carriers thanks to technological developments and significant cost reductions. The            
electrification of society continues to grow, with the need for efficient storage solutions on the               
short-to-long term. For the transport and heating sectors, fossil fuels are still an unmatched energy               
source with a huge existing infrastructure. Chemical industry, one of the largest industrial GHG              
emitters in Europe, is also completely dependent on fossil-based raw materials and energy             
carriers. 

2 The current increase in average global temperature is estimated to 1°C as compared to pre-industrial                
times. 
3 See subsequent chapter on scenarios 
4 https://ec.europa.eu/eurostat/statistics-explained/pdfscache/1180.pdf 
5 Since SUNRISE proposes to make carbon-based materials, indispensable to the economy, 
“defossilization” will be used later in the text to better describe the goal of the transition. Defossilization is a 
word newly associated with the energy transition (less than 50 occurrences in google-scholar, with a first 
one in 2010). 
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Further global trends 
In addition to ecological drivers, developments in politics, economy, legislation, technology and            
society at large are influencing the framework in which this roadmap needs to operate. An outline                
of the most striking ones is listed below, raising no claim to completeness: 
 
Political: Nationalism, populism, lack of international cooperation, but overall positive political           
atmosphere on climate change mitigation; Sustainable Development Goals adopted by all United            6

Nations Member States in 2015 as international reference. Growing need for energy security and              
independence from imported energy. 
Economical: Positive global economic trends, decreasing unemployment, overall EU economic          
growth, sinking interest rates, low employment in the oil sector, expanding global markets for              
sustainable technologies, policy incentives for investing in clean energy, large global business            
opportunities in clean energy sector, important share of the gross domestic product and jobs of               
energy and transport sector in Europe, decentralisation of energy production. 
Societal: Rallies for climate change mitigation especially from younger generations, rising social            
awareness, positive Zeitgeist for global warming, democratization of knowledge, increasing          
standards of living coupled to increasing consumption, central role of social media. 
Legislative: Paris agreement, Clean Energy for all Europeans legislative package. 
Technological: Rapid developments in ICT and on-going digitalization; critical materials: research           
on substitution, recycling and materials efficiency; production processes: more efficient and less            
energy demanding. 
 
Technologies for the transition to a low-emission society are not available for a fully              
sustainable, massive deployment on a global scale today. 

EU climate policy    

With the Paris agreement, the European member states engaged to mitigate global            
warming and to play a leading role in the fight against climate change at an               
international level. The necessary reduction of CO2 emissions implies profound          
societal changes and technological breakthroughs. The EU is at the forefront to drive             

international climate policies forward and an important actor to strengthen concerted actions. The             

6 https://www.undp.org/content/undp/en/home/sustainable-development-goals.html 
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EU takes responsibility in the global Mission Innovation initiative to accelerate clean energy             
innovation.  7

At the European level, the Strategic Energy Technology (SET) Plan is driving            
forward research and innovation in low-carbon energy technologies. It aligns R&I           
efforts between the private sector, the European Commission and the Member States.            
The Energy Union targets a sustainable, low-carbon and climate-friendly economy. It           

provides the regulatory framework for achieving the EU’s 2030 greenhouse gas emission reduction             
target of 40% as compared to 1990, where cost-efficiency and the modernization of the European               
economy are important drivers. The Clean Energy for all Europeans package and the Clean              
Mobility packages are legislative frameworks that imply major market transformations in the            
energy and transport sector by 2030. They focus on an increase in renewable energies, efficient               
storage and low-carbon mobility. 

A replacement of fossil-based energy sources and raw materials are crucial for Europe's             
vision of a zero-emission society and the global competitiveness of its industry.  

SUNRISE technologies directly address the above-mentioned challenges. They take         
inspiration from nature, mimicking the natural photosynthesis process. Energy from sunlight and            
raw materials abundantly available in the atmosphere (water, carbon dioxide, nitrogen) are            
transformed into green fuels and chemicals. 
This allows for a defossilization of the energy and transport sector, as well as the chemical industry                 
(including agrochemistry). SUNRISE technologies provide sustainable fuels with high energy          
content to the transport and heating sector, using existing infrastructure, while chemical industry             
profits from fossil-free raw materials and energy. Converting sunlight and electricity into chemical             
energy represents a safe and easy way of long-term storage for intermittent renewable energy              
sources. In the longer term, CO2 is directly taken from the atmosphere and becomes a valuable                
raw material. When transformed into fuels and burnt afterwards, a net zero-carbon emissions cycle              
is established, while when transformed into long-lasting chemical products, such as polymers, net             
CO2 reductions (negative emissions) are achieved. 
 
Spurred by recent reports of the International Panel on Climate Change, climate change             8

mitigation is now increasingly recognized as one of the most pressing global challenges of              
our times. It necessitates an immediate coordinated large-scale effort to rapidly develop a             
broad portfolio of cost-effective and efficient fossil-free alternatives. 

The speed for developing, upscaling, implementing and commercializing such innovative solutions           
strongly depends on the financial and political effort the EU R&I community will receive. It will                
strongly influence the EU’s future economic competitiveness and is central to accelerate the             
transformation to a low-carbon society.  

 

 

7 http://mission-innovation.net/ 
8 “Special Report: Global Warming of 1.5 ºC” 2018 and “AR5 Report Climate Change 2014” 
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Scenarios: what will the world look like in 2050? 
 

 
SUNRISE envisions the sustainable production of chemicals and fuels using solar energy and raw              
materials abundantly available in the atmosphere. Due to the high number of considered products              
(ranging from hydrogen to jet fuel) and the broad range of proposed technologies with different               
degrees of maturity, it is beyond the scope of this roadmap to model future scenarios based on                 
current data. Instead, future needs of chemicals and fuels are estimated by analyzing different              
scenarios described in the current literature. The scenarios described in the “2050 long-term             9

strategy climate-neutral Europe” released by the European commission in 2018 play a central             10

role. The aim of the SUNRISE roadmap is to deliver the needed technological milestones to               
enable the European Commission’s vision for 2050. Also highly relevant for this work are recent               
reports of the International Panel on Climate Change. A short overview of the main scenarios and                11

forecasts as reported in these two key documents and the relevance for the SUNRISE initiative               
follow. 

The 2050 long-term strategy climate-neutral Europe 
The aim of this long-term strategy is to confirm Europe's commitment as a leader in global climate                 
action and to present a vision for achieving net-zero greenhouse gas emissions by 2050              

9 More than 50 scenarios have been overviewed stemming from 11 roadmaps or strategic documents. 
10 2050 long-term strategy climate-neutral Europe, European Commission, 2018, and support document:            
In-depth analysis in support of the commission communication COM(2018)773.  
11 “Special Report: Global Warming of 1.5 ºC” 2018 and “AR5 Report Climate Change 2014” 
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through a socially fair transition that opens up opportunities for decoupling economic growth from              
the depletion of natural resources.  
The strategy mainly explores eight economy-wide scenarios, divided in three different categories            
depending on their levels of emission reductions, from 80% to 100%, in comparison to an initial                
baseline reflecting the 2030 European energy and climate policies and targets. The scenarios             
cover the potential range of required reductions for the EU to contribute its share to the Paris                 
Agreement's temperature objectives (“well below 2°C” and “1.5°C temperature change”).  
The analysed scenarios foresee the deployment of carbon taxes and high shares of             12

renewables in the power mix. In all these scenarios renewables become increasingly            
competitive, reaching around 80% of the power mix by 2050. Renewables deployment (wind             
and solar representing around 70%) is facilitated by storage through hydro-pumping, stationary            
and mobile batteries and, indirectly, in hydrogen and e-fuels as well as via demand side response.                
The analysis is complemented by modelling and by developing these multiple and differentiated             
scenarios (see table below). Especially for industry, a different model was used focusing on              
extremely innovative technology pathways. In all scenarios the final energy consumption           
decreases, by minimum 26% to maximum 50% in 2050 as compared to 2005 values.   13

 
Economy-wide scenarios 2050 
* https://ec.europa.eu/energy/sites/ener/files/documents/ref2016_report_final-web.pdf 
** In comparison to 1990 values  

Economy-wide Scenarios Long-term strategy climate-neutral Europe 

(PRIMES-GAINS-GLOBIOM model) 

Non-changing 
scenario “Baseline” 

Based on the 
Reference scenario 
2016 (REF 2016) * 

“Baseline scenario”: developed to reflect the current EU        
decarbonisation trajectory based largely on agreed EU policies or         
policies that have been proposed by the Commission, but are still under            
discussion. It keeps the macroeconomic projections, fossil fuels price         
developments and pre-2015 Member States policies as implemented in         
REF2016. It assumes the achievement of the following energy and          
climate targets by 2030: (a) at least 40% cut in GHG emissions (from             
1990 levels), (b) at least 27% share for renewable energy, and (c) at             
least 27% improvement in energy efficiency. 

12 The assumed carbon price increases significantly under all scenarios, reaching 28 EUR/tCO2 in 2030 and                
then increasing to 250 EUR/tCO2 in 2050 under the 80% reduction scenarios and 350 EUR/tCO2 under the                 
scenarios that achieve net zero GHG emissions by 2050. Real carbon prices will depend on the deployment                 
of other policies and how they impact technology costs and development. 
13 Final energy consumption is foreseen to be reduced already in the Baseline scenario following the                
European 2030 target on energy efficiency (32.5% reduction compared to 2007). In the decarbonizing              
scenarios, the least reductions are achieved in those including alternative zero-carbon /carbon neutral             
energy carriers (ELEC, H2 and P2X). Globally, baseline trends show rises in final energy consumption,               
although scenarios including deployment of low-carbon technologies, based on renewable energy and            
energy efficiency, are also compatible with final energy demand reductions by 2050. See REmap Case in                
“International Renewable Energy Agency, IRENA (2019), Global energy transformation: A roadmap to 2050,             
International Renewable Energy Agency” or Beyond 2°C Scenario (B2DS) in “International Energy Agency,             
IEA (2017), Energy Technology Perspectives, Catalysing Energy Technology Transformations”. 
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1st category 
decarbonization 

scenarios: 
- well below 2oC

ambition 
- 80% reduction in
GHG emissions by 

2050** 

“Electrification - ELEC”: electrification of the energy demand is the          
driver and thus higher electricity supply and high deployment of storage           
(6 times today's levels) will be needed to deal with variability in the             
electricity system.  14

“Hydrogen - H2”: key action is the deployment of e-hydrogen in the            
energy demand sectors and thus hydrogen production on the supply          
side, it assumes timely deployment of the necessary hydrogen         
infrastructure and distribution. 

“Power to X - P2X”: key action is the deployment of e-fuels (e-gas and 
e-liquids) in the energy demand sectors and thus e-fuels production on 
the supply side. Hydrogen becomes mainly an intermediate feedstock 
and e-fuels use in transport reduces the biofuel requirements for this 
sector, towards 2050, hydrogen is produced by electrolysis, e-gas in 
methanation plants and e-liquids via various chemical routes (i.e. 
methanol route and Fischer-Tropsch process).

“Energy efficiency - EE”: key action is deployment of strong energy           
efficiency measures in buildings, industry and transport. Energy        
consumption is thus reduced in all final consumption sectors and          
particularly in buildings. 

“Circular Economy - CIRC”: key action is the development of a           
circular economy model in the industry and transport, assuming         
standardization of recyclable material and improved systems for waste         
collection. GHG emissions reduction are driven by resource and material          
efficiency. 

2nd category 
decarbonization 

scenarios: 
- 90% reduction
GHG emissions

“Combination - COMBO”: it combines the actions and technologies of          
the previous scenarios (except the one of circular economy, for technical           
reasons). In this scenario, all before-mentioned pathways are assumed         
to be available and GHG reductions can be achieved through all of            
them, including LULUCF (Land Use, Land-Use Change and Forestry). 

3rd category 
decarbonization 

scenarios: 
- 1.5 oC ambition
- Net zero GHG

emissions

“1.5ºC Technical - 1.5TECH”: aims to further increase the contribution          
of all the technology options, and relies more heavily on the deployment            
of biomass associated with significant amounts of carbon capture and          
storage (BECCS). 

“1.5ºC Sustainable Lifestyles - 1.5LIFE”: relies less on technology         
options, but assumes a drive by EU business and consumption patterns           
towards a more circular economy, translated in lifestyle changes and          
consumer choices more beneficial for the climate. 

14 Electricity becomes the dominant energy carrier and its share grows strongly in all scenarios, from 22% in                  
2015 to 29% in 2030 and then in 2050 ranging from 41% (P2X) to 53% (ELEC) with the scenarios achieving                    
highest GHG reductions situated within this range. 
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The IPCC Special Report Global Warming of 1.5ºC 

This report discusses the impacts of global warming of 1.5 ºC above pre-industrial levels and               
related GHG emission pathways. In pathways for limiting global warming to 1.5ºC, CO2 emissions              
are reduced globally to net zero around 2050. All pathways examined use Carbon Dioxide              
Removal (CDR), but in different amounts. Four illustrative global model pathways are presented: 

- Pathway 1: scenario with lower energy demand up to 2050, while living standards rise in               
the global South; rapid decarbonization of the energy supply is enabled. The only CDR              
option considered is afforestation. 

- Pathway 2: scenario with a broad focus on sustainability, including healthy consumption            
patterns (including healthy diets with low animal-calorie shares and low food waste),            
low-carbon technology innovation and well-managed land systems. 

- Pathway 3: a middle point scenario following historical patterns. Emission reductions           
achieved mainly by energy production changes, followed by reductions in demand to a             
lesser degree.  

- Pathway 4: a high resource- and energy-intense scenario where emission reductions are            
achieved by strong use of CDR, especially through the deployment of BECCS (BioEnergy             
with Carbon Capture and Storage). 
 

Global indicators in 2050 for four illustrative model pathways. 

Implications of the analyzed scenarios on SUNRISE 

The two mentioned reports show that the energy system transition is underway, analyzing and              
projecting different political, social, economic and technological developments that have seen           
immense improvement in recent years. However, the highest ambition level can only be achieved              
if all mitigation options are exploited: electrification, hydrogen, bio-based feedstocks and           
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substitution. In several cases, carbon dioxide capture, utilization and storage (CCUS) would lead 
to the deep emissions reductions required in energy-intensive industries to limit warming to 1.5°C.  

Current barriers to accomplish high decarbonization levels include institutional, economic and 
technical constraints. The hydrogen-based production of ammonia, methanol and other chemicals 
is hampered by high costs and infrastructure needs. Research efforts to overcome these 
limitations and to develop associated processes for hydrogen production and its use as 
feedstock are therefore needed. In the European strategy, the total hydrogen consumption is 
expected to reach approx. 30 Mtoe (around 350 TWh) for the P2X scenario and 150 Mtoe (around 
1700 TWh) for the H2 scenario, as soon as consuming technologies are available (i.e. fuel 
cell vehicles).  

Consumption estimates of some energy carriers in the 2050 long-term strategy. 

The SUNRISE roadmap encloses the deployment of the most advanced technologies for the             
conversion of renewables to electrolytic hydrogen and e-fuels by upscaling processes, aiming for             
cost and resources efforts alleviation. In addition, it also introduces the development of emerging              
research and technological alternatives based on the direct conversion of solar energy through             
“artificial photosynthetic” approaches. Currently, these innovative options with low technological          
readiness are not included in the described scenarios; however, their great impact, projected as 2               
TW (17,500 TWh/year) for Europe alone, will determine the electricity demand and the             
decentralization for industry decarbonization. 

Finally, some of the scenarios, such as the fourth illustrative pathway in the IPCC report largely                
rely on the deployment of BECCS, where biomass becomes an important energy carrier. The              
needed land area for bioenergy is expected to amount to 7.2 million km2, globally, by 2050. This                 15

15 For comparison, EU-28 surface is about 4 million km², geographic Europe (until the Urals) is slightly more                  
than 10 millions km². Pathway 4 is the most extreme case: for pathway 1, land area of bioenergy crops in                    
2050 is estimated at 0.2, for pathway 2 at 0.9 and for pathway 3 at 2.8 (in million km²). 
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could have negative consequences on sustainable development, if the use of land competes with              
production of food or biodiversity conservation. 

The development of technologies included in the SUNRISE portfolio alleviate the needs for land              
use, water and nutrients consumption, since they are based on decoupling of economic growth              
from depletion of resources, while high solar-to-fuel yields are targeted (see chapter “Needed             
resources and enablers beyond the scope of SUNRISE” for estimations on green electricity, land              
and water use). 
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SUNRISE Vision: how to get the future we want? 

Overview 

The vision of SUNRISE is to enable a circular economy of renewable fuels and chemicals 
on a global scale using abundant molecules as feedstocks (e.g. water, carbon dioxide, 
nitrogen) and, in the long term, sunlight as the sole energy source. 

Urgent action is required: the latest IPCC reports underline the need to reduce anthropogenic 
carbon dioxide emissions to below zero within the next 30-40 years in order to reach the ambitious 
goals of the 2015 Paris agreement. Technologies enabling such a transition on the global level are 
still in their infancy. SUNRISE wants to develop artificial photosynthesis technologies in a broad 
sense, aiming at solar-to-products yields tenfold to hundredfold higher than current biomass 
practice. Using the smallest possible land area is a key objective in order to propose technologies 
compatible with other essential goals, in particular a sustainable food production system and the 
preservation of biodiversity.16 Providing efficient devices is not enough: these devices have also to 

16 https://www.undp.org/content/undp/en/home/sustainable-development-goals.html 
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be conceived in accordance with society’s needs, as further discussed in the “Social and              
environmental impact” chapter. 

Why we need to act 

Overarching drivers of the SUNRISE initiative are climate change mitigation, a competitive            
European industry and EU resilience in terms of energy and resources. From this, six high-level               
drivers are deduced: 

● a carbon-neutral European society by 2050, in accordance with the EU policy goals,
● a socially fair and economically viable transition to a low-carbon society,
● an import-independent production for EU autonomy and sovereignty,
● energy security,
● energy resilience,
● and ultimately, reductions of the atmospheric carbon dioxide concentration.

What we can do 

Six high-level solutions have been identified, promising to significantly contribute to the above-             
mentioned goals: 

● the development, manufacturing and deployment of technologies for the long-term and
large-volume storage of energy

● the manufacturing of primary energy carriers for a defossilization  of the energy sector,17

uncoupling the energy production from natural resource extraction,
● the manufacturing of feedstock for a defossilization of the chemical industry,
● the displacement of fossil fuels by renewables in the transport sector,
● a decentralized production system based on resources available everywhere
● a large-scale deployment of technologies for negative emissions combined with a long-term

carbon storage within materials.

Solutions have to align with general goals of sustainability in terms of resources, land use and                
ecological impact. The SUNRISE vision is based on ubiquitous resources - sunlight and molecules              
from the atmosphere - thus enabling a purely decentralized and import-independent production            
system. SUNRISE will create substantial added value for all European countries by providing             
tailored solutions for each European region to achieve the best utilization of solar irradiance and               
site-specific resources.  

A sustainable production of hydrogen with low carbon emissions is central to SUNRISE, since              
hydrogen is an important vector for the energy and transport sector, and a large-volume resource               
for chemical industry. Turning carbon dioxide from a threat for climate stability into a              
valuable resource for industry will also contribute to the defossilization of the mentioned sectors              
and drive the deployment of negative emissions technologies. The sustainable production of            
carbon-based commodity chemicals and fuels will provide the chemical industry with the            
needed energy and resources and represents a low-carbon alternative to the current use of fossil               

17 Defossilization, preferred to decarbonization, is a more recent expression now utilized by the 
transportation sector: e.g. the global alliance powerfuels, https://www.powerfuels.org/home, R. Schlögl, 
Angew. Chem. Int. Ed. 2019, 58, 343 - 348, and FVV fuel study: Options for the defossilization of the 
transportation sector (100 % scenarios), https://link.springer.com/chapter/10.1007/978-3-658-26528-1_1; 
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fuels. As carbon source, carbon dioxide from industrial processes or extracted from the             
atmosphere is used. Transformed into fuels and burnt afterwards, this allows to reach carbon              
neutrality. Transformed into long-lasting carbon materials, a net reduction of the carbon dioxide             
concentration can be achieved, achieving so-called negative emissions. With ammonia being one            
of the largest volume chemicals causing significant global carbon dioxide emissions, the SUNRISE             
vision also includes the sustainable production of ammonia, providing agriculture with           
low-carbon fertilizers.  
 
 

SUNRISE will foster the transition to a circular economy and a carbon-neutral society. Disruptive              
energy technologies will transform carbon dioxide, water, nitrogen and oxygen feedstocks into fuels,             
commodity chemicals and agrochemicals with the use of sunlight. 
 
 
How we can do it 
 
The production of chemicals by sunlight and widely available feedstocks (CO2, H2O, N2 and O2) is                
a key milestone towards a circular economy. In particular, we target a sustainable CO2 cycle,               
where the concentration in the atmosphere is decreased and then maintained at a level compatible               
with climate stability, requiring the sustainable use of natural resources and land. The             
technology development will take into account key constraints such as the           
energy-return-on-investment (EROI) and the availability and durability of critical materials. 
 
The transition from a civilization that is dependent on the consumption of fossil resources to one                
that is based on solar-powered manufacturing, and which uses ubiquitous and abundant            
molecules as raw materials in a circular manner, is one of the grandest scientific and technological                
challenges ever faced by mankind. The unifying goal of SUNRISE is to provide disruptive              
technologies to make sunlight and ubiquitous molecules the principal prime sources of energy             
and platform materials for modern society, and thus phase out fossil fuels. 
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From a linear to a circular economic system. 
 
SUNRISE focuses on three approaches to deliver solutions for the replacement of fossil resources.              
These work on different timescales and a detailed description of the specific milestones follows in               
the subsequent chapter “SUNRISE Roadmap”. 

IN THE SHORT TERM, SUNRISE primarily aims at using renewable electricity sources            
and waste CO2 from industrial processes as raw material for the circular production of              
chemicals and fuels. The focus is on efficient and sustainable processes for the             
conversion and storage of renewable power into liquid or gaseous fuels, taking            

advantage of the continued growth of wind and solar electricity production. The energy return on               
energy invested (EROI), which is not yet maximized due to use of electricity at the intermediate                
stage, will be improved step by step. 

IN THE MEDIUM TO LONG TERM, the energy input for the chemical processes is directly               
provided by sunlight. It drives novel technological approaches to transform CO2, H2O,            
N2 and O2 into fuels and base chemicals. Inspiration is taken from natural             
photosynthesis. Final target fuels can be concentrated to any desired level, going            

beyond the natural photosynthesis process with higher efficiency and a wide selection of target              
products. The CO2 raw material will have to come ultimately from the atmosphere, deliberately              
reducing the level of greenhouse gases.  

18 



Fuels and chemicals enabling the transition to a sustainable future 

Overview 
The sustainable large-scale production of solar fuels and chemicals is key to enable the 
SUNRISE vision. It is based on both point and distributed sources of carbon dioxide, the ultimate 
goal being the extraction of carbon dioxide from the atmosphere and its long-term storage in 
long-lasting carbon materials. 
Given the vast variety of possible solar fuels and chemicals – ranging from small molecules, such 
as ammonia, to complex synthetic fuels – SUNRISE has to limit its efforts to special classes of 
products to ensure the efficiency of such a joint large-scale research effort. The universe of 
identified molecules is sketched below using three intersecting domains: one for fuels and energy 
carriers in general, one for chemical commodities and one for complex molecules. A few concrete 
examples have been included in this chart. SUNRISE focuses on fuels and chemical commodities 
which are needed and produced in large volumes today (millions of tons per year or more on a 
global scale), and sold at a small price (in the range of 1€ per liter). This market reality is a major 
challenge, calling for very efficient, simplified and durable processes. Ubiquitous low-energy 
species are extracted from the environment and upgraded with abundant renewables to energy 
carriers such as methane or to useful versatile commodities like ammonia, syngas or ethanol. 
High-value molecules, such as e.g. pharmaceuticals, are low volume markets (thousands of tons 
or less) and high-value chemicals. They do not constitute such a challenge and thus are not 
included in the scope of SUNRISE, except for those who also serve as fuel or commodity chemical 
(jet fuels, fatty acids, biodegradable plastics, etc.). 
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The scheme below illustrates the production and final utilization of the SUNRISE enabling             
chemicals, made with solar energy. For the sake of simplification, they have been grouped in three                
categories: hydrogen (H2), ammonia (NH3) and carbon-based compounds (Cn).  
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Hydrogen 
Hydrogen is a highly important energy vector in the energy transition and in SUNRISE. Especially 
with respect to the transport sector, it is already a well-covered topic, with existing European 
large-scale structures such as the private public partnership Fuel Cells and Hydrogen Joint 
Undertaking (FCH JU) and their recently released Hydrogen Europe Roadmap . Therefore, in order 
to avoid a doubling of effort, many aspects, such as transport, storage, utilization and safety of 
hydrogen, are not the focus of this roadmap. Instead, we focus on the fully sustainable production 
from solar energy. 
A sustainable, large-scale hydrogen production is central to the SUNRISE vision. As it is illustrated 
in the above scheme, hydrogen represents an enabling molecule in the production of ammonia 
and carbon-based fuels and chemicals. A fundamental aspect of the SUNRISE roadmap is that not 
only electricity-based hydrogen technologies with a high technology-readiness-level (TRL) are 
considered; less mature methods based on the direct conversion of sunlight into hydrogen have a 
prominent place. A significant increase of the solar-to-hydrogen yield, high demands on 
sustainability and circularity in the systems and an economically-viable production of solar 
hydrogen are key drivers. 

Hydrogen Today 
Hydrogen (H), the lightest chemical element, is largely abundant on Earth. Due to its high 
reactivity, it immediately forms bonds with other elements and thus only exists in a combined form 
(e.g. water or molecular hydrogen, H2). Molecular hydrogen is a highly valuable energy carrier and 
in high demand in the chemical industry and for fuel-cell based transportation. However, it is 
scarce and its current production from fossil fuels generates large amounts of carbon dioxide 
emissions.  

Hydrogen Impact 
Today, 70 megatons of hydrogen are produced globally per year, of which 76% is from natural gas 
and 22% from coal, meaning that the production of hydrogen is responsible for carbon dioxide 
emissions of around 830 million tonnes per year. Merely 2% of the hydrogen is produced by 
electrolysis of water.18 Major uses of molecular hydrogen include ammonia production via the 
Haber-Bosch process and fuel refining. Moreover, hydrogen is the most appealing and sustainable 
carbon-free solution for heavy-duty vehicles as well as personal long-range vehicles. Thus, a 
sustainable hydrogen production with low carbon emissions is crucial. 
Beyond electricity-based routes, SUNRISE targets a large-scale production of molecular hydrogen 
by light-driven water splitting. Solar hydrogen can be used directly as fuel, as an energy carrier 
(electricity production via fuel cells) or as an intermediary step towards other molecules. 
Solar-to-hydrogen technologies at high efficiency will change the global energy balance. They will 
provide short-term as well as seasonal energy storage and thus allow for a large-scale 
implementation of technologies based on fluctuating renewable energy sources. Moreover, a 
renewable hydrogen economy can operate in both large-scale centralized facilities, as well as in 
small-scale distributed installations. The latter will allow on-site production and deployment without 
the need for a complex distribution infrastructure, with enormous economic benefits. 

18 IEA (2019), "The Future of Hydrogen", IEA, Paris, www.iea.org/publications/reports/thefutureofhydrogen/ 
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Carbon dioxide as a valuable feedstock 

Today, fossil hydrocarbons are the workhorse of our comfort, providing more than 80% of our 
energy supply and the major part of carbon-based chemicals and materials. Their combustion or 
oxidation releases almost 33 GTons of CO2 every year in the atmosphere. This linear model being 
on the road to ruin, the overarching goal of SUNRISE is to establish a circular economy, focussing 
mainly on a closed carbon cycle.19 In principle, such an economy is reachable and technologies to 
capture and convert CO2 have been developed during the last decades. Under the name CCU 
(Carbon Capture and Utilization), technologies are comprised where carbon dioxide is reduced (in 
chemical language), turning CO2 from a threat into a useful resource. A lot of attention is now 
focused worldwide on their further development, in Europe e.g. with CO2valueEurope20, as well 
as in the USA21 or Asia, gathered at the global level in the Mission Innovation Challenge 3.22 While 
the technology exists or can be evaluated, the CAPEX is a major hurdle to overcome.  

CO2 utilization can first of all expand the present day industrial usage: besides direct utilization of 
CO2 in food industry and agriculture, established processes include the production of urea (~110 
Mt CO2 per year), methanol (~2 Mt CO2 per year), salicylic acid (~30 kt CO2 per year) and cyclic 
carbonate (~40 kt CO2 per year). But CO2 uses must be taken further: in principle, every 
carbon-containing compound can be obtained from CO2 from the atmosphere, ideally leading to 
carbon-neutral life cycles. A major obstacle towards this circular carbon economy is the high 
energy consumption of the processes involved: hence the insistence of SUNRISE on energy 
efficiency. This bottleneck has been clearly identified, for example in the ICEF roadmap,23 which 
strongly recommends funding of catalysis research. Electrical, photolytic, biological and thermal 
catalysis are emphasized as key enablers of the CCU development,24 both to decrease the energy 
needs and to allow economically viable conversion processes. 

Large industrial emitters, including electricity and heat producers, are responsible for up to 20 Gton 
CO2/year on the global scale. Currently, technologies for capture and utilization of CO2 from their 
stationary point sources are already developed. Depending on the type of CO2 source, CO2 
concentration can range from almost 100% (ammonia or ethylene oxide producers, hydrogen 
plants, biogas upgrading) to 70% for natural gas processing and down to 3-5% for gas-fired power 

19 A somewhat circular economy of carbon existed in the past, before the industrial revolution, when biomass                 
was the main energy carrier. This was possible for a much less developed world with a global population                  
about 10 times smaller than today. With a world-wide population soon to reach the 10 billion level, efficient                  
conversion processes are deeply needed. CO2 capture technologies will directly affect the performance of              
solar-to-energy conversion processes. 
20 Formerly SCOTproject 
21 Global CO2 Initiative [GCI] 
22 The goal of IC3 is to enable near-zero CO2 emissions from power plants and carbon intensive industries: 
http://mission-innovation.net/our-work/innovation-challenges/carbon-capture/ ; see a recent report : 
https://www.energy.gov/fe/downloads/accelerating-breakthrough-innovation-carbon-capture-utilization-and-st
orage  
23 ICEF Roadmap, Direct Air Capture of Carbon Dioxide, 2018, available online: 
https://www.icef-forum.org/pdf2018/roadmap/ICEF2018_DAC_Roadmap_20181210.pdf 
24 Sandalow, D., Aines, R., Friedmann, J., McCormick, C., & McCoy, S. (2017). Carbon Dioxide Utilization 
(CO2U) ICEF Roadmap 2.0. available online: 
https://www.icef‑forum.org/pdf2018/roadmap/CO2U_Roadmap_ICEF2017.pdf  
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plants. Both the CO2 concentration and the impurities present (e.g. NOx and SOx) will impact the 
capture process performance.  

A long-term and technologically more challenging goal is to extract CO2 from the atmosphere. 
Several teratons of CO2 are available from the air, however with a low concentration of about 
400ppm only. Already several industrial start-ups commercialize Direct Air Capture (DAC) units. 
These are integrated into projects expected to deliver in 2020-2025, where down-stream chemical 
processes will convert CO2 into methanol or jet fuels. 

DAC technologies25 available today were mainly developed in view of the subsequent underground 
storage of CO2 usually associated with the acronym CCS (Carbon Capture and Storage). The 
processes contain a final separation and concentration step, in order to deliver a concentrated 
gaseous stream of CO2. However, with a growing interest for CCU instead of CCS, it seems smart 
to avoid this energy-intensive and costly step of CO2 separation and concentration. Several recent 
research results show the possibility to produce syngas or methanol by implementing the chemical 

conversion process in the very medium of capture. , Combining the capture and conversion             26 27

of CO2 in solar energy-efficient devices is one of the primary objectives of SUNRISE. Again,               
the goal is to demonstrate DACC (for Direct Air Capture & Conversion) overall conversion              
performances 10 to 100 times more efficient than today's biomass practices. 

Ammonia 

Ammonia Today 
Nowadays, global food production crucially depends on the use of fertilizers. Ammonia, NH3, is by               
far the most used one, almost 90% of ammonia synthesized is applied in farmland; the rest serves                 
for the production of chemicals (organic molecules such as amines). Ammonia is produced via the               
Haber-Bosch process using atmospheric nitrogen and hydrogen stemming from fossil fuel           
resources. Although the Haber-Bosch process is highly optimized in terms of energy, it             
causes significant CO2 emissions. The annual global production of ammonia amounts to more             
than 150 Mtons, where 1 ton of produced ammonia generates 1.5 tons of carbon dioxide               
emissions. 
In addition, the application of fertilizers is currently not very efficient: less than 40% of the nitrogen                 
supplied as fertilizer is actually taken up by the cultivated crop. Thus, the environment is heavily                
polluted with nitrogen compounds , resulting in extensive perturbations in the biogeochemical           28

nitrogen balance, and consequently severe negative impacts on the environment and biodiversity. 

Ammonia Impact 
Reduced CO2 emissions. The industrial ammonia production, mainly via the Haber-Bosch           
process, consumes 3-5% of the world’s natural gas supply, contributing to around 1-2% of the               

25 ICEF Roadmap, Direct Air Capture of Carbon Dioxide, 2018, available online: 
https://www.icef-forum.org/pdf2018/roadmap/ICEF2018_DAC_Roadmap_20181210.pdf 
26 Li, Yuguang C., et al. "CO2 Electroreduction from Carbonate Electrolyte" ACS Energy Letters 4.6 (2019): 
1427-1431. 
27 Kar, Sayan, Alain Goeppert, and GK Surya Prakash. "Combined CO2 capture and hydrogenation to 
methanol: Amine immobilization enables easy recycling of active elements." ChemSusChem (2019). 
28 Stevens, C. J., “Nitrogen in the environment”, Science, 363, DOI: 10.1126/science.aav8215 
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global CO2 released into the atmosphere.29 The proposed SUNRISE technologies providing 
ammonia from sunlight, air and water will save a substantial amount of fossil energy and will 
induce negligibly small carbon dioxide emissions. Moreover, they allow a switch from today’s 
centralized large-scale production to a distributed on-site and on-demand ammonia production; 
this will also result in related savings for transport and storage. Beside its major use as a fertilizer, 
ammonia can play a role for storing hydrogen safely, or directly as a carbon-free fuel. 
Precision farming. Approximately 90% of synthetic ammonia is used in agriculture as fertilizer, 
e.g. in the form of salts (such as ammonium nitrate, NH4NO3, or ammonium chloride, NH4Cl). 
Precision farming provides a route to reduce ammonia pollution of soils and water. Nutrient 
management can be conducted by precise analysis of the actual resource needs of the agricultural 
land, by using ICT-based utilities. This allows for a targeted fertilization, limiting the amount of 
unused nitrogen fertilizer and leading to ecological recovery. SUNRISE technologies provide a way 
to a decentralized, on-site production of the needed amounts of fertilizers. Moreover, biological 
approaches represent a direct route to produce ammonium solutions, NH4

+, valuable fertilizers 
without further transformation.

Commodity chemicals and (jet) fuels 

Commodity chemicals and (jet) fuels Today 
The production of fuels for the transport sector (road, rail, air, sea) consumes by far the largest 
share of the globally produced crude oil (about 4000 megatons per year). According to the 
International Energy Agency, a share of 64% of crude oil is refined into transportation fuels. 
Specifically, 49% of crude oil is consumed by road transport, 8% by aviation and 7% by navigation 
(marine shipping). This vast consumption of fossil resources directly translates into CO2 emissions. 
For example, direct CO2 emissions (from combustion of carbon-based fuels) of commercial 
aviation equate to more than 2% of the global anthropogenic CO2 emissions;30 the share in the EU 
amounts to even 3%.31 This might appear small, but it has to be considered that these numbers 
relate only to direct CO2 emissions from combustion, thereby neglecting the effect of non-CO2 
emissions, such as water vapour, soot and nitric oxide (NO), in high altitudes. Albeit with 
significant uncertainty, the effect of these non-CO2 emissions is estimated to equal the effect of 
CO2 emissions, i.e. doubling the climatic impact of aviation compared to CO 2 emissions alone.32  
Fossil resources are not only used for energy purposes - they are also used for the production of 
carbon-based commodity chemicals (petrochemicals), that in turn are used to produce plastics, 
fertilizers, packaging, clothes and virtually everything that contains organic (i.e. carbon-based) 
compounds. About 3% of all fossil fuels (coal, crude oil and natural gas) and 10% of crude oil 
alone are refined into raw materials feeding the chemical industry.33 This substantial consumption 
of fossil resources is naturally associated with substantial GHG emissions and other environmental 

29 Tsang et al. https://doi.org/10.1016/j.chempr.2017.10.016 
30 Air Transport Action Group (ATAG), Facts & Figures, https://www.atag.org/facts-figures.html 
31 European Commission, Reducing emissions from aviation, 
https://ec.europa.eu/clima/policies/transport/aviation_en 
32 Lee D. S., Fahey D.,Forster P., Newton P. J., Wit R. C. N., Lim L. L., Owen B., Sausen R. (2009) Aviation 
and global climate change in the 21st century. Atmos. Environ. 43, 3520–3537. 
33 Friedrich Seitz: Raw Material Change in the Chemical Industry and the Role of Biomass. In: Malte 
Behrens and Abhaya K. Datye (eds.): Catalysis for the Conversion of Biomass and Its Derivatives, Max 
Planck Research Library for the History and Development of Knowledge, 2013, ISBN 978-3-945561-19-5. 

24 

https://doi.org/10.1016/j.chempr.2017.10.016
https://doi.org/10.1016/j.chempr.2017.10.016
https://www.atag.org/facts-figures.html
https://www.atag.org/facts-figures.html
https://ec.europa.eu/clima/policies/transport/aviation_en


burdens. According to the BP Energy Outlook 2019, the “non-combusted use” of fossil fuels, i.e.               34

as feedstock for the production of petrochemicals, shows highest growth rates of all sources of               
types of use. This development is particularly driven by a growing demand for chemicals.  35

Commodity chemicals and (jet) fuels Impact 
Growth as a challenge: The World’s population will continue to grow and is expected to reach 9.7                 
billion by 2050. At the same time, the standard of living in many of today’s developing and                 
emerging countries will rise, resulting in an increasing demand for, i.e. , food and feed, energy and                
mobility (transport in general). The need of the chemical industry for commodity chemicals will also               
increase to meet the demand for plastics, pharmaceuticals, agrochemicals and many goods of             
daily life.  
The long-term development of fuel demand is difficult to predict. Accelerating the electrification of              
road transport could lead to a decreasing demand for hydrocarbon fuels, despite an overall              
growing demand for mobility and transport. However, it is clear that large volumes of hydrocarbon               
fuels will continue to be needed by other transport modes. Most notably, aviation will remain highly                
dependent on liquid hydrocarbon fuels for many decades, as technical hurdles for introducing             
alternative energy carriers and propulsion systems in aviation are very high. Additionally,            
development cycles in aviation are extremely long. Aircraft manufacturers Boeing and Airbus            36 37

forecast a global annual growth in air traffic of 4.7% and 4.4%, respectively, for the next 20 years.                  
Even under optimistic assumptions regarding efficiency gains, such growth rates would result in             
substantially increasing fuel consumption of at least 3% per year. Similar figures can be expected               
in navigation (marine shipping) and heavy-duty road transport.  
A strong growth in demand is expected from the petrochemical sector. According to a recent report                
by the International Energy Agency, production of petrochemicals (including plastics) are on their             
way to become the largest driver of global oil consumption. This sector is expected to account for                 38

more than a third of the growth in oil demand by 2030, increasing further to almost 50% of global                   
oil consumption by 2050, surpassing heavy-duty road transport, commercial aviation and marine            
shipping. 
In conclusion, it is certain that there will be a large need for carbon-based commodity chemicals                
(petrochemicals) and transportation fuels in the long-term future, even considering a high degree             
of electrification of the road transport sector. The development and implementation of truly             
renewable production pathways towards commodity chemicals and fuels are crucial to achieve a             
carbon-neutral and sustainable circular economy by 2050 that is consistent with the climate             
protection targets agreed on by the United Nations in 2015 (the “Paris Agreement”).  

34 BP Energy Outlook: 2019 edition, 
https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energy-economics/energy-outlo
ok/bp-energy-outlook-2019.pdf 
35 Persian Gulf countries are on the way to modify their refineries to make more chemicals and less fuels. 
See C&EN here: https://cen.acs.org/business/petrochemicals/future-oil-chemicals-fuels/97/i8 
36 Current Market Outlook 2017-2036, Boeing Commercial Airplanes, 2017. 
37 Airbus Global Market Forecast 2017-2036, Airbus S.A.S., 2017. 
38 The International Energy Agency, The Future of Petrochemicals - Towards more sustainable plastics and 
fertilisers, 2018. 
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SUNRISE Roadmap: how to go from the current state 
to the SUNRISE vision? 
This technological roadmap is developed drawing on analysis and expert judgement to define the              
activities, priorities and timelines required to reach the SUNRISE vision. It addresses            
European policy makers and stakeholders from research and industry. It is conceived as a basis               
which will be extended later on onto the international level by the collaboration with Mission               
Innovation.  39

The unifying goal of SUNRISE is to provide key enabling technologies to make sunlight and               
ubiquitous molecules the prime sources of energy and materials for modern society, and displace              
fossil fuels by renewables on the terawatt scale. This objective has far-reaching consequences             
with global significance, such as (i) mitigating global warming, (ii) promoting the transition to a               
sustainable circular economy, (iii) reducing regional dependencies on energy and feedstock           
imports, and (iv) accelerating the phasing out of fossil fuels. SUNRISE addresses all these highly               
relevant issues simultaneously. 
 

The transition from a fossil-fuel-dependent to a solar-powered, circular civilization is one of the              
grandest challenges of our times. Urgent action is required: the latest IPCC reports underline the               
need to reduce anthropogenic CO2 emissions to net zero until 2050 to reach the ambitious goals of                 
the 2015 Paris agreement. Technologies enabling such a transition are still in their infancy.              
Addressing such an enormous feat requires a multidisciplinary, intersectoral effort on a large scale              
with massive investment. This roadmap will serve as a guide for joint research efforts, providing a                
way to efficiently reach the Sunrise goals. It identifies priorities to significantly accelerate the              
development of solar conversion technologies.  
 

 

39  Common workshops and discussions are already scheduled. 
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Three main technological approaches 
The goal of SUNRISE technologies is to enable a sustainable, low-emission production of             
chemicals and fuels. The proposed technologies take inspiration from nature, where - via             
photosynthesis - solar energy, water and carbon dioxide are transformed into chemical energy in              
the form of carbon-based compounds. In SUNRISE, these so-called artificial photosynthesis           
technologies comprise the following three approaches:  40

Electrochemical conversion with solar power 
In electrolysis, electricity provides the needed amount of energy         
to drive a given chemical reaction. The electrochemical        
conversion of water produces oxygen and more importantly        
molecular hydrogen, a key enabler in the SUNRISE vision. By          
using renewable electricity sources, hydrogen production      
becomes a sustainable source of fuel and chemical building         
blocks. The challenge is to scale up the production to reach the            
amounts needed to replace fossil-based hydrogen and also to         
compete with the costs of grey hydrogen (about 1-2€/kg vs.          41

5-7 €/kg for green hydrogen produced in a centralized         
infrastructure). It is necessary to find novel materials that can make this technology             42

environmentally sustainable and economically feasible for a large-scale deployment. 
The electrochemical reduction of carbon dioxide represents a promising route to convert            
hydrogen and CO2 into fuels and valuable carbon-based chemicals using electrical energy. Even             
though the first examples of CO2 electrolysis date from the 19th century, when carbon dioxide was                

reduced to carbon monoxide, this technology is still at the small           
scale today. A similar possibility exists to electrochemically        
convert N2 and H2O from the atmosphere into ammonia         
(NH3), by-passing the need for a prior H2 production for the           
Haber-Bosch process. This is still in an early stage, with low           
efficiencies in the few demonstrated examples. ,   43 44

Direct conversion via photo(electro)chemical systems 
The second SUNRISE approach takes inspiration from nature.        
Photosynthetic organisms such as plants use the energy of the          
sun to produce complex chemical compounds out of simple         

40 In accordance with: “Artificial Photosynthesis: Potential and Reality”, European Commission, 2016  
41 IRENA (2019), Hydrogen: A renewable energy perspective, International Renewable Energy Agency, Abu 
Dhabi 
42 These costs only include production. However, transport and compression significantly add up to actual               
hydrogen production costs, leading to hydrogen prizes at the fuel station of around 10€/kg. See 2018                
Progress Report for the DOE Hydrogen and Fuel Cells Program.. 
43 J. Nørskov, et al., 2016, DOI: 10.2172/1283146 
44 Non-thermal plasma-assisted synthesis is an alternative for chemical conversions using electrical power.             
Thermochemical methods applying solar heat are on their way, reducing water and carbon dioxide to               
provide hydrogen or synthesis gas as building blocks for hydrocarbon fuel production. 
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building blocks, carbon dioxide and water. Photochemistry is a process in which the solar energy is                
absorbed and converted directly into fuels or other chemical compounds. Rather than using             
electricity from solar cells to enable the electrochemical production of hydrogen and carbon             
compounds, photo(electro)chemical systems combine everything necessary to go directly from          
sunlight to the final chemical product. 
Research on photo(electro)chemical technology is still at the laboratory stage, but it bears             
important promises. The integration of all components into a single device can lower the total               
system cost and provide greater flexibility in the design. Compact, integrated devices which are              
independent of the electrical grid allow for a decentralized production of fuels and chemicals. 
The main targets in SUNRISE are to develop novel light-absorbers and photocatalytic materials for              
integrated photo(electro)chemical systems and to increase solar-to-product efficiency beyond         
current levels. Photo(electro)chemical devices may operate as a solid state ”monolith” (buried            
junction cells or photoelectrochemical cells) or as a liquid phase suspensions of photochemical             
systems (photocatalytic nanoparticles or supramolecular assemblies). Approaches hybridizing        45

solid state and molecular active components (catalyst and light-absorber), including biological           
molecules extracted from living cells (bio-molecular systems) are also a promising route. 
 

Direct conversion via biological and biohybrid      
systems 
Photosynthetic organisms use sunlight as an energy source        
and raw materials such as carbon dioxide, water and mineral          
nutrients for the synthesis of oxygen and organic building         
blocks, supporting life on the planet. They do not need to be            
manufactured, but reproduce themselves. With the help of        
photosynthesis, algae and cyanobacteria can produce diverse       
products for industry. Dozens of genetically-engineered      
photosynthetic organisms hosting novel synthetic production      
pathways and enzymes are currently available for the        
production of desired chemicals. Such production systems are        46

called living photosynthetic cell factories. However, most of the available systems show low             
solar-to-chemicals conversion efficiencies and need significant improvements to serve as          
industrial-scale production platforms.  
Biohybrid systems employ photosynthetic and non-photosynthetic living microbes wired to          
inorganic components (electrodes) to drive biosynthetic pathways. The photosynthetic         
microorganisms fuel the biosynthetic pathways with the energy captured from sunlight, whereas            
specific isolated enzymes or engineered non-photosynthetic microorganisms utilize this energy (in           
the form of water-derived reducing equivalents or electrons) to drive efficient CO2 reduction into              
targeted organic molecules. 
 

45 Buried junction cells contain internal junctions between semiconductors, but no direct contact between the               
semiconductors and the catalyst/electrolyte. In photoelectrochemical cells, the light-harvesting components          
are directly interfaced with the catalysts/electrolyte, allowing for the catalyst to directly extract charge carriers               
from the excited state of the light-harvester to achieve multi-electron/multi-proton chemical conversion. The             
same applies in suspended or soluble photochemical systems.  
46 S. A. Angermayr et al. Trends Biotechnol., 2015, 33, 352–361. 
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Technological milestones to be achieved 

Overview 
Carbon, hydrogen, oxygen and nitrogen are the main atomic building blocks of commodity fuels              
and chemicals. This chapter presents a comprehensive and timely plan to unlock the path towards               
intermediary and final products, using atmospheric gases only as inputs, with a limited             
consumption of renewable energy flows. As shown in the figure below, water splitting is central,               
since molecular hydrogen, H2, and water oxidation are key in the reduction of carbon dioxide and                
nitrogen. The timeline of future SUNRISE developments is discussed, with a first simplified time              
scheme in the figure below. 
 

 
© Vincent Artero, Hervé Bercegol (CEA) 
 

Atmospheric molecules (water, nitrogen, carbon dioxide) are converted using solar energy into            
hydrogen H2, ammonia NH3 and carbon-based chemicals Cn. H2 is central in many processes. Carbon               
capture can be realized by physico-chemical devices or by photosynthetic microorganisms. Fuels            
and chemicals are targeted to be reached in the next decade; future progress in CO2 and N2                 
conversion will open new ways of storing atmospheric CO2 in long-lasting carbon materials, here              
envisaged to reach market beyond 2030. 
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Sustainable hydrogen production 
 
The SUNRISE vision is to produce green hydrogen in a fully sustainable and economically viable               
way by 2050, exclusively using solar energy and abundantly available materials and resources.             
Efficient solar-to-H2 technologies will provide both short-term and seasonal solar energy storage            
capacity. A solar-to-H2 transformation at a high efficiency will change the global energy balance              
and enable green CO2 conversion. In addition, technological progress and achieved milestones in             
hydrogen production by SUNRISE technologies will directly translate into advances in solar            
ammonia and carbon transformation technologies. 
 

 
 
Major milestones 
 

Already mature technologies based on electricity-driven water splitting will provide a sustainable            
centralized production on the large-scale – given that system costs will significantly decrease and              
that bottlenecks related to upscaling will be solved. As a key milestone, an operational system of                
1000 hectares to produce the equivalent to more than 90 tons per hectare per year of molecular                 
hydrogen should be installed by 2050. Direct, light-driven approaches are currently at the lab              
stage, but once efficiency and stability issues are resolved, direct photo(electro)chemical           
technologies will provide an individual, decentralized production at the household scale. Safe and             
fully integrated devices (including hydrogen separation and storage) will allow for the equipment of              
individual house roofs or solar fuel farms and a completely local and autonomous hydrogen              
production. Such household equipment should also be deployable by 2050.   
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Major technological targets 

Photovoltaics-driven electrolysis of water 
Electrolyzers of different kinds are already available at advanced TRL levels (7-9). However, they              
show certain shortcomings: alkaline electrolyzers are available at scale, but suffer from intermittent             
energy supply; proton-exchange membrane (PEM) electrolyzers rely on scarce and precious           
metals as catalyst, which inhibits upscaling of the technology to the TW range. The most efficient                
high-temperature solid-oxide electrolyzers (SOE) are currently in the 20 kW range. Lifetime is             
always an important challenge, especially in a dynamic operation mode with rapid fluctuating             
power input. Current costs are high, mounting up to 1000€/kW for the electrolyzer device and               
6€/kg hydrogen depending on the scale and localization of the plant. The electricity-to-hydrogen             
(LHV) efficiency is limited to  about 60%.  
 
Unique selling point: High technological maturity is one of the main advantages to pursue this               
approach and the first upscale to the MW range has been achieved. Research and discovery of                
new catalyst materials, based on earth-abundant elements and employed in electrolyzers, can            
advance and speed up the development of photoelectrochemical systems (cross-fertilization and           
knowledge transfer). Moreover, these systems are compact, necessitating no light management           
and thus enabling the stacking of the different units. They finally allow for an easy collection of                 
already pressurized hydrogen (10-30 bars). 
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Vision for 2050: Photovoltaics-driven electrolysis allows for a centralized and efficient large-scale            
production of hydrogen. Compact systems are driven exclusively by renewable energy sources            
and based on abundantly-available materials and resources. Decentralized deployment of this           
solution at the household level will not be considered due to cost, operational and safety               
constraints that should not be leveraged by 2050.   47

Working principle: The needed energy to split water molecules into molecular hydrogen and             
oxygen is provided by renewable solar electricity. Hydrogen and oxygen are produced at distinct              
electrodes coated with catalysts that are crucial to drive these chemical reactions and to avoid               
energy losses. Both electrodes are separated by a membrane (PEM and high-temperature            
electrolyzers) or a porous diaphragm (separating the electrode compartments filled with liquid            
alkaline electrolyte solution of potassium or sodium hydroxide in alkaline electrolysers) allowing            
gas separation. 

Key research drivers: System costs, material scarcity, lifetime/degradation of catalyst material 

Key enabling technologies: Advances in this field depend on technological breakthroughs in            
material science (noble-metal free catalysts and membranes, operating at different pH and            
impurity content), automated manufacturing technologies, system integration and upscaling. 

Present TRL: 4-6 
TRL target 2030: 9 

Major technological targets: 

The goal is to provide cost effective (100 €/kW) and efficient electrolyzers (electricity to molecules               
yield 80-90%), where a major part can be operated dynamically to follow the intermittent supply               
of renewable energies. The required scale of 100MW to 1 GW per unit needs to be shown by first                   
achieving TRL 5 and then building industrial demonstration units that go to TRL 8-9 based on an                 
analysis of the value chain. All electrolyzers must be user-friendly, which means service intervals              
at a maximum of one year. 
A challenge that needs to be solved in the polymer membrane technology is to develop               
mechanically stable and highly conducting Anion Exchange Membranes to allow the alkaline            
electrolyte regime to be utilized. This will also be needed for electrolyzers doing a direct               
conversion of carbon dioxide to hydrocarbons. 
For the more dynamic neutral-acidic operation regime, a sustainable solution for replacing the             
scarce iridium catalyst (for the oxygen evolution reaction) and the expensive platinum catalyst (for              
the hydrogen evolution reaction) needs to be developed. The first approach to start demonstration              
will be a dilution of the current catalyst, e.g. on core-shell structures to reduce the catalyst                
loading from current 2 mg/cm² to 0.1 mg/cm². On the long-term, replacements for these materials               
need to be established; this will not be alternative metals or alloys, but radically new approaches                
for nanostructured catalysts using earth-abundant elements.  
High-temperature solid-oxide electrolysis (SOE) will probably deliver the highest efficiencies (up to            

47 System cost analysis indicates that photovoltaics-driven electrolysis may not be competitive with             
electrochemical storage on decentralized (household) systems because of the high capital expenditure            
required for the electrolyzer, hydrogen storage system and fuel-cell. 
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100%), given centralized settings, where heat is available for the evaporation of the feed water.               
One main topic is the scaling of the membranes (currently only 100 cm²) by two orders of                 
magnitude and increasing the dynamic operation power range. Novel ceramic technologies, such            
as fibre reinforcement and new construction principles to increase the stack size are promising              
here. Moreover, the modularity of SOE systems needs to be pushed following the example of               
photovoltaics to arrive at the scale needed. For both topics, the CAPEX has to be brought down by                  
advances in automated production technologies and power electronic environment. In          
addition, materials and interface design will enhance performance as well as reliability and             
operation time (by lowering degradation) again leading to significant cost-savings. 
 

 
For in-depth technical details, please refer to the technical annex (how-documents). 
 

Photoelectrochemical devices 
Techno-economic studies indicate that direct solar-to-hydrogen approaches can have both lower           
system costs and higher energy conversion efficiencies per active area than photovoltaics-driven            
electrolysis. PEC systems permit a decentralized production, allowing for important savings in            48

transportation costs (transport and compression significantly add up to actual hydrogen production            
costs, leading to hydrogen prizes at the fuel station of around 10 €/kg). Lab-scale devices with                49

different architectures have reached solar-to-hydrogen conversion efficiencies of up to 20%.   50

 
Unique selling point:     
Photoelectrochemical systems (PEC) are integrated and allow for large savings in terms of support              
and container as well as interconnecting electronics. As the surface of catalysis for water splitting               
is the same as the surface for sunlight collection, photoinduced current densities at the              
photoanode are up to two orders of magnitude lower than those required of classical electrolysis.               
This reduces the constraints on the used materials and allows for the use of abundantly available,                
cheap and non-toxic materials as catalysts. The overpotential losses are reduced by the             
integration of the PV and electrochemical stages in photocatalytic materials and components for             
PEC systems. In molecular systems, the very high surface to volume ratio and high extinction               
coefficient  lead to very favourable materials efficiencies. 
 
Vision for 2050: Photoelectrochemical devices will allow for a decentralized, local production of             
hydrogen, even down to the scale of single households. Systems will be fully autonomous, only               
depending on abundantly available sunlight. Water consumption is low. 
 

48 R.D. James et al. “Technoeconomic Analysis of Photoelectrochemical (PEC) Hydrogen Production” (2009) 
DOE Report, Contract Number: GS-10F-009J. Arlington, USA. 
49 2018 Progress Report for the DOE Hydrogen and Fuel Cells Program, April 2019 
50 W.-H. Cheng et al. ACS Energy Lett. 2018, 3, 1795−1800. 
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Working principle: Photoelectrochemical cells are single devices that directly split water into            
hydrogen and oxygen, where the needed energy is provided by sunlight. Various architectures are              
possible but all of them combine light-harvesting materials (inorganic and organic semiconductors,            
molecular dyes or biological pigments) and catalysts for the hydrogen and the oxygen evolving              
reactions. Both reactions occur at separate (photo)electrodes or on different sides of a membrane              
allowing for easy gas separation. 
 
Key research drivers: stability, efficiency, scalability. Total system cost, exclusive use of            
affordable and earth-abundant materials for light harvesting, charge separation and catalysis, ease            
of hydrogen collection. When mature, knowledge transfer to systems that produce other molecules             
than hydrogen. 
 
Key enabling technologies: Advances in this field depend on technological breakthroughs in            
photon management technologies, nonadiabatic conversion of reactants into products, catalyst          
and semiconductor materials science and development. This field will largely profit from            
bio-inspiration (control of auto-assembly and charge photo-accumulation and transfer processes,          
development of responsive matrices and interfaces, development of self-repair/self-healing         
processes, discovery of noble-metal free and non-toxic catalysts inspired by enzymes,           
function-based systems engineering across length scales) resulting in devices with an increased            
efficiency. 
 
Present TRL: 2-4 
TRL target 2030: 5-8 
 
Major technological targets 
Starting from the state-of-the-art, the first milestones (2025) will consist in (i) reducing the water               
demand of the devices by implementing components for water collection from the air and gelified               
membranes as the sole electrolyte in photo(electro)chemical devices; (ii) improving the stability of             
the devices (currently 1-30 days) through the development of improved interfaces as well as              
self-healing/self-repair processes for the active components responsible for light collection and           
conversion or catalysis; and (iii) achieving breakthroughs in materials research to design active             
components solely based on earth-abundant elements. 
In parallel, efforts in chemical engineering shall allow to design a fully integrated system with 10%                
solar-to-hydrogen efficiency combining light-collection and hydrogen collection/storage at the m2          
scale and 1 year stability. Upscaling (e.g using roll-to-roll or equivalent processes) should allow the               
production of such devices at >10m2 scale by 2050. Further optimization and full exploitation of the                
bioinspiration potential will allow to ultimately develop commercial devices at 30%           
solar-to-hydrogen efficiency. 
For in-depth technical details, please refer to the technical annex (how-documents). 
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Transparent baggie systems (microorganisms and photocatalytic systems) 
Techno-economical analysis have shown that suspended or surface coated systems in transparent 
baggies have the potential for competitive cost for hydrogen evolution.51 Photosynthetic 
microorganisms (green algae and cyanobacteria) and inorganic photocatalytic systems 
(nanoparticles) are both able to directly produce molecular hydrogen from water under sunlight 
irradiation. 
Solar-to-hydrogen conversion efficiencies are usually in the range of 1%. In such systems, oxygen, 
the co-product of the water-splitting reaction, is generally mixed with hydrogen in the output gas. 

Unique selling point: Extremely low system cost, fast regeneration and long-term production 
capacity of living organisms (high stability) are the major advantages of this technology. 

Vision for 2050: Transparent baggie systems allow for a decentralized, local production of 
hydrogen for single households and niche applications. Systems are fully autonomous, only 
depending on abundantly available sunlight. Preferably waste water is utilized. 

Working principle: Very easy and cheap system consisting of transparent plastic bags, permitting 
solar energy to enter the system and to drive (bio)chemical reactions. Microorganisms (biological 
and biohybrid approach) or synthetic photocatalytic systems (e.g. nanoparticulate systems 
or supramolecular assemblies) are floating in water or attached to solid polymers (solid-state 
cell factory) and surfaces and split water into hydrogen and oxygen.  

Key research drivers: Hydrogen separation, safety issues and production efficiency: currently 
with specific production protocols and with genetically-engineered algae, efficiency can be 
increased to 4% in lab scale,52,53 while the theoretical limit of natural photosynthesis is 10-13%;54 
photocatalytic systems are currently limited by recombination processes (in the bulk of the 
materials and at their interfaces) and by unfavourable optical absorption profiles. 

Key enabling technologies: Advances in this field depend on technological breakthroughs in 
system engineering for the separation, collection and storage of hydrogen, photobioreactor design, 
photon management, fundamental understanding of natural photosynthesis and cell metabolism, 
enzyme chemistry and material science and development, advanced theoretical and experimental 
techniques, synthetic biology toolboxes and other molecular technologies. 

Present TRL: 3-4  
TRL target 2030: 6-8 

Major technological targets 
A major milestone regards the separation of hydrogen from oxygen and overall safety. These 
issues can be fixed through efforts in chemical engineering by 2023-2024 (with e.g. membrane 

51 Technoeconomic Analysis of Photoelectrochemical (PEC) Hydrogen Production 2009 DOE report; Domen 
et al., Nature Materials Vol. 15, 611-615 (2016); Domen et al., Joule Volume 2, Issue 3, 2018, 509-520 
52 Kosourov S. et al., Energy Environ. Sci. 1, 1431-1436 (2018) 
53 Nagy V. & Tóth SZ (2017) Photoautotrophic and sustainable production of hydrogen in algae, European 
Patent Application 17155168.2 
54 Torzillo, G. et al. (2015), Crit. Rev. Biotechnol. 35, 485-96 
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technologies). The development of more efficient systems is a second milestone, which will require              
breakthroughs in: (i) unlocking photosynthetic control to funnel more electrons to           
hydrogen-producing enzymes; (ii) synthetic biology to incorporate and develop efficient and stable            
enzymes and photosensitizers in microalgae; (iii) materials sciences to develop highly efficient            
photocatalytic systems that overcome recombination losses. 
 

 
 

 

36 



 

Sustainable ammonia production 
SUNRISE aims at a sustainable production of ammonia by converting atmospheric nitrogen and             
sustainably produced hydrogen. One direction is to minimize carbon emissions related to the             
conventional production. This low-carbon Haber-Bosch process works at lower temperature and           
pressure and profits from the possibility to use already existing large-scale infrastructure. Another             
route is the decentralized, on-side demand production of ammonia using photo(electro)chemical           
and biological technologies. Within 2030, SUNRISE plans to set up pilot plants for a CO2-neutral,               
centralized and decentralized solar ammonia production.  
 

 

Major milestones 
The SUNRISE vision is to produce green ammonia without CO2 emissions and to enable an               
on-side production. This reduces CO2 emissions caused by transportation and allows the            
integration of fertilizer production with aquaponic farming and precision farming. Starting from the             
currently deployed Haber-Bosch process, a first milestone consists in adapting it to the use of               
significant amounts of solar hydrogen so as to reduce its carbon footprint. A reduction by 50% of                 
CO2 emissions is targeted for 2025 and full decarbonization is expected for 2030. In parallel, the                
development of small ammonia production devices working at lower temperature and lower            
pressure will allow their tailored implementation and integration in sustainable agricultural           
practices. These two routes combined will allow for the replacement of >80% ammonia produced              
from fossil resources by renewable ammonia by 2050. 
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The following scheme summarizes the different technologies for ammonia production considered           
in this roadmap. Approaches using molecular hydrogen as a raw material include the low-carbon              
Haber-Bosch process and the electrochemical conversion. The large-scale deployment of these           
technologies strongly depends on the availability of sustainably produced green hydrogen. This            
possible risk is circumvented by approaches taking water as hydrogen source (transparent baggie             
systems with microorganisms, photo(electro)chemical cells, as well as plasma conversion). 
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Major technological targets 
 

 
 
Low-emission Haber-Bosch 
The conventional Haber-Bosch process is very efficient in terms of energy consumption. However,             
it currently relies on hydrogen produced at high pressure from natural gas or hydrocarbons and               
results in high CO2 emissions (around 1.9 t CO2 per 1 t NH3). The use of renewable (solar)                  
hydrogen produced on-site as input will allow the progressive defossilization of this process. In              
order to be fully compatible with green hydrogen production, it is necessary to bring down pressure                
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and temperature demands of the Haber-Bosch technology from 300 bars and 600°C to <30 bars               
and <100°C, therefore reducing the needs for compression and heating.  
 
Unique selling point: Technological maturity and the possibility to use existing infrastructure,            
together with the existing solutions to produce solar hydrogen, are the main reasons to pursue this                
approach. 
 
Vision for 2050: Low-emission Haber-Bosch allows for a centralized, low-carbon large-scale           
production of ammonia. Existing infrastructure from conventional Haber-Bosch plants can be used.            
If the process is adapted to work at lower temperature and pressure, decentralized production of               
ammonia could also be deployed. 
 
Working principle: The Haber-Bosch reaction (N2 +3 H2 ⇒ 2 NH3) needs catalysts to proceed at                
an appreciable rate. The reaction is exothermic, but low conversion is obtained even at T=600°               
and p=300bar due to kinetic issues; Lowering the temperature and pressure is beneficial for              
thermodynamics, but detrimental to kinetics. 
  
Key research drivers: catalyst development to drive processes at ambient temperature and            
pressure; combine catalysts with non-thermal (cold) plasma techniques to assist the cleavage of             
the N2 molecule; decrease energy consumption of air supply unit for nitrogen extraction from the               
air. 
 
Key enabling technologies: advances in green hydrogen production, high-throughput computing          
for materials science and development. Rational design of bioinspired catalysts for N2 reduction             
derived from nitrogenases that operate at ambient temperature. 
 
Present TRL: 5-6 
TRL target 2030: 9 
 
Major technological targets: 
Two demonstration plants are under development, in Oxford, UK (Siemens/RAL) using wind as a              
primary energy and in Pilbara, Australia (Engie/Yara, to be commissioned in 2021 at the earliest)               
with a target of > 80 t of ammonia produced per day using a 50-60 MW electrolyzer coupled to a                    
PV field and producing 10% of the hydrogen required. These plants use conventional             
high-temperature, high-pressure Haber-Bosch technology and it is expected that such plants can            
use up to 100% renewable hydrogen so as to cut direct carbon emissions. To further improve the                 
energy efficiency of carbon neutral ammonia production, it will then be required to develop              
alternative catalysts working at lower pressure and temperature, possibly with the assistance of             
non-thermal (cold) plasma techniques to ease the cleavage of the N2 molecule. 
For technical details, please refer to technical annex (how-documents). 
 
Electrochemical and plasma-assisted ammonia synthesis 
The use of renewable electricity to produce ammonia encompasses two technological solutions.            
The first one relies on N2 co-electrolysis with either water or solar hydrogen and requires the                
development of novel, possibly bioinspired, electrocatalysts for proton-coupled N2 reduction          
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(Nitrogen reduction reaction, NRR; the second one uses plasma techniques to cleave the very 
stable  N2 molecule and allow for its conversion in the absence of catalysts. 

Unique selling point: These technologies have the potential to allow for carbon-free ammonia 
production. They do not require high pressure or high temperature and can then be developed in a 
decentralized production system. 

Vision for 2050: These technologies will allow a decentralized, low-carbon large-scale production 
of ammonia in field and even possibly at the foot of the plants. 

Working principle: At the anode of electrochemical cells, water or renewable hydrogen will be 
oxidized delivering protons and electrons to the cathode electrocatalysts (solid-state materials, 
nitrogenases or molecular mimics of their active sites) to achieve the 6-electrons/6-protons 
reduction of N2. The anode and cathode compartments are separated by a proton-permeable 
membrane to allow for easy separation of the ammonia product. A reduced (0.2-0.4 V) electrical 
potential is required when H2 is used instead of water (>2.5 V) at the anode. The plasma-assisted 
process uses electrical power to create a cloud of atoms from a mixture of N2 and water. These 
atoms then react together to form ammonia and oxygen. Water consumption is low but purification 
of nitrogen from atmospheric oxygen will be required. 

Key research drivers: NRR catalyst discovery and non-thermal plasma assisted process 
development, proton conducting electrolyte developments.  
Key enabling technologies: Regarding membrane and anode catalysts, electrochemical nitrogen 
reduction will strongly rely on advances in electrolyzers and fuel cells for hydrogen production and 
utilisation. 

Present TRL: 1-2 
TRL target 2030: 4-5 

Major technological targets 
The field of NRR catalysts seems nowadays very prolific but recent reports55 by experts in 
catalysis seriously question the methodology used so far to assess NRR catalytic performances. A 
critical assessment of literature data is then needed urgently to establish the field on solid ground. 
The discovery of novel catalysts of NRR with performances at least two orders of magnitude 
higher than currently reported (i.e. allowing current densities of >100 mA/cm2) is required and will 
then be implemented into electrolysis cells, thanks to the knowledge gained in electrochemical 
hydrogen production and CO2 valorization. Plasma processes will be developed in parallel with the 
aim of improving the yield of ammonia production and the energetic yield of the process. 

Photoelectrochemical devices 
Similarly to direct solar hydrogen production, photoelectrochemical systems have the potential to 
allow for decentralized ammonia production at lower cost compared to other techniques. 

55 “A rigorous electrochemical ammonia synthesis protocol with quantitative isotope measurements” 
S. Andersen et al., Nature 570, 504–508 (2019); “Role for Standardization in Electrocatalytic Ammonia
Synthesis: A Conversation with Leo Liu, Lauren Greenlee, and Douglas MacFarlane” C. MacLaughlin ACS
Energy Lett. 2019 46 1432-1436 and references herein.
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Unique selling point: Photoelectrochemical systems are integrated and allow for large savings in 
terms of support and container as well as interconnecting electronics. As the surface of catalysis 
for water splitting is the same as the surface for sunlight collection, current densities at the 
photocathodes (10 mA/cm2) are up to two orders of magnitude lower than those required for 
cost-effective electrolysis. This reduces the constraints on the used materials and allows for the 
use of abundantly available, cheap and non-toxic materials as catalysts. For the supramolecular 
photochemical systems, the intrinsically high surface to volume ratio leads to favourable materials 
efficiencies. 

Vision for 2050: Photoelectrochemical devices will allow for a decentralized, on-site and 
on-demand production of fertilizers, down to the scale of greenhouses or fields. Systems will be 
fully autonomous, only depending on abundantly available sunlight. Water consumption is low, but 
purification of nitrogen with air-separation units will be required. 

Working principle: Photoelectrochemical cells are single devices that directly split water and N2 
into ammonia and oxygen, where the needed energy is provided by sunlight. Various architectures 
are possible, but all of them combine light-harvesting materials (inorganic and organic 
semiconductors, molecular dyes or biological pigments) and catalysts for the ammonia-forming 
and the oxygen-evolving reactions. Both reactions occur at separate (photo)electrodes or in 
molecular reaction cascades embedded in membranes allowing for easy separation of the 
products. A flow of the cathodic electrolyte might be needed to recover the ammonia product. 

Key research drivers: NRR catalyst discovery 
Key enabling technologies: relies on advances in the development of photo(electro)chemical 
devices for direct solar water splitting and electrochemical NRR (see above); 

Present TRL: 1-2 
TRL target 2030: 4-5 

Major technological targets 
Although photoelectrochemical nitrogen fixation is still at its very infancy, rapid progress can be 
expected when actual catalysts for nitrogen fixation will have been discovered and 10% 
solar-to-ammonia efficiencies can be achieved in photo(electro)chemical devices with integrated 
collection of aqueous ammonia solution before 2030. 
For technical details, please refer to technical annex (how-documents). 

Microorganisms for direct fertilizer production 
Some photoautotrophic microbes use solar energy to fix atmospheric N2 to ammonia via a 
nitrogenase enzyme. The enzyme is oxygen sensitive, therefore oxygenic photosynthetic microbes 
known as cyanobacteria (e.g. trichome) produce ammonia in specialized micro-oxic cells, called 
heterocysts, or in micro-oxic niches inside of the cells. This enables the O2-sensitive nitrogenase to 
perform N2 fixation during photosynthetic oxygen evolution and under ambient air. In principle, a 
similar approach can be developed for synthetic photocatalytic systems. 
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Unique selling point: Different from Haber-Bosch, this process does not demand high            
temperature, high pressure or purified resources (N2 and H2). Green ammonia is produced from              
solar cultures of photosynthetic microbes, simultaneously with CO2 sequestration. The living           
organisms are self-replicating which lowers system costs. The product can be directly used in              
precision farming and aquaponic culture (NH4

+). 
 
Vision for 2050: Precision agriculture (or organic farms and greenhouses) with co-cultivated            
cyanobacteria acting as N2-fixing biocatalysts producing and secreting NH4+. 
 
Working principle: Baggie or photobioreactor systems allowing a decentralized, local production           
of ammonia for single households and niche applications. The technology will include newly             
identified and engineered photosynthetic microbes acting as N2-fixing cell factories: the cells            
produce NH4

+ from atmospheric N2 and excrete it out. Integrated crop/ algae co-culturing in organic               
farms and greenhouses will enable a closed loop of nutrient cycling. 
 
Key research drivers: high cultivation costs, low product efficiency, bottlenecks in product            
separation; fast assimilation of ammonium by cyanobacteria should be avoided, toxicity of the             
product at high concentrations, robustness of production strains.  
 
Key enabling technologies: synthetic biology tools, special photobioreactor design and          
optimization, product separation, collection, modelling and development of control tools, scale-up           
modelling.  
 
Present TRL: 1-2 
TRL target 2030: 4-6 
 
Major technological targets 
Engineered cyanobacterial strains currently exist which produce and excrete ammonium ten times            
more than trefoil. Application of new metabolic engineering strategies to develop novel and             56

efficient ammonium producers, identification of efficient, low energy-demanding (or         
ATP-independent) and O2 resistant nitrogenases via mining and introduction of these enzymes in             
living systems through synthetic biology will allow a significant improvement of productivity by             
2025. System integration efforts will then be needed to design photobioreactors with integrated             
ammonia or ammonium separation and collection. Such photobioreactors should be able to be             
installed in field and greenhouses and supply fertilizers in a decentralized manner. 
For in-depth technical details, please refer to the technical annex (how-documents). 
 

 

56 Bui et al. 2014 Isolation, improvement and characterization of an ammonium excreting mutant strain of the 
heterocytous cyanobacterium, Anabaena variabilis PCC 7937. Biochem Engineer J. 90: 279-285 
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Sustainable carbon capture 

Many policy and industrial drivers exist to activate the deployment of already mature carbon 
capture technologies. CCU actors and CCS promoters push for a large scale adoption and most of 
the effort will go on disconnected from SUNRISE S&T development. However, one topic will be 
directly impacted by SUNRISE ideas and is thus addressed in more details: the research towards 
combined processes of capture and chemical conversion. 

Today, a large range of potentially attractive CO2 sources is available, which can be divided into 
CO2 point sources and atmospheric CO2. The largest emitters are fossil-fuelled power plants. 
Other point sources include cement plants, the first largest industrial emitter (3.8 Gton CO2/year), 
followed by the iron and steel industry (2.8 – 2.9 Gton CO2/year), pulp and paper, refineries, steam 
crackers and chemical plants. Depending on the type of CO2 source, CO2 concentration can range 
from nearly 100% for ammonia / ethylene oxide / hydrogen plants and biogas upgrading, up to 
70% for natural gas processing57 and down to 3-5% for gas-fired combustion processes. Not only 
CO2 concentration but also the impurities present will impact the performance of the capture 
process. Besides, the atmosphere is a potentially huge (teraton scale) CO2 reservoir for 
decentralized systems, but with a concentration of only about 400 ppm. This will require highly 
efficient separation from oxygen and nitrogen, especially for electrochemical and 
photo(electro)chemical methods. 

Different types of carbon capture technologies can be applied depending on the source of CO2: for 
point sources, the most mature technologies consist in separating and concentrating CO2 
by chemical or physical absorption (e.g. utilizing amine solvent) or by adsorption (using a 
solid sorbent or membranes). Capturing from the atmosphere is termed Direct Air Capture (DAC). 

Major milestones 

CO2 capture from concentrated sources 

Among the different technologies existing for capturing CO2 from industrial point sources, the most              
mature one is by chemical absorption (amine, ammonia…). This technology will likely develop at              
industrial scale (400000 ton CO2/year for a large scale plant) with reasonable economics (capture              
cost < 50 €/ton CO2) within the next 3 years. However, chemical absorption will have to face                 
different challenges: reduction of the energy consumption (currently at 3.5 – 3.8 GJ per ton of CO2                 

57 Natural gas processing refers to dehydration and cleaning to make pipeline grade natural gas. 
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from point sources) , management of the environmental impact (risk of aerosols formation / amine              58

emissions, solvent stability, chemical waste handling), scaling-down for smaller point sources. 
In the next 5-10 years, improvement in process design and solvent development (e.g. amino 
acids, demixing amines, ionic liquids, enzymes, …) can bring down the energy consumption 
to 1.5-2 GJ/ton CO2 from point sources. 

Concentrated point sources ([CO2] > 20%) offer early opportunity for membrane capture 
deployment with performances equivalent to the amine process. Membrane technology presents 
the advantages of being modular and affords a smaller footprint, fully electrified, flexible, lower 
CAPEX, especially at small scale. Membrane capture is probably one of the best candidates for 
small scale, decentralized CCU. Its maturity is probably 5-10 years behind amine absorption. In 
the coming years, membrane development (e.g. facilitated transport, nanocomposite membranes 
or systems with higher permeability and selectivity) and better process integration 
(e.g. pre-treatment, configuration) can further increase their industrial application. 

Besides post-combustion capture, other capture technologies such as oxyfuel combustion (i.e. with 
pure oxygen or oxygen enriched air), Calix’s technology (development for cement industry: indirect 
heating of the limestone in the calciner in an enveloping vessel, allowing pure CO2 release from 
the limestone calcination) or Smelting Reduction Process in the steel industry (Hirsana) will allow 
to obtain pure CO2 without significant energy penalty. Industrialization of these latter processes are 
expected by 2030-2035. 

Unique selling point: The high maturity and availability at short-term of these technologies are 
one of the main advantages to pursue this approach. Moreover, they produce a CO2 stream with a 
high purity. 

Working principle: CO2 in the flue gas is separated and concentrated by chemical 
absorption/regeneration (amine technology) or by membrane technology using a physical or 
chemical mechanism.59 

Key research drivers: Improvement of energy efficiency, environmental impact, scale-down, cost. 

Key enabling technologies: Advances in this field depend on technological breakthroughs in new 
solvents development and process optimization to reduce the energy requirements and the 
environmental impact (higher stability of solvent, control of emission …).  

Present TRL: 6-7 
TRL target 2030: 9 

For technical details: refer to technical annex (how-documents)

58 A useful comparison for this energy by weight is obtained by considering how much energy is obtained 
while producing the waste CO2. If this CO2 is released from methane burning, about 19.6 GJ are obtained 
per ton, whereas about 13 GJ are gained in case of oil burning, and about 8 GJ only from the combustion of 
coal. 
59 Transport through a membrane can also be based on a chemical reaction. 
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Direct CO2 Capture from the atmosphere 

Direct Air Capture (DAC) can be applied for centralized or decentralized systems but mostly, it can 
deal with mobile sources, such as automobiles, ships, aircraft and other non-stationary sources. 

Unique selling point: Technological maturity and the possibility to use this technology for 
decentralized systems are the main advantages to pursue this approach. 

Working principle: Direct Air Capture (DAC) is the physical or chemical separation of CO2 from 
ambient air. There are currently two main technologies in development: Absorption with a liquid 
strong base, referred to as High temperature DAC (Carbon Engineering), and adsorption on solid 
sorbent, referred to as Low temperature DAC (Climeworks, Global Thermostat, Antecy).60 

Key research drivers:  cost, energy demand, material stability and kinetics 

Key enabling technologies: Advances in this field depend on technological breakthroughs in 
material science (improvement of sorbent/solvent (kinetics, stability and lower regeneration 
energy), process integration and identification of renewable sources of heat. 

Present TRL: 6 
TRL target 2030: 8-9 

Major technological targets 

At present, major challenges are (i) the high cost (today 300-600 €/ton CO2, some technology 
providers have announced cost reduction down to 100 €/ton CO2 on the short term, but this still 
has to be demonstrated) and (ii) energy consumption (today, 5-9 GJ/ton CO2). This is mainly due 
to the low concentration of CO2 in the atmosphere, roughly 0.04%. In order to be successful, DAC 
technology will need to achieve low total cost and high amounts of net CO2 removal (reduce 
energy consumption61 and use of low carbon energy). To reach these goals, research is needed 
for sorbent/solvent development (low regeneration energy, high CO2 selectivity, fast reaction times 
and low degradation rates), process integration with low-carbon heat, improved process design 
and air contactors. This needs to play together with the size increase of the systems 
(economy-of-scale).  

On the short-medium term (5-15 years), R&D to improve process design and integration will 
support reducing the cost and energy consumption of DAC. It is also foreseen that the number of 
demonstration projects will increase and confirm the scale-up potential (up to several hundred kton 
CO2/year), establishing references systems, integrating the use of low carbon energy sources, 
validating cost and performance. By 2030-2035, a commercial portfolio of DAC systems with 
potential capacity of 100 Mton CO2/year can be expected. Regarding the cost, according to 
providers, improved design and better solvent/sorbent development can reduce it to < 300 €/ton 

60 Solvent regeneration necessitates high temperatures (about 700°C), whereas solid sorbents can be 
regenerated at low temperatures (ca. 100°C). 
61 There is a lot of room for improvement, the thermodynamic limit being more than 10 times lower than 
present energy consumptions. See e.g. K.S. Lackner, Energy , 50 (2013) 38-46. 
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CO2 on the short term (< 5 years) and with the expected deployment and mass production, it can                  
be further reduced to < 100 €/ton CO2  by 2030.  

Direct Atmospheric CO2 Capture & Conversion (DACC) 

CO2 capture technologies have in common one major challenge: the energy use. Most of the               
energy use is linked to the regeneration step where pure, gaseous CO2 is released. The best                
strategy is to avoid this step and to develop a technology allowing the direct conversion from the                 
captured CO2 solution. This is called Direct Atmospheric CO2 Capture & Conversion (DACC). 

Unique selling point: Such a system will have the advantage to combine in one single-step the                
capture and conversion of CO2 and in the long-term will enable the decentralized production of               
chemicals and fuels with highly efficient solar energy devices. 

Working principle: CO2 capture often uses alkali or amine solution and CO2 is captured under the                
form of carbonates or carbamates. Captured CO2 can serve as electrolyte or intermediate for direct               
reduction to CO or hydrocarbons. Such an approach has been found in different recent studies.               
Sargent et al have studied the reactivity of K2CO3 solutions using an Ag catalyst for the direct                 62

conversion to syngas. Prakash et al. on the other hand have studied the possibility of using                63

amines grafted onto solid supports for tandem CO2 capture and conversion to CH3OH using              
homogeneous hydrogenation catalysts. 

Key research drivers: reactivity of carbonates / carbamates, development of CO2 selective            
catalyst, direct conversion of atmospheric CO2 to syngas by thermochemical and photo(electro)-            
chemical routes. 

Key enabling technologies: Advances in this field depend on technological breakthroughs in            
material science (catalysts) to increase the selectivity and reactivity of carbonates / carbamates. 
 
Present TRL: 1-2 
TRL target 2030: 5-7 

The following timeline is expected to achieve by 2035-2040 commercial solutions for DACC: 

● In the next 5 years, study of oxygen-tolerant catalyst for photo/electro-reductive conversion            
of carbonates/carbamates: existing and development of new systems. 

● Thermal chemical conversion route: direct conversion of atmospheric CO2 to syngas TRL 5             
in 2025, commercially available by 2030. 

● Photo(electro)chemical conversion route: direct conversion of atmospheric CO2 to syngas          
TRL 3 in 2025, TRL7 by  2035, commercially available by 2040. 

Major technological targets 

62 Yuguang C. Li, et al. ACS Energy Letters 2019 4 (6), 1427-1431 DOI: 10.1021/acsenergylett.9b00975 
63 Kar S., A. Goeppert, & G. K. S. Prakash. ChemSusChem 2019 DOI: 10.1002/cssc.201900324  
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Sustainable production of commodity chemicals and (jet) fuels 

Today, the overwhelming majority of carbon-based fuels and chemicals has fossil origin. Upon 
their combustion and utilization, large amounts of CO2 are generated, contributing to global 
warming. 
For many application scenarios, alternatives are currently developed. For instance, battery-electric 
and fuel cell vehicles are designed for road-based transportation. In certain cases, however, a very 
high energy density is required, which currently is only feasible using hydrocarbon-based fuels. 
This is especially important in aviation, where the energy density of hydrocarbon fuels is crucial to 
achieve intercontinental travel without refueling. CO2 emissions account for about one third of the 
total adverse effect of aviation on the climate (with the other two thirds being caused by water 
vapor, NO x-induced ozone production and induced cloud formation)64. By using renewable solar 
fuels, the effect of aviation on global warming could therefore be significantly reduced. In 
SUNRISE, we aim at the cost-competitive, mid-scale production of sustainable jet fuels (700 000 
barrels produced per year, i.e. delivering ca. 150 MW, on 1000 ha) for 2030. 
In principle, it is possible to produce and use carbon-based fuels and chemicals without net CO2 
emissions. This requires CO2 capture from the air or industrial processes, followed by the synthetic 
production of carbon-based fuels and chemicals. Carbon dioxide is then either stored in 
long-lasting carbon materials on the long term (negative emissions) or directly released when 
the products are e.g. combusted using conventional technology. In the following, four 
different technological routes are detailed: Power-to-Liquid, solar-thermochemical 
conversion,65 direct photo(electro)chemical conversion and bio-catalytic production. 

64 Lee et al., Atmos. Environ. 43, 2009, 3520-3537 
65 Solar-thermochemical conversion processes are not originally part of the three Sunrise approaches, yet 
they are a promising option for producing carbon-based compounds,They are thus briefly described in the 
following as additional approach in the SUNRISE Roadmap. 
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Power-to-Liquid: Electrochemical processes 

Power-to-Liquid production pathways represent a group of processes converting water and CO2 
into liquid carbon-based products. They involve electrochemical reactions, typically the splitting of 
water into hydrogen and oxygen and/or the reduction of CO2. Diverse organic compounds, such as 
formic acid (HCOOH), methanol (CH3OH), ethylene (C2H4), methane (CH4) and carbon monoxide 
(CO) can be produced via the electrochemical reduction of carbon dioxide, forming a versatile 
basis for a broad range of chemical products and fuels. Higher-order alcohols, such as ethanol and 
n -propanol, could be highly promising under future conditions.66 Heavier hydrocarbon products, 
such as synthetic fuels, can be generated based on the primary electrochemical production of 
syngas (mixture of hydrogen, H2, and carbon monoxide, CO), which is then converted into 
hydrocarbons via the thermochemical Fischer-Tropsch synthesis. This is a very attractive 
production route to liquid hydrocarbon fuels for the aviation sector, which will remain strongly 
dependent on such fuels for decades. 

Power-to-Liquid pathways are often based on the electrochemical splitting of water generating 
hydrogen, which is then used for a subsequent chemical (thermocatalytic) conversion of CO2. 
Alternatively, production pathways can also involve electrochemical reduction of CO2. Both options 
will be briefly described in the following. 

Electrochemical water splitting and thermocatalytic conversion of CO2 

Unique selling point: Hydrogen electrolyzers in the 1-10 MW are current industrial standard (see 
previous chapter). Thermocatalytic reactors and processes that use hydrogen to reduce CO2 into 
energy containing molecules exist and are already used on a similar scale. Demonstrators to 
generate synthetic fuels are currently built and operate at the MW scale.67 Given that these 
technologies are scaled-up and improved in efficiency, they will become the first available 
technology path for green fuels. 

Working principle: The process basically consists of two steps. The first step is an 
electrochemical one, where renewable energy is used to generate high-energy intermediate 
products. This can be H2 from electrolysis of water or CO/H2 mixtures (known as synthesis gas, 
yielded from electrolysis of CO2/water mixtures). The energy is stored in chemical bonds. 
The second step consists of one or multiple thermo-catalytic reactions at elevated temperatures 
and pressures. Various reaction schemes are known: Dependent on the target product, this can be 
direct reaction of H2 and CO2 to e.g. methanol. The latter is a valuable intermediate product that 
can be used as a commodity chemical or further processed via thermo-catalytic reactions to 
olefins, gasoline or middle-distillates, such as jet fuel. The reaction can be steered towards 
methane (CH4) as green replacement of natural gas. As an alternative to the production of 
methanol as an intermediate product, synthesis gas68 can be converted into medium and 

66 Jouny, Matthew; Luc, Wesley; Jiao, Feng (2018-02-14). "General Techno-Economic Analysis of CO2 
Electrolysis Systems". Industrial & Engineering Chemistry Research . 57 (6): 2165–2177. 
doi:10.1021/acs.iecr.7b03514 
67 e.g. The SPIRE project http://www.mefco2.eu/ 
68 A mixture of H2 and CO directly generated from co-electrolysis of water and CO2 or from water electrolysis 
with subsequent reverse water gas shift. 
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long-chain hydrocarbons by a thermo-catalytic reaction (Fischer-Tropsch synthesis). The products 
can subsequently be refined into (jet) fuel. 

Key research drivers: Scale-up of electrolysers, optimization of thermo-catalytic reactions with 
catalysts showing improved energy efficiency and stability towards contaminations of the input, 
new and energy efficient thermo-catalytic reactions (e.g. direct electric heating with renewable 
energies), optimised product separation and purification technologies, process intensification e.g. 
by coupling reaction and separation and agility of the process (conventional chemical processes 
are run in steady state, they have to be modified to follow the intermittent supply of renewable 
energy sources). 

Key enabling technologies: Catalysis research with ab-initio modelling and high-throughput 
screening, multi-scale modelling for thermo-chemical electrically heated reactors, systems 
engineering for dynamic life-cycle cost analysis, advanced manufacturing for new reactor 
concepts, systems engineering. 

Present TRL: 6, first demonstrators built at the MW level 
TRL target 2030: 9 

Vision for 2025: Within the SUNRISE initiative, the technology will be fully demonstrated in field               
devices that work at the 20-50 MW scale. They will demonstrate the feasibility for scaling together                
with the dynamic integration of electrolysis and thermochemical processes and show the desired             
stability of the catalysts against possibly unavoidable concentrations of contaminants in the feed             
stream coming from a coupled CO2 capture system. At this stage, an overall energy conversion               
efficiency (electrical energy to chemical products) of at least 50% is targeted with the agile               
process. 

Vision for 2030: Fully engineered and designed demonstration units in the >100MW range that              
show the full dynamic and chemical robustness expected from an industrial system that is already               
fully integrated with a suited CO2 capture system. By thermal integration and media management              
an energetic efficiency of >60 % will be obtained. This fully operable industrial demonstrator is               
expected to trigger investment decisions for the large-scale deployment of the technology. 

Direct electroreduction of CO2 

Unique selling point: The direct electroreduction of CO2 to hydrocarbons at low temperatures             
(<80°C) is the most simple process chain, with a homogeneous technology doing the full job. It                
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promises to deliver already C2-C4 components with higher efficiencies compared to a two-step             
conversion with a subsequent thermochemical process (with high-temperature steps involved). 
 
Working principle: CO2 is fed together with water into a low-temperature electrolyzer at the              
cathode side. A special catalyst is employed that limits water reduction to hydrogen, while              
promoting CO2 reduction. This catalyst has a high overpotential for water reduction and a low one                
for CO2 reduction, driving the selective reduction of CO2 to CO in a first step. The catalyst then                  
needs to be able to keep the intermediate reduction product at its surface, allowing further               
reduction of the CO to hydrocarbon components; further, it needs to allow diffusion of the               
intermediate products on the surface to allow C-C bond formation to generate C2-C4 compounds.  
Most promising in technical terms is to distribute the first step (generation of CO) and the second                 
electrochemical step (further reduction of the CO to C2-C4 components) in separate cascaded             
electrolyzers to freely optimize both reaction parameters.  
 
Key research drivers: Discovery of alternative catalysts for the reduction of CO2 to hydrocarbons,              
overcoming the instability of copper-based catalysts (the surface morphology on atomic scale            
needs to be overcome by self repair or short regeneration pulses); understanding and modelling of               
processes in gas diffusion electrodes towards chemomechanical stability and media transport;           
development of alternative electrolyzer architectures; integrated system engineering of stacked          
gas to gas/liquid electrolyzers. 
 
Key enabling technologies: Catalysis research with ab-initio modelling and high-throughput          
screening, in-operando analytical tools, multi-scale modelling, systems engineering, life-cycle cost          
analysis. 
 
Present TRL: 3 
TRL target 2030: 6 
 
Major technological targets  
Current research at laboratory-scale shows that mainly copper-based compounds are able to            
generate hydrocarbons and enable the C-C coupling. However, most of this work is done at               
current densities of 10-30 mA/cm²; this is two orders of magnitude below any practical application               
and nearly all experiments show severe degradation within a few hours. Stable catalysts need to               
be developed (several 1000 hours of operation, >80% product selectivity, 0.5-1 A/cm² current             
densities). 
Moreover, novel electrolyzer architectures have to be developed that allow a sufficient supply of              
CO2 to the catalyst. Ohmic losses in the electrolyte dissipate valuable renewable energy and have               
to be minimized. Pressurized electrolyzers that directly generate products at 30-50 bar have to be               
implemented to cut energy costs for a afterwards compression of products needed for further              
processing and storage. The electrolyzers need to have a high turnover referring to their volume to                
limit the CAPEX (capital expenditure), so they need to be able to work with industrially relevant                
current densities of (500-1000mA/cm²). 
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Vision for 2025: Demonstration of the feasibility of this efficient approach by long-term             
experiments at small-scale laboratory level (100 cm² electrode surface) that need to operate at              
industrially relevant intensities (current densities of 0.5 - 1 A/cm², temperature 70°C). They will              
prove the principle by obtaining stabilities over 10000 hours without degradation, showing product             
selectivities to hydrocarbon components of about 75% and a related energetic conversion            
efficiency of about 40%. 

Vision for 2030: Within the SUNRISE initiative, the technology will be fully demonstrated in field               
devices that work at the 1-10 MW scale. They need to be fully engineered and designed in terms                  
of thermal and media management. By optimisation of ohmic dissipation in the conduction             
channels, energetic efficiencies of about 55% will be reached.  

Vision for 2050: These systems will be scaled up to the GW range in a dynamic system                 
integration with volatile renewable energy supply and CO2 capture from air and deliver product              
quantities matching volumes of future markets of fuels and chemicals. Intermediate C2-C4 products             
will be fed into refineries, where established petrochemical techniques are applied to convert them              
into transport-grade fuels and other marketable products.  

Direct solar-thermochemical conversion of water and CO 2 

As an alternative to the electrochemical options described above, an appealing pathway for CO2              
and H2O splitting are thermochemical routes, which require an input of heat instead of electricity.               
The heat input can be delivered renewably by concentrating solar technology, which is already              
used in desert areas to produce electricity. Since heat is directly converted to chemical energy               
without an intermediate electricity production step, the theoretical efficiency of such processes is             
higher than in electrolysis. 

Unique selling point: The combined thermochemical reduction of CO2 and water is highly             
efficient, since solar heat is directly fed to the process instead of converting it to other energy                 
forms such as electricity before. The intermediate products are manifold (composition and            
hydrogen/carbon ratio), enabling the production of all conceivable hydrocarbon products. 

Working principle: The thermochemical cycle typically consists of two steps at different            
temperatures, mediated by an oxygen-carrying material (typically a metal oxide) as key element: 
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1. Oxygen release from the material: At high temperature (1350-1700°C), the material releases           
some of its chemically-bound oxygen. The energy required for this reaction is provided by solar              
heat.
2. H2O/CO2 splitting: At lower temperatures (600-1200°C), the oxygen-deficient material reacts         
with water (H2O) and CO2 by splitting these molecules and taking up oxygen from them, thus being                
re-oxidized. Thereby, H2O is converted into molecular hydrogen and CO2 to carbon monoxide            
(CO). This mixture of hydrogen and carbon monoxide is called syngas and can be used to produce                
hydrocarbons, such as jet fuel.
The process is entirely reversible, meaning that the mediating oxygen-carrying material is not            
consumed.

Key research drivers: 
The two main factors to consider are efficiency and cost: in practice, large heat losses decrease                
process efficiencies drastically. A large amount of oxygen exchanging material has to be heated to               
very high temperatures in the reduction step and currently only a fraction of this heat can be                 
recovered during cool-down and oxidation. Besides low efficiencies, another source of high costs             
is the fact that the reactors for this process are expensive, as they require advanced refractory                
materials to withstand the high temperatures. 
This technology is still far from being economically competitive, compared to conventional (fossil)             
production, but also to today’s Power-to-Liquid technologies. Larger-scale demonstration projects          
are required to show realistic potentials of this intriguing approach.  

Key enabling technologies: Materials engineering, materials research with ab-initio modelling          
and experimental screening, solid particles technologies, membrane technologies, smart process          
control and interfaces. 

Present TRL: 4-5 
TRL target 2030: 6 

Major technological targets  
The targeted design of optimized solar-thermochemical materials includes: 

● Solid-solid heat recovery rate > 60 %
● Steam heat recovery rate > 95 %
● Scale-up to improve efficiency
● Improved separation of products and reactants

Vision for 2025: Demonstration of the feasibility of this efficient approach by increasing the 
solar-to-fuel efficiency for solar-thermochemical hydrogen production to 15 % while demonstrating 
it at a scale of 250 kW (thermal) in a solar simulator or at a solar tower. 

Vision for 2030: To reach competitiveness, a substantial decrease in cost per kg of jet fuel 
produced needs to be realised. Increasing the overall process efficiency is crucial for 
this capital-intensive technology, e.g. through reduced reaction temperatures and effective 
heat recuperation. Use of less expensive materials for reactor design and a decrease in 
cost of solar-thermal technologies (heliostats, towers) due to the implementation of 
concentrated solar power plants on a larger scale are also important drivers for overall cost 
reduction.  
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Vision for 2050: Commercialization of this technology through further efficiency increase to            
achieve lower cost. This is done by further optimizing solid-solid heat recovery (target: 80%), by               
decreasing temperature differences between reduction and oxidation through further materials          
optimization, by scale-up and therefore decreased component cost and by process optimization            
using experience from existing pilot plants. 
 
 
Photo(electro)chemical devices 
Similarly to direct solar hydrogen production, photo(electro)chemical systems have the potential to            
allow for a decentralized CO2 valorisation at lower costs compared to PV-driven electrolysis.  
 
Unique selling point: Photo(electro)chemical systems are integrated and allow for large savings            
in terms of support and container as well as interconnecting electronics. As the surface of catalysis                
is the same as the surface for sunlight collection, catalytic turnover is up to two orders of                 
magnitude lower than that required for cost-effective electrolysis. This reduces the constraints on             
the used materials and allows for the use of abundantly available, cheap and non-toxic materials               
as catalysts. The large surface used for photon collection can also be used for atmospheric carbon                
capture.38 

 
Vision for 2050: Photo(electro)chemical devices will allow for a decentralized, on-site and            
on-demand production of formic acid and hydrocarbons (methane etc.). In centralized facilities,            
products necessitating additional considerations on safety and utilization, such as CO, syngas or             
ethylene, will be obtained. Systems will be fully autonomous, only depending on abundantly             
available sunlight. Water consumption is low, but purification of CO2 from atmospheric oxygen will              
be required. 
 
Working principle: Buried junction cells and photoelectrochemical cells are single devices that            
directly split water and CO2 into C-based products and oxygen, where the needed energy is               
provided by sunlight. Various architectures are possible, but all of them combine light-harvesting             
materials (inorganic and organic semiconductors, molecular dyes or biological pigments) and           
catalysts for CO2 reduction and the oxygen evolving reactions. Both reactions occur at separate              
(photo)electrodes allowing for an easy separation of the products. A flow of the cathodic electrolyte               
might be needed to recover products if they are soluble in the electrolyte (as formic acid for                 
example). Alternatively, photocatalytic reactor containing liquid phase suspensions of         
photochemical systems (photocatalytic nanoparticles or supramolecular assemblies) can be used.          
In that case, additional separation of the products from oxygen will be required. 
 
Key research drivers: CO2 reduction catalyst discovery (O2-tolerant catalysts are required if CO2 
is to be captured from the air), Direct Air Capture and Conversion technologies 
 
Key enabling technologies: relies on advances in the  development of photo(electro)chemical 
devices for direct solar water splitting and electrochemical CO2 reduction (see above); 
 
Present TRL: 1-3 
TRL target 2030: 6-7 
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Major technological targets 
Photo(electro)chemical cells for CO2 valorization into CO or syngas are at the same stage of               
development as those for H2 production and similar targets are expected in terms of the reduction                
of the water demand, the improvement of stability, breakthroughs to design active components             
solely based on earth-abundant elements and collection of gases. An important milestone will             
concern the coupling with direct air capture technologies by 2025 with commercial PEC devices              
with 10% solar-to-syngas efficiency available by 2030. Further optimization and upscale will allow             
to ultimately develop commercial devices at 30% solar-to-chemical efficiency. 
For in-depth technical details, please refer to the technical annex (how-documents). 

Biocatalytic production of carbon-based solar fuels and chemicals 

Share of renewable bio-based raw materials for chemical industry is set to target 25% of the total 
volume of feedstock used by the chemical industry in 2030 in Europe.69 Importantly, photosynthetic 
microorganisms, such as microalgae and cyanobacteria, are considered as third generation 
feedstock for the chemical and petrochemical industry. The photosynthetic microorganisms use 
sunlight, water and CO2 to produce organic compounds and are also capable of hosting novel 
synthetic production pathways that allow the cells to function as living cell factories producing the 
desired carbon-based solar fuels and chemicals.  
There are already dozens of proof-of-the-concept for direct production of chemicals in 
photosynthetic microbes.70 Some production systems are functioning at TRL 4-5 (e.g. Photanol for 
lactic acid production). For new products, one needs to design metabolic pathways from scratch 
and engineer new strains. Moreover, obtained cells producing specific compounds can be further 
engineered to make the system more efficient and stable.  

Unique selling point: Photosynthetic microorganisms are capable of synthesising complex 
organic compounds with high efficiency and selectivity, combined with the ability of self-replication 
(recovery) and of long-term operation under physiological conditions.71 The biosynthetic products 
are excreted from the cells into the cultivation medium, from where they can be collected and 
subjected to downstream processing when necessary. 
Working principle: By application of the techniques of synthetic biology and metabolic 
engineering, photosynthetic microorganisms can be designed to produce and excrete a wide range 

69 RoadToBio chemicals roadmap for the European Chemicals industry 
https://www.roadtobio.eu/uploads/publications/roadmap/RoadToBio_action_plan.pdf 
70Santos- Merino et al. 2019 New applications of synthetic biology tools for cyanobacterial metabolic 
engineering. Front. Bioengineer Biotechnol, v 7, article 23  
71 D. Lips et al. Many ways towards ‘solar fuel’: quantitative analysis of the most promising strategies and the 
main challenges during scale-up (2018) Energy Environ. Sci.  11. 10  
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of chemicals and fuels (such as long-chain wax esters, fatty acids and hydrocarbons). The 
engineered microorganisms can be cultivated in photobioreactors. But also solid-state production 
platforms (artificial biofilms) are developed. In biohybrid approaches, inorganic photoelectrodes or 
light absorbers will transfer energy or reducing power to metabolically engineered organisms for 
the valorization of CO2.  

Key research drivers: High cultivation costs, tight regulation of photosynthetic apparatus that 
results in loss of absorbed solar energy into protective mechanisms, complexity of metabolic 
pathways that serves to cell fitness rather than product efficiency, instability of the production 
strains and losses in production efficiency.  

Key enabling technologies: Efficient engineering and synthetic biology tools, combined with 
strain characterization and optimization. Engineered new strains with enhanced metabolic 
pathways for the synthesis and excretion of various chemical and fuel products. Construction of 
cost-efficient dedicated photobioreactors for cultivation and production phases. Improvement of 
photosynthetic performance and carbon metabolism; upscaling, including cheap bioreactor 
construction and operation as well as downstream processing. 

Present TRL: 1 (for newly designed chemical pathways) to 6 (e.g. lactic acid production) 
TRL target 2030: 4-9 

Major milestones 

Technological targets for 2025: 
Selection and characterization of robust strains with high photosynthetic efficiency 
Automated tools for fast and cheap construction of microbial cell factories 
Scale-up challenges solved for several chemicals  
Proof-of concept for newly developed production strains  
High volumetric productivity and light-to-product conversion efficiency established  
Redesign of photosynthetic apparatus for high yield  
Novel strategies to avoid contaminations of production cells from foreign strains 

Technological targets for 2030: 
Engineering tools for a wide-range of natural organisms  
Detailed theoretical models of fundamental photosynthesis established 

Technological targets for 2050:  
Automated DNA synthesis and construction (“cell designer”) 
Dozens of large-scale demonstration plants 
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Long-lasting carbon-based materials 
Energy carriers, like methane, or commodity chemicals, like ethylene, will eventually release their             
carbon in the atmosphere in the form of CO2, on timescales of a few months or years. These two                   
kinds of CO2 utilization are high on today’s agenda to accelerate the phasing out of fossil fuels. By                  
inventing new efficient and optimized ways to convert CO2 into fuels and chemicals, and also by                
mastering nitrogen conversion, SUNRISE will develop catalysis concepts, skills and processes           
which will also be instrumental in the area of Negative Emissions Technologies (NETs). , Within              72 73

NETs, which are crucial in most scenarios complying with the Paris agreement, CO2 should be               
stored for long durations, i.e. centuries or more. Depending on the success of emissions reduction               
policies and on the targeted climate goal, NETs need to be ready for a global scale deployment by                  
2040 or 2050. Considering the long time necessary to validate and optimize technologies, it clearly               
appears that new processes should be ready on the market in the course of the 2030s. 
Up to now, the main long-term disposal considered in scenarios is underground storage of              
gaseous CO2 (CCS). This storage technology bore very high promises in the 2000s, but developed               
slowly, due to the limited availability of underground suitable sites i.a. requiring pipeline             
infrastructure from large CO2 point sources to large storage reservoirs, and mainly economic and              
societal obstacles. A safe and reliable long-term storage can be provided when CO2 enters a               
mineral composition. Such processes have been studied by reacting CO2 with minerals (mined for              
themselves, mainly silicates rocks or found in mining or industrial wastes). The resulting             74

materials, where carbon is usually in a fully oxidized state, need a limited amount of energy to be                  
produced, and are very interesting as aggregates in concrete. CO2 can also be utilized to               75

improve the curing of cement, as demonstrated for example by the company CarbonCure . Both              76

utilizations are seriously considered by the construction industry, with very promising perspectives            
to use and store CO2 on the Gigaton level in the next decade, according to recent roadmaps on                  
CO2 utilizations.  77

When CO2 intended for these exothermic mineralization reactions is captured directly from the             
atmosphere, the energy consumption of the capture process strongly impacts the overall            
performance of the product. As already mentioned earlier, one must optimize the process by              
combining steps and possibly by preparing CO2 under the best chemical form for the reaction.               
Since CO2 must be activated (thermally, with physical pressure or by any form of chemical               
activation), there is a clear interest in developing combined capture and conversion, associated             
with the mineralization processes. 

Keeping in mind that large CO2 volumes could be stored in structural materials, like aggregates in                
concrete, we foresee that there would be a major progress if those materials would need no input                 

72 Minx, J. C., et al. 2018; Negative emissions - Part 1: Research landscape and synthesis. 
Environmental Research Letters 13(6):063001. https://doi.org/10.1088/1748-9326/aabf9b 
73 National Academies of Sciences, Engineering, and Medicine 2019. Negative Emissions Technologies and 
Reliable Sequestration: A Research Agenda. Washington, DC: The National Academies Press. 
https://doi.org/10.17226/25259  
74 Sandalow, D., et al. (2017). Carbon Dioxide Utilization (CO2U) ICEF Roadmap 2.0. available online 
https://www.icef‑forum.org/pdf2018/roadmap/CO2U_Roadmap_ICEF2017.pdf 
75 See for example Carbon8 aggregates, now O.C.O. Technology Ltd: https://c8a.co.uk/our-process/  
76 See https://www.carboncure.com/  
77 See the contribution of CO2 Sciences & Global CO2 initiative, Global Roadmap for Implementing CO2 
Utilization, November 2016, for the ICEF project. 
https://www.icef‑forum.org/platform/upload/CO2U_Roadmap_ICEF2016.pdf  
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from mining at all, i.e. if their synthesis could be obtained by capturing raw materials in the local 
environment only. Such a prospect seems today beyond our programming horizon, but its potential 
contribution to NETs, needed by 2040, justifies its mention here. In the year 2030 and beyond, with 
atmospheric N2 and CO2 being readily, efficiently and commercially transformed to useful products, 
new processes could emerge to obtain structural polymers, able to replace mineral carbonates as 
long term storing materials. 

In the long-run, SUNRISE technologies could also help another type of NET by a new form of 
artificial photosynthesis: Soil Carbon Sequestration53. The decentralized solar-driven synthesis of 
nitrogen- and carbon-based products could deliver materials for soil enrichment, thus contributing 
to the conversion of arid surface into fertile soils by performing long term storage of a significant 
amount of CO2.  

SUNRISE key enabling technologies 
The future deployment of SUNRISE technologies at scale, providing net global GHG 
reductions, necessitates enabling resources, technologies and analyses.

Upscaling, i.e. bringing novel technological solutions from the lab to a global industrial scale, is a 
significant challenge for mature SUNRISE technologies. The overall sustainability, the availability 
of needed resources on a large scale and economic viability have to be ensured. 

Novel materials will allow cost-competitive, efficient and durable solutions across the three 
proposed technological SUNRISE approaches.

Product separation, i.e. the conversion of a mixture of chemical substances into distinct products, 
is a crucial step once the desired solar fuel or chemical is produced by the artificial photosynthesis 
device; in most of today’s devices product separation, purification and collection represent one of 
the major bottlenecks due to the energy consumed for production and operation.  

The SUNRISE toolbox comprises advanced computational modelling, quantitative sustainability 
assessment, advanced experimental techniques and emerging concepts. Computational 
materials modelling guides experiment, avoiding tedious sequences of trial and error in the lab, 
and thus significantly speeds up the innovation process. Thorough life-cycle, techno-economic 
and social impact analyses will ensure the establishment of a sustainable carbon economy, 
viable business models and social acceptance of SUNRISE technologies. Synthetic biology 
opens enormous perspectives for the realization of an efficient algae/cyanobacteria-based 
production of fuels and chemicals. Emerging concepts transfer insights from nature to artificial 
systems and will be key for developing the next-generation efficient solar-to-fuels energy 
conversion processes based on molecular engineering. 

Upscaling 

The transformation of current laboratory-scale solar energy conversion devices into widespread, 
efficient industry-grade systems and installations is a grand S&T challenge that requires both 
scientific and technological breakthroughs. Laboratory experiments are in Watt scale, whereas the 
TW scale is needed for the energy system. This difference of 12 orders of magnitude outgoes the 
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scale where physical effects can be easily described within the same methodology. To overcome 
this gap, two main  approaches need to be undertaken : 

The technologies need to be scalable. The use of scarce or expensive materials (like iridium or 
other rare chemical elements) has to be limited as much as possible and ways have to be 
investigated to produce these technologies in highly automated factories using controllable 
processes. The energy return on energy invested (EROI)  has to be preferably above 10; 
moreover it has to be verified that processing of huge areas is feasible (e.g., nanostructures over 
1000 km² done by photolithography are hard to imagine). Devices must not use toxic materials 
(like significant amounts of lead or mercury) in a chemical form that allows dissipation into the 
environment.78 Appropriate scaling concepts have to be developed that might evolve as scale of 
individual devices, as well as use a high degree of modularity (example: today’s photovoltaics 
production). Also the effect of the law of large numbers on production costs has to be estimated. 

Scale-up is orders of magnitude more expensive compared to lab research and needs to be 
financed. A necessary investment in the billions euros range is unlikely to be financed by a single 
research program or national subsidies. These kinds of instruments are usually adapted for the 
MW range. On the contrary, upscaling projects need to be financed by investors, believing in the 
proposed technology. In order to attract investors, intermediate business cases have to be 
attainable with the SUNRISE technology. This might be the creation of some high-value green 
products, where the molecule value is higher than the energy content or – as alternative – a 
product where customers are willing to pay a higher price. This way, the technology can be scaled 
to the 100 MW to GW range; it matures, it demonstrates its sustainable potential and reliability and 
it attains bankability. When this step is finally reached, the investors’ trust is available to propel the 
technology in the TW range. 

An example: Photobioreactor design. The scale up of biological applications requires design, 
construction and easy operation of open or closed photobioreactor systems for algae and 
cyanobacteria cultivation and production stages. Large-scale closed photobioreactors at TRL 5 - 6, 
operating with engineered cyanobacteria for direct production of e.g. ethanol have already been 
reported.79 By way of example, Ecoduna GmbH (Austria) operates 1 hectare vertical 
photobioreactors (total length 230 km) with an annual capacity of 100 tons of algae biomass 
production. The feasibility of upscaling the production of bio-based chemicals needs to address yet 
unsolved issues: Concerning EROI,  the energy for producing/building/recycling the reactors, plus  
operation  (pumping),  plus  the  energy  for  product  separation  and cleaning has to be at least one 
order  of  magnitude  below  the  energy  content  of  the  products.  Moreover,  contamination  by  
predator bacteria, as well as the  genetic stability of the engineered algae and bacteria needs to be 
researched and positively solved. 
For further technical details, please refer to the technical appendix on Upscaling. 

Novel materials 
An important challenge is the development and optimization of materials for artificial 
photosynthesis. Today’s catalysts and photo-absorbers have to be significantly improved in terms 

78 Lead glass or piezoceramics for example contain lead, but in a chemically bonded way that inhibits 
release. 
79 J. Dexter et al. J. Appl. Microbiol., 2015, 119, 11–24 

59 



of efficiency and durability; novel materials are crucially needed that are earth-abundant and 
non-toxic in order to allow for a sustainable upscaling of the proposed technologies. Once efficient 
materials are found, these outcomes have to be tested in real device conditions and the 
nanoscopic scale has to be bridged to the macroscopic world.  
The challenge is the intrinsic complexity of the considered thermo- and electrochemical, 
photoelectrocatalytic or bio-inspired systems, where one deals e.g. with complicated surface 
reactions, complex thermodynamic properties, the interplay between electrodes and electrolyte, 
photoabsorption and catalysis. Employed materials have to fulfill diverse requirements which are 
often competing and where a compromise has to be found. In order to allow for an efficient and 
targeted materials development, it is crucial to understand the underlying fundamental principles 
and reactions.  

Product separation, purification and collection 

Generating valuable and energy containing products from sunlight is one side of the trophy, 
separating and cleaning them into a state that allows further use is the other one. The energy 
required for the separation must not be underestimated. This is relevant for the refining of fuel 
components into fuel, and it is especially hard for commodity chemicals (such as ethylene, 
aromatics, propylene and alcohols), where usually a high purity is required.  

The energy for separation cannot approach zero – even with the ideal technology – due to 
thermodynamic reasons. In existing, already optimized processes of the chemical industry, the 
relation of the energy needed for separation and the energy content of the products can vary from 
almost zero to more than 40%. It is thus crucial for the efficiency chain of SUNRISE products to 
consider the energy needs for separation. 

Amongst possible options, distillation (especially cryogenic) is a powerful, but energy consuming 
process and may be limited to well mixable substances. Membrane separation – an energy 
efficient tool – is already employed in volume processes, but the selectivity needs to be improved. 
Temperature and pressure swing separation is mighty but restricted to several tasks. There is no 
universal technology for product cleaning in view of the varying output of the SUNRISE technology 
and the broad range of usable product options. Product separation must be optimized individually 
for the intended use cases of SUNRISE developments. 

SUNRISE tool box 

Advanced computational modelling: from novel materials to solar fuel devices 
Design and discovery of materials and processes are cross-cutting key enablers for the entire 
range of SUNRISE technologies. However, translating new materials from the laboratory to the 
market can take 10 to 20 years and is very expensive.80 According to the Energy Materials 
Industrial Research Initiative (EMIRI), advanced materials denote 50% of the manufacturing costs 
of clean energy technologies today and are expected to increase up to 80% in the near future. 
Significantly optimizing materials discovery needs scientific breakthroughs to optimally design 
matter from the atomic up to the device scale. 

80 Mission Innovation 6, Clean Energy Materials: 
http://mission-innovation.net/our-work/innovation-challenges/clean-energy-materials/ 
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Computational simulations can guide experiment, avoiding tedious sequences of trial and error in             
the lab; it significantly speeds up the innovation process and makes it much cheaper. Only the                
most promising materials are to be synthesized and tested in the lab and in solar fuel devices.                 
Millions of hypothetical materials can be explored through high-throughput calculations and the            
most promising candidates are selected using artificial intelligence. Computational studies provide           
fundamental understanding enabling rational design. This accelerates the exploration, discovery          
and use of new high-performance, low-cost and non-toxic solar fuel materials.  
 

 
 
Efficiently predicting the performance of materials and processes and translating these findings on             
the device level necessitates different dimensions which inherently depend on each other: 

1) The development of theoretical models accurately describing complex, real-life processes          
in a simplified manner has to be pursued, as well as the improvement of computer codes                
solving equations in the most efficient way; this allows for the calculation of material              
properties both efficiently and accurately and to ultimately simulate real solar fuel device             
structures. Interfaces need special focus, since materials with an optimum property do not             
necessarily show the best performance in a device. 

2) Innovation in high-performance computing facilities and the development of new algorithms           
and software with respect to these infrastructures allows to use resources in the best              
possible way and consequently to approach more complex systems, higher reliability and            
millions of calculations of material properties. 

3) Simulations of artificial photosynthesis systems and the calculation of material properties           
on a large-scale will prove the reliability of the developed methods and deliver key              
quantities for experimental studies; machine-learning algorithms allow for automated         
calculations and the study of millions of novel materials (combined with high-performance            
supercomputers). The lack of understanding of how to profit most effectively from artificial             
intelligence approaches for materials discovery and especially artificial photosynthesis has          
to be overcome. New big data analyses and high-throughput screening based on            
interoperable complex workflows will retrieve the most promising candidates instead of only            
predicting properties. 

4) Reliable and complete databases are the prerequisite of modern research and especially            
for machine-learning approaches. The establishment of a SUNRISE database with          
reproducible data on the most promising materials for artificial photosynthesis allows to            
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select the best candidates and prevents a doubling of research efforts. The establishment             
of commonly agreed on criteria (for data formats, the quality of results, details on how data                
is obtained) permits to easily search in multiple existing databases and to find suitable              
materials using artificial intelligence. 

For further technical details, please refer to the technical appendix on Materials Modelling. 

New methods and software tools for early quantitative sustainability assessment: 
bridging environmental, economic and social impacts 

The rapid pace of technology development requires the development of new methods and 
software for the fast assessment of the environmental, economic and social impacts of emerging 
technologies. Life-cycle assessment (LCA) is a powerful tool to evaluate total energy 
requirements, net carbon emissions and overall environmental impacts (far beyond just carbon 
footprinting). It goes hand in hand with techno-economic analyses (TEA) which determine the 
technical and economic viability of a new technology and social impact assessment (SIA) studying 
the societal acceptance of a new technology. 

Assessing the environmental, economic and social impacts of emerging technologies early in 
innovation is challenging due to the limited availability of data. However, it is crucial in an early 
stage since it allows steering technology development towards more sustainable pathways. The 
development of a new set of methods and tools will allow a more effective support of technology 
and application design, and will allow early go/no-go decisions as well as frame the conditions for 
producing, distributing, storing and using renewable chemicals and fuels. 

Nevertheless, current technology assessments frequently do not provide the needed level of 
transparency, consistency and accessibility.81 Existing methods lack integration and advances in 
technology evaluation tools need to take place in parallel with the development of SUNRISE 
technologies. Today’s methods are able to assess existing, well-defined technological systems, 
but could be improved when emerging technologies need to be assessed and recommended. This 
is mainly due to two major gaps: first, there is a lack of data coverage for e.g. processes, 
environmental exchanges, market dynamics, social implications of technology diffusion or 
technology transition monitoring; second, all models assess emerging technologies only with 
existing methods, data and software tools. 
For further technical details, please refer to the technical appendix. 

Synthetic Biology 

Synthetic biology is an emerging technology that aims at the genetic redesign of biological 
organisms to build up novel living systems, not existing in nature. Synthetic biology combines 
engineering, digitization, robotics and biology. This enables the reprogramming of living cells to 
function in a way that benefits the economy. The genetically engineered organisms act as living 
cell factories  producing desired fuels and chemicals ranging from e.g. lactic acid to jet fuel.  

Recent breakthroughs in plant science demonstrated that crops engineered with a synthetic 
photorespiratory shortcut are 40% more productive than natural plants in real-world agronomic 

81 Gaseous Carbon Waste Streams Utilization: Status and Research Needs, 2019, National Academy of 
Sciences 
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conditions. A proof of principle for the highest 1-butanol production (a maximal rate of 0.3g/L/d)               82

was recently reported in engineered cyanobacteria.83 This offers realistic opportunities for further 
improvement in the near future. Importantly, besides the conventional CO2 fixation pathway of 
oxygenic photosynthetic organisms, there are many more efficient CO2 assimilating pathways 
recently discovered in other microbes.84 Utilization of these previously unknown catalytic principles 
of CO2 assimilation will allow for the development of even more efficient synthetic routes to convert 
CO2 into complex organic molecules of industrial interest.  

Robust and efficient modelling, systems biology and automatization of the synthetic biology tools 
(encompassing the design-build-test-learn cycle) are necessary to drive both photosynthetic and 
heterotrophic microorganisms towards commercially profitable cell factories. The current challenge 
is to fuse existing information and ongoing research to generate more efficient standardized 
synthetic biology practices for a wide array of robust microorganisms. 
For further technical details, please refer to the technical appendix. 

Emerging concepts

Plants and algae use natural photosynthesis to convert light energy into energy-rich organic 
building blocks. While replicating the photosynthetic apparatus in artificial systems is not viable, 
research on natural photosynthesis reveals physical quantum phenomena that enable e.g. highly 
efficient light harvesting. It also provides novel design principles for developing artificial 
photosynthetic systems. 

Bottom-up molecular engineering of bio-inspired artificial photosynthetic assemblies will be a key 
enabling technology in SUNRISE for developing next-generation solar-to-X energy conversion 
processes and systems. Breakthroughs in the development of molecular-based artificial 
photosynthetic systems could be accomplished by combining fundamental concepts of natural 
photosynthesis and by applying them onto synthetic (supra)molecular or polymeric systems, 
molecular materials, nanomaterials, membranes, matrices and interfaces (including 
molecule-nanoparticle and molecule-semiconductor electrodes). This research will be based on 
three guiding principles: (i) independent building blocks (ii) vibration-assisted charge separation 
and transport (inner coherence), and (iii) responsive matrices. 

Work on molecular design of artificial photosynthesis systems will reveal new ways of 
function-based systems engineering of biomimetic materials hierarchies with active cofactors 
incorporated in molecular units (such as the recently developed quantasomes) and extend the 
"quantum design" principles from natural photosynthesis to synthetic systems of considerably 
higher efficiency and stability. This research, together with developing new molecular materials, 
will lead to next-generation artificial photosynthesis technology to be developed in the SUNRISE 
project. Some of its aspects will have an impact beyond SUNRISE, e.g. in quantum technologies. 
For further technical details, please refer to the technical appendix. 

82 P. South et al. (2019) Synthetic glycolate metabolism pathways stimulate crop growth and productivity in 
the field, Science 363, eaat9077 
83 X. Liu et al. (2019) Modular engineering for efficient photosynthetic biosynthesis of 1-butanol from CO2 in 
cyanobacteria.  Energy Environ Sci DOI: 10.1039/C9EE01214A  
84 T. Erb (2011) Carboxylases in Natural and Synthetic Microbial Pathways, Appl  Environ Microbiol 
8466-8477 
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Needed Resources and enablers beyond the scope of 
Sunrise 

Social and environmental impact 

Land use 
The European soil is one of the most intensively exploited in the world. With up to 80%, Europe                  
has the highest proportion of land used for settlement, production systems (in particular agriculture              
and forestry) and infrastructure (European Energy Agency - Land use). Agriculture is the most              
common primary land use category in the EU-28, followed by forestry, unused and abandoned              
land, and services residential. Only a small portion is dedicated to energy production and              
industry/manufacturing. The deployment of any new technology should carefully consider the           
additional land use demands in this context. 
 

 
© Andrea Barbieri (CNR) 
Agriculture has the highest land use (41%, ca. 1 800 000 km2), followed by areas used primarily for                  
forestry (33%, 1 400 000 km2), services and residential (7%, 295 000 km2), along with unused or                 
abandoned land (16%, 690 000 km2), data from EUROSTAT - land use statistics. About 7 000 km² are                  
dedicated to energy production and 7 700 km2 to industry/manufacturing, 0.16% and 0.17%             
respectively. 
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Freshwater demand 
Freshwater represents another precious resource. Water is essential for life, it is an indispensable              
resource for the economy and plays a fundamental role in the climate regulation cycle. The               
management and protection of water resources is one of the cornerstones of environmental             
protection. Water is provided either by public water supply (public or private systems with public               
access) or is self-supplied (for example, private drills). In Europe, around 223 000 megatons of               
water were abstracted in 2015 as off-stream to meet the demand of the European economy, 90                
000 megatons were used and 142 000 megatons were returned back to the environment with a                
certain level of physical or chemical deterioration. 
 

 
© Andrea Barbieri (CNR) 
Around 40% of total water use is accounted for by agriculture, forestry and fishing (38 000 Mt),                 
followed by 28% (26 000 Mt) for electricity, gas, stream and air conditioning, and for mining and                 
manufacturing (17 000 Mt, 18%). Public water supplies mounts to 14% (12 500 Mt), accounting for                
households (11.6%, 11 000 Mt) and service industry (2.6%, 2 400 Mt); European Energy Agency -                
Water use. 

SUNRISE: estimated impact on land use and freshwater demand 
SUNRISE targets the production of fuels and carbon-based chemicals, using abundant molecules            
as feedstocks (e.g., H2O, CO2, N2) and sunlight as the primary energy source. As an example of                 
how the SUNRISE technology would impact on the freshwater and land use scenario, the              
paradigmatic case of hydrogen is considered: its production, as envisaged by the SUNRISE vision,              
requires the highest freshwater demand among the targeted molecules. 
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Nowadays, the global hydrogen demand is around 70 Mt/y, which is almost entirely obtained from               
fossil fuels (ca. 76% from natural gas, 23% from coal) and <2% from water electrolysis. As a                 
consequence, the global production of hydrogen generates about 830 Mt/y of CO2            
emissions, slightly lower than the total CO2 emissions of Germany in 2015 (930 Mt/y). For               
comparison, EU-28  emits about 4 500 MtCO2 /y. Assuming that the total current hydrogen demand is 
supplied through water electrolysis (using water as feedstock), this would result in an annual              
electricity demand of about 3 700 TWh and a freshwater requirement of about 630 MtH2O/y. This is                 
roughly one third of the current European freshwater use by the service industry (2 400 Mt/y), and                 
0.7% of the EU-28 annual global consumption. If we consider that the hydrogen demand of               
Europe is about 15% of the global demand, it is evident that the electrolytic production of                
molecular hydrogen will not significantly impact on the availability of freshwater. On the             
other hand, if the electricity needs were provided by PV, it would require the deployment of                
22 500 km2, roughly corresponding to the surface of Slovenia (20 273 Km2) or ⅔ of Belgium                 
(30 528 km2).   85

The situation is different when considering the direct solar conversion of fuels and chemicals              
using photo(electro)chemical cells as proposed by SUNRISE. Here, a yearly production of            
hydrogen of 52-130 tons/ha (average 90 tons/ha) is targeted. Based on this, a land use of <8000                 
km2 (corresponding to a surface with a radius of 50 km) can be envisaged for the production of 70                   
MtH2. Although this surface represent <0.2% of the total land use in Europe, it compares to                
that presently devoted to energy production and industry/ manufacturing, but is still much             
smaller than service & residential (see above). The aspect of land area has to be carefully                
taken into account, since it can potentially limit the deployment of SUNRISE technologies.             
A way not to limit SUNRISE technologies and to increase their social relevance resides in               
the development of decentralized devices deployed in urban or agricultural environments,           
meeting the needs of the inhabitants. 
The estimated environmental impact, in terms of land usage and freshwater demand, of the              
SUNRISE associated technologies is summarized in the table below, where the global annual             
production of the relevant product is taken into account. The European demand represents a              
fraction of these values. 

Impact of SUNRISE technology on the environmental resources 
Today global 

production a  [Mt / y] 
Production potential b 

[tons ha-1 y-1] 
Land use 

[km2]  86
Freshwater use c 

[Mt / y] 

Hydrogen 70 52 - 130 13 500 - 5 400 630 

Formic Acid < 1 1 182 - 2 956 8 - 3 < 0.5 

Formaldehyde 52 386 - 964 1 350 - 540 30 

Methanol 75 274 - 686 2 700 - 1 100 85 

Ethanol 95 197 - 494 4 800 - 1 900 110 

Ammonia 176 308 - 772 5 700 - 2 300 280 

85 Considering an average PV output in Europe of 1 100 KWh/y per KWp and an average power density of 
150 Wp/m2 per PV panel; 
86 Land use is calculated following this example: for a production potential of, e.g., 52 ton/ha/y and an annual 
demand of 70 Mton/y, one needs a surface of (70000 / 52) ha of land. 
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a Hydrogen data from IEA Hydrogen ; Formic acid data from ULLMANN's Encyclopedia of Industrial Chemistry ;               
Formaldehyde data from Merchant Research & Consulting ltd (https://mcgroup.co.uk); Methanol data from The Methanol              
Institute (https://www.methanol.org); Ethanol data from OECD-FAO AGRICULTURAL OUTLOOK 2018-2027; Ammonia          
data from World fertilizer trends and outlook to 2018, FAO-UN. b Estimates for chemicals production are obtained under                  
the following assumptions: (a) systems absorbing 90% of the photons and converting 80% into products (SUNRISE                
target); (b) two photons per electron transfer; and (c) maxima and minima based on average annual solar irradiation in                   
Malaga (Spain) and Stockholm (Sweden), respectively. c Net usage, since some reactions considered by SUNRISE use                
hydrogen as a feedstock, obtained from water electrolysis, and produce water as product. 
 
Overall, the impact on freshwater availability of SUNRISE is expected to be minimal (thus              
sustainable). However, depending on the local situation, it can become important to be able              
to use waste water or water vapor from the atmosphere. Therefore this sustainability             
criterion has been considered in the technological targets for the proposed approaches. 
On the contrary, land use could be a key criterion and must be carefully assessed. From                
this side, actions should be put in place in order to increase the social adaptability of                
SUNRISE-based technologies. SUNRISE technologies target a ten to hundred times smaller           
land use than current bioenergy: the local deployment must be thought through wisely             
together with pertained communities. Since CAPEX is a major hurdle to overcome,            
co-culturing for reaping the benefits of high economic efficiency in urban and rural zones              
cannot be excluded. 

Green electricity 

The share of renewables in the production of electricity is increasing at a constant rate. DNV-GL                
estimates that renewables will ultimately dominate the electricity production (photovoltaics,          
onshore wind, hydropower, and offshore wind, in the given order). Already mainstream today in              
many countries, these renewable energy sources will together account for 85% of the global              
electricity production in 2050.  87

At the same time, the levelized cost of electricity achieved by those technologies (<22 €/MWh in                
2018) already competes with the current price of production from fossil resources and will continue               
to decrease. Depending on the location and weather conditions, this situation is already             88

achieved, even in Europe. This clearly emphasizes the need for efficient storage solutions to              89

compensate production intermittency. SUNRISE technologies provide a promising way to          
chemically store intermittent renewable surplus energy on the medium and long term. Storage in              
chemical energy carriers complements the short-term storage provided by battery technologies           
and enables a loss-free long distance transport of energy using the already existing infrastructure              
of fossil fuels. 
For SUNRISE technologies, the question arises if there will be enough renewable electricity to              
drive the proposed electrolyzer approaches. PV is the renewable energy growing at the fastest              
rate with wind being complementary in supply timing. Again, the case of hydrogen can serve as a                 
valuable example. As stated above, today’sglobal hydrogen production through water electrolysis           
would result in an annual electricity demand of about 3 700 TWh. This is about 15% of the global                   

87 DNV-GL “RENEWABLES, POWER AND ENERGY USE FORECAST TO 2050” Energy Transition Outlook 
(2017). 
88  IRENA ”The Power to Change: Solar and Wind Cost Reduction Potential to 2025” (2016). 
89 C. KOST et al. “LEVELIZED COST OF ELECTRICITY RENEWABLE ENERGY TECHNOLOGIES”, 
Fraunhofer Institute For Solar Energy Systems ISE, March 2018. (link) 
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annual electricity production (ca. 25 000 TWh), and more than the annual EU-28 production (3 100                
TWh). If this energy would have to be generated entirely by PV, the installed power demand would                 
be 3 400 GW, that is almost 7 times the global installed PV power at the end of 2018. Thus, the                     90

production capacity of the photovoltaics-driven electrolyzer approach will be severely          
limited by the availability of installed PV power. The SUNRISE approach based on direct              
conversion using photo(electro)chemical cells and ultimately photocatalysis can overcome         
these limitations. 

Levelized cost of electricity (LCOE) of renewable energy technologies and conventional power 
plants at locations in Germany in 2018. The value under the technology refers in the case of PV to 
the global horizontal irradiance (GHI) in kWh/(m²a), for the other technologies to the annual full load 
hours (FLH). Specific investments are taken into account with a minimum and maximum value for 
each technology. Ref.: C. KOST et al. “LEVELIZED COST OF ELECTRICITY RENEWABLE ENERGY 
TECHNOLOGIES”, Fraunhofer Institute For Solar Energy Systems ISE, March 2018 (link ).

Supply chain optimization 
The proposed technologies create the need for a regional and temporal optimization of supply 
chains, since the availability of all resources can change significantly (e.g. solar irradiation, water, 
CO2 sources, N2 sources and possibly O2 sources). These decentralized solutions have thus to be 
coupled with electric and gas grid infrastructures on a wider scale to guarantee production security 
and higher efficiency in supply chains. In the future, networks of diverse energy carriers and 
material resources have to couple together to optimize consumption. 

90 REN21 Report, 2019 
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SUNRISE roadmapping process 
 
This technological roadmap is developed drawing on analysis and expert judgement to define the              
activities, priorities and timelines required to reach the SUNRISE vision. It has been             
elaborated by the SUNRISE consortium, involving the entire SUNRISE stakeholder community. It            
addresses European policy makers and stakeholders from research and industry. It is conceived             
as a basis which will be extended later on. In particular the solar fuel topic shall be consolidated at                   
the international level by the collaboration with Mission Innovation Challenge on Solar Fuels             
(Innovation Challenge 5). As it is the nature of a roadmap, it is not a final document, but a                   91

dynamic process revisiting the set targets on a regular basis. It is a structured visual framework to                 
understand dependencies and manage complexity. 
 

 
 
The roadmapping process identifies which technological elements are crucial to reach the            
SUNRISE vision. The latter has been established starting from the so-called Priority Research             
Directions (PRDs), drafted by the SUNRISE partners from March to May 2019 and extended later               92

on by the SUNRISE stakeholder community. Our ambition is to have a consensus-based             
document resulting from intense discussions between partners, stakeholders and policy makers.           

91 A common workshop is already scheduled for October 2019. 
92 https://sunriseaction.com/category/prd/ 
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This is especially important in view of the lack of direct high-level political support and the missing                 
prospect of a large-scale funding to implement the elaborated roadmap. 
It is the creation of the roadmap where real insights lie, through discussions and the structuring of                 
ideas. The roadmapping process included a dedicated workshop taking place on the second day              
of the general SUNRISE stakeholder workshop (17-18. June, Royal Academy of Science,            
Brussels).   This was followed by an intense 3-days workshop of the roadmapping project team. 93

 
Boundaries: from 2020 to 2050, in line with the European Commission's Climate Strategy for a               
Zero-carbon Europe in 2050 
Scope: Artificial photosynthesis technologies, including electrochemical conversion for the         
short-term, photo(electro)chemical conversion and biological approaches for the mid- to long-term;           
biomass-based approaches are excluded because of the elevated demand for available land            
surface; 
 

 
 
 
Stakeholder roadmapping workshop 
 
The SUNRISE stakeholder event in Brussels has been an important opportunity for mining             
completely new approaches and ideas among the 170 participants. Two hours of this general              
ramp-up meeting of the project had been dedicated to roadmapping. After a short general              
introduction into the roadmapping process, the plenum has been asked to split into three groups               
as regards content: Hydrogen and ammonia, CO2 capture and electrochemical conversion, and            
Direct conversion via bio-, biohybrid- and integrated photo(electro)chemical cells.  
The first hour of the workshop was dedicated to a landscaping exercise. In small groups of                
around 10-15 people, the goal was to develop coherent storylines including major technological             
milestones to reach the vision (with discussion leaders from the SUNRISE partners). For this, the               

93 https://sunriseaction.com/if-you-missed-sunrise-stakeholder-workshop/ 
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following questions served as a guideline, with the obligation to follow a timeline and to give                
quantified targets: 
Drivers & Trends: Why do we need to act? What is the need? 
 Example: in 2050, carbon-neutral Europe 
Abstract solution: What can we do? What do we want to deliver to reach the vision? 
 Example: Carbon-free ammonia  production by 2030 
Concrete technological Solution: How can we do it?  
 Example: Low-carbon Haber-Bosch process at ambient temperature and pressure 
Enablers: What are the enablers? Which resources are needed? 
 On the technological level, but also political (legislation), societal (acceptance), .. 
 
After free brainstorming, similar ideas have been clustered and narratives leading to the vision              
have been created. 
 

 
 
The second part was dedicated to topic roadmapping: groups of 2-3 people have been asked to                
choose one particular technological solution (how?) that needs to be unpacked to explore its              
potential. The goal was to articulate the vision and potential application, as well as the current                
status and state-of-the-art. Most importantly, a set of deliverables that provide a series of stepping               
stones from the current state to the future application/vision had to be defined, including an               
associated time dimension. Participants have also been asked to note their key learning points              
during this exercise and to provide a summary narrative of the technology using a Narrative               
Feedback template. 
 
The postprocessing of the workshop results consisted in an in-depth analysis of the collected              
stakeholder input in the form of landscaping and topic roadmapping exercises and narrative             
feedback documents by the project leader. In general, various solutions for hydrogen production             
technologies have been provided, whereas a lack of input for CO2 conversion via             
photo(electro)chemical approaches can be stated. The quality of the results was extremely varying             
from one working group to the other, sometimes missing a coherent storyline. However, one has to                
keep in mind that it has been a complex task for the groups to channel widespread ideas into                  
common vision, given the very limited amount of time and the inhomogeneity of participants. In               
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our opinion, this roadmapping exercise has been a rich experience and we state a fruitful               
exchange of knowledge and ideas among different communities. We are confident that it             
contributed to reach consensus and to strengthen the SUNRISE goals. The received feedback             
was very positive and the provided contact list helped to further exchange with those interested in                
continuing the exercise. 
The detailed analysis resulted in: 
    * the mind map (see chapter “SUNRISE vision”) 
    * a rich basis for milestones and technological targets (see chapter “SUNRISE roadmap”) 
    * the development of standardized technological solutions forms 
      (so-called How-documents,  see subsequent chapter). 

 
 

  

  

SUNRISE stakeholder event (17.-18.06.2019, Brussels), roadmapping workshop. 
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Roadmapping workshop for the project team 

During three days (17-19 July 2019), the project team met in the EERA premises in Brussels for an 
intense roadmapping workshop. This small group (14 people) mirrored the SUNRISE community 
with senior researchers for all three technological approaches and representatives from Siemens, 
Engie, Johnson Matthey and EMIRI. As workshop preparation, the PRD leaders had been asked 
beforehand to transfer and complete the content of the PRD they are responsible for into multiple 
How-documents. They have been free to engage experts outside the consortium and 
stakeholders. The PRDs are in general on the “what?”-level, containing diverse technological 
solutions and thus necessitating several How-documents (e.g. PRD “Sustainable hydrogen 
production” contains among others PV+electrolysis and bio-molecular PEC with quite different 
milestones and targets). This was an important step in order to obtain a collection of data and 
content as complete as possible. It represented an agreed-on basis the roadmapping team could 
efficiently analyze, filter and structure into a coherent roadmap.  
The workshop followed a tight schedule: after a short introduction to the roadmapping process and 
the applied tools by the project leader, the team finalized the mind mapping. How-documents were 
analyzed, discussed and completed, missing elements and weak points identified. A thorough 
landscaping on hydrogen, ammonia, carbon-based fuels and chemicals, and CO2 capture has 
been carried out in the plenum and later on in small experts groups, respectively. Moreover, the 
scenario analysis to estimate the future state and a STEEPLE94 exercise for the current context 
have been initiated. This fruitful work has been continued afterwards via several virtual meetings in 
August and beginning of September for the actual drafting of the roadmap. 

Revision 
The first draft of the roadmap is revised by the SUNRISE managing board and the Quality and 
Impact Assurance team. Afterwards, an external review is planned based on a close-to-final 
document, by a group not having been involved so far (e.g. the SUNRISE advisory board). 

Types of organisations and individuals participating 

From the SUNRISE proposal it follows that UCLouvain coordinates the task, involving companies 
(Siemens, Engie, Johnson Matthey), research and technology organisations (CEA, Fraunhofer, 
Forschungszentrum Jülich) and associations (EMIRI, EERA) with consolidated experience in 
preparing scientific and industrial roadmaps. In addition, CNR is involved as leader of the entire 
work package. The University of Uppsala, Imperial College and the University of Warsaw 
volunteered to join forces given their involvement in Mission Innovation and their leading role in the 
SUNRISE Quality and Impact Assurance team, respectively. ICIQ is of precious help for the 
scenario analyses and dissemination activities related to the roadmap. Input from the policy side is 
provided by DG RTD which will also insure a close link to the roadmap development within Mission 
Innovation. As an additional dimension, the project team covers expertise for the three SUNRISE 
approaches. 

The roles and responsibilities of organisations and individuals have been identified using a RACI 95 

chart. 

94 STEEPLE stands for: Social, Technological, Economic, Environmental, Political, Legal and Ethical 
95 Responsible, Accountable, Consulted and Informed 
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Stakeholder involvement strategy following a RACI chart; taken from Energy Technology Roadmaps, 
A guide to development and implementation, 2014, IEA; 
 

Steering group 
SUNRISE managing board 
Industry:    Jan Mertens (Engie) 
Policy:       Philippe Schild (EC, DG RTD) 

This group is composed of senior 
representatives from policy, 
industry and research to assure 
the actual implementation. 

Project team 
 
Project leader: Carina Faber (UCLouvain) 
Hervé Bercegol, Vincent Artero, Juliette Jouhet (CEA) 
Hélène Lepaumier, Han Huynhthi, Laurent Baraton (Engie) 
Max Fleischer (Siemens) 
Andrea Barbieri (CNR) 
Yagut Allahverdiyeva-Rinne (Turku University) 
Laura Lopez (ICIQ) 
Arne Roth (Fraunhofer) 
Anita Schneider (EERA) 
Robert Potter (Johnson Matthey) 
Leif Hammarström (Uppsala University, MI5) 
James Durrant (Imperial College, MI5) 
Marcel Meeus (EMIRI) 

Core team that is actually 
undertaking the vast majority of 
the work on the roadmap; mirrors 
the composition of the steering 
group; 

Consulted 
 
SUNRISE Priority Research Direction Leaders 
→ lead Ann Magnuson (Uppsala University) 
SUNRISE Quality and Impact Assurance Team 
→ lead Stefan Baumann (FZ Jülich), Joanna Kargul (Warsaw 
University) 

This group channels the input 
from stakeholder experts 
participating in the writing of 
PRDs and workshops and insures 
the quality of the input; it typically 
includes expert representatives; 
Mandate: Attend workshops, 
provide reports, review roadmap 
drafts; 

Informed 
SUNRISE community not actively participating. 

More than 200 supporters from 
policy, research and industry.  
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Technical appendix: technologies and milestones 
Separate documents 
Sustainable hydrogen production 

1. Large-Scale hydrogen production using PEM electrolysis
2. Hydrogen production using photoelectrochemical cell devices
3. Hydrogen via buried-junction photoelectrochemical cells
4. Hydrogen production by photosynthetic microorganisms
5. Hydrogen photoproduction by biomolecular technologies
6. Baggies with particulate systems

Sustainable ammonia production 
1. Renewable Haber-Bosch process
2. Electrochemical ammonia synthesis
3. Direct photoelectrocatalytic ammonia synthesis
4. Ammonium production by photosynthetic microorganisms
5. Plasma-assisted ammonia synthesis

Sustainable carbon-based chemicals and (jet)fuel production 
1. Dark electrochemical reduction of CO2 to C1/C2/C3 products
2. Electrochemical production of hydrocarbon fuels
3. Thermochemical production of hydrocarbons and jet fuels
4. Biocatalytic production of chemicals by microorganisms
5. Carbon-based fuel production by biomolecular approaches 

Carbon capture technologies 
1. Amine-based carbon capture
2. Polymeric membranes based carbon capture
3. Low-Temperature Direct Air Capture
4. High-Temperature Direct Air Capture

Enabling technologies 
1. Computational materials modelling: from novel materials to solar fuel devices
2. Development of new methods and software tools for early quantitative sustainability

assessment of emerging SUNRISE technologies: bridging environmental, economic and
social impacts

3. Redesigning photosynthesis for the biocatalytic production of chemicals and fuels
4. Synthetic Biology
5. Bottom-up chemical engineering of bioinspired artificial photosynthesis reactor materials

and cascades
6. Upscaling artificial photosynthesis systems for a sustainable larger scale production of

energy carriers
7. Oxygen evolution (Water oxidation)
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SUNRISE Roadmap technical appendices: technologies and milestones 

Separate documents can be found through the links displayed below. 

 

Sustainable hydrogen production:  
https://zenodo.org/record/3922239/files/sunrise_technological_roadmap_appendix1.pdf?download
=1  
 
Sustainable ammonia production:  
https://zenodo.org/record/3923416/files/sunrise_technological_roadmap_appendix2.pdf?download
=1  
 
Sustainable carbon-based chemicals and (jet)fuel production: 
https://zenodo.org/record/3923430/files/sunrise_technological_roadmap_appendix3.pdf?download
=1  
 
Sustainable carbon capture and SUNRISE key enablers: 
https://zenodo.org/record/3923448/files/sunrise_technological_roadmap_appendix4.pdf?download
=1  

https://zenodo.org/record/3922239/files/sunrise_technological_roadmap_appendix1.pdf?download=1
https://zenodo.org/record/3922239/files/sunrise_technological_roadmap_appendix1.pdf?download=1
https://zenodo.org/record/3923416/files/sunrise_technological_roadmap_appendix2.pdf?download=1
https://zenodo.org/record/3923416/files/sunrise_technological_roadmap_appendix2.pdf?download=1
https://zenodo.org/record/3923430/files/sunrise_technological_roadmap_appendix3.pdf?download=1
https://zenodo.org/record/3923430/files/sunrise_technological_roadmap_appendix3.pdf?download=1
https://zenodo.org/record/3923448/files/sunrise_technological_roadmap_appendix4.pdf?download=1
https://zenodo.org/record/3923448/files/sunrise_technological_roadmap_appendix4.pdf?download=1
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EXECUTIVE SUMMARY 

To tackle the science and technology (S&T) challenges posed by the climate crisis and address the 

need for moving towards a renewable and sustainable economy, including the energy system and 

the chemical industry, SUNRISE-CSA prepares a science- and technology-driven, large-scale, 

multidisciplinary research initiative built around a visionary unifying goal to store solar energy as 

fuels and chemicals while utilizing atmospheric CO2. One of the final steps of the SUNRISE CSA 

is to deliver the blueprint for the large-scale research initiative and trigger calls, open for all 

organizations that are active in the field, for implementing the SUNRISE large-scale research 

initiative and contribute to its SUNERGY follow-up. In the blueprint the overall collaboration and 

Science & Technology framework with openness is presented, along with the identification of 

necessary competencies and resources including infrastructure aspects. It presents the best practice 

approach to address three principle research directions (PRDs) toward impact: (1) how to combine 

water electrolysis with CO2 capture, (2) to determine to what extent integration of steps gives better 

processes in terms of efficiency, selectivity and concentration over the value chain, and (3) to find 

out how to obtain all the hydrogen for the transition to a low carbon, clean technology economy. 

The blueprint builds on the four task areas defined in the SUNRISE roadmap, i.e. Sustainable 

Hydrogen, Sustainable Ammonia, Sustainable Carbon Capture, and Sustainable Chemicals and (Jet) 

Fuels, which provide a strong and broad basis for future innovation and economic exploitation, as 

well as novel benefits for society. The single prioritizing criterion for the S&T across the three 

PRDs is the demonstration of the value chain from source to final product. The overarching nature 

of SUNRISE/SUNERGY technologies implies that this initiative can only be realised through a 

collaborative, long-term sustained cooperation effort. The blueprint contains a broad initial 

overview of organizations that we have identified that are active in these areas, including, but not 

restricted to, SUNRISE and Energy-X supporters, and organizations from three relevant EERA joint 

programs.  

Integration and European added value: to address its grand S&T challenge in terms of large-

scale integration across disciplines, and the involvement of relevant stakeholders, SUNRISE has 

gathered a strong base of more than 200 supporters, from academia (ca.100), industry (55), local 

research networks and funding agencies. And together, SUNRISE and Energy-X partners and 

supporters reach the critical mass for research excellence and industrial capabilities in Europe 

needed to address the challenge to reach a carbon neutral energy system and chemical industry by 

2050, as stated in the “A Clean planet for all” and the “Green Deal” European long-term strategies. 

The research initiative will need in the order of 100 M€ per year, to reach the objectives described 

in the Vision (D1.1) and Roadmap (D1.2). The aim is to reach a significant input of SUNRISE 

technologies across Europe by 2050.  

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52018DC0773
https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal_en
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1. INTRODUCTION

This blueprint to implement a European large-scale research cooperation working on securing the 

supply side of the circular economy with renewable fuel and chemicals is a deliverable of SUNRISE 

CSA with input from its sister CSA Energy-X. It brings together a range of participants from 

academia, research organisations, society and from the private sector. With this blueprint we urge 

to complement the scope of existing European partnerships and enable the full decoupling of 

economic growth from the utilization of resources at the local, regional, national and European 

levels for a sustainable resilient growing economy that leaves no one behind. While current public-

private partnerships focus on improvements on the demand side with limited impact, SUNERGY 

proposes a pipeline of high impact technologies that boost efficiency on the supply side with 

light-to-products and fuel conversion from atmospheric CO2 at high yields up to 2500 ton/ha.yr.  

This represents a genuine best effort for Europe, since 

- Decarbonization of the energy sector on the supply side paves the way for other sectors

- Why us: we are broad, application oriented, develop technology, and we have vertical

integration, science-technology-industry, over the entire knowledge chain

- There are many national projects, and now it is time to initiate a European partnership to

broaden from renewable power from photovoltaics and wind

- If we do not include this pathway to a low carbon, clean technology economy, we will lose

the primary industry in Europe in what is by far the biggest market worldwide

- Priority: demonstrate the value chain from source to final product as the single prioritizing

criterion

- By providing a new paradigm we create room for interpretation for other scientific

disciplines and for socio-economic stakeholders

The combination of the SUNRISE and Energy-X initiatives, under the new name SUNERGY, has 

already received support from over 300 stakeholders all over Europe, and from outside the European 

continent. This blueprint describes the science and technology (S&T) structure to implement the 

strategy outlined in the SUNRISE roadmap. It describes how to balance overall project objectives 

with necessary competences and resources in a transparent process. It takes relevant elements of the 

Energy-X research agenda on board and builds on a synergistic framework of calls for bottom-up 

research and innovation actions (RIA) at TRL 0-5, innovation actions (IA), at TRL 6-9, 

demonstration projects to bridge between the RIA and IA, and demonstrators for dissemination and 

valorisation in the circular economy. The IA calls will need very strict criteria to maximize their 

impact, while the RIAs provide the means to nurture new ideas emerging bottom-up from the 

community. The work is open for new participants and is distributed based on open tenders and a 

fair selection of the best bids that are put forward in mutual competition by the members of our 

community and third parties. Resilient short, medium and long-term quality and impact assurance 

will be implemented to establish credible paths for disruptive change, with innovation pipelines 

delivering plug-in technologies for supplying fuel and chemicals manufactured from renewables at 

an affordable cost.  
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The purpose of this deliverable is to map the collaboration and S&T framework, in terms of 

necessary competencies and resources, including infrastructure aspects, that are needed for an 

implementation with openness. It provides a mapping of competencies and resources within Europe. 

The deliverable also considers the parameters for openness in the process of exploitation of results, 

both in exploiting scientific results with other scientists (Science-to-Science) and in the 

development of marketable materials, devices and processes (Science-to-Business). We also 

develop a “call scheme” over the course of 10 years with a number of calls needed to reach the 

SUNRISE goals. After submitting our blueprint the process will be ‘out of our hands’. Next steps 

will be that DG Connect will review the outcome and engage in rounds of consultations with EU 

member states (MS). 

1.1. Strategy and practices 

The unifying goal of the SUNERGY large-scale initiative is to deliver a steady flow of targeted 

impact solutions for accelerating the transformation to a scalable energy and supply system. To 

sustain a circular economy with high economic efficiency, innovative value chains from source to 

product are needed. The S&T objective of manufacturing fuel and chemicals from abundant 

molecules in the atmosphere with renewable energy on a meaningful scale to decouple economic 

growth from utilization of natural resources is articulated in the SUNRISE consolidated vision. The 

companion strategic roadmap shows how the unifying goal can be realised and what the major 

milestones are. It situates the large-scale research initiative in the global landscape and identifies 

four task areas for the technology development of artificial photosynthesis towards societal impact, 

innovation and exploitation. These are (i) EU-wide massive deployment of sustainably produced 

hydrogen, (ii) Cost-competitive and decentralised sustainable production of ammonia, (iii) 

Sustainable carbon capture, and (iv) Cost-competitive and decentralised sustainable production of 

chemicals and fuels.  

The large-scale research initiative will capitalize on the maturity of concentration of electricity from 

PV and wind, to foster deployment of electrochemical processes, and move forward to the 

development of innovative technologies enabling the centralized production of ammonia, hydrogen 

and carbon-based compounds. The scientific underpinning for this part is strengthened by the recent 

merger of SUNRISE with Energy-X. In addition, the large-scale research initiative will push the 

development of less mature, visionary photo(electro)chemical, biological and biohybrid systems 

that will provide the direct decentralized conversion of solar energy into chemical compounds. To 

reach the highest efficiencies, CO2 capture and CO2 activation will have to be integrated in a novel 

class of high-performance catalytic materials. On the European level the new technologies will 

provide competitive prices for fuels and compounds that can be concentrated to any desired level, 

for providing a carbon neutral supply to the circular economy and, ultimately, for enabling the 

capture and storage of CO2 from the atmosphere.  

The critical step for disruptive technologies is the emergence and growth of innovative value chains.  

All the high efficiency effort should aim for low investment cost and halving the product price 

compared to fossil resources. Hence the single prioritizing criterion across the entire S&T 
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framework (i.e. for both RIAs and IAs alike, as well as for demonstration projects and 

demonstrators) is the demonstration of the value chain from source to final product. Three global 

priority research directions (PRDs) bridging the gap between current capabilities and the unifying 

visionary goal have been identified as terms of reference for the SUNRISE strategy and practices:  

- Combine water electrolysis with CO2 capture, this gives the fully integrated value chain

(PRD1).

- Does integration of steps (PV + electrolysis vs PEC vs molecular vs biological) gives better

processes in terms of efficiency, selectivity/purity, concentration over the value chain

(PRD2)?

- How do we get all the hydrogen to decarbonize, if we improve efficiency (PRD3)?

As innovation stepwise builds on invention, fundamental research, and valorisation, it will be 

important to create an environment where new concepts and approaches for converting sunlight into 

fuels and chemicals, developed in academic environments, can be made to harmonize with the 

drivers that are shaping society. This environment will ultimately depend on established academic 

networks and public-private partnerships and collaborations. The typical pathway is to have 

multiple RIA's (ca 5 M€ each) with a combination of bottom-up and top-down strategic elements 

followed by a larger demonstration project partnership (ca 10 M€) in a converging approach. A 

successful demonstration project is based on the best outcome of the preceding RIA stage. Limited 

redundancy at the RIA stage is used to mitigate risk of failure: successful elements of RIA projects 

that do not get an independent follow up are included in the demonstration project in a "graceful 

failure" strategy to build in fault tolerance. Following a go-no go decision, an IA will be the next 

stage, under top-down programmatic guidance and risk mitigation based on limited redundancy in 

the IA project plan. While the funding for RIA's will be supplied within the Horizon Europe (HE) 

framework, for funding the IA's participation of MS and associated countries (AC), with fair 

compensation for their contributions, will have to provide additional leverage. The mechanisms for 

compensation will be worked out on a case-by-case basis at the IA proposal stage, and will be 

subject to contract negotiations with the EU upon selection of the IA for funding prior to its start. 

In this blueprint, the total cost of the RIAs, demonstration projects, and IAs is initially targeted at 

ca 1.1 billion € from public and private sources. However, it is important to recall that a new energy 

technology - any new energy technology - requires globally 1 trillion € upfront to bring it to 10 % 

of its full potential, which should be reached in a time frame of the three decades until 2050. 

Considering that the European population is 10% the world, a proportional part of these resources, 

around 100 billion €, will have to be mobilized in due time. Thus, a further growth of a successful 

research program to a level of 10-20 billion € for the period between 2020-2030 supporting 

development by the member states and efficient innovation by the private sector, can be envisaged. 

The SUNRISE S&T trajectories of RIA's and IAs will feed their results into large demonstrators to 

push innovation forward in decoupling of economic growth from utilization of resources: 

● For pilot scale production of Jet fuel, a 300-500 million revolving fund with airlines is

required.
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● Pilot scale production for CO2 capture from concentrated sources, and sequestration of CO2

from the atmosphere will connect to the ongoing public-private initiatives for innovation in

MS and AC.

● For decentralized residential and farming applications geographically distributed

demonstration throughout Europe is the preferred action.

Since these demonstrators should operate at the production plant scale, significant funding, e.g. 

from the Green Deal, will be required.  

In the view presented in this blueprint, the SUNRISE manufacturers will join the hydrogen valleys, 

and the demonstrators will lead to new businesses and joint ventures in the new pillar 3 "revolving 

fund" of HE when they end successfully. This will be equity financed, and not included in the 

budget for the large-scale research initiative. It is anticipated that a SUNERGY central management 

will only monitor progress, as the existing demonstrators operate on their own management.  

In 2019, the European Commission also announced the launch of the Innovation Fund (IF). This 

large funding program, as a successor of the NER300 programme, is established by the EU 

Emission Trading System (EU ETS) Directive for the period 2021 to 2030 and may amount to about 

10 billion € depending on the carbon price. The objective is to support the demonstration of highly-

innovative low-carbon technologies which can lead to significant emission reductions in Europe. 

This program will focus on energy intensive industries (including products substituting carbon 

intensive ones) but also on Carbon Capture and Utilisation (CCU) and Storage (CCS) projects and 

innovative renewable energy and energy storage technologies, including highly innovative 

technologies and big flagship projects. The Fund is also open to small-scale projects with total 

capital costs under €7.5 million. The projects will be selected based on several criteria, i.e. the GHG 

emission reduction potential, degree of innovation, maturity, scalability, cost efficiency. 

The Commission aims to launch the first call in 2020 but regular calls are expected until 2030. It is 

expected that 1.5 billion € will be the total budget of the first IF call mid-2020. This funding program 

can be an opportunity for demonstration and valorisation of the highest TRL technologies developed 

within the large-scale research initiative. 

2. S&T NETWORKS

2.1 European network of SUNRISE facilities

The SUNRISE initiative will demonstrate source to product value chains in every area of the 

roadmap with basic, applied and industrial research. The proposed technologies span through a 

broad range of areas from synthetic chemistry and materials science as well as catalysis, 

photophysics and photochemistry, molecular biology and biotechnology, via electroengineering to 

power plant engineering, process technology and energy systems. The academic and engineering 

resources for the development of SUNRISE technologies cover more or less all academic 

institutions, and energy or environmental research organizations in Europe. However, not all of 

these will necessarily have the financial, physical and academic resources to meet the challenge of 

developing the SUNRISE initiative across all TRLs and on a meaningful scale, up to the level of 

pilot plants. While the principle challenge at the low TRL stages is to collect bottom-up the 

"unknown unknowns" with RIA's fostering academic progress, at the higher TRL IA's the emphasis 
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will be on addressing "known unknowns" with strong support from the private sector to forge an 

efficient programmatic approach over the value chain from source to final product.  

A large number of European academic institutions and research organizations are capable of 

contributing with knowledge and infrastructures, all of them having the experience and willingness 

to assume a leading role by building and coordinating international partnerships to perform the RIAs 

and IAs. The institutions and research organizations will pursue and increase critical mass by 

promoting new entrants joining the community from all over the globe.  

Developing alternative energy carriers and sustainable raw materials is a game changer for today's 

energy system and for the chemical industry. At the higher TRLs a multidisciplinary, intersectoral, 

and strongly coordinated effort will be essential to achieve the emergence and growth of innovative 

value chains. Low investment cost and low product prices compared to fossil resources will require 

new paradigms for strong economic and systemic drivers in urbanized environments with high 

economic efficiencies. The fuel market is the world’s largest market by far, and the pillars of 

European industry are highly energy-intensive and rely significantly on the import of crude oil and 

gas. Beyond 2050, the value chains that derive from the products coming out of the 

SUNRISE/SUNERGY innovation pipeline should drastically reduce the reliance of the economy 

on fossil fuels, and shift the international upstream oil and gas market towards renewably produced 

fuels and chemical feedstocks. This will take cooperativity and strong incentives for this change to 

become persistent.  

SUNRISE technologies create the need for a regional and temporal optimization of supply chains, 

depending on the availability of resources, such as sunlight, water, CO2 and N2 sources. 

Decentralized SUNRISE solutions thus have to be coupled with existing electric and gas grid 

infrastructures to guarantee production security and high efficiency in supply chains. In addition, 

with a diversity of processes and products, additional grid infrastructure is envisaged. This includes 

dynamic grids for enhanced integration and economic efficiency over the source to product value 

chain, for instance based on drones, to provide the right amount of resources at the right time and 

on the right location, and to balance production with demand. A number of local and regional 

municipal and governmental agencies and companies, that supply infrastructure for energy and 

water, have expressed their support for SUNRISE, and thereby showed readiness and willingness 

to comply with future infrastructural needs. 

To create a true map of the core networks that SUNRISE can rely on for its development, the 

organizations and companies that have actively shown support for the SUNRISE and Energy-X 

initiatives will serve as the nucleus for further growth. These are complemented by cross-cutting 

organizations, such as KIC InnoEnergy and the European Energy Research Alliance (EERA), that 

bridge between different communities and support research coordination actions. Together they 

comprise all technological know-how that can be foreseen as necessary to propel the development 

according to the SUNRISE roadmap. 



D1.3                                                                                                                 

10 

 

The four task areas of the roadmap consist of Sustainable Hydrogen, Sustainable Ammonia, 

Sustainable Carbon Capture, and Sustainable Chemicals and (Jet) Fuels. In the tables I to IV in  the 

Appendix we present a first overview of organizations SUNRISE has identified that are active in 

the four areas, starting with SUNRISE and Energy-X supporters, and complemented with 

organizations from three relevant EERA joint programs, i.e. Advanced Materials and Processes for 

Energy Applications (AMPEA), Carbon Capture and Storage (CCS) and Fuel Cells and Hydrogen 

(FCH). In a large-scale research initiative with openness this community will grow further in the 

coming years. 

 

 

3. IDENTIFICATION AND MAPPING OF COMPETENCIES 

 

3.1 Required Competencies and identification of Key Partners 

 

The Partner organizations of SUNRISE, together with the supporting organizations, represent a 

formidable competence base for carrying out the proposed large-scale project of SUNRISE. Below, 

we list the required competencies together with key Partners and Supporting Organizations that 

provide the respective competence. Some additional organizations that are not yet involved in 

SUNRISE or SUNERGY (a joint SUNRISE/Energy-X initiative, vide infra), but have an important 

competence and have contributed to the SUNRISE Roadmap, are also included. 

Catalysis, homogeneous and heterogeneous. Solar fuels and chemicals from small molecules such 

as water and carbon dioxide require good catalysts that operate at high rate and selectivity, to form 

pure products at minimum energy cost. Scientific and technical understanding of catalytic reactions 

and processes are needed to design, evaluate and develop new catalysts that fulfil requirements of 

performance, durability and scalability. 

Competence: Most universities, several research institutions and many companies, such as Johnson 

Matthey (UK), C&CS catalysts and chemical specialties (DE), Evonik (DE), Haldor Topsoe (DK), 

InCatT (NL).  

Light-driven processes and reactions. This competence area includes the related but distinct fields 

of photophysics, photochemistry, natural photosynthesis, photocatalysis and 

photoelectrochemistry. They provide fundamental scientific knowledge of electronically excited 

states, charge separation and quantum behaviour in natural photosynthesis, molecules, 

microorganisms semiconductors, nanoscale and mesoporous systems. This is needed for synthesis 

and design of molecules, materials and devices, as well as for advanced characterization by 

experimental and theoretical methods.  

Competence: Primarily universities and research institutions, but also companies such as Evonik 

(DE). Additional companies are found under “(Photo)bioreactors and microbial cultivation” 
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Electrochemistry. Electrochemistry is essential for electrocatalytic fuel formation, and for their 

use in fuel cells. It is needed to guide design of materials, devices and systems. Relevant competence 

is also available in the battery research and industry. 

Competence.  Most universities and research institutions, as well as many companies, such as Areva 

H2Gen (FR), Engie (FR), Esy-labs (DE), Hydrogenics (US, BE), Hydron Energy (NL), ITM (UK), 

Nel (NO), PowerCell (SE), SABIC (NL) and Siemens (DE). Many relevant academic and industrial 

partners are members of the European initiatives Battery 2030+ and the European Association for 

Storage of Energy, EASE. 

Electrical systems engineering. Several SUNRISE technologies (electrolyzers; 

photoelectrochemical systems) depend on complex systems that include electrical and electronic 

components. 

Competence. Many universities, research institutions and several companies, such as CEGASA 

(ES), Engie (FR), RWE (DE) and Siemens (DE). 

Solar energy technologies. Current solar energy technologies include photovoltaics, CSP, and 

solar thermal technologies. SUNRISE technology development will benefit from synergies with 

this sector. This includes production, deployment an operation of systems and components. 

Competence. Many universities and research institutions, and companies such as SUNRISE partners 

and supporters ENGIE (FR), Proheat Heattrace (ES, UK), PVH_Energy Storage (ES), Siemens 

(DE), 

Synthesis and characterization of molecules and materials. Preparation of materials and 

components is an obvious need for SUNRISE. 

Competence. This is a core competence at essentially every university and research institution 

involved in chemical and materials research. The chemical and materials industry is also very 

strong in the EU, organized though e.g. EMIRI, EuChemS and the EERA Joint Program 

AMPEA. Examples include additional SUNRISE Partners and Supporters, such as Johnson-

Matthay (UK), Arkema France (FR), Avantium (NL), 3M, Spain (ES), Clariant (CH), 

Covestro (DE), Cristal Global (UK), Everest Coatings (NL), NOVAMONT (IT), Sulapac (FI) 

Chemical, Materials and Process Engineering. For production of components and modules for 

the SUNRISE technology systems, as well as for the handling of products, engineering is required. 

Competence. Many universities and research institutions, and companies such as Certech (BE), 

DECHEMA (DE), Plasmatechnologie GmBH (DE), Plasmatreat GmBH (DE), Dr Laure 

Plasmatechnologie (DE),  

Membranes. Most design concepts for gaseous solar fuel formation include a membrane for 

separation of product gases, e.g. hydrogen or syngas from oxygen. At the same time, the membrane 

should allow for rapid proton transport from anode to cathode. 

https://battery2030.eu/about-us/partners/
https://ease-storage.eu/
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Competence. Several universities and research institutions, as well as European companies such as 

Solvay-Solexis (FR), Polymem S.A (FR) and Fumatech/Dupont de Nemours (FR) (membranes 

producers) and e.g. Axane (FR), Symbio FC (FR), Renault (FR), Toyota (J, BE) (end-users). The 

EERA Joint Programme AMPEA, and Fuel Cells and Hydrogen (FCH-JU) gather competence in 

the area.  

Carbon dioxide Capture and Utilization. Capture of carbon dioxide from flue gas or ambient air 

is the first step in the cycle of carbon dioxide conversion to fuels and chemicals. Current prospects 

for direct air capture would result in large energy losses for the CO2 capture and concentration. 

SUNRISE aims to drastically reduce those energy losses by novel concepts. By direct coupling of 

CO2 capture to catalysis, optimally matching the CO2 flow and photocatalytic reactions, 

thermodynamic losses can be minimized. This requires more research on new concepts. 

CO2 capture from point sources, such as industrial emissions, can significantly reduce the carbon 

footprint of major industrial sectors. The competences of many stakeholders are needed for the 

transition to a circular and CO2 neutral economy.  

Competence. A large number of companies are active in this area, including Aker solutions (NO), 

Antecy (NL), ArcelorMittal (LU), BASF (DE), Carbyon (NL), CRI_Carbon Recycling 

International (IS), Climeworks (CH), ENGIE (FR), Ineratec (DE), KT-Kinetics Technology SPA 

(IT), Lhoist (BE), Linde Engineering (DE), Liquid Wind (SE), Quantis Sàrl (CH), RWE (DE), 

Siemens (DE), Skytree (NL), Solvay (BE), Stena (SE) and ZEG Power A.S. (NO). CO2 Value 

Europe is an organization for companies, universities and organizations active in the area of carbon 

capture and utilization. The EERA Joint Programme Carbon Capture and Storage is another one. 

Water and air management. This is focused on the processes of chemically scrubbing carbon 

dioxide from industrial exhaust gasses, directly from ambient air, or from seawater. In addition, 

water is needed for water-splitting reactions of large-scale solar fuels technology, and the quality 

of water needs to be matched to the technological requirements. To achieve this in an efficient and 

economically viable manner, expertise is needed on emission detection technologies and the 

removal of contaminants from exhaust gas flows and the maritime environment.  

Competence. Canal de Isabel II (ES), PlasmaAir AG (DE) 

Genetic and metabolic engineering of microorganisms; synthetic biology, biotechnology. 

Genetic and metabolic approaches are widely used today to re-design microorganisms for efficient 

production of targeted solar fuels and chemicals. Synthetic metabolic pathways can be inserted into 

microorganisms to allow for production of the fuel or chemical of choice. Biotechology methods 

are enablers of this development.  

Competence. Many universities and research institutions. Companies with competence directed 

towards solar fuels include Cyano Biotech (DE), Photanol (NL), H2WIN (FR) INGENZA (UK), 

Neste (FI) and PEPperPRINT (DE). 

Computational chemistry/physics. Advanced theoretical chemistry and physics tools for 

computational investigation of the properties of molecules and materials including their dynamic 

https://www.co2value.eu/
https://www.co2value.eu/
https://www.eera-set.eu/component/projects/projects.html?id=41
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structure are essential for materials discovery and characterization, elucidating reaction mechanisms 

in chiral systems etc. 

Competence. Most universities and research institutions, as well as several companies, including 

SCM Amsterdam (NL). 

Multiscale modelling. Solar fuels devices and systems need to integrate processes occurring on 

many different time- and length scales, from femtoseconds to days and from the nano- and 

mesoscale to at least several meters. Substrates and products in liquid and/or gaseous form need to 

be provided, transported and collected; electrons and protons need to be transferred, and 

transported, concentration gradients handled etc. Multi-scale simulations are vital for the design and 

analysis on both the device and the systems level, and an engineering theory for the bottom-up 

design of modular device concepts is urgently needed.  

Competence. Several universities, research institutions and companies. The EERA AMPEA Joint 

Programme has a sub-programme dedicated to multiscale modelling of materials, processes and 

devices and gathers some of the key European actors in the field. There are also two European 

centres of Excellence gathering key European actors: MAX (MAterials design at the eXascale) and 

EoCoE (Energy Oriented Center of Excellence) 

Informatics, AI. Bioinformatics is an important tool for understanding biological data. It can be 

used e.g. in the analysis of gene and protein expression and regulation, or to optimize metabolic 

pathways. Informatics, machine learning and Artificial intelligence (AI) will become more 

important in the near future also for e.g. materials discovery. 

Competence. Several universities, research institutions and companies. The two above-mentioned 

centres of excellence MAX (MAterials design at the eXascale) and EoCoE (Energy Oriented Center 

of Excellence) are active in this field with key European actors. 

Information technology. A large-scale research and development project requires strong IT 

solutions. Prototypes, demonstration and the final technology will need constant and remote 

monitoring of operation. 

Competence. Several companies, including SUNRISE supporter PCM Technology Solutions (UK). 

Handling of fuels. This includes handling, conversion (e.g. syngas-to-Cn compounds, H2-formate 

interconversion), storage and transportation of gaseous and liquid fuels. The processes should be 

optimized for both small scale production of solar fuels on e.g. house roofs as well as for large-

scale production of jet fuels. 

Competence. Gas and oil companies, which are strongly represented in Europe, e.g. Shell (NL), 

TOTAL S.A. (FR), HyGear B.V. (NL), Linde (DE), Neste (FI), Repsol (ES), ST1 (FI) and 

ENAGAS (ES). R&D on fuel and chemicals interconversion processes involves several universities 

and research institutes. 

http://www.max-centre.eu/
https://www.eocoe.eu/
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Fertilizers. For deployment of fertilizers produced by SUNRISE technologies, companies that 

produce and distribute fertilizers today are key partners. 

Competence. European companies include BASF (DE), Casale (CH), Stamicarbon (NL), Tara (NO) 

and Thyssenkrupp (DE). 

(Photo)Bioreactors and microbial cultivation. Bioreactor and photobioreactor competence, and 

competence in cultivation of photosynthetic microorganisms, is needed for design and operation of 

large-scale production of solar fuels and solar chemicals. The competence is valuable for 

photoreactor design, also with non-biological approaches 

Competence. Universities and research institutes, and European companies such as Ecoduna 

Eparella GmbH (AT), Photanol (NL), Subitec (DE), AlgoSource (FR), Algae for Future (A4F, PT), 

Electroarchea (DE). 

Transportation. A major future end user of the SUNRISE technology products is the transportation 

sector, including personal and heavy ground vehicles, ships and air planes. 

Competence. European companies are particularly strong in the transportation sector. This includes 

transportation companies, and vehicle and component manufacturing companies, such as SUNRISE 

supporters Copenhagen Airports, Toyota Motor Europe (BE), Fev GmbH (DE), Marion 

Technologies S.A (FR), Schaeffler (DE), Stena Line/Stena Rederi (SE). 

Energy systems. When consumers and industries produce and exchange solar fuels and solar 

chemicals, new energy distribution systems and regulations have to be developed and put into place. 

To optimally integrate the use of renewables into existing networks, smart grids technology needs 

to be developed further, supported by information technology, policy regulations and market 

instruments. 

Competence. Major European companies include the SUNRISE partners and supporters ENGIE 

(FR), Acconia (ES), CIC Energigune (ES), EDP Energia (ES), ENDESA (ES), Fortum Power and 

Heat Oy (FI), HUNOSA (ES), Petrogal SA (PT) and Uniper (DE). The EERA Joint Programme 

Energy Systems Integration also gathers many key European actors in the field. 

Device and systems engineering.  Devices, processes, and systems need to be optimized based on 

lab scale Proof-of-Concepts to lab-scale demos for making fuel from CO2 and sunlight on a house 

roof. In parallel, large-scale Proof-of-Concepts will be obtained for running pilot production of jet 

fuel and further scale up at industrial sites. This includes computational design of 

devices considering e.g. fluid dynamics, heat management etc. as well as building hardware. 

Competence. Several universities and research institutions, as well as many Companies, such as the 

SUNRISE partners and supporters Siemens (DE), Engie (FR) Atmostat-Alcen (FR). 

Construction. Large-scale deployment of solar technologies will need the competence of 

construction companies. 

Competence. Many European companies, such as SUNRISE supporter LafargeHolcim (FR) 

https://www.eera-set.eu/component/projects/projects.html?id=45
https://www.eera-set.eu/component/projects/projects.html?id=45
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Innovation, entrepreneurship. Research and innovation needs to be brought to products and the 

market. While several SMEs emerge active in solar fuel technology for small scale production on 

house roofs, farms and private gardens, the scale of the future solar fuels system demands 

involvement also of large companies. 

Competence. Several technical Universities and Research Institutions have strong innovation 

competence. Several large companies are active in areas relevant for solar fuels: oil & gas (see 

above), energy technology (e.g. Siemens, Engie), materials (JM). Economic development 

agencies such as Innovation Quarter (NL) are needed to stimulate regional collaboration and 

implementation strategies.  

Environmental and sustainability aspects, Life-cycle assessment (LCA) and techno-economic 

analyses (TEA). Analysis of climate and other environmental impact, as well as and sustainability, 

is vital for development and implementation of energy technologies. LCA is a standard tool to assess 

environmental impacts associated with all the stages of the life-cycle of a commercial product, 

process, or service. Life Cycle Energy Assessment (LCEA) is important to estimate the Energy 

Return on Energy Invested (EROI). For emerging technologies, it is important to develop predictive 

LCA together with techno-economic analyses as well as social aspects such as assessing public 

acceptance.  

Competence. Several Universities and Research Institutions, as well as Companies, such as 

NOVATLANTIS (CH), Metabolic (NL), and several others. 

Recycling and circular processes. This includes the activities and actions required to reuse product 

materials and manage waste streams in a circular manner, including the collection, transport, 

sorting, re-use and recycling of waste, supported by circular policy regulations and circular business 

models. 

Competence. Companies focusing on recycling and circular industrial processes include 

EcoRecycling SRL (IT) and Nextchem – Maire Tecnimont (IT). 

Outreach, Education and Public acceptance. New energy technologies need public acceptance 

for large-scale implementation. The SUNRISE technologies imply wide deployment of light 

harvesting infrastructures and new industrial facilities for production and distribution of fuels and 

chemicals, along with conversion of existing petrochemical facilities. Availability of raw materials 

for the new processes and facilities also needs to be carefully addressed. An industrial 

transformation of this size inevitably implies social and economic impact on a large scale. In case 

of success, such changes will be strongly beneficial for society, but this is not immediately obvious 

to citizens! Therefore, a substantial amount of human and financial resources needs to be mobilized 

to promote scientifically-grounded information on the vast industrial transformation. This needs to 

be handled very carefully, especially in a time when unscientific beliefs quickly spread across the 

web, particularly through social media. Every partner involved has to support a strong outreach and 

educational plan – also involving interaction with social sciences and humanities – in order to 

promote the SUNRISE technologies at all level of the educational system, i.e. all the way from 
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elementary school to universities, as well as to involve the society at large and mass media 

professionals in particular.  

Competence. All universities and research Institutions, as well as several Companies, have 

dedicated technical staff and even research personnel dedicated to education and outreach. Fruitful 

interactions with existing initiatives can be envisaged, for instance with KIC InnoEnergy, Climate-

KIC and KIC Raw materials, which are funded by the EU through the EIT. 

Legislative aspects, policy making, financing.  Apart from a large-scale research initiative 

additional actions need to be implemented such as leveraging research and innovation funding from 

both the private sector as well as MS/AC investments. At present, EU RTD schemes do rarely go 

beyond the demonstration stage. For subsequent innovation steps, the much higher efficiency of the 

private sector compared to academia and research institutions is essential to nurture rapid progress. 

However, ambitious investments need to be financed if they are to be successful, and the supply of 

the enormous financial resources that are required upfront by the private R&D stakeholders in small 

scale financing operations is unrealistic. The only sector of the financial system that has in principle 

the capacity to finance an energy innovation effort is the global bond market. While this is globally 

the biggest source of capital, bonds are low yield, low risk financial instruments. To finance high 

risk innovation trajectories with green bonds, the EU and member state governments can implement 

derisking mechanisms were the state backs the risk to release the necessary financial resources on 

the required scale, following China that has taken the lead in greening its financial system already.1 

An important conclusion is that ca 15% of the financial resources can come from public, i.e. tax-

based resources, with the remaining 85% of needed funding coming from the private sector. With 

a large-scale research initiative funded on the European level with 1 billion € from public sources, 

about 10-20 € billion will be needed from private sources for the period of 2020-2030, and around 

80 billion € between 2030 and 2050. 

Green bonds are on their way to becoming mainstream in tapping the immense investment potential 

of the financial markets.2 Asian countries like Korea and also European member states like the 

Netherlands have demonstrated that institutional investors, pension funds and insurance funds, 

which have between them over 60 trillion € in investable funds and where capital shortage is not a 

problem, are willing to purchase green securities at investment grade from respectable banks. This 

will make the financing of aggregates of projects at low capital cost possible by low interest rates. 

It will allow governments to address the financing directly without any intermediaries, in contrast 

with carbon tax financing measures. By providing backing, governments put their credibility at 

stake to finance genuine green deals, since investors will perform due diligence and markets will 

immediately react in case of inefficiencies in the implementation and penalize the issuer of the 

bonds. Displacing fossil resources by renewables then becomes a government driven private 

investment, rather than a tax financed cost of mitigation.  

 
1 https://www.cbd.int/financial/privatesector/china-Green%20Task%20Force%20Report.pdf 
2 Global Green Shift: When Ceres Meets Gaia (2017) J.A. Mathews, Anthem Press, ISBN1783086408 
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In addition, legislative aspects such as liability and de-risking needs to be addressed, e.g. for the 

cross-national utilization of abundant resources (water, air) and in particular their potential 

pollution. 

Competence. The EC and National Governments, as well as SUNRISE 

supporter organizations (e.g. WWF, EuCheMS, CO2 Value Europe, Fonden Technologi (DK) and 

the Green-Win collaboration. 

3.2 Infrastructure needs 

a) Access to large (regional, national and trans-national) infrastructure is needed for the SUNRISE

projects. Towards this need, ESFRI has a mission to support a coherent and strategy-led approach

to policy-making on research infrastructures in Europe, and to facilitate multilateral initiatives

leading to the better use and development of research infrastructures, at EU and international levels.

- Laser spectroscopy is key to investigate light-induced excited state processes in solar fuel

components, materials and devices. Laserlab Europe is an Integrated Initiative of European

Laser Research Infrastructures in 18 countries. This builds on European strength in the area

to offer transnational access to top-quality laser research facilities in a highly co-ordinated

fashion for the benefit of the European research community.

- Development of artificial photosynthesis reaction cascades critically depends on biomimetic

nanotechnologies that lower transition states along adiabatic or nonadiabatic reaction

coordinates by tuning of their ground state dynamic structure. Hybrid structure

determination by computational integration of cryo-EM, electron diffraction, solid state

NMR and other spectroscopic methods require state of the art infrastructure at the national

and European level. Many countries have state of the art EM and NMR infrastructures in

place that will contribute to the structural underpinning and provide mechanistic insight.

- Current researchers on solar fuels are already important users at synchrotrons and free-

electron laser (FEL) facilities, and have to a large extent helped motivate the investment

in FELs. There are several synchrotrons with top-class performance within MS and AC, and

two FELs (out of five in the world) are in Europe, in Hamburg and in Switzerland. LEAPS

– the League of European Accelerator-based Photon Sources – is a strategic consortium

initiated by the Directors of the Synchrotron Radiation and Free Electron Laser user

facilities in Europe.

- Neutron scattering facilities are also important, with several sources within EU. The

European Neutron Scattering Association (ENSA) is an affiliation of national neutron

scattering societies and committees, which directly represent users. The European Spallation

Source (ESS) is currently under construction in south Sweden and will be the world’s most

powerful neutron source.

https://www.laserlab-europe.eu/
https://www.laserlab-europe.eu/transnational-access
https://leaps-initiative.eu/
http://www.neutrons-ensa.eu/
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- High-performance computing centers are already used for both theoretical and 
computational chemistry and physics of molecules and materials, simulations and multi-

scale modelling. Analysis of large amounts of experimental data, including data mining and 
meta-analysis also depends on high-performance computing. As AI and machine learning 
becomes more important, computing is expected to become more efficient; nevertheless, it 
is highly likely that computing demands will increase in the future.

- Testing and certification centres, as for e.g. photovoltaics, will have to be established also 
for solar fuels, e.g. the Helmholtz Energy Materials Foundry (HEMF). This will allow for 
rational comparison of systems and for certifying performance. However, standardisation of 
conditions is significantly more complicated than for solar cells, as substrate (feedstock) 
needs to be provided and different products need to be extracted.

- Pilot and demonstration plants need to be built, and because of their large-scale, funding 
from the private sector will be important.

- Databases and facilitated access will be important tools. The Pasteur Culture Collection 
(Paris) and Nordic Culture Collection (NordAqua, FI) provide high-quality biological 
material for the generation of reliable scientific results and technological innovations. This 
includes a large collection of photosynthetic cyanobacteria.  There are many databases of 
materials, for example, NRELMatDB is a computational materials database with the specific 
focus on materials for renewable energy applications including, but not limited to, 
photovoltaic materials, materials for photo-electrochemical water splitting, thermoelectrics, 
etc. The main goal of NRELMatDB is to enable and facilitate the access and exchange of 
computational data between different research groups following the guidelines outlined in 
the Presidential Materials Genome Initiative. With the development of SUNRISE, there will 
be a need for developing materials databases comprising the research and technology needs 
of this field. 

EERA has summarized existing databases comprising infrastructure in their report: “Sharing data, 

research infrastructure: summary report”. The Joint Programs AMPEA, CCS and Fuel cells and 

hydrogen are the most relevant ones in the context of SUNRISE. 

b) Local and regional large-scale infrastructure is also important, in the form of expensive 
experimental equipment (e.g. clean rooms, sterile rooms, advanced microscopy and spectroscopy 
resources, state-of-the-art bioreactors etc.) and computer clusters. This type of equipment is 
available in multiple copies over Europe, on a frequent basis to serve local and regional users.

https://materials.nrel.gov/
https://www.eera-set.eu/news-resources/1478:eerase3-d2-5-sharing-data-research-infrastructure.html
https://www.eera-set.eu/news-resources/1478:eerase3-d2-5-sharing-data-research-infrastructure.html
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4. OPENNESS OF THE INITIATIVE 

 

 4.1 Governance structure overview 

 

As the Flagship partnership model is no longer an option, efforts of the governance team in 

SUNRISE are dedicated to exploring instruments and options (partnerships, missions) in the context 

of the next Framework Programme Horizon Europe (HE), in order to build a tentative scenario for 

launching a Large-scale European Research and Innovation Initiative (LSERI). All this is done in 

close collaboration with the CSA project ENERGY-X, with which SUNRISE has agreed to form a 

new, large-scale initiative called SUNERGY. All aspects of the new initiative are under discussion, 

including governance schemes. A partnership is presently the favoured option on the long term for 

SUNERGY, on the basis of which a scenario and timeline with intermediate steps has been built. 

In the long term of this scenario, which can be found in Deliverable 4.1, the SUNERGY partnership 

will be: “Fossil-free fuels, chemicals and materials for a circular economy (3FCM)”. A co-

programmed European public-private partnership (cPPP) appears as the most appropriate structure. 

However, the existing partnership schemes are limited from the point of view of financial leverage 

and from an efficiency perspective. Up to H2020, the EU programmes have stopped at the 

demonstration stage. With the advent of pillar 3 in HE, with equity financed innovation this is going 

to change. When institutional investors, pension funds and insurance investors participate in 

innovation based on due diligence, a high efficiency will be required to drive innovation. There are 

no adequate governance schemes yet for this purpose, which requires much stricter top-down 

governance than what is usually applied in settings with academic freedom to accumulate 

knowledge.  

 

Figure 1: Tentative scenario and timeline for the SUNERGY large-scale European research and innovation initiative. 

A team consisting of members from both SUNRISE and ENERGY-X have met and discussed an 

outline of a SUNERGY governance model and built tentative scenarios and the related timeline to 
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have this SUNERGY co-programmed partnership starting in 2024. This is illustrated in Figure 1. 

The group identified the need to create a common academic board for SUNERGY, having a 

balanced composition from members from SUNRISE and ENERGY-X, as well as an industrial 

board, yet ensuring a global consistency of each board in terms of composition taking into account, 

whenever possible, aspects such as the types of organizations, the geographical distribution of 

members and gender. The two boards are, briefly:   

● Scientific executive board: this board is responsible for the operational running of SUN-

ERGY in this intermediate period with members having different roles and tasks which can 

be delegated whenever needed. 

● Industrial board: the independent industrial board, separate from the scientific executive 

board, was deemed necessary to keep independency but at the same time working in close 

interaction together. The industrial board would have as a main role to bring the views of 

industry for the overall development and strategy of SUNERGY. 

In addition to these, a strategic advisory board with a controlling function should also be appointed 

to give an external advice on the evolution of SUNERGY. 

 

 

4.2 Openness in the governance structure of SUNRISE or SUN-ERGY 

 

Openness in the initiative means both in respect to transparency of the organization and its 

governance, as well as the partnership being open for stakeholders to take part in the work. A major 

criticism against previous Flagships were the lack of openness in the available opportunities to 

participate in the work. SUNRISE seeks to avoid any situation which may limit or hamper open 

research and the rapid development of technology, by making sure that a future partnership will be 

open for all competitive initiatives 

Openness to participation: 

The activities of the future SUNERGY initiative will aim for creating the best possible environment 

for research and innovation for SUNRISE technologies. The SUNERGY partnership will prepare 

or support a multi-annual work programme for the SUN-ERGY Large-scale European Research 

Initiative (LSERI) with a series of calls; proposals for specific instruments for SMEs and start-ups 

could be part of this programme (liaison with the European Innovation Centre, EIC). These calls 

will be an instrument which is open for all stakeholders, provided that they are eligible for funding 

under the HE Work Programme, and is under the administrative control of the European 

Commission. The calls will be based on the SUNERGY roadmap, itself resulting from the merging 

of the roadmaps of SUNRISE and ENERGY-X, both roadmaps being the result of an open 

consultation with all stakeholders. The selected projects at these open calls will have a collaboration 

agreement with SUNERGY, i.e. its coordination activities as well as with all the other selected 

projects, in order to allow a monitoring and revision of the roadmap, again in an open process with 

the SUNERGY community. Furthermore, the partnership will work on a pragmatic contractual 

framework for the LSERI including questions on IP management, access to research results and 

rules for fair compensation of academic IP. 
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Transparency of the partnership: 

To ensure openness and transparency, which is essential for enabling accountability and trust in the 

initiative, several mechanisms can be employed: 

a) Strategic Advisory Board

A Strategic Advisory Board (SAB) can provide advice for strategic decision-making to the two 

boards (scientific and industrial). An SAB can provide feedback to the SUNERGY strategic 

research and innovation agenda, and monitor the initiative’s progress towards its research, 

innovation, and commercialization goals, as well as education and outreach. The SAB should also 

include members representing the civil society. An SAB would also be able to propose Key 

Performance Indicators (KPIs) for the output and impact, and evaluate these on a regular basis. For 

these reasons SUNERGY will evaluate the possibility of having an SAB separate from the 

programming board in the future partnership governance scheme. The programming board would 

associate mandated expert members of the public and private stakeholders plus a funding board 

with representatives of EC and MS and ACs and would act as the main liaison body with the public 

partners and the coordination and implementation part of SUNERGY. The SAB would have an 

advising role with the EC and MS and the programming on the evolution and performance of the 

partnership. Further details can be found in the deliverables D4.1 and D4.2.  

b) Dissemination and communication

Dissemination and communication with stakeholders, the broader scientific community, policy 

makers and the civil society needs a clear strategy and good coordination among communication 

and dissemination of related/initiated projects (e.g. organisation of an annual conference for 

relevant projects, newsletters, etc.) as well as for the executive boards, is critical for openness and 

trust in the initiative. More details are given in the SUNRISE Deliverable 3.1. 

5. INVESTMENT SCENARIO

5.1 Comprehensive description for the priority research and implementation directions

Putting Europe's energy supply on a path to a sustainable future while leaving no one behind 

requires solving complex S&T challenges on the supply side. Figure 2 shows schematically how a 

commercially viable solar fuel can emerge which combines the almost infinite potential of solar 

energy with the versatility of hydrocarbon fuels. This figure summarizes the technology readiness 

(horizontally indicated with shades of green according to the vertical scale on the right) of 

innovation pipelines (vertical single and double arrows) for (bio)hydrogen, biofuels, electric power, 

and synthetic carbon-neutral hydrocarbons. TRLs range from 0 (white, center) to 9 (dark green, 

outer parts). The 1st generation biofuels with crops, and 2nd generation biomass and gasification for 

biofuels and biohydrogen are proven technologies. The 3rd generation biofuels and biohydrogen 

from algae are TRL 4-6, and 4th generation with synthetic biology pathways for direct conversion 

is under development at low TRL 1-3. On the right hand side the dark green fields connected by 

horizontal arrows depict the high TRL value chain of generation of renewable electricity from PV 

and wind for power that feeds into electrolysis for hydrogen production and hydrocarbon synthesis 

(Fischer Tropsch). Partial integration with thermolysis and photoelectrolysis (PEC) for hydrogen 
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feeds into hydrocarbon synthesis are both at intermediate TRL. For the manufacturing of synthetic 

carbon-neutral hydrocarbons, capturing CO2 is a major bottleneck. While CO2 capture from 

concentrated sources is at intermediate TRL, CO2 air capture and CO2 activation are low TRL. 

Benefits are expected from integration of CO2 air capture with activation (indicated with 

overlapping text blocks), and further integration with advanced and novel synthesis methods, 

presently at intermediate TRL, for the manufacturing of synthetic carbon-neutral hydrocarbons. The 

“artificial leaf” at the center combines the best of both worlds via biomimicry and nanotechnology 

(dashed horizontal arrows), both for hydrogen and for synthetic carbon neutral hydrocarbons and is 

at the lowest TRL. Horizontal arrows indicate existing connections (solid contours) or expected 

connections (dashed contours) 

Figure 2. The broad field of technologies from biofuel to renewable power, and their TRLs (schematic). The large-scale research 
initiative is indicated with a dashed contour and covers the technologies ranging from (A) advanced biotech with synthetic biology, 
(B) the visionary “artificial leaf” based on advances in life sciences and nanotechnology in the center, and on the right (C) synthesis
with activated CO2 and (D) direct conversion with photoelectrolysis (PEC) or thermolysis, and conventional conversion of renewable 
electricity with electrolysis. Arrows A, B and D address PRD3, how to obtain all the hydrogen to decarbonize our economies. Arrow
C concerns PRD1, how to combine water electrolysis with CO2 capture. Finally, with arrows A,B, and C will be determined to what
extent integration of steps gives better processes in terms of efficiency, selectivity and concentration over the value chain, i.e.  PRD2.
Adapted from Purchase et al., DOI: 10.1142/9789813274440_0003

5.1.1. The Science and Technology Case 

The principle S&T challenge for SUNERGY is to find the technically novel optimal value chain(s) 

to combine the benefits of biofuels (i.e. a renewable hydrocarbon fuel) with the ‘unlimited’ 

https://openaccess.leidenuniv.nl/handle/1887/75258
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availability of renewable electricity. The existing route to manufacture fuel and chemicals from 

atmospheric CO2 is via biomass, and it provides roughly 10% of the world’s primary energy supply. 

The existing 1st and 2nd generation source to product value chains on the biological side are well in 

line with the three priority research directions of this blueprint. First, biology already combines 

water splitting with the capture of atmospheric CO2. Second, functional requirements (such as light 

absorption, water splitting and CO2 conversion) have led to evolutionary selection of carefully 

engineered subcellular responsive matrix cascades (protein complexes, membranes, organelles) 

with sizes, reaction rates, and energetic properties optimized at internal interfaces for high yield, 

selectivity and concentration of energy. Third, in nature electrons and protons are separated, but 

never far apart, and hydrogen ions are available to generate biohydrogen or react with CO2 for 

manufacturing hydrocarbons. However, while modern biomass technology is affordable and can be 

sustainable, the current as well as projected supply of biomass is insufficient to meet the need for 

fuel and chemicals. Additionally, biomass production for energy purposes will inevitably be limited 

by the boundaries imposed by required food supply and ecosystem services. This is why a separate 

large-scale research initiative is required. 

With its comprehensive synergistic portfolio of technologies, SUNERGY provides justifiably high 

hopes for forging the tools for concentration and conversion of energy with a pipeline of high impact 

technologies that are scalable, affordable and sustainable, and can boost the supply side with light-

to-products and fuel conversion from atmospheric CO2 at high yields up to 2500 ton/ha p.a. In arrow 

block A, organisms will be tailored with synthetic biology for direct biosynthesis of biohydrogen 

and carbon-neutral hydrocarbons.  This 4th generation direct conversion will have better efficiency, 

selectivity/purity, and concentration over source to product value chains than 1st, 2nd and 3rd 

generation processes. On the other end of the technology spectrum there is renewable electricity for 

power, with electrolysis, thermolysis and photoelectrolysis in block D providing hydrogen for the 

synthesis of hydrocarbons from CO2 in block C. The source to - hydrogen - product value chain at 

highest TRL in D is conventional electrolysis from renewable power.  However, a significant 

reduction of CAPEX is necessary to contribute to providing all the hydrogen we need. The more 

integrated hydrogen supply routes with direct photoelectrolysis or thermolysis in D can give better 

efficiency than conventional electrolysis, but further development is needed to raise the TRL. To 

decarbonize with e.g. Fischer Tropsch for hydrocarbon synthesis, the hydrogen from electrolysis, 

photoelectrolysis or thermolysis needs to be combined or integrated in C with capturing and 

activation of atmospheric CO2, which is still a distant promise. For the CO2 conversion in C, 

centralized point sources will be compared with decentralized integrated CO2 capture and 

activation, and integration with novel and advanced hydrocarbon synthesis. R&D into new classes 

of advanced non-adiabatic biomimetic responsive matrix nanotechnology cascades in B inspired by 

photosynthesis, “the artificial leaf”, is a vibrant area of low TRL, high impact research to determine 

if extensive integration of steps gives better processes in terms of efficiency, selectivity and 

concentration over the value chain.  

5.1.2 Efficiency is key for the demonstration of source to final product value chains  

According to the first law of thermodynamics, energy can neither be created, nor destroyed. So why 

do we bother about it so much? This is because of the second law, which states that every time 
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energy is converted or concentrated, it becomes less useful, until in the end only entropy is left, 

thermal energy that is unavailable for doing useful work. While fossil resources have been slowly 

concentrated on a geological time scale in the earth’s crust, renewables such as solar and wind are 

dilute and need conversion and concentration into fuels and chemicals that can be stored and 

handled for further use on the time scales of humans: a night, for days, seasonal storage, up to years. 

The higher the concentration, the faster the conversion, and the longer the storage time, the more 

entropy is produced.  

The purpose of PRD2 is to determine to what extent integration of steps gives better processes in 

terms of efficiency, selectivity and concentration over the value chain. Air transport and heavy 

industry require large amounts of energy at specific locations, while for decentralized applications 

better efficiencies are obtained by avoiding too much concentration and subsequent dilution, 

balancing generation with demand over different locations and over time instead, and avoiding 

complex multi-step conversion networks as much as possible by converting renewables directly to 

the form in which they will be used. Since renewables are dilute by definition, their supply is more 

a concentration problem than anything else. Electric concentration of energy appears easy and looks 

attractive, but as a consequence also raw materials need to be concentrated, including CO2 from the 

atmosphere. When CO2 capture and CO2 activation are integrated in one material, the higher 

efficiencies are obtained at lower rates. Exactly at thermodynamic equilibrium, there is no 

conversion and the losses for atmospheric CO2 concentration vanish. In contrast, for combining 

CO2 with conventional water electrolysis at high current density (PRD1) also high CO2 conversion 

rates will be required, and typically half of the free energy will have to be spent on CO2 

concentration alone. For decentralized applications as with PEC, current densities are low, with less 

CO2 concentration losses compared to centralized conversion. This is a strong argument against 

combining CO2 capture with conventional electrolysis and in favour of decentralized direct air 

capture and conversion (DACC) with integrated PEC or artificial leaf technology. It is thus for good 

reasons that research attention internationally is shifting from conventional electrolysis to PEC and 

molecular systems, which can produce the required paradigm shift and impact on the supply side 

our economies are looking for.  

For the demonstration of source to final product value chains at the best price, efficiency is key. It 

should be emphasized that for light to fuels and chemicals conversion the most important is to 

actually use incoming photons well, and therefore we consider photon to product yields of at least 

70% as leading. Another way of stating this is: don’t waste more than 30% of the incoming light, 

on reflections, internal recombination losses, side paths, light colour changes in the morning and in 

the evening, and so on. The critical technological hurdle in the development is to overcome the 

recombination losses, and develop nanostructured photoreactor cascades that can sustain 16 

mA/cm2 tandem photocurrent into product, in the laboratory under AM1.5 irradiation. The energy 

efficiencies follow from the yield. The thermodynamic optimum for photochemical energy storage 

is realized with integrated tandem photochemical cells, where every electron transported into the 

product requires two incoming photons. The 70% photon to hydrogen product yield then 

corresponds with a solar to hydrogen energy efficiency of 30%. Hydrogen is the most favourable 

case. There is, however, one other caveat: this should not lead to detrimental materials efficiencies 
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to slow down conversion rates, as this generates entropy. In addition, large quantities of materials 

increase cost, especially when such materials are not very abundant in the earth’s crust.  

For many years scientists have been running up against a wall to achieve high energy efficiency 

and high yield and high materials efficiency simultaneously. Very recently, however, science has 

learned from natural photosynthesis how to achieve this. In the existing energy conversion 

technology the electrons are considered to be in equilibrium with their atomic surroundings and 

reactions are mostly probabilistic events.  Natural systems do it differently, in the sense that proteins 

apparently can break the second law of thermodynamics temporarily with quantum instabilities 

(Figure 3). Since quantum networks are deterministic instead of probabilistic and self-select the 

fastest channel to the product, they form an attractive engineering concept for tailoring source to 

product value chains. With access to responsive matrices based on biomimicry and nanotechnology, 

extensive integration of steps to provide enhanced efficiency and better selectivity while keeping 

energy concentrated along the reaction cascades can become reality. This is the fundamental 

breakthrough for lowering the cost relative to current practice, since recent fundamental work has 

provided converging and convincing evidence that near-unity yields can indeed be achieved in man-

made quantum conversion systems.  

Figure 3. (a, from Energy-X) In adiabatic conversions, reactants A and B are on a catalyst surface that lowers the activation barrier. 
With the catalyst the reaction proceeds in steps along the reaction coordinate, driven over the barriers by e.g. thermal fluctuations 
or an electron motive force. Along the way, there are intermediate states until at the end the product is formed. The reactant, 
intermediates and product states are separated by energy barriers, the transition states. Along the entire path, the reactants are 
kept in equilibrium with the atomic surrounding in the catalyst with the driving force applied. (b, from SUNRISE) nonadiabatic 
reactions in - preferably chiral - responsive matrices proceed along a quantum reaction coordinate Q. Along the reaction coordinate 
sudden events occur, such as absorption of light, or release of protons, that trigger a rapid twisting response of the atomic 
surrounding that is nonadiabatic, i.e. too fast for the electrons to follow. When a reactant state is swept over a product state by a 
responsive matrix, a gap opens up, which is a well-known phenomenon known as avoided crossing. By coupling to a vibration from 
the environment, the reactant is converted into the product by quantum coherent tunneling through the barrier instead of over the 
barrier, and the tunneling channel closes afterwards. Since back reaction is prevented this way, the quantum mechanism breaks 
the time reversal symmetry and thereby the second law of thermodynamics that is rooted in time reversal symmetry. 

In the roadmap presented by SUNRISE and the list of activities below, the efficiency is increased 

in steps: 

1. Good efficiency can be obtained with electrochemical processes in bulk materials, where

there are overpotential losses at the PV side and at the catalysis side. These systems use bulk
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materials. The CO2 capture potential is limited to 1500 t/ha p.a due to high concentration 

losses on the CO2 side. 

2. Better efficiency is obtained with photoelectrochemical (PEC) direct conversion since the

losses from the PV stage and the catalysis stage are under one overpotential, thus eliminating

the need for a second one. These systems also use bulk materials. The estimated CO2 capture

potential is ca. 2000 t/ha p.a.since CO2 concentration losses are alleviated compared to

conventional (co-)electrolysis at high current density.

3. The best materials efficiencies are accessible through photochemical materials, bioinspired,

biological or biohybrid, that eliminate the electronic current intermediate by switching from

bulk materials to molecules. This leads to the best materials efficiency, with CO2 capture

potential up to 2500 t/ha p.a. for fully developed non-adiabatic direct conversion tandem

systems that can sustain 16 mA/cm2 (AM 1.5) photocurrent into products.

The power of a pipeline for optimal economic efficiency while respecting our moral freedom 

We want to domesticate energy, on our roofs, for our comfort and wellbeing, but not end up energy 

domesticating us or lead us into another era of neo-colonialism because of terrestrial requirements 

exceeding the capabilities of Europe. SUNRISE technologies will not compete with agriculture and 

have a high solar energy conversion efficiency, potentially reaching close to 30%, which is much 

higher than biomass production (typically less than 1%). Since fulfilling societal energy and 

commodities needs will be no longer a distant, out-of-sight activity but an activity close to one's 

household, distinguished by a highly decentralized character and spanning across densely populated 

urban areas, societal acceptance will dominate environmental benefits. Existing paradigms of nature 

as a resource to be exploited or of humans as passive consumers of natural resources are inadequate. 

For a full appreciation of the capacities and complexities of incorporating SUNRISE technologies 

in an existing ecosystem, their impact on human dignity will be evaluated and key stakeholders 

from society will be involved from the start in making strategic choices. Their input in filling in the 

innovation pipelines will optimize the overall societal and environmental impact by increasing the 

connection to the general public interests. A pipeline of plug-in technologies allows the connection 

to the existing technological infrastructure and strengthen its further development, defined by the 

economic efficiency requirements from the market and people's desires. The limited redundancy 

will help to find the best technological solutions by offering choices on the supply side of the 

circular economy, also to avoid potential environmental pitfalls and thus contribute to reducing 

costs and facilitating societal acceptance of the technology. 

5.2 Overview of the priority research directions 

The following sections provide short overviews of the pipeline of technologies for the main 

technological challenges to be resolved in Figure 2. 

5.2.1 Combine water electrolysis with CO2 capture for the fully integrated value chain 
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Figure 4. The innovation pipelines for the 1st PRD, conventional electrolysis with CO2 conversion, worked out for the block arrows 
in Figure 2 with the technology routes from the SUNRISE roadmap. 

The innovation pipeline for combining water electrolysis with CO2 capture over the source to 

product value chain is shown in Figure 4. The pipeline encompasses a cluster of four IA’s with KPIs 

(magenta) concentrating on technologies for the production of chemicals and (jet) fuels with 

adequate stability, efficiency and selectivity (red), for capturing CO2 (silver) from concentrated 

sources at a price of 50€/ton or from the air at a price of 300€/ton. The IA cluster feeds into plant 

scale innovation by connecting to other initiatives in Europe for scaling up and with synergy for 

improving economic efficiency, for the commercial manufacturing of chemicals and (jet) fuel with 

direct air capture at a price of 100€/ton CO2. 

5.2.2 Does integration of steps (PV+electrolysis vs PEC vs molecular vs biological) give better 

processes in terms of efficiency, selectivity/purity, concentration over the value chain? 

The innovation trajectories for the block arrows in Figure 2 with a grid of RIA’s and IA’s and KPIs 

(magenta) from the SUNRISE roadmap for resolving if integration of steps (PV+electrolysis vs 

PEC vs molecular vs biological) gives better processes in terms of efficiency, selectivity/purity, 

concentration over the value chain are shown in Figure 5. This PRD is very research intensive and 

photo(electro)chemically oriented, and starting TRLs are generally low. This is in line with 

international developments in the field (mainly from the US) where research attention is shifting 

from separate PV with catalysis to direct conversion. For hydrogen PEC (blue), the current state of 

the art is 50% photon to hydrogen yield (20% STH) due to detrimental recombination losses and 
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Figure 5. The innovation pipelines for the 2nd PRD, integration, worked out for the block arrows in Figure x with the technology 
routes from the SUNRISE roadmap. 

with poor materials efficiency. The target is to improve this with bottom-up systems engineering of 

responsive matrices and PEC with biomimetic catalysts to 70% photon to product yield (30% STH, 

16 mA/cm2 tandem current), beyond the adiabatic limit, with good materials efficiency, followed 

by a distributed demonstration in relevant operating environments, with reducing the water 

requirement.  This is followed by an IA step for systems integration with hydrogen collection and 

storage. For the production of ammonia (green) further integration with PEC for one order of 

magnitude, and microorganisms with ATP independent nitrogen fixation enzymes for integration 

in hydroponic production value chains is investigated with three parallel RIA lines, followed by 

demonstrations in relevant operation environments of the best outcomes for integration of 

membrane based catalysts in electrolyzers, PEC with >10% solar to NH3 efficiency, and system 

integration of NH3 and NH4
+ collection with microorganisms. A very important challenge is the 

development of DACC, which will start with a concentrated, all-out intensive effort of 10 RIAs 

running into 3 demonstrators for direct oxygen-tolerant conversion of CO2 absorbed from the 

atmosphere. The next step is an IA to forge the manufacturing tools to make a thermochemical or 

PEC route for direct conversion of CO2 commercially available. For the direct production chemicals 

and fuels 5 RIAs will provide coupling of PEC with direct air capture and demonstration of a 

commercial photo(electro)chemical device, while on the biology side demo plants for TRL4 

chemical products (10 ton/yr) and proof-of-concept (POC) products (t/yr) will be scaled up to the 

100 kt/y level for the production of chemicals and fuels at a competitive price. 

5.2.3 How do we get all the hydrogen to decarbonize 

The single prioritizing criterion across the entire S&T framework is demonstration of the value 

chain from source to product. To provide sufficient hydrogen to decarbonize, three innovation 

routes from Figure 2 are grouped under this innovation pipeline, sustainable hydrogen production 

with PV+electrolysis (blue), sustainable hydrogen production with microorganisms (blue), and 

Haber-Bosch with solar hydrogen (green) in Figure 6. For the PV+electrolysis, two demonstration 

projects are foreseen, to integrate with other renewables, mainly wind, and to use low exergy rest 

energy, from renewable waste heat, or from the recovery of exergy from the solar photons at the 

PV stage before thermalization takes place. The KPI (magenta) is improvement of the value chain 

(and reduction of CAPEX) by integration with wind and using renewable residual heat. This is 

followed by a broad effort to move away from the current practice of expensive Ir and Pt catalysts, 

where control over residual heat provides a route to solid oxide electrolysis at elevated temperatures 

to improve efficiencies. At this stage a PEC booster is added to connect to the PEC development in 

the pipeline focusing on the question if decentralized is to preferred over centralized conversion. 

The KPI at the end of this stage is an effective yield of 90 ton H2/ha.yr at a cost price of 4€/kg H2 

operating at the 20 MW scale. Further upscaling is foreseen with a pillar 3 equity-financed plant 

scale demonstration effort for upscaling to the 1000 ha/400 MW scale at a cost price of 3€/kg of 

concentrated H2. 
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Figure 6. The innovation pipelines for the 3rd PRD, (bio)hydrogen, worked out for the block arrows in Figure 2 with the technology 
routes from the SUNRISE roadmap. 

Also for the microorganisms the value chain in principle exists, with CAPEX and other limitations. 

An RIA stage focusing on novel protocols and cultivation strategies to increase efficiency (KPI) is 

foreseen. The lessons learned from this stage will also serve the innovation pipeline aiming for 

decentralized applications, as the technology is naturally suitable for domestic application. This is 

followed by demonstration of the bottom-up systems integration with separation and collection of 

hydrogen. Following positive evaluation and a go/no go decision, scale up will proceed with an IA 

focusing on a broad effort for improved enzyme catalysis with oxygen tolerant hydrogenase and 

improved light harvesting in biohybrid systems that incorporate human made light harvesters such 

as quantum dots or supramolecular structures. At the end of this stage such advanced biological and 

biohybrid systems should be commercially available (KPI). Since the single prioritizing criterion is 

demonstration of the source to product value chain, we have added with Haber-Bosch a route where 

a very mature existing, energy-intensive value chain needs decarbonization by running it from an 

alternative energy source and hydrogen is an important early intermediate. Following the 

demonstration of integration of wind and low exergy energy, an IA is started in Haber-Bosch with 

solar hydrogen aiming for novel catalysis and plasma-assisted processes for low temperature and 

low pressure. In parallel, an RIA and demonstration trajectory is planned for electrochemical and 

plasma-assisted processes to speed up catalysis by two orders of magnitude. This is followed by a 

pillar 3 upscaling that feeds into a global societal deliverable, which is 80% decoupling of economic 

growth from the use of natural resources. 
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5.3 Overview of the SUNRISE technologies 

The roadmap provides four technological routes for innovation, for hydrogen, ammonia, carbon 

capture and production of fuel and chemicals, with key performance indicators for their 

development over 10 years.  

5.3.1 Sustainable hydrogen production 

The need: 

Decarbonisation across sectors presents the potential demand for generating approximately 2,250 

TWh of hydrogen in Europe in 2050, representing roughly a quarter of the EU’s total energy 

demand. This amount would fuel about 42 million large cars, 1.7 million trucks, approximately a 

quarter of a million buses, and more than 5,500 trains. It would heat more than the equivalent of 52 

million households (about 465 TWh) and provide as much as 10% of building power demand. In 

industry, approximately 160 TWh of hydrogen would produce high-grade heat and another 140 

TWh would replace coal in steelmaking processes in the form of direct reduced iron (DRI). 120 

TWh of hydrogen combined with captured carbon or carbon from biomass would also produce 

synthetic feedstock for 40 Mt of chemicals in 2050. Achieving this vision puts the EU on a path to 

reducing about 560 Mt of CO2 emissions by 2050 – as much as half of the required abatement 

needed to achieve the 2-degree scenario. The EU needs to reduce its CO2 emissions from 3,500 Mt 

today to 770 Mt in 2050. Deploying available technologies and existing energy and climate-related 

commitments from European countries would close approximately 60% of the gap (approximately 

1,700 Mt in the Reference Technology Scenario). The use of hydrogen in end sectors could help 

reduce half of the remaining 1,100 Mt and achieve the 2-degree scenario. In addition, it could enable 

deep decarbonization of the power sector and hence indirectly reduce carbon emissions [reference: 

Hydrogen Roadmap Europe - A sustainable Pathway for the European Energy Transition, 2019]. 

The technologies: 

Electrochemical conversion 

The electrochemical conversion of water produces oxygen and molecular hydrogen, a key enabler 

in our vision. By using renewable electricity sources, hydrogen production becomes a sustainable 

source of fuel and chemical building blocks. The challenge, preventing the world from using this 

technology today, is to scale up the production to reach the amounts needed to replace fossil-based 

hydrogen and also to compete with the costs of hydrogen produced from natural gas (about 1€/kg 

vs. 5-7 €/kg for green hydrogen). It is necessary to find materials that can make this technology 

environmentally sustainable and economically feasible. We aim to tackle this challenge by inspiring 

the development of new, sustainable and non-toxic materials for large-scale deployment of 

electrolysis driven by power from renewable sources. 

Direct conversion via photo(electro)chemical systems 

Photoelectrochemical cells are single devices that directly split water into hydrogen and oxygen, 

using energy provided by sunlight. A variety of architectures combine light-harvesting materials 
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and catalysts for the hydrogen and the oxygen evolving reactions. The integration of all components 

into a single device can lower the total system cost compared to electrochemical conversion, and 

provide greater flexibility in the design. Compact, integrated devices, which are independent of the 

electrical grid, allow for a decentralized production and important savings in transportation costs 

(transport and compression significantly add up to actual hydrogen production costs, leading to 

hydrogen prices at the fuel station of around 10 €/kg). Photo(electro)chemical systems will be fully 

autonomous, only depending on abundantly available sunlight, thus providing suitable solutions for 

on-demand, on-site production. 

Devices for photo(electro)chemical hydrogen production are still at the laboratory stage, where 

some have reached solar-to-hydrogen conversion efficiencies of up to 20%. Ongoing research 

efforts are searching for ultimate combinations of light absorbing and catalytic materials, finding 

ways of making these materials stable under highly demanding photochemical conditions, and 

finding routes to the scaling up of integrated devices to pilot scale. 

5.3.2 Sustainable ammonia production 

The need: 

Ammonia synthesis via the Haber-Bosch process (N2 +3H2 → 2NH3) uses about 1% of all energy 

in the world with a comparable share of CO2 emissions (since the H2 comes from fossil sources), 

the latter of which will be substantially reduced using ‘green’ hydrogen. In addition, local fertiliser 

production will help alleviate issues related to ammonia transport and storage and allow the 

continuous application of fertilisers during the growing season, solving thereby the considerable 

environmental problems associated with fertiliser run-off. 

This is required as an internal flexibility option to create a negative feedback when excessive 

renewable energy is available. Ammonia could be used as a fertiliser in Europe or as an energy 

transport vector with vanishing CO2 footprint. 

The technologies: 

Electrochemical conversion 

A similar possibility exists to convert nitrogen (N2) from the atmosphere into ammonia (NH3) that 

can be accomplished via electrochemistry, by-passing the need for prior hydrogen production. This 

is still in an early stage, with low efficiencies in the few demonstrated examples. Non-thermal 

plasma-assisted synthesis is an alternative for chemical conversions using electrical power. 

Major ongoing scientific developments are making new, highly effective catalysts achievable. 

These include theoretical methods with predictive power, advanced catalyst synthesis with atom-

scale precision, and operando characterization methods. These approaches can be integrated and 

combined with new machine learning methodology and artificial intelligence (AI) to enable 

radically accelerated catalyst and chemical process discovery. 

Direct conversion via photo(electro)chemical systems 

Similar to direct solar hydrogen production, photoelectrochemical systems have the potential to 

allow for decentralized ammonia production at lower cost compared to other techniques. Although 
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photoelectrochemical nitrogen fixation is still at its very infancy, rapid progress can be expected as 

a result of the current expansion of this research field. The discovery of catalysts for nitrogen 

fixation will push the development of devices that can reach 10% solar-to-ammonia efficiency in 

integrated collections of aqueous ammonia. 

5.3.3 Sustainable carbon capture 

The need: 

Many policy and industrial drivers exist to accelerate the deployment of carbon capture 

technologies.  

The technology: 

Direct air capture and conversion: 

One topic will be directly impacted by SUNRISE ideas and is thus addressed in more details: the 

research towards combined processes of capture and activation of CO2 for chemical conversion. At 

present, different types of carbon capture technologies are being developed that are based on the 

extraction of CO2 from point sources. The most mature technologies consist of separating and 

concentrating CO2 by chemical or physical absorption (e.g. utilizing amine solvent) or by adsorption 

(using a solid sorbent or membranes). Besides, the atmosphere is a potentially huge (teraton scale) 

CO2 reservoir for decentralized systems, but with a concentration of only about 400 ppm. This will 

require highly efficient separation from oxygen and nitrogen, especially for electrochemical and 

photo(electro)chemical methods. 

5.3.4 Sustainable production of commodity chemicals and (jet) fuels 

The need: 

The European chemical industry is globally leading, is one of the largest industrial greenhouse gas 

emitters accounting for the use of more than 10% of all fossil resources in Europe, and is completely 

dependent on fossil-based raw materials and energy carriers. The fossil fuel market is by far the 

largest market. European fossil fuel imports are 180 billion €/yr, and 225 billion €/yr downstream 

processes. In addition, the infrastructure replacement market is 150 billion €/yr globally. 

The technologies: 

Electrochemical conversion 

Decreasing the CO2 net emissions via electrochemical processes exploiting renewable electricity 

and water to produce synthetic fuels and valuable carbon-based chemicals is a promising pathway. 

Currently operating processes are at a TRL of 4-6 with more than 75% efficiency. Although the 

technologies are at an industrial relevant stage already, the stability of the catalysts is poor and 
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needs further improvement against poisoning and increase in stability forwards fluctuating 

operation conditions. 

Direct conversion via photo(electro)chemical systems 

Similar to direct solar hydrogen production, photo(electro)chemical systems have the potential to 

allow for a decentralized CO2 valorisation at lower costs compared to PV-driven electrolysis. 

Photo(electro)chemical cells for CO2 valorisation into CO or syngas are at a similar stage of 

development as those for H2 production, with key drivers being discovery of CO2 reducing catalysts 

that can be combined with light-absorbing materials, improvement of stability, designing active 

components solely based on earth-abundant elements, and collection of gases. An important target 

is to couple direct air capture (DAC) technologies with commercial PEC devices with 10% solar-

to-syngas efficiency. 

Direct conversion via biological and biohybrid systems 

We recommend the domestication of a broad range of microorganisms that use solar energy for the 

sustainable biocatalytic production of diverse fuels and feedstock for the chemical industry. Until 

now, such cell factories live from a supply of biomass with high energy content. Although this can 

be made sustainable on a small scale, it is not scalable to produce the enormous quantities of fuels 

and chemicals. We therefore recommend the rational redesign of photosynthetic organisms by 

engineering them to have new abilities for converting atmospheric CO2 into products with high at 

least 70% light to product yield, and design biohybrid systems that feed solar electricity, hydrogen, 

or carbon based feedstock into non-photosynthetic organisms for further downstream conversion 

with high yield, and using ambient CO2 as the only carbon source. The first photosynthetic designer 

organisms are already coming out of scientific laboratories for testing in the field, but much 

improvement is still needed. A genuine rational engineering theory for smooth light conversion into 

rapidly growing product supplies is highly desired, synthetic biology requires further development, 

and the cost of bioreactors needs to be reduced while enhancing their performance. With the 

synergistic approach of a large-scale research program it will be possible to establish the first 

demonstrators for butanol or ethylene fuel at the kton scale and for selected chemicals such as lactic 

acid on the 10 kton scale by 2025. By 2030 production will be at industrial scale with plants 

producing 100 kton per year at a competitive price. This is estimated at replacing up to 10% per 

year of the existing refinery infrastructure, which is currently valued at €1700 billion worldwide.  
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5.4 Implementation with a synergistic framework of calls 

SUNRISE technology Current 
TRL 

TRL 
target 
2030 

Companies involved Private 
investments 
(estimate) 

Public 
investments 
(estimate) 

Comments 

1. Sustainable hydrogen production
1a. PV-driven 
electrolysis of water 

4-6 9 Siemens (DE) 
Nel (NO) 
ITM (UK) 
Hydrogenics (US, BE) 
Areva H2Gen (FR) 

40% C 

FI p.m. 

30% EU 
30% MS 

IA 
Demo 2 

1b. 
Photoelectrochemical 
devices 

2-4 5-8 Engie (FR) 
Siemens (DE) 
SABIC (NL) 

20% IA 
100% RIA 
(MS) 
80%IA (MS) 
100% DD 

RIA 
IA 
Distributed 
demo 

1c. Transparent baggie 
systems 
(microorganisms and 
photocatalytic systems) 

3-4 6-8 Mitsubishi (J) 
Hypersolar (US) 

40% IA 100% RIA+D 
60% IA 

RIA lab 
demo 
(g/ng)IA 

2. Sustainable ammonia production
2a. Low-emission 
Haber-Bosch 

5-6 9 Yara (NO) 
Casale (CH) 
Thyssenkrupp (DE) 
Haldor Topsøes (DK) 
Siemens (DE) 

40 30EU 
30MS 

IA demo 

2b. Electrochemical and 
plasma-assisted 
ammonia synthesis 

1-2 4-5 n.a. 100 RIA 
(MS) 
100 DP (MS) 

2 RIA 
1 Demo 
project 

2c. 
Photoelectrochemical 
devices 

1-2 4-5 n.a. 100 RIA 
(MS) 
100 DP 

2 RIA  1 
Demoproject 

2d. Microorganisms for 
direct fertilizer 
production 

1-2 4-6 H2WIN (FR) 100 RIA 
(MS) 
100 DP 

2 RIA  1 
Demoproject 

3. Sustainable carbon capture
3a. CO2 capture from 
concentrated sources 
(concentrate on local 
value creation) co-
adaptation of capture 
and catalytic conversion 
into long term deposits 

6-7 9 
ENGIE (F) (orchestrate) 
Fluor (US) 
Mitsubishi (J) 
Siemens (DE) 
Aker solutions (NO) 
Shell (NL) 
Solvay (BE) 
AirLiquide (US) 
MTR (US)     
RWE (DE) 
BASF (DE) 
LINDE Engineering (DE) 

30% IA 
cluster 
Pipeline will 
feed into 
larger 
DEMOs 

70% cluster IA Demo 
upscaling 
link to 4.1 
and 4.2 
TEAM up 
with 
Separate Big 
300 ME 
demo in 
pillar 3 

3b. Direct CO2 Capture 
from the atmosphere 

6 8-9 Climeworks (CH) 
Antecy (NL) 
Global Thermostat (US) 
Carbon Engineering 
(Canada) 
Ineratec (DE) 
Carbyon (NL) 

30% IA 
cluster 
Pipeline will 
feed into 
ongoing 
large demo 

70% IA 
cluster 

IA including 
RIA and 
Demo 
(Don’t forget 
low exergy 
energy) link 
to 4.1 and 
4.2 
Don’t forget 
negative 
emission 
(1MW scale) 

3c. Direct Atmospheric 
CO2 Capture & 
Conversion including 
PEC 

1-2 5-7 n.a. 40 IA 100 (MS) 
30 IA 
30 MS IA 

10 RIA 3 
Demoproject 
g/ng IA 
(don’t forget 
low exergy 
energy) 
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4. Sustainable production of commodity chemicals and (jet) fuels
4a-1. Electrochemical 
water splitting and 
thermocatalytic 
conversion of CO2 

6 9 Airline Global Alliance 
Powerfuels 
Aireg (DE) 
Sunfire (DE) 
Ineratec (DE) 
Velocys (US) 
BASF (DE) 
Casale (CH) 
Total (FR) 
Synhelion (CH) 
Toyota (J, BE) 
Abengoa (ES) 
Brightsource (Isr) 
Helpe (GR) 

30% 70% 2 IA clusters 
FT and 
methanol) 
feeding into  
Demo plant 

4a-2. Direct 
electroreduction of CO2 

3 6 100 (MS) 4-5 RIA
feeding into
2 demo

4b. Direct solar-
thermochemical 
conversion of water and 

CO2 

4-5 6 40 IA 100 (MS) 
RIA 
30 EU IA 
30 MS IA 

RIA demo 
g/ng IA 
upscaler 
demo plant 

4c. Biocatalytic 
production of carbon-
based solar fuels and 
chemicals 

1-6 4-9 Photanol (NL) 
Ecoduna (AU) 
Synthetic Genomics (US) 
Euglena (J) 
Total (FR) 
Neste (FI) 

40 IA 100 RIA 
(MS) 
100 RIA 
(MS) 
30 EU (IA) 
30 MS(IA) 

8 RIA and 3 
demo and 1 
small IA 
Demo plant 
100 kt/yr 

This list of calls corresponds to a full scenario for a large-scale research initiative under HE, equivalent to 

a full Flagship under H2020. 

Notes from within the consortium: 

• In this table, every IA initiative stands for ca. 100 M€ investment, RIA initiatives are typically 5 M€ per

contract, and the scale of demonstration projects is up to 10 M€.

• In IA calls the costs of private partners are not fully reimbursed (only up to 70%) which means that actual

corporate costs are higher. This has to be taken into account when making the split between private and

public investments

• A distinction is made between ‘small demonstrators’ (i.e. working devices in operating conditions) in

demonstration projects and ‘full demonstrators’ (i.e. large pilot plants) in IA’s, the latter being far more

important for companies.

• Central management of the projects will need to be steered by a CSA: Assuming a total project portfolio of

1 b€, 1% (10 M€) is assumed to be sufficient to run the CSA component at a level of 1 M€/year.

• Education and governance, including the programming and monitoring of progress, are organised in the

central CSA.

• Infrastructure costs can be charged to projects.

• For specification and testing of technology bids will be called for from centers that will be qualified to

perform this work. Budget: 10 M€ in total for 1-3 centers associated with either PV centers or hydrogen

valleys, depending on the costs.

• Quantitative sustainability analysis is mandatory for every project with go/no go decisions from the QIA

team and program board

• Dissemination is in every project, in addition there is global dissemination at the partnership level with the

management

• Risk mitigation is by running multiple technologies in parallel, providing optimal cross-fertilization for

maximum synergy benefits and establishing an open innovation environment with respect to founding and

transferring IP. For example, in a power-to-ethanol demonstrator plant (IA) it is possible to exchange

different electrolyzers. Another example is to aim for ‘distributed demos’, e.g. plants distributed over

countries with low/high solar irradiation intensity.
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• A mid-term review will be performed by an independent group of experts and QIA processes will be

implemented to discuss the project results regularly (see also governance deliverable 4.1 that contains the

procedures).

• The companies listed in the table were mentioned during the discussions at the consortium meeting on

February 7, 2020. However, they do not necessarily represent a complete overview.

• Since a significant part of the work is performed on high TRL, we expect to get access to another billion in

pillar 3, and in addition the innovation fund related to public money coming from the carbon tax

2020-2030. However, it must be noted that SUNRISE / SUNERGY will only control specific technology

developments, such as PEC, and the rest we feed into:

o For regional SUNRISE valleys, it is proposed that they could line up with hydrogen valleys. Pillar 3

could be sourced for the demonstrators when they end successfully. This will be equity or bond

financed, i.e. not in our budget. In this case, central management will move out as they will operate

on their own, central management will only monitor

o CO2 capture is already being done at large-scale. Best is to team up with ongoing efforts and focus

on e.g. capture with integrated conversion.

o Negative emissions are not covered in the Sunrise roadmap and in the blueprint.

• Table 4a: New fuel components will require certification for use in jet fuels, there are standard

specifications in place for synthetic jet fuel components. The certification process takes many years and

costs several M€.

• Table 4b: Several demonstrations are already out in the field. However, since these are relatively small-

scale, we will aim for “upscaler demonstration plants”.
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APPENDIX 

 

Table 1:  Overview of selected European research organisations and companies interested to 

contribute to SUNRISE roadmap task group 1: Sustainable hydrogen 

Organization name Country Organization type 

University of Copenhagen DK University 

Technical University Graz AT University 

Technical University Berlin DE University 

Technical University of Munich DE University 

European Atlas of Universities in Energy 

Research & Education, EUA-EPUE 

BE University network 

Psi-K CH Academic network 

INSTM IT University network 

PTChem PO Academic society 

Societa Chimica Italiana, SCI IT Academic society 

Société Chimique de France FR Academic society 

F.R.S.-FNRS BE Academic network 

Polish National Science Centre (NCN) PO Academic network 

Czech Academy of Science CZ Academic network 

Palacký University Olomouc - Regional Centre 

of Advanced Technologies and Materials 

CZ University 

Ecole Polytechnique Federale de Lausanne CH University 

University of Warsaw PO University 

KU Leuven BE University 

University of Milano-Bicocca IT University 

Queen's University Belfast UK University 

Uppsala University SE University 

Freie Universität Berlin DE University 

Imperial College UK University 

Danish Technical University DK University 

Universität Zurich  CH University 

University of Stockholm SE University 

University of Antwerp BE University 

University of Padova IT University 

University Bari Aldo Moro IT University 

University of Turku FI University 

Leibniz Institute for Catalysis DE University 

University of Tartu, Institute of Physics EE University 

Leiden University NL University 

University of Camerino IT University 

TU Dresden DE University 

University Bielefeld DE University 

Ruhr-University Bochum DE University 

University of Seville ES University 

Lund University SE University 

Mersin University TR University 

Bogazici University TR University 

University of Twente NL University 

University of Freiburg DE University 

University of Kiel DE University 

University of York UK University 

Technical University of Delft NL University 

University of Cambridge UK University 

Univ. Rey Juan Carlos ES University 

University of Oxford UK University 



D1.3.1

39 

University of Amsterdam NL University 

Johannes Kepler University Linz AT University 

Warsaw University of Life Sciences PO University 

University of Umea SE University 

University of Lorraine FR University 

University of Crete, Chemistry Department GR University 

University of Limerick IRL University 

University of Bologna IT University 

University of Ferrara IT University 

National University of Ireland Galway (NUIG) IRL University 

Tarsus University TR University 

Uni. Oldenburg DE University 

IASS Potsdam DE University 

UK catalysis hub UK University network 

UK Solar Fuels Network UK University network 

NERA NL University network 

LERU BE University network 

Swedish Consortium for Artificial 

Photosynthesis 

SE University network 

Max Planck Institute for Chemical Energy 

Conversion 

DE Institute 

CIEMAT ES Institute 

CNRS FR Institute 

CERIC-ERIC Trieste IT Institute 

DLR DE Institute 

TNO NL Institute 

ENEA IT Institute 

IFP Energies Nouvelles, IFPEN FR Institute 

Hellenic Mediterranean University GR Institute 

IBPC ES Institute 

VTT Finland FI Institute 

CEA FR Institute 

J. Heyrovsky Institute of Physical Chemistry CZ Institute 

College de France FR Institute 

Helmholtz-Zentrum Geesthacht DE Institute 

Forschungszentrum Jülich GmbH DE Institute 

Fondazione Bruno Kessler IT Institute 

German Aerospace Center DE Institute 

Paul - Scherrer Institute DE Institute 

Fraunhofer Gesellschaft DE Institute 

Helmholtz-Zentrum Berlin DE Institute 

Italian National Research Council (CNR) IT Institute 

SPF_Inst. Fuer Solar Technik (HRS 

Rapperswil) 

CH Institute 

KTH SE Institute 

ICIQ ES Institute 

AIT - Austrian Institute of Technology AT Institute 

EMPA CH Institute 

DIFFER NL Institute 

Biological Research Center_BRC, Laboratory 

of Photosynthetic Membranes 

HU Institute 

IREC ES Institute 

Tecnalia ES Institute 
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Ricerca Sisterna Energetico IT Institute 

UKERC UK Institute 

BAS BG Institute 

CNH2 ES Institute 

IEN PO Institute 

IK4 ES Institute 

IMPPAN PO Institute 

MINES Paris-Tech FR Institute 

NTNU NO Institute 

TUBITAK TR Institute 

Helmholtz centre for Environmental Research 

– UFZ, Leipzig 

DE Institute 

Bauhaus Luftfahrt DE Institute 

Austrian Centre of Industrial Biotechnology, 

ACIB 

AT Institute 

Interuniversity Microelectronics centre, IMEC BE Institute 

Johnson-Matthey UK Company 

Evonik DE Company 

Siemens DE Company 

Engie FR Company 

3M ES Company 

Acciona Energy PT Company 

EDP Energia ES Company 

ENAGAS ES Company 

H2WIN BE Company 

Repsol ES Company 

Schaeffler DE Company 

ST1 Oy FI Company 

Total S.A. FR Company 

Toyota Motor Europe BE Company 

Uniper DE Company 

Shell NL Company 

Arcelor Mittal LU Company 

Copenhagen airports DK Company 

Avantium NL Company 

PCM UK Company 

Carbon Recyclin International, CRI IS Company 

Canal de Isabel II ES Company 

CEGASA  ES Company 

Cyano Biotech DE Company 

Esy-labs DE Company 

Everest Coatings NL Company 

Dr Laure Plasmatechnologie DE Company 

Fortum FI Company 

Hydron Energy NL Company 

NOVAMONT IT Company 

PEPperPRINT DE Company 

Photanol NL Company 

Plasmatechnologie GmbH DE Company 

PowerCell SE Company 

Proheat – Heat Traces ES Company 

PVH_Energy Storage ES Company 

SCM Amsterdam NL Company 

Sulapac FI Company 

InCatT NL Company 

EuChemS - European Chemical Society BE Society 
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ANCRE FR Network organization 

EMIRI BE Network organization 

Association of Chemical Industry of the Czech 

Republic 

CZ Network organization 

GDR Solar Fuels French Network FR Network organization 

Innovation Quarter NL Network organization 

MATERPLAT ES Network organization 

Swedish Energy Agency SE Network organization 

Swedish Research Council SE Network organization 

DECHEMA DE Network organisation 

Fonden Teknologirådet DK Funding agency 

European Algae Biomass Association, EABA  Association 

Hydrogen Sweden SE Public Private Partnership 

Mariestad SE Municipality 

Polish Ministry of Science and Education PO Ministry 

Regional Ministry of E&R in communidad de 

Madrid 

ES Municipality 

 

 



1 
 

Table 2:  Overview of selected European research organisations and companies interested to 

contribute to SUNRISE roadmap task group 2: Sustainable ammonia 

Organization name Country Organization type 

University Perugia IT University 

University of Freiburg DE University 

Universitat Rostock for Biowissenschaften DE University 

University Pau and Pays de l'Adour FR University 

University of Turku FI University 

Lund University SE University 

Ege University (Bioengineering) TR University 

Chalmers University of Technology SE University 

TU München DE University 

University of York UK University 

University of Oxford UK University 

European Atlas of Universities in Energy 

Research & Education, EUA-EPUE 

BE University network 

Psi-K CH Academic network 

INSTM IT University network 

PTChem PO Academic society 

Societa Chimica Italiana, SCI IT Academic society 

Société Chimique de France FR Academic society 

F.R.S.-FNRS BE Academic network 

Polish National Science Centre (NCN) PO Academic network 

Czech Academy of Science CZ Academic network 

Uppsala University SE University 

University of Stockholm SE University 

Imperial College UK University 

University of Warsaw PO University 

Ruhr-University Bochum DE University 

Adam Mickiewicz University in Poznan PO University 

University of Iceland IS University 

University Roma 3_Campus bio-medico IT University 

University of Glasgow UK University 

Technical University of Denmark DK University 

Universität Hamburg DE University 

University of Cambridge UK University 

University of Nantes FR University 

UK catalysis hub UK University network 

NERA NL University network 

LERU BE University network 

University of Lorraine FR University 

University of East Anglia UK University 

University of Stuttgart DE University 

University of Kiel - Botanical Institute and 

Garden 

DE University 

University of Sheffield UK University 

University of Limerick IRL University 

National University of Ireland Galway IRL University 

University of Bologna IT University 

University of Ferrara IT University 

University of Umea SE University 

UKERC UK Institute 

CIEMAT ES Institute 

CNRS FR Institute 

CERIC-ERIC_Trieste IT Institute 
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DLR DE Institute 

AIT - Austrian Institute of Technology AT Institute 

TNO NL Institute 

ENEA IT Institute 

IFP Energies Nouvelles, IFPEN FR Institute 

IBPC ES Institute 

SCK-CEN BE Institute 

Fonden Teknologirådet DK Funding agency 

VTT Finland FI Institute 

Cyano Biotech DE Institute 

Forschungszentrum Jülich GmbH DE Institute 

Fundacion IMDEA Energia ES Institute 

Max Planck Institute for Chemical Energy 

Conversion 

DE Institute 

Lyon Sustainable Development Chair FR Institute 

Biological Research Center_BRC, Institute of 

Plant Biology 

HU Institute 

EMPA CH Institute 

J. Heyrovsky Institute of Physical Chemistry CZ Institute 

IREC ES Institute 

Tecnalia ES Institute 

ICIQ ES Insitute 

Austrian Centre of Industrial Biotechnology, 

ACIB 

AT Institute 

3M ES Company 

Acciona Energy PT Company 

EDP Energia ES Company 

H2WIN BE Company 

ST1 Oy FI Company 

Avantium NL Company 

Carbon Recycling International, CRI IS Company 

Cyano Biotech DE Company 

Esy-labs DE Company 

Dr Laure Plasmatechnologie DE Company 

NOVAMONT IT Company 

Engie FR Company 

PEPperPRINT DE Company 

Photanol NL Company 

Plasmatechnologie GmbH DE Company 

SCM Amsterdam NL Company 

Sulapac FI Company 

Casale CH Company 

Clariant CH Company 

Haldor Topsoe DK Company 

Stamicarbon NL Company 

Yara NO Company 

MATERPLAT ES Network organization 

ANCRE FR Network organization 

Association of Chemical Industry of the Czech 

Republic 

CZ Network organization 

GDR Solar Fuels French Network FR Network organization 

Innovation Quarter NL Network organization 

Swedish Energy Agency SE Network organization 

EuChemS - European Chemical Society BE Society 
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DECHEMA DE Network organisation 

European Algae Biomass Association, EABA  Association 

Polish Ministry of Science and Education PO Ministry 

Regional Ministry of E&R in communidad de 

Madrid 

ES Municipality 



1 
 

Table 3:  Overview of selected European research organisations and companies interested to 

contribute to SUNRISE roadmap task group 3: Sustainable carbon capture 

Organization name Country Organization type 

Valladoid University Spain ES University 

University of Bern CH University 

Ecole Polytechnique Federale de Lausanne CH University 

Uni Stuttgart_Institute of Chemical 

Technology 

DE University 

Technical University of Delft NL University 

Technical University of Denmark DK University 

University of Szeged HU University 

University of Zaragoza ES University 

National University of Ireland Galway (NUIG) IRL University 

Leiden University NL University 

Johannes Kepler University Linz AT University 

University of Ferrara IT University 

University of Gothenburg SE University 

JGU Mainz DE University 

Bogazici University TR University 

Dept. of Atomic Physics_BME HU University 

Tampere University FI University 

University of Nova Gorica SI University 

Hasselt University BE University 

Technische Universitat Kaiserslautern DE University 

University of Milano-Bicocca IT University 

Warsaw University of Life Sciences PO University 

Lund University SE University 

University of Strasbourg FR University 

Centrale Lille University FR University 

Queen's University Belfast UK University 

University of Warsaw PO University 

University of Paris Diderot FR University 

University of Alicante ES University 

University of Messina IT University 

University of Duisburg-Essen DE University 

Cardiff University UK University 

Aachen University DE University 

Hochschule Osnabrück ES University 

Technical University of Denmark DK University 

University of Utrecht NL University 

Ghent University BE University 

Karlsruhe Institute of Catalysis DE University 

Ruhr-University Bochum DE University 

Humboldt University DE University 

University of Milano IT University 

Wageningen University NL University 

University of Manchester UK University 

University of Firenze/UNIFI IT University 

Politecnico di Milano IT University 

University of Antwerp BE University 

Maria Curie-Sklodowska 

University_UMCS_Gruszecki 

PO University 

European Atlas of Universities in Energy 

Research & Education, EUA-EPUE 

BE University network 

Psi-K CH Academic network 
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UK catalysis hub UK University network 

NERA NL University network 

LERU BE University network 

INSTM IT University network 

PTChem PO Academic society 

Societa Chimica Italiana, SCI IT Academic society 

Société Chimique de France FR Academic society 

F.R.S.-FNRS BE Academic network 

Polish National Science Centre (NCN) PO Academic network 

European Materials Research Society, EMRS  Academic network 

Leibniz Institute for Catalysis DE Institute 

CIEMAT ES Institute 

CNRS FR Institute 

CERIC-ERIC_Trieste IT Institute 

DLR DE Institute 

TNO NL Institute 

AIT - Austrian Institute of Technology AT Institute 

ENEA IT Institute 

IFP Energies Nouvelles, IFPEN FR Institute 

Fundacion IMDEA Energia ES Institute 

Institute of Microstructure technology DE Institute 

Bauhaus Luftfahrt DE Institute 

UKERC UK Institute 

Fraunhofer Gesellschaft DE Institute 

Forschungszentrum Jülich GmbH DE Institute 

Leibnitz Institute for Catalysis DE Institute 

Austrian Centre of Industrial Biotechnology, 

ACIB 

AT Institute 

INL_Lyon Institute of Nanotechnology UMR-

CNRS 

FR Institute 

Fritz Haber Institute of the Max Planck 

Society 

DE Institute 

CEA FR Institute 

Institute of Physics of the National Academy 

of Sciences of Ukraine 

UA Institute 

ICIQ ES Institute 

Weizmann Institute of Science and Bar-Ilan 

University 

IL Institute 

NPK ERHVERV DK Institute 

National Institute of Chemistry SI Institute 

Tecnalia ES Institute 

Eindhoven University of Technology NL Institute 

Institutt for energiteknikk (IFE) NO Institute 

J. Heyrovsky Institute of Physical Chemistry CZ Institute 

CENER ES Institute 

Helmholtz-Zentrum Geesthacht DE Institute 

ITQ Institute of Chemical Technology (CSIC-

UPV) 

IT Institute 

NTNU NO Institute 

ETH Zurich CH Institute 

SINTEF Energy NO Institute 

CSIC-INCAR ES Institute 

3M ES Company 

Acciona Energy PT Company 

EDP Energia ES Company 

ENAGAS ES Company 
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H2WIN BE Company 

Repsol ES Company 

ST1 Oy FI Company 

Total S.A. FR Company 

Toyota Motor Europe BE Company 

Uniper DE Company 

Shell NL Company 

Arcelor Mittal LU Company 

Copenhagen airports DK Company 

Esy-labs DE Company 

Everest Coatings NL Company 

Dr Laure Plasmatechnologie DE Company 

Hydron Energy NL Company 

NOVAMONT IT Company 

PEPperPRINT DE Company 

Plasmatechnologie GmbH DE Company 

Proheat – Heat Traces ES Company 

SCM Amsterdam NL Company 

HUNOSA ES Company 

Siemens DE Company 

Johnson Matthey UK Company 

Engie FR Company 

LafargeHolcim FR Company 

Lhoist BE Company 

Solvay S.A. BE Company 

Skytree NL Company 

Carbyon NL Company 

C&CS catalysts and chemical specialties DE Company 

Petrogal SA PT Company 

Arkema France FR Company 

Stamicarbon NL Company 

Atmostat - Alcen FR Company 

GreenWin BE Company 

Ingenza UK Company 

Liquid Wind SE Company 

PlasmaAir AG DE Company 

Plasmatreat GmbH DE Company 

Climeworks CH Company 

Marion Technologies S.A FR Company 

Polymem S.A FR Company 

HyGear B.V. NL Company 

EcoRecycling SRL IT Company 

ZEG Power A.S. NO Company 

Quantis Sàrl CH Company 

KT-Kinetics Technology SPA IT Company 

Oficemen ES Network organization 

PTECO2 ES Network organization 

CO2 Value Europe BE Network organization 

MATERPLAT ES Network organization 

Swedish Energy Agency SE Network organization 

ANCRE FR Network organization 

Association of Chemical Industry of the Czech 

Republic 

CZ Network organization 
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EMIRI BE Network organization 

GDR Solar Fuels French Network FR Network organization 

Innovation Quarter NL Network organization 

DECHEMA DE Network organisation 

Fonden Teknologirådet DK Funding agency 

Polish Ministry of Science and Education PO Ministry 

Regional Ministry of E&R in communidad de 

Madrid 

ES Municipality 



1 
 

Table 4:  Overview of selected European research organisations and companies interested to 

contribute to SUNRISE roadmap task group 4: Sustainable production of 

commodity chemicals and (jet) fuels 

Organization name Country Organization type 

University of Torino IT University 

Technical University of Munich DE University 

Technical University of Delft NL University 

Aachen University DE University 

University of Leipzig DE University 

Polytechnic University of Milano IT University 

Technical University of Eindhoven NL University 

University Paris Saclay FR University 

University of Lille FR University 

Aarhus University DK University 

University of Oslo NO University 

Ghent University BE University 

University of Groningen NL University 

Jagiellonian University_Dept. of Chemistry PO University 

Dept. of Economics_Univ. Roma Tre IT University 

University of Amsterdam NL University 

University Grenoble Alpes FR University 

Tel Aviv University IL University 

Univ. of the West of England, Bristol UK University 

University College London UK University 

Queen's University Belfast UK University 

Bogazici University TR University 

Lund University SE University 

National University of Ireland Galway (NUIG) IRL University 

University of Twente NL University 

Warsaw University of Life Sciences PO University 

University of Milano-Bicocca IT University 

Technical University Berlin DE University 

Abo Akademi University FI University 

European Atlas of Universities in Energy 

Research & Education, EUA-EPUE 

BE University network 

Psi-K CH Academic network 

UK Solar Fuels Network UK University network 

Swedish Consortium for Artificial 

Photosynthesis 

SE University network 

UK catalysis hub UK University network 

UK Solar Fuels Network UK University network 

Swedish Consortium for Artificial 

Photosynthesis 

SE University network 

INSTM IT University network 

European Materials Research Society, EMRS  Academic network 

French Academy of Sciences FR Academic society 

PTChem PO Academic society 

Societa Chimica Italiana, SCI IT Academic society 

Société Chimique de France FR Academic society 

F.R.S.-FNRS BE Academic network 

Polish National Science Centre (NCN) PO Academic network 

University of Montpellier FR University 

KU Leuven BE University 

University of Lyon FR University 
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University of Helsinki DK University 

Ecole Polytechnique Federale de Lausanne CH University 

Cardiff University UK University 

Julius-Maximilians-Universität Würzburg DE University 

Cambridge University UK University 

Uppsala University SE University 

Imperial College UK University 

University of Copenhagen DK University 

Italian National Research Council (CNR) IT Institute 

ICIQ ES Institute 

CIEMAT ES Institute 

CNRS FR Institute 

DLR DE Institute 

TNO NL Institute 

Flemish Institute for Technological Research 

VITO 

BE Institute 

ENEA IT Institute 

IFP Energies Nouvelles, IFPEN FR Institute 

VTT Finland FI Institute 

Bauhaus Luftfahrt DE Institute 

ICIQ ES Institute 

ICFO Institut de Ciències Fotòniques ES Institute 

Institute of Electronic Materials Technology 

(ITME) 

PO Institute 

MPI für Kohlenforschung Mülheim DE Institute 

Forschungszentrum Jülich GmbH DE Institute 

Karlsruhe Institute of Catalysis DE Institute 

CEA FR Institute 

Acconia ES Institute 

CIC Energigune ES Institute 

   

Max Planck Institute for Chemical Energy 

Conversion 

DE Institute 

Helmholtz centre for Environmental Research 

– UFZ, Leipzig 

DE Institute 

KTH SE Institute 

ISPT NL Institute 

DIFFER NL Institute 

Austrian Centre of Industrial Biotechnology, 

ACIB 

AT Institute 

D. G. de Investigación e Innovación 

Tecnológica 

ES Institute 

IMEC BE Institute 

3M ES Company 

Acciona Energy PT Company 

EDP Energia ES Company 

ENAGAS ES Company 

Repsol ES Company 

Total S.A. FR Company 

Toyota Motor Europe BE Company 

Uniper DE Company 

Covestro DE Company 

Shell NL Company 

Arcelor Mittal LU Company 

Copenhagen airports DK Company 
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Avantium NL Company 

Carbon Recycling International, CRI IS Company 

Esy-labs DE Company 

Everest Coatings NL Company 

Siemens DE Company 

Johnson Matthey UK Company 

Engie FR Company 

Fortum FI Company 

Hydron Energy NL Company 

PEPperPRINT DE Company 

Photanol NL Company 

PowerCell SE Company 

Proheat – Heat Traces ES Company 

PVH_Energy Storage ES Company 

SCM Amsterdam NL Company 

Photanol NL Company 

Casale CH Company 

Neste FI Company 

Stena Line SE Company 

Clariant CH Company 

Haldor Topsoe DK Company 

RWE Power DE Company 

Nextchem – Maire Tecnimont IT Company 

Arcelor Mittal LU Company 

Stamicarbon NL Company 

Yara NO Company 

C&CS catalysts and chemical specialties DE Company 

Petrogal SA PT Company 

Arkema France FR Company 

Atmostat - Alcen FR Company 

CEGASA  ES Company 

Certech BE Company 

Ecoduna Eparella GmbH AT Company 

Fev GmbH DE Company 

GreenWin BE Company 

Ingenza UK Company 

Liquid Wind SE Company 

Mügge GmbH DE Company 

KT-Kinetics Technology SPA IT Company 

ANCRE FR Network organization 

Association of Chemical Industry of the Czech 

Republic 

CZ Network organization 

GDR Solar Fuels French Network FR Network organization 

Innovation Quarter NL Network organization 

Swedish Energy Agency SE Network organization 

MATERPLAT ES Network organization 

DECHEMA DE Network organisation 

EuChemS - European Chemical Society BE Society 

Fonden Teknologirådet DK Funding agency 

Deutsche Energie Agentur DENA DE Funding agency 

Polish Economic chamber of Renewable and 

distributed energy (PIGEOR) 

PO Government body 

Polish Ministry of Science and Education PO Ministry 
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Regional Ministry of E&R in communidad de 

Madrid 

ES Municipality 
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Siemens Gas and Power GmbH & Co. KG, Otto-Hahn-Ring 6, 81739 Muenchen  Name Prof. Dr. Maximilian Fleischer 

Department Power2X and Storage 
 
Prof. Huub de Groot 
Leiden University 
 
Per mail 
groot_h@chem.leidenuniv.nl 
 

 
 
Telephone 

 
+49 (89) 636-634630 

 

Mobile +49 (173) 7064380 
E-mail maximilian.fleischer@siemens.com 

 
Our reference MF 
 24.3.2020 
  
  
  
  
  
  

Our support for R&D projects following your blueprint document. 
 
 
Dear Prof. Dr. de Groot, 
 
On behalf of Siemens Gas and Power GmbH & Co. KG, I declare our interest to participate in selected 
SUNERGY proposals which will be submitted in the research calls proposed in the SUNRISE Blueprint 
document. 
As Siemens AG, being a partner in SUNRISE, we have read the SUNRISE Blueprint in its current form and 
have been fully informed about the SUNRISE CSA project and its follow-up, under the name of SUNERGY, 
that will take shape in the remainder of Horizon 2020 and in Horizon Europe. We are very interested in 
participating in SUNERGY. 
We have formed Siemens Gas and Power GmbH & Co. KG, as an integrated energy company with 
significant focus on the new energy system. We provide generation, grid transporation, oil and gas support 
and formed a new business segment New Enery Business to industrialize innovative products for a cyclic 
energy system with renewable e.g. our industrial grade Sielyzer Electrolyzer 
Our interest relates to all four fields of your blueprint document with some focus to carbon capture and 
sustainable production of commodity chemicals and (jet) fuels. 
 
Based on the SUNRISE Blueprint in its current form we consider contributing to SUNERGY. Our definitive 
contribution and its nature are dependent on the SUNERGY calls that will be published in the remainder of 
Horizon 2020 and in Horizon Europe, and on the formation of consortia upon application of the final 
proposals. 
 
Kind regards, 
 

 
Max Fleischer 
(Chief Key Expert Energy Technologies) 

 

 



Subject: Statement of intent 

Brussels, 26th March 2020 

Dear Prof. dr. de Groot, 

On behalf of ENGIE I declare our interest to participate in selected SUNERGY proposals which will be 

submitted in the research calls proposed in the SUNRISE Blueprint document. 

As ENGIE, being a partner in SUNRISE, we have read the SUNRISE Blueprint in its current form and have 

been fully informed about the SUNRISE CSA project and its follow-up, under the name of SUNERGY, 

that will take shape in the remainder of Horizon 2020 and in Horizon Europe. We are very interested 

in participating in SUNERGY. 

ENGIE is a major energy utility company which operates in close to 70 countries on 5 continents 

(approximately 170 000 employees worldwide). It provides highly efficient and innovative energy and 

services solutions to residential, commercial and industrial customers. Willing to take a lead within the 

Energy Transition in Europe, ENGIE is highly involved in the development of sustainable and renewable 

energies from their production to their uses in cities and territories.  

With a target of 1.5 billion euros invested in the development of new solar technology, ENGIE believes 

in conversion processes using CO2, H2O, N2 and O2 as feedstock and sun as energy source to produce 

sustainable fuels and chemicals. As addressed in different tracks in the SUNRISE blueprint document, 

ENGIE would be especially interested to participate in the technology development of sustainable H2, 

NH3 and fuels according to photo-(electro)chemical and biological processes. Integration of advanced 

Carbon Capture technologies for centralized and decentralized CO2 sources with downstream 

conversion processes is also part of the R&D topics in which Engie wish to be involved. 

Based on the SUNRISE Blueprint in its current form we intend to contribute to SUNERGY. Our definitive 

contribution and its nature are dependent on the SUNERGY calls that will be published in the 

remainder of Horizon 2020 and in Horizon Europe, and on the formation of consortia upon application 

of the final proposals. 

Kind regards, 

Prof. Dr. Jan Mertens 

Scientific Director – ENGIE Research 
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1. Innovation Process 

The successful implementation of new ideas into technically and commercially viable products and services 

is a critical part of all modern economies. Unsurprisingly, it is a topic that generates continual discussion and 

debate although there is a broad consensus of distinct stages in any innovation process and what constitutes 

best practice for a particular business case. However, SUNRISE recognizes that for the transition to a circu-

lar economy we are dealing with something beyond the conventional commercial context. The problem to be 

solved is global in magnitude, albeit with a European epicenter. Consequently, we will need from the outset 

to build collaborative forums for all partners and stakeholders to meet and set priorities for addressing short, 

medium and long-term challenges for transitioning to a circular economy.  

The most important aspect, dealing with disruptive tech-

nologies and the SUNRISE vision, is to bring fundamen-

tal research to the market through the fastest possible 

route. In Deliverable 1.1, the outline for the production 

of Hydrogen, Ammonia and Carbon-based feedstock is 

given in view of different possible technologies. As in-

novation is the sum of invention/fundamental research 

plus commercialization, SUNRISE will also put empha-

sis on the latter to push innovation forward. It is neces-

sary to create an environment, where new start-ups are 

founded and funded in addition to the present industrial 

companies and SMEs to cover the TRL levels from TRL 

4/5 to 7/8. For this, the investment climate for renewable 

energy solutions needs to be considered (Egli, Steffen et 

al. 2018). These TRLs often suffer from an absence of 

industrial partners, especially in the case of new disrup-

tive technologies. Additionally, innovation cycles in the 

field of chemical feedstocks are quite large in the range 

of >10 years, as often high investments have to be made 

to introduce new processes or plants. Existing compa-

nies are often very risk-adverse. 

To encourage SUNRISE technologies to flourish, the 

concept of a multitude of SUNRISE Valleys is intro-

duced in the style of the Silicon Valley (see Figure 1). 

The SUNRISE Valleys constitute a Trans-European Network (TEN) and will fit in Europe's TEN policy 

(Marshall 2014). A comparable and readily existing initiative is the Hydrogen Europe network, which is spread 

across Europe. To further realize this concept and to reduce the innovation cycle time demand, the combination 

of public funding as well as private investments and a long-term commitment (minimum 10 years period) from 

the EC and the member states will be crucial to be able to engage private investments. 

A harmonized and comparable infrastructure of SUNRISE valleys providing support with e.g., business angels, 

venture capital companies, Intellectual Property (IP) support, business attorneys, marketing experts, account-

ants, etc. will enable a fast and focused development of technologies in a business-friendly environment. In 

cooperation with large industry, these technologies can be distributed on a global scale to ensure the accelera-

tion in technology distribution (Figure 2).  

 
Figure 2: Acceleration in technology development and reduction of innovation cycle is indicated with red arrows. 

 

 
Figure 1: Network of SUNRISE valleys in Europe, having 

already interested SUNRISE supporters available. 



D2.1 SUNRISE INNOVATION PROCESS 

Additionally, SUNRISE will do this by adopting best practices from other suitable sectors/economic regions 

for structuring the innovation process and for handling attendant information flow including intellectual 

property. In other words, SUNRISE will leverage the existing Member State ‘innovation infrastructure’ to 

provide local nodes for assisting the overall SUNRISE Innovation Process (SIP). The SIP will be built up 

using well-recognized stages (outlined below). From the outset, it will be vital to create an innovation envi-

ronment where contributors are purposefully exposed to the views and opinions of all stakeholders so that 

new concepts and approaches to converting sunlight into fuels and chemicals are in sync with the drivers that 

are shaping our societies of the future.  

SUNRISE will bring together an innovation team as part of, and reporting to, the governance structure. The 

innovation team will be specifically in charge of and responsible for organizing and running the SIP. The 

team is expected to evolve with time to reflect new developments in the political and social European land-

scape as they happen. The team will be tasked with leveraging relevant resource, assistance and advice from 

local, national and European organizations and institutions in building the SUNRISE innovation nodes. The 

frequency of webinars and physical meeting-forums will be adjusted in response to specific decision points 

embedded in the Roadmap.  

2. Innovation Process stages

SUNRISE uses three principal approaches to develop solutions to the chemical and fuel-based needs of Eu-

rope’s circular economy i.e. electrochemical, photoelectrochemical and biological/biohybrid processes. As 

well as having different product outcomes covering hydrogen, liquid hydrocarbons and ammonia, these ap-

proaches occupy different segments of the TRL range. Nonetheless, it is anticipated that the three approaches 

will share inter-related technical and commercialization challenges. We consider here five distinct stages of 

innovation that are generally applicable across the S&T landscape. The innovation process will be operated 

with sufficient flexibility to account for the different SUNRISE technology themes. For example, stages 4 

and 5 will have more immediate relevance to the electrochemical production of hydrogen as this has already 

reached demonstrator stage, but lessons learnt here will have real value for passing onto the photoelectro-

chemical and biological/biohybrid operations. 

Stage 1: Idea generation and refinement. 

We need new ideas that cover all aspects of the circular economy from science and technology to funding 

and financing, legislation, social acceptance, and local societal needs. A series of webinars and ‘town-hall’ 

meetings will be put in place to give full exposure to the concept of the circular economy. Partnership and 

networking opportunities will be a feature of the physical forums to encourage cross-disciplinary interactions 

at an early stage. Even technologies at relatively high TRLs can benefit from new thinking and continuous 

refinement. A successful Stage 1 should therefore provide potential participants with a well-rounded view of 

the problem to be solved and what their technical projects should encompass to be relevant progressing the 

Roadmap.  

Stage 2: Evaluation and selection 

The governance structure of SUNRISE allows for the selection of projects for consideration for funding by 

the commission and other sources of finance from private and/or public bodies. In keeping with most R&D 

initiatives, ‘call’ gateways at this stage would typically include (i) Being within scope of a particular call, (ii) 

Having a well-defined technical challenge, (iii) Clarity of desired output, market potential and potential im-

pact, (iv) A risk management strategy, (v) An appropriate team with well-matched resources and tasks, (vi) 

A logical cost basis and budget management plan and (vii) Clear quantifiable objectives and targets. 

To build and retain credibility, the evaluation process must be transparent and standardized, as not every idea 

will survive close scrutiny and feedback should be constructive. The choice of reviewers for proposals must 

reflect the circular economy’s stakeholders in addition to technical excellence. 

Stage 3: Experimentation 

The three SUNRISE technology approaches will be starting from different TRLs, and have specific targets 

that reflect a combination of ambition and realism in reaching for higher TRLs highlighted in the Roadmap. 

Likely, some projects will run into difficulties and some will achieve at least part of their principal objec-

tives. In either case, provision must be made for interim, decision and end review points. Partners will be 

strongly encouraged to take calculated risks and to look for common-sense short-cuts to move science and 

technology as quickly as possible towards practical demonstration. The SIP team will provide continual sup-

Page 5 of 7 
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port by providing a contact point at local nodes for advice and guidance covering technical and administra-

tive issues including how to deal with arising IP issues and conflicts, partner changes and accessing national 

and European S&T infrastructure such as advanced physical characterization methods. 

Stage 4: Commercialization 

In the approach to the commercialization stage, the SUNRISE partners should continuously consult end-us-

ers to verify that the innovation actually solves problems that are relevant to industry and society as a whole. 

Partners will need to carefully analyze the costs and benefits of rolling out the innovation. As the TRL in-

creases, new people and partnerships may need to be involved. This can necessitate the decoupling from aca-

demic input and moving towards commercialization through business operations that cover the spectrum 

from spin-offs to large multinationals. Many factors come into play depending on the nature of the business 

endeavor such as spin-off vs large industrial company, member state and EU-level financial incentives, sub-

sidies or taxation, fossil-fuel prices, potential carbon taxes, and possible rapid market shifts such as change in 

plastics usage.  

Stage 5: Implementation 

Implementation is typically the most challenging stage as the required investment levels rapidly increase, as 

do the associated risks of not achieving anticipated sales revenues. The full commercialization of processes 

aiming at the production of fuels and chemicals from solar/CO2/N2/H2O will take time and the SUNRISE 

partners view the roll-out pathways as evolutionary with early targets focused on local customer bases where 

conditions are the most conducive to mitigate costs and maximize benefits. In this respect, SUNRISE expects 

to build on the lessons learnt from the rapid growth of renewable energy generation (wind, solar etc.) and 

electrification of automotive drive-trains. Importantly, there will be a strong emphasis on using the nodes to 

seek and exploit early revenue opportunities to build credibility with stakeholders.  

3. The SIP action plan

Creation of the SIP Team 

SIP Team members will be drawn from SUNRISE members and in particular from WP 2 contributors. 

Design of webinar and forum contents 

Topics will include experts speaking on  

(i) The circular economy

(ii) Cities of the future

(iii) The future of plastics

(iv) Hydrogen infrastructure

(v) The carbon credit/tax landscape

(vi) Agriculture for the future

and other topics with a timetable that dovetails with the Roadmap requirements. 

Selection of national SUNRISE nodes 

The SUNRISE Innovation Process team will use local knowledge from the representative Member State 

SUNRISE supporters to quickly establish national SUNRISE nodes. We emphasize that the opportunities for 

Europe to capitalize on the circular economy depend both on our will and ability to innovate and on how 

rapid we can translate innovative technological solutions into large-scale industrial processes.  

Information flow and intellectual property matters 

To encourage free-thinking and exchange of ideas amongst the SUNRISE community and stakeholders, rules 

of engagement for each event will be made clear. Protection of IP in partnerships will be based on the European 

Commission’s DESCA template. Attention will be paid to on-line dissemination as well as traditional publi-

cation routes and so participants will be encouraged to use the SUNRISE website where appropriate. 
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EXECUTIVE SUMMARY 
 
This Deliverable Report considers Intellectual Property (IP) structures and Exploitation Methods 
within the Sunrise partnership. A clear and efficient management system for IP is critical for the 
successful commercialisation and implementation of inventions within Sunrise, and hence is one of 
the keys to the project having impact on the energy transition. At Project level, the proposed IP 
system is based on current practice in collaborative projects such as Horizon 2020, where partners 
share background IP when relevant, and arising IP is owned by the inventing party with licences 
granted to other parties. Sharing of IP across the Sunrise partnership is seen to be desirable, but the 
mechanism for this is not yet defined. The challenge to be overcome is to allow IP sharing between 
projects, but without deterring commercial parties from participating due to loss of control over IP 
they generate.  
Two forms of Exploitation are envisaged: Science-to-Science (S2S) and Science-to-Business (S2B). 
The mechanisms of Exploitation are different at different TRLs due to a number of factors such as 
the lack of clear vision as to whether the IP will be valuable (at lower TRLs) and the need for 
demonstrators at scale (for higher TRLs). S2S exploitation will be based on efficient 
communication between scientific partners (such as via  conferences and publications) whilst S2B 
exploitation is founded on the early engagement and exploitation of commercial partners who might 
implement technology at a later date. 
 
 
List of acronyms and abbreviations 

SIP – Sunrise Innovation Process 

TRL – Technology readiness level 
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1. Introduction 

Execution of the Sunrise blueprint for a circular economy will bring together a diverse range of 
participants from academia, research organisations, society and industry. As with any multi-partner 
consortium, there will be a need to balance individual partner needs with overall project objectives, 
and over the years various forms of Legal Agreements have been constructed to deal with 
intellectual property matters in such situations. Although Agreements vary in detail, there are basic 
ground-rules that have served well in the process of handling information flow and partner 
expectations. It is the purpose of this deliverable to outline those ground-rules within a general 
guideline structure that partners can adopt for their own particular requirements. The deliverable 
also describes basic considerations about the exploitation of results generated in an open innovation 
environment, with a focus on exploiting scientific results with other scientists (Science-to-Science) 
and to develop commercialisable materials, devices and processes (Science-to-Business).  

2. Basic IPR governance structures 

All projects require an over-arching governance structure and any Legal Agreement in a partnership 
will need to reflect this. We recommend a similar governance structure for IP whereby all partners 
have a representative on an ‘IP Management Committee’ (IPMC) that should oversee the processes 
of publishing, patenting, managing the flow of technical and scientific information into and out of 
the partnership, reviewing the IP landscape relevant to the project objectives and dealing with any 
disputes. The IPMC should contribute to any regular reviews within the project.  

It is very important that from the outset that there is clarity in respect of the rules of engagement 
that partners will be expected to abide by. This will facilitate both scientific information flow and 
the translation of acquired knowledge into practical, commercially viable technology. In particular, 
where there are potential conflicts of interest, such as the academic imperative to publish against 
the need to protect know-how that might lead to commercial exploitation, ground-rules must be in 
place to help resolve potential issues at an early stage. Good note taking at meetings is a ‘must’ so 
that correct attribution in respect of inventorship of an idea, problem-solving etc, is recorded and 
made transparent. Finally, a word of caution in that trust between partners, critical to a successful 
project, can be quickly eroded unless potential disputes are dealt with in a timely and effective 
manner. Being alert to signs of discontent as well as potentially patentable results will be amongst 
the key functions of the IPMC. 

 

3. Typical IP Agreement layout 

We provide for reference the layout of a typical IP Agreement suitable for multiple partner projects. 
Any Agreement should give provisions for the ownership, transfer, protection, use and 
dissemination of results, so-called “foreground”. The basic points should encompass: 

• Foreground resulting from the project is owned by the participant generating it. 
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• When foreground is generated jointly (i.e. where the separate parts of some result cannot be 
attributed to different participants), it will be jointly owned, unless the participants 
concerned agree on a different solution.

• Valuable foreground should be protected, especially when it is capable of industrial or 
commercial application, even if it is at an early technology readiness level (TRL). It is for 
the protecting party to determine what is valuable, considering future opportunities and the 
cost of writing, filing and maintaining the patent.

• Protection is not mandatory in all cases, though the decision not to protect foreground should 
be made in consultation with the other participants, who may wish to take ownership.

• An appropriate definition of Background IP. This needs to be carefully defined and any 
access rights clearly laid out. Note that this is a particularly sensitive area for industrial 
partners who are likely to request careful control regarding who has access and under what 
terms to their background IP. For Sunrise, background IP would be listed at project level 
whenever a new project starts. 

4. IP Objectives

The objectives of a typical IPR strategy should follow general principles such as: 

• Recognize at an early stage where valuable results are being generated.
• Help focus the research towards the highest priority areas.
• Ensure effective protection of IP rights
• Avoid work on research topics where the application is hindered or blocked by existing

patent positions or prior art.

Knowledge of the IP landscape will need to be collated and mapped out for partners so 
that potentially troublesome areas e.g. where competitor activity is at a high level, can be 
identified and a suitable strategy can be put in place to modify planned work programmes or 
devise a work-around. Many industrial organisations use specialist software to analyse IP 
landscapes with visual tools that facilitate understanding of existing activity in the field, and 
where exploitable gaps may lie. Such tools can be very useful and are to be encouraged. 
However, the information will necessarily lag real-time as it can take several years for granted 
patents to appear in the public domain. Also, the choice of search terms can sometimes prove 
difficult to rationally construct so that useful information is either missed or buried in 
excessive ‘noise’ from irrelevant items. 

In the context of Sunrise, IP issues generally occur at the project level, between parties who are 
engaged to co-operate. It is desirable to create interactions between the projects within Sunrise, 

but this leads to difficulties for commercial parties who then would be discouraged from 
participating. Page 4  
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For example, a company participating in a project within Sunrise would not want to share IP with 
a competitor who is participating in a project which also falls under the Sunrise umbrella but is 
otherwise unrelated. One possible route forward would be for parties to offer suitable licenses to 
other projects within Sunrise. There could be a role for the consortium in facilitating this process, 
maybe through creating contacts between projects or by setting out a standard template for the 
licenses. Overall, wider sharing of the IP which arises within Sunrise across the consortium is 
desirable, but it needs to be managed in a way which is acceptable to all partners, and does not 
discourage the participation of all kinds of businesses. 

5. Effective Exploitation of the Results

One of the principal reasons for failure of technology commercialization ventures is related to a 
failure to understand the market properly. Accordingly, each Partnership project will need to 
conduct an analysis of the market needs related to the commercial use of the technology in question. 
For Sunrise and its intended technology goals dictated by the roadmap, most of the initial challenges 
are likely to relate to early TRLs such as proof of principle for a novel CO2 reduction process or an 
improved catalyst for nitrogen reduction. Consequently, there may be little prospect of 
commercializing inventions beyond niche-type applications in the early stages.  

In particular, where the intended exploitation relates to the displacement of fossil-fuel based 
commodity chemicals, it will be, at least initially, extremely difficult to compete on price unless 
there is a corresponding national or regional fiscal policy that essentially subsidizes ‘green’ products 
or, correspondingly, penalizes green-house gas release to provide a level playing field, as current 
pricing of fuels is economically complex and regulated with taxation (VAT) at the end of the value 
chain to finance discounts at the source to stimulate economic activity and efficiency. It follows 
therefore, that as part of the market analysis, due diligence must be done on understanding the 
existing and projected pricing, discounting and taxation frameworks across European and other 
economies. 

Attention should also be paid to the likely supply-chain requirements for developing a particular 
technology. This should cover everything from raw-materials supply to end-of-life disposal. Scale-
up issues should also be under scrutiny as although the technology development sequence should 
run as performance, then reliability, then cost, early identification of cost-effective, scalable ways 
of making key materials or components, will pay dividends. Indeed, where it is envisaged to exploit 
the technology by linking into an existing industrial process – for example by blending green 
hydrogen into natural gas feeds – then a good knowledge of the end-user specification such as 
tolerance of impurities, reliability and quantities of supply, will be essential. 

As already introduced with the idea of “Sunrise Valleys” in report D2.1, full open innovation is 
envisaged within the individual projects of the Sunrise initiative, with full disclosure and a strong 
interaction between the partners in order to achieve the greatest progress. This is naturally easier at 
lower TRLs where individual partners have less at stake (have spent less on IP, have smaller-scale 
facilities etc.) than at higher TRLs where there can be significant business risk, for example in 
building a demonstrator facility (Figure 2).  
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Figure 2. Relationship between the number of projects and the individual project cost.  
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Innovation Protocols 

Different strategies for innovation are needed at different stages of a project’s life, from conception 
through to commercialisation. The different approaches can be categorised by the different project 
TRLs: 

Low	TRLs	
Low TRL working is characterised by triggering new studies and ideas and evaluating novel 
concepts. It’s important to be able to assess whether a concept offers any chance of success quickly 
and efficiently in order to avoid wasting time and resources. However, it’s equally important to 
generate basic scientific work where fundamental barriers persist and not to terminate projects 
without a clear understanding of why they are being stopped. One successful approach is to identify 
the biggest obstacle to a project’s success based on evaluations at regular time intervals, and work 
for a limited time under reservation and close monitoring to either overcome the obstacle or stop 
the project. Alternative approaches to problems can often be conceived whilst working on a project, 
and so a stopped project can give way to a new, improved approach. The value of collaboration in 
low TRL activities is in the contribution to innovation. Often, partners with different backgrounds 
will regard the problem in different ways which allows superior solutions to be found. 

Mid	TRLs	
Working in the middle TRLs is moving the project from the lab through a range of increasingly 
realistic demonstrators. The approach here is quite different to low TRL working and can involve 
different partners. The key issues are often in the robustness of the proposed process or material, 
and formulation can be important, for example in converting powders to electrodes or cells. In the 
mid-TRL range, an iterative approach is often used alongside improving understanding. Materials 
or systems characterisation can often be important. The partners involved at this stage will typically 
be a blend of those involved in the lower TRL work with new partners who can manufacture 
components at the scale needed for testing. Also important at this stage is understanding the 
complete system using tools such as life-cycle assessment and technoeconomic analysis. These 
Such tools allow the project to be directed in beneficial directions before it is too mature for changes 
to be made. 

High	TRLs	
A high TRL project is the final step before commercialisation. Here the investment costs are highest; 
often new facilities need to be built or existing facilities adapted to allow the project to take place. 
The objective is usually to demonstrate a process or material to allow investment to take place. 
Demonstration of a project for a significant period of time (e.g. 6 months) lowers the risk and so 
can be pivotal in achieving a successful project. Again, the mix of partners will have changed 
significantly from the lower TRL parts of the project, with emphasis on collaborators who can 
manufacture components at scale, and who have the facilities and access to feedstock to host the 
actual demonstration. 

Page 7 
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Exploitation Strategies 

The Sunrise Roadmap envisages activities across the TRL scale from fundamental research to 
demonstration activities between the present time (2019) and 2050. Some of the technologies are 
already demonstrated (e.g. water electrolysis) whilst others are at much lower TRL such as direct 
electrochemical ammonia synthesis. Development of successful commercialized systems is going 
to require the skills and expertise of a range of actors all working together to achieve the best 
systems. 

Considering the above, it is appropriate to consider separate strategies for exploiting science with 
other scientists to create better science in the future, and exploiting science to develop 
commercialisable materials, devices and processes. These are the science-to-science (S2S) and 
science to business (S2B) exploitation plans respectively. It is key to transfer meaningfully both to 
scientists and to businesses in order to generate impactful products in the short, medium and long 
terms and so to meet economic, climate and other policy goals.  

Science to Science (S2S) 
The main impact of S2S exploitation will be at low and mid TRLs through development of the 
science produced within Sunrise by scientists outside the consortium. The benefit of this is a broader 
fundamental understanding of relevant areas and will lead to the development of improved 
processes and materials in the future. Even if the TRLs of the work are low, the impact is still 
expected to be high, for example through the development of new materials for important 
applications, or in fundamentally understanding a relevant concept or phenomenon. 

To engage a broad community towards the blueprint goals, scientific results relevant to progress 
along the multiple paths of the roadmap must be disseminated. Scientists are generally aware of the 
results in their field. What needs to be communicated are the specific milestones that have been 
reached and the remaining bottlenecks which will have to be overcome in order to fulfill the 
objectives. Since SUNRISE will develop its research in a wider environment, in Europe and 
worldwide, new important publications external to SUNRISE will also be scrutinized, and 
disseminated to a large community. 

This dissemination plan shall include regular oral communications at scientific conferences both 
within and external to Sunrise. Also, special web conferences, and open discussions webinars shall 
be organized to increase the awareness of scientists concerning S&T barriers on the SUNRISE 
roadmap. One of the Human Resources possibility is to have a dedicated team take care of following 
the advances on the multiple fronts, then report and disseminate.  

Science to Business (S2B) 
The transfer of science to business is also important because it will lead to better processes and 
materials in the short-to-medium term. The role of science is important at the low TRL stage of a 
project lifetime where innovation is taking place to determine the best solution. It is also important 
at the mid-TRL stage where fundamental understanding is required to help make better devices and 
to understand and resolve degradation problems. 

Page 8 
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To gain the maximum impact from Sunrise’s scientific output, it is important to engage the business 
community and to create structures where businesses can be involved. Key issues such as IP need 
to be managed in a way which is appropriate for both commercial and academic partners and 
recognizes the early-stage input of research institutes and academic groups appropriately. It is 
important to acknowledge that there is no one-size-fits-all approach for businesses, whose needs 
will vary depending on size, market sector and the business model they are using. Early buy-in of 
commercial organisations is also important to secure funding for later, larger scale, projects. It is 
worth remembering that every commercial organisation will have its own identity and priorities and 
a one-size-fits-all approach is unlikely to be successful. Only through good understanding of these 
priorities can meaningful relationships be developed. 
 
There are a number of vehicles for S2B interactions, and selecting the correct one for a project can 
make a significant improvement to the chances of success. For example, working at low TRLs a 
short proof-of-concept project might be the most appropriate, rather than initiating a Ph.D. project 
which might not yield results for a number of years. However, for a competency-building activity, 
a Ph.D. might be the perfect mechanism since it offers regular interactions over a long period of 
time and the opportunity to build a knowledge base. 
 
There are a number of successful approaches to product development, such as the pipeline shown 
in Fig. 1. Here, the process starts with idea generation and evaluation. Between each stage there is 
an evaluation stage, to check whether the idea or project is on track. Key questions are asked, such 
as whether customers are interested, what the IP implications are, health and safety issues and so 
on. The questions become more detailed as a project moves through the pipeline. The activities 
evolve as the project moves through the process; from research and ideation through development 
and scale up to manufacturing.  

 
Fig. 1. A pipeline model for product development 
 
The advantages of a pipeline approach are in visibility and in sign-off: the stage-gate reviews 
between each section involve inputs from a range of disciplines such as EHS, operations and 
commercial teams. Projects which don’t pass the sign-off either stay in the previous stage for further 
work and re-review, or are stopped. 
 
One particular bottleneck in development can be demonstration of a technology. It is typical for a 
technology’s robustness to be demonstrated in the application for an extended period of time, such 
as six months or more. This lowers the risk associated with the project and so helps financiers 
support the project. Finding a host for a demonstrator project can be challenging, especially for new 

Idea Evaluation Development Scale Up Commercialisation
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processes which are not yet commercialized and where side-stream reactors on existing plants do 
not exist. It is reasonable to think that to achieve the ambitious goals of the Sunrise Roadmap 
demonstrators will need to be constructed and operated with the associated costs. 
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PREAMBLE 
 
The particular embodiment and funding instrument(s) for the SUNRISE Large Scale European 
Research Initiative are under discussion at the time of writing of this document. Due to the 
termination of new Flagships in Horizon Europe, SUNRISE merged with the parallel CSA 
ENERGY-X founding SUNERGY in early February 2020 in order to join forces towards the 
ambitious goals common for both CSAs. Therefore, the proposed innovation and exploitation plan 
and the IPR guidelines - reported here for SUNRISE - should be considered as provisional and 
need to be refined once the applicable boundary conditions for SUNRISE / SUNERGY are 
clarified.  
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EXECUTIVE SUMMARY 
 
This Deliverable Report updates and details the guidelines for Intellectual Property (IP) 
management and the Innovation & Exploitation schemes for the SUNRISE partnership based on 
the previous deliverable D2.2. As outlined there, the proposed IP system on individual project level 
will follow the established framework for funding programs such as Horizon 2020. This implies 
that project partners share background IP as needed, and that newly generated IP is owned by the 
inventing party (or parties) with conditional access and licensing rights for other parties. 
While the possibility to transfer of IP across the SUNRISE partnership is considered as beneficial 
in order to achieve the overall SUNRISE targets, a coercive mechanism would highly discourage 
private parties from participating in SUNRISE. Therefore, it is proposed that SUNRISE creates an 
environment which facilitates the transfer of IP on voluntary basis and that SUNRISE actively 
encourages IP sharing by its community members. 
As far as the Exploitation plan is concerned, different approaches for Science-to-Science (S2S) and 
Science-to-Business (S2B) exploitation will be used – also depending on the maturity of the 
development activity. Key for both S2S and S2B is making information timely and consistently 
available – either regarding interim or final development results or regarding market or business 
needs and requirements. Furthermore, the failure to commercialize technology is often largely 
related to a poor understanding of the market. It is hence proposed that project teams are actively 
coached by SUNRISE in order to build their business case, and that the progress of the projects is 
continuously monitored in order to ensure their quality and impact, and hence their subsequent 
exploitability. 
 
 
List of acronyms and abbreviations 

SIP – SUNRISE Innovation Process 

TRL – Technology readiness level 

S2S – Science-to-Science 

S2B – Science-to-Business 
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1. Introduction

In the previous deliverables D2.1 and D2.2, the innovation process as well as the exploitation and 
IPR guidelines for the SUNRISE partnership have been defined and structured. Since the 
transition to a circular economy - as it is envisaged in SUNRISE – is beyond the typical scale and 
timeline of “normal” technology development efforts, the most important task in terms of 
innovation is to bring fundamental research and disruptive technologies to the field through the 
fastest possible route and to ensure their subsequent marketability.  

The key challenges here are the fact that the innovation cycles in the energy and chemical industry 
are often very long (particularly if innovations in material sciences are considered), that high 
investments are needed to bring technologies to scale (e.g. TRL 7/8 often requires the construction 
of new plants) which implies the risk of substantial monetary losses in the case of failure, and that 
products made from renewable sources are - at least at the moment – often more costly than their 
conventional counterparts. In order to maximize the commercial prospects of the partnership’s 
technology developments, the SUNRISE Innovation Process (SIP) has been defined including the 
concept of innovation clusters (“SUNRISE Valleys”) which provide infrastructure and a favorable 
innovation environment (cf. deliverable D2.1). 

As far as the handling of newly generated IP along the innovation process is concerned, the 
guidelines on project level will follow the established practice for H2020 / Horizon Europe, 
whereas on partnership level, a balance between the benefits of widespread IP and information 
sharing on the one side and IP control for commercial partners on the other side has to be found. 
While making information and IP available to a large community will boost the generation of 
knowledge and enable new ideas and cooperation, commercial partners will not participate in such 
an effort without control over the IP they generate. Consequently, the partnership will struggle for 
impact without substantial involvement of the private sector. 

Another prerequisite for the generation of impact are effective exploitation protocols, both 
regarding Science-to-Science (S2S) and Science-to-Business (S2B) exploitation. For the former, 
prompt sharing of scientific progress with others active in the research field (and preferably also 
in adjacent fields) based on familiar dissemination channels is required. For the latter, different 
methods and structures are needed to engage the business community. It is important to recognize 
that there is no one-size-fits-all approach for S2B, since business needs will vary depending on 
size, market sector and the business models. Nevertheless, it is recommended that S2B 
exploitation for the development of new commercial products and processes should be compatible 
with one of the established industry standards in product development to ensure later 
marketability and bankability. This implies that low-TRL activities are prepared to stop if the 
given requirements cannot be met, that mid-TRL activities operate in increasingly realistic 
environments and that high-TRL projects focus on demonstration and production-related topics 
and risk-reduction strategies. 

Page 4 
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2. Exploitation Plan

Following the definition of “exploitation” according to H2020 as “the use of results in further 
research activities other than those covered by the action concerned, or in developing, creating 
and marketing a product or process, or in creating and providing a service, or in standardisation 
activities”, the approach for the SUNRISE partnership should be twofold: 

 On the individual project level, the respective exploitation plans have to be in line
with the overall SUNRISE roadmap which reflects the prioritized research and
development directions based on multi-stakeholder feedback.
Since the roadmap has been elaborated by the SUNRISE consortium (involving the entire
SUNRISE stakeholder community) and addresses European policy makers and
stakeholders from research and industry, successive short-, mid- and long-term
exploitability (both S2S and S2B) will be ensured by requiring compliance of the specific
project objectives with the roadmap targets. In order to achieve and maintain that
accordance during the life span of a project, a continuous coaching/outreach approach to
the projects should be applied in combination with a stage-gate process to review the
project progress. A comparable approach has for instance been piloted for the projects
awarded under call LC-SC3-RES-2-2018 (“Disruptive innovation in clean energy
technologies”) via InnoEnergy. Accordingly, calls addressing SUNRISE targets should
contain concurrent terms, for example:

“Proposals need to demonstrate a clear technology development roadmap for their 
solutions, including a strong exploitation plan presenting their business opportunities 
and impact potential. 

The technological development risks need to be clearly identified and relevant 
mitigation measures given. Life cycle analysis shall be considered. 

Projects selected under this pilot will follow a stage-gate approach based on 
milestones and periodic reviews. A first review by the Commission - with the help of 
independent experts - will take place after 12 months, based on an assessment by 
SUNRISE of the feasibility and innovation potential of the proposed solution or 
application, analyzing amongst others the business and innovation strategy, the 
technology readiness level of the proposed application, the consortium's freedom to 
operate (e.g. background, foreground, IP), and the market.  

This review will lead to a first go/no go decision. Throughout the duration of the 
Grant Agreement, and agreed therein, SUNRISE will be involved in providing support 
to innovation and business development, including completing the market uptake 
supply chain, using external expertise, with the aim to strengthen the consortium's 
innovation performance.” 



D2.3 (Innovation & Exploitation plan fully developed and IPR consortium guidelines updated) 

Page 6 

 On the SUNRISE partnership level, exploitability can be ensured by i) linking the 
SUNRISE-related projects to associated SUNRISE Valley nodes and ii) subsequently 
bringing together potential users / sponsors / investors with the owners of IP & know-
how via the SUNRISE Valley network.
As described in deliverable D2.1, the SUNRISE Valleys are collaborative forums for 
discussion, exchange of information and alignment on future requirements and priorities 
between all stakeholders. They are organized de-centrally (so that new nodes can easily be 
added, for example within a newly awarded project) and provide the necessary 
infrastructure for fostering innovation and exploitation. In order to make the input of each 
node available to the entire partnership, the nodes will feed common databases (e.g. on IP, 
results, requirements and exploitations, categorized according to the roadmap targets) in 
alignment with the corresponding stakeholders to identify additional exploitation 
opportunities and to provide structured input for continuous updating of the roadmap. If 
required, the access to those databases can be restricted via a nominal fee to avoid 
improper use of the data. A schematic illustration of the relation between the roadmap, the 
projects, the nodes and the stakeholders is shown in Figure 1. 

Figure 1:  Relationship between the SUNRISE roadmap, SUNRISE projects, SUNRISE Valley 
nodes and the SUNRISE stakeholders to enable exploitation across the partnership 
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It is planned to establish test pilots of the valleys during the ramp-up phase of SUNRISE (cf. also 
deliverable D4.2) so that a basic structure is available at the start of the planned Large Scale 
European Research Initiative (LSERI) and hence the exploitation on partnership level is then 
possible. The tasks for setting up test pilots of the valleys will comprise the study of best practices 
from other sectors, the identification of relevant stakeholders, a subsequent demand analysis and 
the evaluation of funding possibilities (based on the combination of public funding and private 
contributions). 

Regarding the short-, mid- and long-term commercialization strategy of SUNRISE’s developments, 
it should be kept in mind that the creation of any new business inherently requires the availability 
of a complete and functional technology stack. Regarding the SUNRISE roadmap, the following 
phases can hence be distinguished: 

 Short-term commercialization will primarily focus on high-TRL technologies, e.g. PV-
driven electrolysis. Since demonstrator plants and pilot plants in the multi-MW range will 
have to be built, there is a significant business risk due to the high capital investment needed. 
Hence, in order to finance such projects and bring the corresponding technologies to the 
market, a coordinated financial engineering for de-risking needs to be applied, which 
considers - in addition to the private investments - the following funding sources:

o R&I funding (e.g. Horizon Europe)
o Regional / national / EU structural funds (for the infrastructure-related aspects)
o European Investment Bank (e.g. Risk Sharing Finance Facility)
o European Fund for Strategic investment (EFSI)

 Mid-term commercialization will be relevant for already proof-of-concept technologies 
(i.e. with current TRL 4 – 6), in terms of the SUNRISE roadmap e.g. for biological /
biohybrid direct conversion of sunlight. The commercial exploitation of the advancements 
in efficiency and long-time stability will either be done by established SMEs or industrial 
players that can upload those results into their own product developments, or by start-up 
companies that carry the development further with support from early-stage investors. It is 
particularly important to realistically (re-)assess the viability of the business perspectives 
during the course of the development and to identify and involve future off-takers for those 
mid-TRL projects.

 For the long-term commercialization of low-TRL technologies, for example 
photoelectrochemical devices which enable the direct conversion of sunlight, there are 
understandably many uncertainties regarding the evaluation of the business potentials. 
While the generation of knowledge is the primary task for such projects, and the 
development directions might change based on new insights, it is nevertheless important to 
benchmark the achieved results and the future potential versus established and other 
emerging solutions. Such a benchmarking can be done as a part of the SIP with the aid of 
experts from industry, which would also support the subsequent uptake of promising 
results and/or an efficient re-allocation of resources. 
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3. Innovation Plan

In order to achieve the required innovation performance, SUNRISE will employ the SUNRISE 
Innovation Process (SIP), i.e. a stage-gate approach as illustrated in Table 1 below. 

Table 1: SUNRISE Innovation Process (SIP) 

Objectives 
and 

Character-
istics 

 Networking,
forums for
discussion &
exchange on
topics related to
circular economy

 Provide
participants with
holistic view of
the challenge and
what their
technical projects
should
encompass to be
relevant to
progressing the
roadmap

Selection of 
projects for 
funding based on 
typical ‘call 
gates’: 
 Being within

scope of a
particular call
Well-defined

techn. challenge
 Clarity of

desired output
& impact
 Risk mgmt..

strategy
 Appropriate

team with well-
matched
resources and
tasks
 Logical cost

basis and
budget
management
plan
 Clear objectives

and targets

 Trial, error, 
success, failure

 SIP team will 
give support by 
providing 
contact point at 
local nodes for 
advice and 
guidance w.r.t. 
technical and 
administrative 
issues, arising 
IP, partner 
changes, 
accessing 
national S&T 
infrastructure 
(e.g. advanced 
analytical 
techniques) 

 Involving end-
users, analyzing
costs and benefits

 Involving new
partners and
partnerships,
decoupling from
academic input,
moving towards
commercialization

 Further progress
depending on
nature of business
endeavor such as
spin-offs vs. large
industrial
company, state
and EU-level
financial
incentives or
subsidies, fossil-
fuel prices,
possible market
shifts

 Most challenging
stage as the
required
investment levels
and risks rapidly
increase

 Commercialization
and
implementation of
chemical
processes take
time 
evolutionary roll-
out, first focus on
local customer
bases where
conditions are
most conducive to
mitigate costs and
maximize benefits

 Use lessons learnt
from rapid growth
of renewable
energy generation
and electrification
of drive trains

Deliverables 
(exemplary) 

 Requirement
specifications for
technology (and
future products)

 List of
stakeholders and
cooperation
partners

 Market potentials

 Technology ideas
& concepts

Proposals 
including: 
 Technology

design
specification

 Milestone &
Review Plan

 References to
SUNRISE
roadmap

 Metrics for
progress eval.

 Risk assessment

 Resource plan

 Technology
specifications
and test results

 Technology
capability
evaluation (incl.
benchmarking
vs. established
solutions)

 Review
documentation

 (Scaled)
Prototypes

 IP

 List of potential 
markets and 
customers

 Commercialization 
and financing plan

 Market strategy 
and market entry 
documents

 Implementation 
preparations (e.g. 
sourcing, 
manufacturing, 
validation) 

 Full-scale
prototypes

 Qualified systems

 Requirement
definitions for
S&T based on
operational
experience

 Evaluation of
product operation

 Identification of
basic S&T

Idea 
generation 

Evaluation, 
Selection 

Experi-
mentation 

Commer-
cialization 

Imple-
mentation 
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The SIP forms the overall framework for innovation management on the SUNRISE partnership 
level. Within the specific SUNRISE-related projects, a corresponding stage-gate methodology for 
project execution should be applied, cf. also chapter 2 – “Exploitation plan”. 

The SUNRISE projects should preferably follow a development process which is compatible with 
established industry standards in the respective field, so that an easy exploitation and 
commercialization of the results is possible. Since the particular development routines differ from 
one industry to another and also depend on the specific development task, no one-size-fits-all 
approach can be applied on project level. It is therefore necessary to outline the review and gate 
requirements and schedule individually for each project during the project definition phase. 

Furthermore, since unsuccessful exploitation and commercialization is often (partly) caused by a 
failure to understand the market properly, end-user requirements need to be considered already in 
the very early innovation stages. For a consistent (quantitative) view on the market chances of 
new developments across the whole SUNRISE technology development portfolio, it is considered 
as beneficial to have a common baseline regarding the overall market to enable an objective and 
transparent assessment. However, since again every SME or industrial participant in SUNRISE 
projects might use a slightly different market model by default, requiring the mandatory use of a 
particular market scenario is not regarded as practical.  

A possible solution to this problem is to put the market assumptions for each project in relation to 
public reference scenario(s), for example the scenarios “Modern Jazz” and “Unfinished 
Symphony” from the World Energy Council (WEC). The reference of the individual project scope 
and impact to such widely accepted scenarios will be helpful in terms of attraction of investments, 
bankability of the technology and the alignment of research priorities with governments. 
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Figure 2: Baseline scenarios of the World Energy Council  
(Source: http://www.worldenergy.org/assets/downloads/Scenarios_Report_FINAL_for_website.pdf, p. 13) 
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4. Updated IPR Guideline

General IPR guidelines for the SUNRISE partnership have already been outlined in D2.2 
regarding: 

 Basic IPR governance structures

 Typical IP Agreement layout

 IP Objectives

The DESCA template can serve as baseline for the contractual handling of IP ownership 
provisions, joint ownership rules and access rights provisions, although for higher TRL projects, 
also other templates (like MCARD) can be used to address the specific needs of projects that are 
close to commercialization (e.g. regarding access rights for affiliated companies, or regarding 
protection periods). That means that project partners share background IP as needed, and that 
newly generated IP is owned by the inventing party (or parties) with conditional access and 
licensing rights for other parties. 

In order to leverage the full potential of SUNRISE, the possibility to transfer IP across the 
partnership and between projects is regarded as beneficial. However, an automatic (conditional) 
transfer mechanism would discourage private parties from participating in SUNRISE, since they 
would lose control over the IP they generate. For owner-managed companies, such a mechanism 
would at least be undesirable (but theoretically possible if it is approved by the owner), while for 
corporations, it is practically impossible to consent to any default transfer of their immaterial 
assets without infringement of fiduciary duties. 

Therefore, it is proposed that SUNRISE creates a framework which facilitates the transfer of IP on 
voluntary basis and that SUNRISE actively encourages IP sharing between and beyond its 
community members on fair conditions. The specific terms for IP sharing need to be negotiated 
case-by-case between the owner(s) and the user(s). To keep track of the IP information that was 
generated, and hence to be able to connect IP holders and potential users across the partnership, a 
central database should store relevant IP information (i.e. not only newly generated IP, but also 
results from IP reviews and clearings that were performed in the projects). The input to the 
database can be provided via the SUNRISE Valley nodes in alignment with the SUNRISE 
projects / partners, cf. also chapter 2 – “Exploitation Plan”. It should be kept in mind that such a 
database can primarily serve as a central IP directory for SUNRISE technologies, but in general 
cannot contain business information. 

Finally, the ‘IP Management Committee’ (IPMC) - a SUNRISE governance body that oversees 
the processes of  publishing, patenting, and managing the flow of S&T information into and out of 
the partnership - should actively promote, support and mediate the sharing of IP within the 
partnership when this is seen as beneficial from the partnership’s point of view. 
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EXECUTIVE SUMMARY 
 
This document, the final update of deliverable D3.1 Dissemination, Communication and Education Plan, is 
a joint deliverable of the SUNRISE (Solar energy for a circular economy – www.sunriseaction.eu) and 
ENERGY-X (Transformative chemistry for a sustainable energy future – www.energy-x.eu), which are 
funded by the European Union’s H2020 Programme under Grant Agreements No. 816336 and No. 820444, 
respectively. The Dissemination, Communication and Education Plan identifies the main dissemination and 
communication objectives of the upcoming initiative SUNERGY project and the activities and tools that 
will be defined and implemented in the new action and in future endeavours according to the target 
audiences.  
 
The plan includes an evaluation of the initial KPIs (Key Performance Indicators) to be considered in the 
short-term concerning the ramp-up phase and long-term, the large initiative phase. In addition, an evaluation 
annex (Annex 1) is attached to the current document, containing the evaluation of the dissemination and 
communication activities carried out during the SUNRISE action. This strategy serves as the basis to define 
the backbone of the future plans for dissemination, communication and education within the SUNERGY 
initiative.  
 
In the ramp-up phase of the upcoming project, keeping the current momentum achieved by the SUNRISE 
and ENERGY-X communities will be the main challenge. Reaching further the general public and policy 
makers will also be one of the main objectives. As the funding resources for this first part of the project are 
not yet ensured, cheap and free-of-charge promotional online campaigns and competitions, as well as 
supporting audiovisual materials (official video, newsletters, slides, etc.) will be developed in order to fulfill 
the conditions needed for the success of the dissemination and communication strategy, complying with 
three conditions: 1. Continuous operation of communication tools; 2. Up to date and adapted content to 
address the different target audiences; 3. Active engagement at European and member states level. 
 
This ramp-up phase will be crucial in order to reach the second phase of the SUNERGY project: becoming 
a large-scale research and innovation initiative. Developing a large-scale project will be a great opportunity 
to reach a larger community that will involve changes in the dissemination and communication actions as 
future goals will have to be agreed.  
 
The short-term objectives defined in this plan are based on the current challenges at the end of both CSAs. 
The long-term objectives are based on the initial plans for both SUNRISE and ENERGY-X communities to 
develop a European large-scale initiative and will need to be further reviewed by the SUNERGY consortium 
at the end of the ramp-up phase. 
 
 
 
 
 

http://www.sunriseaction.eu/
http://www.energy-x.eu/
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1. PURSUE OF THE DISSEMINATION, COMMUNICATION AND 
EDUCATION PLAN 

 
The SUNRISE Dissemination, Communication and Education Plan is one of the deliverables of the WP3: 
Dissemination, Communication and Education. The current document is the update at the end of the CSA 
project, February 2020, including the common communication plan agreed with the ENERGY-X CSA 
consortium.  

Following the official announcement of the merger of the two CSAs SUNRISE and ENERGY-X in August 
2019, both initiatives saw a great opportunity to reach a larger community that involve changes in the 
dissemination and communication actions, future common goals and the need for a new image and brand 
position: SUNERGY. Several joint actions have already been put in place in the last months of both 
initiatives. 

The SUNERGY joint communication & dissemination strategy plan intends to continue bringing together 
both SUNRISE and ENERGY-X communities and their 30 committed organisations, backed by an initial 
supporting community of approximately 300 stakeholders from academia, industry and society. SUNERGY 
brings together interdisciplinary academic research (chemistry, biology, engineering, information & 
communication science, social science) with cross-industrial technological expertise to provide a platform 
for future Chemical energy conversion technology in Europe. 

Both SUNRISE and ENERGY-X communication teams started working together since the merger 
announcement in order to increase the synergy between both project members and to consolidate the 
SUNERGY joint communication and dissemination work plan including the following short-term objectives 
(ramp-up phase): 

•   Consolidate a visual identity and develop website and social media tools 

• Keep increasing policy makers and citizen’s involvement 

• Strengthen collaboration with decision-makers and other international initiatives 

The plan is built on the initial KPIs (Key Performance Indicators) analyses and dissemination and 
communication strategies of both initiatives and proposes common changes and additions to be considered 
in the short and long-term of the joint continuation action. 

Promotional online campaigns and competitions, as well as the organisation of national stakeholder face-to-
face meetings and supporting audio visual materials (videos, infographics, slides, etc.) will be crucial to 
fulfill the conditions needed for the success of the SUNERGY dissemination and communication strategy, 
complying with three conditions: 1. Continuous operation of communication tools; 2. Up to date and adapted 
content to address the different target audiences; 3. Active engagement at European and member states level. 
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2. SHORT-TERM OBJECTIVES 

For the ramp-up phase, the main objective will be to keep the momentum among the SUNERGY supporters 
to ensure the continuation of the initiative. The short-term dissemination, communication and education plan 
will be built towards the following specific objectives: 
 

- Consolidate a visual identity and develop website and social media tools: bring the two 
communities together, trying to drag reached followers and supporters in the continuation 
initiative and minimizing costs and efforts reusing all possible tools. In addition, an 
Instagram account has already been opened as this is a useful branding tool to increase 
project’s visibility among the lay public and the youth in particular and it could be interesting 
for sharing pictures of future experiments and demonstrators 
(https://www.instagram.com/sunergy.eu/).  

- Strengthen the SUNERGY support and community by adapting and increasing the 
dissemination and communication tools and actions: increase the dissemination and 
communication tools’ exploitation aiming to reach a broader audience, providing relevant and 
adapted contents. The reinforcement of the internal coordination among the communication 
departments of the different partners will be also key to better spread the word about the initiative. 
For the next months, the different planned actions intend to increase not only the number of followers 
and supporters, but also their engagement. 

- Establish a platform for dissemination of related topics: in order to strengthen the current 
community and steer the communication among the different stakeholders, SUNERGY’s 
dissemination and communication actions and tools should include dedicated spaces to present 
related projects and initiatives and disseminate, as well, their objectives and achievements. In this 
way, the initiative will start to act as a coordinating partnership bringing together an interdisciplinary 
community. 

- Reach policy makers and industrial supporters: a broad promotion campaign among 
partners and supporters will be planned, including the involvement of experts and market mavens to 
further up hold action’s key messages among the required audiences. In addition, other actions, like 
participation in local outreach activities, appearances and interviews in local media, organization of 
online contests and live activities, etc. will further help to reach the lay public’s attention and get 
new supports. 

-  Strengthen collaboration with decision-makers and other international initiatives: 
identify different campaigns from the European Commission, associations, and NGOs, in order to 
cooperate with them, with special emphasis in attracting the lay public. 

- Develop outreach and training activities dedicated to citizens stakeholders: analyse the 
actions carried out with a more educational character and study their planning in a future large-scale 
initiative, getting the support of specialized organisations (i.e. schools, university associations, 
foundations) and opening it to the inclusion of social sciences, ethical and legal aspects. 

 

https://www.instagram.com/sunergy.eu/
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3. SHORT-TERM DISSEMINATION, COMMUNICATION AND EDUCATION 
TOOLS AND ACTIONS  

3.1. Dissemination objectives and audiences 
 
The main goal behind the dissemination actions is to disclose the progress and results of the project to other 
professionals, within the scientific, technological and policy fields. Actions to raise awareness about the 
initiative and raise support from different sectors will be continued, to promote project knowledge, while 
actions to announce new updates, attendance to conferences, workshops, etc. are used for the promotion of 
project outcomes. 

The four main target audiences A-D can be further divided in the following dissemination groups: 

– Consortium members 

– Scientific community 

– Industrial stakeholders 

– Other related projects and platforms 

– Local, Member States and European policy actors 

– Associations, NGOs 

3.2. Dissemination tools and actions 
 

- Publications: the upcoming initiative will release important publications, for instance both CSAs 
have been working in a joint Manifesto. Appropriate dissemination of these and other upcoming 
publications using the website, social media tools, newsletters and presentations at conferences and 
workshops will be key to raise awareness around the documents and get interested stakeholders’ 
feedback and endorsement. In addition, it is important that news of the project keep appearing in 
specialized media to reach awareness of the initiative.  

- Presentations at conferences/workshops/networks/exhibitions: The presentation of SUNERGY 
and its goals at key dissemination events is of great importance to increase the visibility and support 
of the project. Dissemination material like template slides and leaflets will be available for all 
partners on the intranet site.  

- Presentations at EU Events and Funding Agencies: Participation to EU related events will be 
targeted, as well as meetings with policy representatives, both at EU and national level.  

- SUNERGY Events: one main community event has already been organized, the SUNERGY public 
kick-off event, February 2020, which served as well as the joint closing meeting for the two CSAs 
SUNRISE and ENERGY-X. The organization of national SUNERGY Stakeholders meetings will 
be key to organize the initiatives supports at national level, identify innovation hubs, get more 
visibility and reach local and national policy makers. When possible, collaboration with specialized 
supporters i.e. EuChems, E-MRS, etc. will also be sought.  
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3.3. Communication objectives and audiences 
 
The main goal behind the communication and outreach actions is to promote the project itself and its 
outcomes to other professionals within the scientific and technological fields, as well as to the society at 
large. To do so, the Communication Plan will schedule different actions aiming to reach general audiences 
beyond the scientific, industrial and policy communities. The plan includes activities to raise awareness of 
the project, project knowledge, actions to announce new updates, events, etc. and campaigns for 
stakeholder’s involvement like activities online and offline to boost the followers and supporters’ active 
participation and engagement in the project.  
 
In addition to the communication tools, outreach activities will also be developed to increase public 
engagement. The major goal of the outreach activities will be to attract the younger generations to learn more 
about the project and communicate the advances on the use of alternative energy sources among future end-
users. 
 
The four main target audiences A-D can be further divided in the following communication and outreach 
groups: 

– Consortium members 

– Scientific community 

– Industrial stakeholders 

– Other related projects and platforms 

– Policy makers 

– Associations, NGOs 

– Students 

– General public 

 

3.4. Communication tools and actions 
 

- Website and social & professional media tools: the SUNERGY initiative will have a public 
website since March 2020. The website will be accessible at www.sunergy-initiative.eu  and will be 
the main dissemination and communication tool of the project containing all relevant information 
about the initiative goals, events and updates, addressed to all the target audiences. The first version 
of the website will be progressively adapted to the ramp-up phase needs, including a direct link to 
an intranet, a password-protected site for sharing working documents.  

The action will also count with profiles on social networks to promote the content of the project’s 
webpage, related projects and relevant news: 

- Instagram: https://www.instagram.com/sunergy.eu 

- Twitter 
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- LinkedIn 

- YouTube 

- ResearchGate  

These tools will be further developed and adapted to the target audiences in the following months, 
monitoring contents views and interactions. These will be also key to develop interactive actions. 
- Newsletters: Public newsletters will serve to further facilitate quick access to all SUNERGY 

stakeholders about the major news and outcomes of the project. The newsletters will be distributed 
every three months among the subscripts interested in the project (free subscription will be available 
on the webpage). The newsletters will also be available on the webpage.   

- Multimedia material: videos and podcasts will be generated in a visual and easily understandable 
way to present the initiative goals and achievements. Future goals include the generation of 
interviews with experts and the promotion of the participation of SUNERGY in different events, 
including the ones organized within the action. The consortium members will be encouraged to 
produce audiovisual material to be freely distributed through the webpage and the SUNERGY 
YouTube channel. Other external videos related to the project will be posted on the project’s website 
to attract the lay public’s attention to the topic. Finally, partners’ interviews with external media are 
encouraged.  

The joint actions within SUNRISE and ENERGY-X in the last months have already allowed the 
production of two videos and a third one, which will be the official SUNERGY one, is also under 
preparation: 

• Promotional video for the SUNERGY kick-off: https://youtu.be/u9V-SNqazO4  

 
• SUNERGY kick-off video: https://youtu.be/BYznGjkMXwM  

- Promotional material: several support materials will be prepared to promote the project (online 
and offline): document templates, factsheets, posters, slides templates, etc.  

- Press releases & media clippings: press releases will be prepared for important actions within the 
initiative, such as organization/participation in important events. These press releases aim to 
facilitate the appearance of the project in specialized and general media. Interviews and reports on 
external media, especially on local media, will be encouraged to reach the society at large. 

 

4. PARTNER’S RESPONSIBILITIES  

All SUNERGY partners will contribute to public engagement and disseminate and communicate the 
SUNERGY initiative. 

Partners will must use the project’s logo in all their dissemination and communication activities. 

SUNERGY will count with academic and industrial boards that will be in charge of appointing partners 
responsible for developing the dissemination and communication aspects of the initiative, including:  

• Managing and updating the webpage and social networks both with self and external contents in 
coordination with the management team; 

• Releasing the newsletters (every 3-4 months); 

• Provide partners with appropriate dissemination, communication and outreach materials; 

https://youtu.be/u9V-SNqazO4
https://youtu.be/BYznGjkMXwM
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• Support the SUNERGY boards and other partners in the preparation of the SUNERGY events; 

• Be in charge of videos’ production and main documents design; 

• Generating, collecting, evaluating and archiving press releases, dissemination and communication 
activities developed during the SUNERGY ramp-up phase;  

• Organise and moderate online activities, e.g. contests, chats, etc. 

 

5. ACTIVITIES EVALUATION (short-term) 

To evaluate the impact of the dissemination and communication activities developed during the project 
different indicators will be collected, as follows: 

 

Table 1. SUNERGY KPIs 

Tool KPI Target at the end of the first 
year 

Website Number website sessions >10,000 

Newsletter Number subscribers >1,000 

Social/Professional networks 
Number of followers >2,000 

Interactions (shares, likes) >8,000 

Videos Number views (YouTube 
channel) >2,000 

Initiative’s Events (symposium, 
industry workshops and 

meetings, outreach activities, 
etc.) 

Attendees SUNERGY central 
events >200 (in total) 

Attendees national Stakeholder 
workshops >200 (in total) 

Attendees outreach actions >200 (in total) 

 
In addition, qualitative values (such as number of visited pages per visit to the website, most viewed posts, 
etc.) and other values such as the number of interviews with consortium members in radio/TV, etc. will also 
be monitored through the action. 
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6. SUNRISE AND ENERGY-X JOINT ACTIVITIES 

Here below, a list of joint events and activities, that have already been performed since the official 
announcement of the SUNRISE and ENERGY-X merger (since August 2019). 

 

6.1. Joint events following the merger of both initiatives 

Event Associated news from ENERGY-X and SUNRISE 
websites 

Official announcement of SUNRISE and 
ENERGY-X merger on the EUROPACAT 
Conference, in Aachen, Germany, on August 26, 
2019 

https://www.energy-x.eu/news/sunrise-energy-x-2/ 
 
https://sunriseaction.com/sunrise-and-energy-x-
announce-a-joint-cooperation-at-europacat-2019/ 

SUNRISE France Stakeholder Workshop, in 
Paris, France, on October 8, 2019 

https://www.energy-x.eu/news/sunrise-france-
stakeholder-workshop/ 
 
https://sunriseaction.com/sunrise-france-stakeholder-
workshop/ 

The potential of a Sustainable Production of 
Fuels and Key Chemicals, lunchtime conference 
organized by the Directorate General for Energy, 
on October 24, 2019 

https://www.energy-x.eu/news/the-potential-of-a-
sustainable-production-of-fuels-and-key-chemicals/ 
 
https://sunriseaction.com/the-potential-of-a-
sustainable-production-of-fuels-and-key-chemicals/ 

Stakeholder Workshop, in Frankfurt, Germany, 
on December 2, 2019 

https://www.energy-x.eu/news/invitation-stakeholder-
workshop/ 
 
https://sunriseaction.com/energy-x-stakeholder-
workshop/ 

SUNERGY policy lunch event at the European 
Parliament: Decarbonising Europe: How large-
scale R&I initiatives on fossil-free fuels and 
chemicals can contribute to the European Green 
Deal, European Parliament, Brussels, February 5 
2020   

https://www.energy-x.eu/news/SUNERGY-kick-off-
meeting/ 
 
https://sunriseaction.com/event/SUNERGY-kick-off-
meeting/ 

SUNERGY kick-off, in Brussels, on February 5 
& 6, 2020 

https://www.energy-x.eu/news/SUNERGY-kick-off-
meeting/ 
 
https://sunriseaction.com/event/SUNERGY-kick-off-
meeting/ 

 
 
 
 
 

https://www.energy-x.eu/news/sunrise-energy-x-2/
https://sunriseaction.com/sunrise-and-energy-x-announce-a-joint-cooperation-at-europacat-2019/
https://sunriseaction.com/sunrise-and-energy-x-announce-a-joint-cooperation-at-europacat-2019/
https://www.energy-x.eu/news/sunrise-france-stakeholder-workshop/
https://www.energy-x.eu/news/sunrise-france-stakeholder-workshop/
https://sunriseaction.com/sunrise-france-stakeholder-workshop/
https://sunriseaction.com/sunrise-france-stakeholder-workshop/
https://www.energy-x.eu/news/the-potential-of-a-sustainable-production-of-fuels-and-key-chemicals/
https://www.energy-x.eu/news/the-potential-of-a-sustainable-production-of-fuels-and-key-chemicals/
https://sunriseaction.com/the-potential-of-a-sustainable-production-of-fuels-and-key-chemicals/
https://sunriseaction.com/the-potential-of-a-sustainable-production-of-fuels-and-key-chemicals/
https://www.energy-x.eu/news/invitation-stakeholder-workshop/
https://www.energy-x.eu/news/invitation-stakeholder-workshop/
https://sunriseaction.com/energy-x-stakeholder-workshop/
https://sunriseaction.com/energy-x-stakeholder-workshop/
https://www.energy-x.eu/news/sun-ergy-kick-off-meeting/
https://www.energy-x.eu/news/sun-ergy-kick-off-meeting/
https://sunriseaction.com/event/sun-ergy-kick-off-meeting/
https://sunriseaction.com/event/sun-ergy-kick-off-meeting/
https://www.energy-x.eu/news/sun-ergy-kick-off-meeting/
https://www.energy-x.eu/news/sun-ergy-kick-off-meeting/
https://sunriseaction.com/event/sun-ergy-kick-off-meeting/
https://sunriseaction.com/event/sun-ergy-kick-off-meeting/
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6.2. Joint dissemination activities 

Activity Associated news from ENERGY-X and SUNRISE 
websites 

Launch of a public poll for making the final 
decision of the name of the joint initiative: 
SUN2X or SUNERGY? That is the question 

https://www.energy-x.eu/news/sun2x-or-SUNERGY-
that-is-the-question/ 
 
https://www.energy-x.eu/news/announcing-the-
winning-name-for-energy-x-and-sunrise-upcoming-
joint-initiative-SUNERGY/  
 
https://sunriseaction.com/sun2x-or-SUNERGY-that-
is-the-question/ 
 
https://sunriseaction.com/announcing-the-winning-
name-for-energy-x-and-sunrise-upcoming-joint-
initiative-SUNERGY/ 

SUNERGY Photo Contest https://www.energy-x.eu/news/SUNERGY-photo-
contest/ 
 
https://www.energy-x.eu/news/announcing-the-
winner-of-our-sun-ergy-photo-contest/ 
 
https://sunriseaction.com/sun-ergy-photo-
contest/ 
 
https://sunriseaction.com/announcing-the-winner-of-
our-SUNERGY-photo-contest/ 

SUNERGY logo https://sunriseaction.com/introducing-sunergys-
official-logo/ 

SUNERGY kick-off event dissemination 
activities 

https://www.energy-x.eu/news/if-you-could-not-
make-it-for-the-sunergy-kick-off-event/ 
 
https://www.energy-x.eu/news/kick-off-of-the-
sunergy-initiative/ 
 
https://twitter.com/ENERGYX_PROJECT/status
/1218199842322821122 
 
https://sunriseaction.com/kickoff-sunergy-
initiative/ 
 
https://sunriseaction.com/if-you-could-not-make-
it-for-the-sunergy-kick-off-event/ 
 
https://twitter.com/sunriseaction/status/12180774
60669050880 

https://www.energy-x.eu/news/sun2x-or-sun-ergy-that-is-the-question/
https://www.energy-x.eu/news/sun2x-or-sun-ergy-that-is-the-question/
https://www.energy-x.eu/news/announcing-the-winning-name-for-energy-x-and-sunrise-upcoming-joint-initiative-sun-ergy/
https://www.energy-x.eu/news/announcing-the-winning-name-for-energy-x-and-sunrise-upcoming-joint-initiative-sun-ergy/
https://www.energy-x.eu/news/announcing-the-winning-name-for-energy-x-and-sunrise-upcoming-joint-initiative-sun-ergy/
https://sunriseaction.com/sun2x-or-sun-ergy-that-is-the-question/
https://sunriseaction.com/sun2x-or-sun-ergy-that-is-the-question/
https://sunriseaction.com/announcing-the-winning-name-for-energy-x-and-sunrise-upcoming-joint-initiative-sun-ergy/
https://sunriseaction.com/announcing-the-winning-name-for-energy-x-and-sunrise-upcoming-joint-initiative-sun-ergy/
https://sunriseaction.com/announcing-the-winning-name-for-energy-x-and-sunrise-upcoming-joint-initiative-sun-ergy/
https://www.energy-x.eu/news/sun-ergy-photo-contest/
https://www.energy-x.eu/news/sun-ergy-photo-contest/
https://www.energy-x.eu/news/announcing-the-winner-of-our-sun-ergy-photo-contest/
https://www.energy-x.eu/news/announcing-the-winner-of-our-sun-ergy-photo-contest/
https://sunriseaction.com/sun-ergy-photo-contest/
https://sunriseaction.com/sun-ergy-photo-contest/
https://sunriseaction.com/announcing-the-winner-of-our-SUNERGY-photo-contest/
https://sunriseaction.com/announcing-the-winner-of-our-SUNERGY-photo-contest/
https://sunriseaction.com/introducing-sunergys-official-logo/
https://sunriseaction.com/introducing-sunergys-official-logo/
https://www.energy-x.eu/news/if-you-could-not-make-it-for-the-sunergy-kick-off-event/
https://www.energy-x.eu/news/if-you-could-not-make-it-for-the-sunergy-kick-off-event/
https://www.energy-x.eu/news/kick-off-of-the-sunergy-initiative/
https://www.energy-x.eu/news/kick-off-of-the-sunergy-initiative/
https://twitter.com/ENERGYX_PROJECT/status/1218199842322821122
https://twitter.com/ENERGYX_PROJECT/status/1218199842322821122
https://sunriseaction.com/kickoff-sunergy-initiative/
https://sunriseaction.com/kickoff-sunergy-initiative/
https://sunriseaction.com/if-you-could-not-make-it-for-the-sunergy-kick-off-event/
https://sunriseaction.com/if-you-could-not-make-it-for-the-sunergy-kick-off-event/
https://twitter.com/sunriseaction/status/1218077460669050880
https://twitter.com/sunriseaction/status/1218077460669050880
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7. SUNERGY VISUAL IDENTITY 

As mentioned previously, both communication teams from SUNRISE and ENEGY-X started working 
together since the merger of both CSAs projects in order to:  

- increase the synergy between both communities;  

- unify the message and the vision of the joint initiative; and  

- create the SUNERGY visual identity. 

 
In a first moment, the joint communication team launched a public poll for making the final decision of the 
name of the joint initiative, choosing from the two final options, as previously decided in an internal poll 
within both consortia: SUN2X or SUNERGY. After a week of a tight race between the two proposed 
acronyms, the winning name was SUNERGY! This option counted with the support of 55% of the votes, 
against the 45% that voted SUN2X.  

 
Figure 1. Results of the public poll for choosing the joint initiative name  

 
After the definition of the name of the joint initiative, the communication teams started working on the visual 
identity of the SUNERGY. In total, nine different propositions were evaluated by the SUNERGY boards 
and the final decision is presented below:  

 
Figure 2. Round and horizontal version of the SUNERGY logo. 

 
As pointed above, SUNRISE and ENERGY-X have already collaborated in the production of two videos on 
the joint final event, which was at the same time the kick-off meeting of SUNERGY. One of the videos is 
about the celebration of this joint meeting, with a major focus on the two closing initiatives, while the other 
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one aims at being the official video of the upcoming initiative including its future goals, main actors and 
actions. 
 

 
Figure 3. Frame of the SUNERGY kick-off video. 

 
One of the joint actions of both initiatives was also related with this final joint event: the SUNERGY photo 
contest. The idea of the contest has evolved from a first idea regarding a slam video contest, which at the 
end was simplified for having a better and quicker reaction to become a photo contest addressed to young 
researchers. The contest was launched at the end of December, offering to participants the opportunity to 
show their research using a free style picture along with an abstract. The received pictures were voted in the 
new SUNERGY Instagram account and the three most “liked” were evaluated by a SUNERGY panel, which 
chose the winning entry. The winner of the contest, Amedeo Agosti, U. Bologna was awarded with a travel 
grant to attend the joint meeting and give a presentation about his research work. All the eleven entries that 
took part in the contest were displayed through an exhibition at the Representation of the State of Hessen to 
the EU, during the SUNERGY kick-off event in Brussels. 
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Figure 4. Image of the Instagram account showing the pictures sent by participants of the photo contest 

and picture of the winner giving his presentation at the SUNERGY kick-off event. 
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8. LONG-TERM OBJECTIVES 

Additional objectives will need to be considered for planning a long-term dissemination, communication and 
education strategy within a large-scale initiative. Nowadays the model to be followed to develop the future 
initiative is still uncertain and future strategies will need to be agreed, nevertheless some of the possible 
long-term objectives for a large partnership include: 

- Develop a deeper stratification by working communities: set a functional organization that allows 
providing appropriate materials and contents by working groups (i.e. special news for 
material/catalysts development, biohybrid development, etc.). Especially important for the 
organization of different specialized workshops and/or central events with satellite symposiums and 
for reaching industrial stakeholders with potential interest in the new developed technologies. 

- Keep increasing policy makers and citizens’ involvement: continue with the dissemination work at 
large scale, including projects results presentation to European and national policy makers and their 
involvement, for instance in the definition of new policies and standardization to deploy the new 
technologies. Keep developing communication tools to reach society at large (i.e. simultaneous live 
events, interviews in local media, videos, development of gaming and informative smartphone 
applications) and increase citizen’s involvement by the introduction of social sciences studies, such 
as standardized surveys to compare technologies awareness and inclination to use the new 
technologies by EU countries, etc. 

- Develop joint actions with decision-makers and other international initiatives: establish 
cooperation and symbiosis strategies with other European and international actions, i.e. Mission 
Innovation, European Energy Research Alliance (EERA) and its Joint Programmes, International 
Solar Energy Society – ISES, Joint Center for Artificial Photosynthesis – JCAP, European 
Association for Storage of Energy – EASE, International Partnership for Hydrogen and Fuel Cells 
in the Economy – IPHE, etc. to launch and participate in global initiatives and establish joint calls. 

- Create an open access portal: establish tools to efficiently manage the generation of new 
publications and their sharing to quickly provide the latest updates to the involved community.  

- Create the project’s own outreach resources: develop outreach materials and demonstrators, in 
addition to organize projects actions in cooperation with interested actors, i.e. itinerant expositions 
in science museums. 

- Develop the project’s educational plan: establish connections with relevant stakeholders, i.e. 
universities and industrial associations, to create ad-hoc training materials and a system of calls for 
young researchers and workshops organization. 

 

9. LONG-TERM DISSEMINATION & COMMUNICATION PLAN 
 
Both SUNRISE and ENERGY-X communication teams decided to keep most of the tools and actions of the 
current action at a minimum cost after the end of the two CSAs in order to develop SUNERGY website, 
social media tools, dissemination at related events, etc. Depending on the following SUNERGY project 
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format and funding, different options are possible. The basic backbone of the long-term dissemination and 
communication plan is shown in the following table: 
 

Target 
Public 

Actions & Tools Aim 

Research 
community 

o Website & social media 
o Dissemination at related events & 

specialized initiative workshops 
o Travel & workshops grants and 

education materials 
o Participation in research networks 
o Newsletters & leaflets 
o Press releases & videos 

o Website & social media 
o Create awareness of new results and 

advances 
o Increase critical mass and avoid 

duplication of efforts 
o Establish contact with other 

research projects; enhance synergies 
and collaborations 

o Create an Open Access Portal 

Industrial 
sector 

o Website & social media 
o Dissemination at related events & 

specialized initiative workshops 
o Travel & workshops grants and 

education materials 
o Newsletters & leaflets 
o Press releases & videos 
o Publications in industry journals 

o Create awareness of the disruptive 
potential of the project’s 
technologies 

o Identification and investigation of 
novel business opportunities and 
partners 

o Identification of standardization 
needs for implementation of solar 
fuels 

o Create an Open Access Portal 

Policy 
makers 

o Website & social media 
o Dissemination at Energy-related 

European and national events 
o Newsletters & leaflets 
o Press releases & videos 
o Outreach activities and surveys 

o Create awareness of the project and 
its potential impact 

o Secure governmental support and 
coordinated investment in solar-to-
fuel, power-to-X and solar-to-
chemicals technologies 

o Favorable policies and required 
standardization 

o Create an Open Access Portal  

Multiple 
advocacy 
groups 

o Website & social media 
o Newsletters & leaflets 
o Press releases & videos 
o Outreach activities and surveys 
o Gaming and information phone 

apps 

o Increase public engagement and 
social contribution 

o Involve different disciplines and 
attract new users 

o Increase awareness of the role of 
EU funding in supporting 
innovative research on carbon-
neutral technologies 

o Create an Open Access Portal 
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ANNEX 1 
 

Analysis of the SUNRISE Dissemination and Communication 
Actions, M12 
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1. THE SUNRISE COMMUNITY 
 
One of the main goals of the CSA project is to build a growing supporting community. Table 1 shows the 
total number of subscribers/followers that the action has reached in the first year (up to 29 February 2020).  

Table 1. Global community  

 April 2019 February 2020 

Platform  
Number subscribers/ 

Followers* 
Number subscribers/ 

Followers* 

Twitter 144 618 

Research Gate 49 131 

Facebook Page 5 412 

LinkedIn Page 17 324 

YouTube Channel N/A 51 

Newsletter 342 672 

TOTAL 477 2208 

*Cumulative data at the end of each month.  
 

The data analysis starts in April 2019 once all the social media (except the You Tube channel) were created 
and goes until the end of the year of the CSA, end of February 2020. The Twitter account (December 2018) 
and the Research Gate page (February 2019) were already working before the CSA project started and 
counted with some followers, while Facebook and LinkedIn pages were created once the action started in 
March 2019. The number of followers of the social media tools have heavily increased in the first months of 
the action and kept growing at a slower pace throughout the year.  

 
A SUNRISE YouTube channel was also added to the communication tools. This channel was not included 
in the first proposal plan, but it was created having a pivotal role as a repository to easily share the CSA’s 
videos and podcasts among the SUNRISE community. 

Regarding the newsletter subscribers, the first newsletters were sent to keep a close communication with the 
different stakeholders that had sent supporting letters to back the initiative. In April 2019, the CSA had 
received official endorsement of around 150 institutions worldwide. Currently, the action has received 242 
letters of support. Therefore, the supporting community, including stakeholders from academia, industry, 
and society counts already with 262 organisations, an overview can be found in the following table: 

 

 

 

 

Table 2. Overview of the SUNRISE working community 
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 Academia Industry National 
Network 

European
Network 

Funding 
body 

Miscellanea/
NGO/ 

Ministry 

Total #Countries 

Partners 15 3 - 2 - - 20 13 

Supporters 147 61 11 6 3 14 242 25 

TOTAL 162 64 11 8 3 14 262 25 

 

The number of the newsletter subscribers has been growing in the first months of the CSA, including new 
supporter contacts, registered attendees at the “SUNRISE Stakeholder Workshop” held in Brussels (June 
2019) and spontaneous subscriptions through the webpage and the SUNRISE Facebook page. Different 
newsletter updates have been sent, depending on the audience (if only partners, supporters and External 
Advisory Board (EAB) or broader audience) and the message (see more information on point 3.4).  
 

2. EVALUATION FIRST YEAR DISSEMINATION AND COMMUNICATION 
PLAN 

As part of the Dissemination, Communication and Education Plan, one of the main goals of the SUNRISE 
CSA has been to create a growing SUNRISE community that can contribute to work towards  SUNRISE’s 
goals. The dissemination and communication actions served to attract new interested stakeholders and keep 
a fluid communication and interaction with the already numerous supporters and followers, contributing to 
create a growing ecosystem around the initiative. The actions are addressed to four main target groups: (A) 
research community, (B) industry sector, (C) policymakers, and (D) advocacy groups including citizens and 
students as well as NGOs and associations dedicated to sustainable and renewable technologies and solar 
conversion applications. Several strategies and tools have been put in place to effectively disseminate and 
communicate the progression and outcomes throughout the year.  

The continuous evaluation and analysis of actions is key to increase support for the project by involving 
more stakeholders and consolidate the blueprint dissemination and communication plan. KPIs were set as 
measurement tools in the proposal stage and, during all the project, website and social media data have been 
collected in order to know whether the target audiences are being reached or not, according to the different 
KPIs, e.g. number of website visits, number of newsletter subscriptions, number of social media followers, 
etc. The main tools utilised to collect these metrics are Google analytics for the SUNRISE website, and the 
different free-of-charge available tools of each social network: Twitter analytics, Facebook insights, 
YouTube analytics, LinkedIn analytics, and ResearchGate stats. 

During the mid-term update of the Dissemination, Communication and Education plan and KPIs analysis, 
the different indicators were compared with the initial KPIs set in the proposal stage. This comparison and 
the trends identified in the analysis, allowed for a modification of the different indicators to better adapt them 
to the updated dissemination and communication actions. A comparison among the updated target KPIs at 
the end of the CSA and the final figures obtained can be seen in the table below: 

 
Table 1. Analysis KPIs 
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Tool KPI Target at the end of CSA Evaluation at the end of 
the year 

Website Number website 
sessions >15,000a 15,597 

Newsletter Number subscribers >500b 674 

Social/Professional 
networks 

Number of followers >2,500a 1,564 

Interactions (shares, 
likes) >10,000b 11,791 

Videos & podcasts Number views 
(YouTube channel) >2,500c 2,962 

CSA Events 
(symposium, industry 

workshops and 
meetings, outreach 

activities, etc.) 

Attendees SUNRISE 
central events >350 (in total)d 350 

Attendees national 
Stakeholder workshops >200 (in total)c 260 

Attendees outreach 
actions >200 (in total)d 1,500 

Letters/statements of 
support Number >250b 244 

Press releases & 
clippings in media Number >50b 103 

a Decreased number respect to figures at the proposal stage, in accordance with the mid-term analysis; b Increased 
number respect to figures at the proposal stage; c New KPI; d Reformulated KPI. 

 
In addition, qualitative values (such as the number of visited pages per session to the website, most viewed 
posts, etc.) and other values such as the number of interviews with consortium members in radio/TV, etc. 
have also been monitored through the action. 

These KPIs and the analysis of the dissemination and communication actions (see following points) gives 
us some interesting information to shape the future goals and activities. 

In the first place, SUNRISE has achieved to bring together a large and engaged community. The number of 
organisations officially endorsing support to the initiative is around these expected at the end of the action 
(242 supporters by 25 February 2020) and they have actively contributed to the SUNRISE events and actions. 
The growing community effect can also be seen in the large number of newsletter subscribers that account 
not only for partners and supporters contacts, but also for other interested stakeholders and that at the end of 
the CSA counted with more than 650 contacts. 

One of the actions key to enlarge the community is the large number of events (conferences, workshops, 
meetings) where the SUNRISE partners have introduced the initiative (see following Table 3).  

The deployment and continuous update of the project’s website, social media tools, videos and an active 
communication campaign including different online activities, press releases and partners interviews in 
specialized and mass media has also been crucial to create an open community and reach different audiences. 
Regarding the number of followers in social media, although the final numbers of followers are lower than 
expected, the number of interactions is large, showing a very active and engaged community behind.  
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Finally, the action has participated in large outreach events, i.e. the Big Challenge Science Festival in 
Norway, the European Sustainable Energy Week in Brussels, the COP25 in Madrid, etc., reaching a large 
number of attendees, especially young students, largely overcoming the expected results.   

It is clear that during the action social media networks have become the real interaction points with the 
SUNRISE community, the new KPIs introduced in the mid-term analyses, like tools to monitor the impact 
of the released videos in the project’s YouTube channel have been proven to be highly relevant.  
 
The mid-term analysis also showed that other qualitative KPIs are also important to show the value of the 
current digital ecosystem of SUNRISE: 
 

1. Posts’ engagement: the most engaging posts both on Twitter and Facebook are those related to 
SUNRISE events and news, rather than the external news that are shared on a regular basis. e.g. in 
this CSA year, the 3 top news in terms of page views were the one presenting the SUNRISE 
technological roadmap with 1,290 views, another one on the SUNRISE stakeholder workshop in 
June 2019 in Brussels (534 views), and a third one SUNERGY photo contest (471 views). This 
means that throughout the whole year, SUNRISE’s audience has been interested in the SUNRISE’s 
updates and that our followers are committed to the initiative. 

2. Number of newsletter’s opens: the first public SUNRISE newsletter was submitted on July 2, 2019 
to 585 subscribers and it obtained 34,7% opens. Different newsletter updates have been sent to 
different recipients, obtaining different opening numbers, up to 45%. The opens have been 
monitored to see recipients’ interest and try to deal with problems encountered, like spam issues. 

3. Average website visit duration: the average website visit duration between the past months, since 
May, has been of 3:20 minutes. Likewise, the average number of pages per visit has been of 4, which 
tells that users are interested in more than one single item when they visit the SUNRISE website. 

 

3. DISSEMINATION TOOLS AND ACTIONS 

 3.1. List of events where the SUNRISE project has been presented 
 
SUNRISE partners have been very engaged and active introducing the initiative in the numerous 
conferences, workshops and meetings where they have participated, more than 50 (see following Table 3). 
The initiative has also been successful in the organisation of its own events: 

- “SUNRISE Community Building Event”: it was organized before the launch of the CSA to present the 
initiative to the supporting entities, already counted with around 90 participants (Brussels, 15 November 
2018).  

- “SUNRISE Stakeholders Workshop” (ramp-up meeting): it took place at month 4 of the CSA joining a big 
representation of supporters and followers with around 170 participants, in connection with the European 
Sustainable Energy Week, bringing together also policy representatives and interested individuals (Brussels, 
17 and 18 June 2019). 

- “SUNERGY Kick-off Event”: this has been the final closing symposium for both SUNRISE and ENERGY-
X that have organized it jointly and has served as well to present the new joint initiative: SUNERGY. The 
event counted with about 120 participants and it was divided in a high-level policy event a Lunch discussion 
in the European Parliament “Decarbonising Europe: how large-scale R&I initiatives on fossil-free fuels and 
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chemicals can contribute to the European Green Deal” and a public event with both SUNRISE and 
ENERGY-X communities (Brussels 5 and 6 February 2020).  

The initiative has also organized several consortium meetings: 

- Kick-off meeting, March 2019, Brussels (EERA): initial consortium meeting with participation of 
SUNRISE partners, key for the management of the action. The meeting also included a streamline 
session for supporters on PRDs (Priority Research Directions). 

- Consortium meeting, May 2019, Bologna (University of Bologna): consortium meeting with 
participation of SUNRISE partners. The advances on the different WPs (Work Packages) were 
discussed and further work on the Vision, Roadmap, Governance and Business documents 
distributed. The meeting also worked for shooting the different videos that have been used during 
the action and included an open session to Italian supporters, with a presentation by Prof. John 
Mathews (Macquarie University, Australia). 

- Consortium meeting, October 2019, Brussels (EERA): consortium meeting with participation of 
SUNRISE partners. The meeting included a mid-term review of the action with feedback from some 
of the members of the external advisory board and also a coordinated session with the Mission 
Innovation initiative aiming to build synergies in the roadmapping strategies. 

- Final meeting, February 2020, Brussels (EERA): final consortium meeting to review the work of the 
action and final points towards the final deliverables, with a special focus on the final blueprint and 
the different scenarios for the continuation action. 

Regarding the participation of partners in other conferences and meetings, although most of the events where 
the initiative has been presented are scientific conferences targeting academic and industrial researchers (see 
following Table 3), it is worth highlighting that policy actors have also been present in some of the events. 
For instance, SUNRISE actively participated in the European Sustainable Energy Week, EUSEW. Its 
Stakeholder Workshop (17-18 June 2019) was organised in connection with the event, being one of the 
actions within the Energy Days and including a governance session with European Member States and 
European associations and foundations representatives. In addition, SUNRISE participated in the EUSEW 
conference, on June 20, the initiative’s coordinator Huub de Groot took part in the panel session ‘Energy 
storage to boost EU decarbonisation and competitiveness,’ together with representatives of the European 
research initiatives BATTERY 2030+ and ENERGY-X. SUNRISE also held a stand at the Networking 
Village. Together with ENERGY-X, the project also participated in a lunchtime conference organized by 
the Directorate General for Energy (DG Energy) on October 24, 2019. Finally, SUNRISE also had a 
dedicated session in the 9th EuroNanoforum (Bucharest, June 2019).  

SUNRISE national events have been organized in different member states and other ones are planned in the 
following months. These meetings are key for the organization of the initiative at the different countries and 
for getting supports from the member states, representing a unique opportunity for the dissemination of the 
initiative. See the list below (also in Table 3): 

- United-Kingdom: UK Solar Fuels Network Meeting, 28 March and Mission Innovation 
action plan meeting, 25 March, Cambridge 
- France: meeting of the GDR solar fuels, 13-15 May, Saclay. 
- Spain: FOTOFUEL meeting (Spanish network on research lines for the obtainment of solar 
fuels), 13-14 May, Móstoles. 
- Italy: Bologna, 16 May 2019. 
- Poland: SUNRISE Stakeholders Workshop: Warsaw, 5-6 June 2019. 
- Switzerland: SUNRISE Stakeholders Workshop: Empa Zürich, 27 September 2019. 

https://www.euronanoforum2019.eu/pillar-1-2/
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- France: SUNRISE and ENERGY-X Stakeholders Workshop: Maison des Universités, Paris,
8 October 2019.
- Netherlands: Eindhoven, Symposium “Solar to Products”, 6 November 2019
- Finland: SUNRISE Stakeholders Workshop: Turku, 9 December 2019.

Further actions were promoted during the CSA for the dissemination of the project and the main objectives 
to advance towards a large-scale initiative: 

During the month of April, the SUNRISE initiative organized a “Young researchers travel grant” contest 
among partners and supporters to cover the travel costs (up to 400€) of three young researchers (PhD students 
and up to 4 years postdoctoral researchers) to attend a scientific event to disseminate their research. 
Candidates should present an accepted abstract to the call in a research theme related to one of the three 
SUNRISE approaches. The three awarded researchers have delivered oral talks (see events in the table 
above) and used social media or blog posts to announce the talk, mentioning the SUNRISE action in the 
acknowledgements. 

In collaboration with E-MRS, a SUNRISE supporter, the initiative sponsored a poster prize in the 
Symposium A “Latest Advances in Solar Fuels”, at the European Materials Research Society (E-MRS) 
Spring meeting 2019 held in Nice, France. The winner poster was entitled “Ni-modified β-FeOOH(Cl) 
nanorod for water oxidation toward solar-driven CO2 reduction system combined with Mn-complex 
catalyst”. Authors: Tomiko M. Suzuki, Takeo Arai, Shunsuke Sato, Keita Sekizawa, *Takeshi Morikawa 
Affiliations: Toyota Central R&D Labs., Inc.  

Table 3. Events where SUNRISE was introduced during the first CSA year: 

Event Partners involved & 
dissemination material used 

Estimated No. 
attendees 

15 November 2018, Brussels. SUNRISE Meeting Consortium members and supporters 
/ slides 90 

26 January 2019– 1 February, Oslo. CoE NordAqua – 
Nordic Bioeconomy Program Meeting 

Eva-Mari Aro (University of Turku) / 
slides -a 

21-22 March 2019, Brussels, SUNRISE Kick-off
meeting

Consortium members + PRD session 
online 

22 partner 
representatives + 
~40 supporters 

online 

25-27 March 2019, Cambridge. Artificial
Photosynthesis Faraday Discussion & Mission
Innovation action plan meeting 

Leif Hammarström (Uppsala 
University), James Durrant & Ernest 
Pastor-Hernandez (Imperial College), 
Víctor A. de la Peña (IMDEA 
Energy) / poster & leaflets 

-a 

28-29 March 2019, Cambridge. UK Solar Fuels
Network Meeting

James Durrant (Imperial 
College) -a

16 April 2019, Lahti. BioFuture 2025, Academy 
of Finland 

Eva-Mari Aro & Yagut 
Allahverdiyeva-Rinne 
(University of Turku) / slides 

-a

22-26 April 2019, Phoenix, Arizona. MRS Spring
Meeting 2019 

Artur Braun (Empa) / slides for 
three different presentations 

~150 in the 
Symposia 

(around 4,000 

https://sunriseaction.com/young-researchers-travel-grant-contest-winners/
https://sunriseaction.com/and-the-sunrise-best-poster-prize-goes-to/
https://sunriseaction.com/sunrise-meeting-november/
https://www.nordforsk.org/en/programmes-and-projects/programmes/nordic-bioeconomy-programme
https://www.nordforsk.org/en/programmes-and-projects/programmes/nordic-bioeconomy-programme
https://sunriseaction.com/kick-off-meeting/
https://sunriseaction.com/kick-off-meeting/
http://www.rsc.org/events/detail/28423/artificial-photosynthesis-faraday-discussion
http://www.rsc.org/events/detail/28423/artificial-photosynthesis-faraday-discussion
http://www.rsc.org/events/detail/28423/artificial-photosynthesis-faraday-discussion
http://www.rsc.org/events/detail/28423/artificial-photosynthesis-faraday-discussion
http://www.rsc.org/events/detail/28423/artificial-photosynthesis-faraday-discussion
https://www.solarfuelsnetwork.com/7th-uk-solar-fuels-symposium
https://www.solarfuelsnetwork.com/7th-uk-solar-fuels-symposium
https://www.aka.fi/en/research-and-science-policy/academy-programmes/current-programmes/biofuture2025/
https://www.aka.fi/en/research-and-science-policy/academy-programmes/current-programmes/biofuture2025/
https://www.mrs.org/spring2019
https://www.mrs.org/spring2019
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overall) 

9 May 2019, Bologna. EERA Workshop: R&D 
pathways and opportunities in Fuel cells, 
Hydrogen and Bioenergy 

Nicola Armaroli (CNR) / slides 
-a 

13-14 May 2019, Móstoles. FOTOFUEL 
Workshop: Current challenges in solar fuels 
production 

Victor A. de la Peña (Organiser, 
IMDEA Energy), Maximilian 
Fleischer (Siemens), Carolina 
Gimbert (ICIQ) / Poster, slides, 
leaflets 

~ 150 

13-15 May, Saclay. Meeting of the GDR solar 
fuels 

Vincent Artero (CEA) / slides -a 

13-17 May 2019, Rome. Energy Materials 
Nanotechnology conference, EMN Rome 2019 

Joanna Kargul (University of 
Warsaw) / slides 

~ 80 

15-16 May 2019, Bologna. SUNRISE 
Consortium Meeting.  

Consortium partners and 
invited Italian supporters 

30 partner 
representativ

es + ~15 
supporters in 

the final 
session 

17 May 2019, Helsinki. Meeting of Finnish 
Research Foundations. 

Eva-Mari Aro (University of 
Turku) / slides -a 

22-24 May 2019, Turku. Nordic Photosynthesis 
Congress NPC14 

Eva-Mari Aro & Yagut 
Allahverdiyeva-Rinne 
(University of Turku) / slides 

-a 

27-31 May 2019, Nice. E-MRS Spring Meeting, 
sponsoring a poster within the symposium: 
Materials for Energy – Latest advances in solar 
fuels 

Antoni Llobet (ICIQ), Artur 
Braun (Empa), Mariam Barawi 
(IMDEA Energy), Carlota Bozal-
Ginesta (Imperial College, 
SUNRISE Young Researchers 
Travel Grantee) / slides, poster 
+ sponsor poster prize 

~200 for 
lectures & 

poster 
session 

symposium A 
(2700 full 

conference) 

27 May 2019, Donostia-San Sebastian. Spanish 
Royal Society of Chemistry Biennial Meeting 
2019- Light Symposium: Light controlled 
materials and processes: from medicine to 
artificial photosynthesis 

Victor A. de la Peña (Co-organiser 
Symposium, IMDEA Energy), James 
Durrant (Imperial College)/ slides 

-a 

29 May 2019, Vancouver. Clean Energy 
Ministerial meeting, CEM10 

Ann Magnuson (Uppsala 
University) / leaflets -a 

5 June 2019, Grenoble, Seminar of the Institute for 
Interdisciplinary Research of Grenoble (IRIG) 

Vincent Artero (CEA), Frédéric 
Chandezon (CEA)/ slides ~50 

https://www.eera-set.eu/rd-pathways-and-opportunities-in-fuel-cells-hydrogen-and-bioenergy/
https://www.eera-set.eu/rd-pathways-and-opportunities-in-fuel-cells-hydrogen-and-bioenergy/
https://www.eera-set.eu/rd-pathways-and-opportunities-in-fuel-cells-hydrogen-and-bioenergy/
http://fotofuel.org/solarfuel.php
http://fotofuel.org/solarfuel.php
http://fotofuel.org/solarfuel.php
http://fotofuel.org/solarfuel.php
http://fotofuel.org/solarfuel.php
http://fotofuel.org/solarfuel.php
http://fotofuel.org/solarfuel.php
http://fotofuel.org/solarfuel.php
http://fotofuel.org/solarfuel.php
https://www.synchrotron-soleil.fr/fr/evenements/gdr-solar-fuels
https://www.synchrotron-soleil.fr/fr/evenements/gdr-solar-fuels
http://emnmeeting.org/2019-roma/
http://emnmeeting.org/2019-roma/
https://sunriseaction.com/sunrise-consortium-meeting-bologna/
https://sunriseaction.com/sunrise-consortium-meeting-bologna/
https://npc14.fi/
https://npc14.fi/
https://www.european-mrs.com/latest-advances-solar-fuels-emrs
https://www.european-mrs.com/latest-advances-solar-fuels-emrs
https://www.european-mrs.com/latest-advances-solar-fuels-emrs
https://www.european-mrs.com/latest-advances-solar-fuels-emrs
https://www.european-mrs.com/latest-advances-solar-fuels-emrs
https://www.european-mrs.com/latest-advances-solar-fuels-emrs
https://www.european-mrs.com/latest-advances-solar-fuels-emrs
https://www.european-mrs.com/latest-advances-solar-fuels-emrs
https://www.european-mrs.com/latest-advances-solar-fuels-emrs
https://www.european-mrs.com/latest-advances-solar-fuels-emrs
http://www.bienal2019.com/en/symposiums.php
http://www.bienal2019.com/en/symposiums.php
http://www.bienal2019.com/en/symposiums.php
http://www.cleanenergyministerial.org/events-cem/cem10-vancouver-canada
http://www.cleanenergyministerial.org/events-cem/cem10-vancouver-canada
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5 June 2019, Warsaw. SUNRISE Poland 
Stakeholder Workshop 

Organisers: Joanna Kargul & 
Renata Solarska (University of 
Warsaw), SUNRISE Speakers: 
Yagut Allahverdiyeva-Rinne 
(University of Turku) + Hervé 
Bercegol (CEA) / video, slides, 
leaflets 

 
~60 

13 June 2019, Mersin University. International 
Conference “Solar / Fuel Cells: Energy 
Systems” 

Artur Braun (Empa) / slides, 
roll-up -a 

12-14 June 2019, Bucharest. 9th edition of 
EuroNanoForum 

Joanna Kargul (University of 
Warsaw), Laurent Baraton 
(ENGIE) / video, slides 

-a 

13 June 2019, Mersin University. International 
Conference “Solar / Fuel Cells: Energy 
Systems” 

Artur Braun (Empa) / slides, 
roll-up -a 

17-18 June 2019, Brussels. SUNRISE 
Stakeholder Workshop 

Consortium partners and 
stakeholders ~170  

17 June 2019, Brussels, Global Alliance for 
Powerfuels panel  

Artur Braun (Empa) as panel 
speaker ~70 

20 June 2019, Brussels. EUSEW Session: 
ENERGY STORAGE TO BOOST EU 
DECARBONISATION AND COMPETITIVENESS 

Huub de Groot (Leiden 
University)  ~600 

23-27 June 2019, Aachen. 17th International 
Conference on Carbon Dioxide Utilization – 
ICCDU 2019 

Hélène Lepaumier (ENGIE) / 
poster (winner poster prize), 
leaflets 

320 (full 
conference) 

24-26 June 2019, Lipari. UK-IT Joint Meeting on 
Photochemistry 2019 

James Durrant (Imperial 
College), Tony Vlcek (J. 
Heyrovsky Institute of Physical 
Chemistry-UCL)  

-a 

26-30 June 2019, Portoroz-Portorose. 6th 
European Conference on Environmental 
Applications of Advanced Oxidation Processes 

Fernando Fresno (IMDEA Energy) / 
slides -a 

1-3 July 2019, Brussels, ENERGY-X “Research 
need” Workshop 

Huub de Groot (Leiden 
University), Vincent Artero 
(CEA), Ann Magnuson (Uppsala 
University), Maximilian 
Fleischer (Siemens), Eva-Maria 
Aro (University of Turku), Julio 
Lloret-Fillol (ICIQ), Carina 
Faber (UCL) / 
leading/participate in the 

~180 

http://sunrisepoland.cent.uw.edu.pl/
http://sunrisepoland.cent.uw.edu.pl/
http://www.mersin.edu.tr/haberler/352959/international-conference-solar-fuel-cells-energy-systems
http://www.mersin.edu.tr/haberler/352959/international-conference-solar-fuel-cells-energy-systems
http://www.mersin.edu.tr/haberler/352959/international-conference-solar-fuel-cells-energy-systems
https://www.euronanoforum2019.eu/
https://www.euronanoforum2019.eu/
http://www.mersin.edu.tr/haberler/352959/international-conference-solar-fuel-cells-energy-systems
http://www.mersin.edu.tr/haberler/352959/international-conference-solar-fuel-cells-energy-systems
http://www.mersin.edu.tr/haberler/352959/international-conference-solar-fuel-cells-energy-systems
https://sunriseaction.com/stakeholder-workshop/
https://sunriseaction.com/stakeholder-workshop/
https://eusew.eu/side-events
https://eusew.eu/side-events
https://www.eusew.eu/energy-storage-boost-eu-decarbonisation-and-competitiveness
https://www.eusew.eu/energy-storage-boost-eu-decarbonisation-and-competitiveness
https://dechema.de/en/ICCDU2019.html
https://dechema.de/en/ICCDU2019.html
https://dechema.de/en/ICCDU2019.html
http://www.rsc.org/events/detail/38229/uk-it-joint-meeting-on-photochemistry-2019
http://www.rsc.org/events/detail/38229/uk-it-joint-meeting-on-photochemistry-2019
http://eaaop6.ki.si/
http://eaaop6.ki.si/
http://eaaop6.ki.si/
https://www.energy-x.eu/news/energy-x-workshop/
https://www.energy-x.eu/news/energy-x-workshop/
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different discussion panels 

5-12 July 2019, Paris. 47th IUPAC World 
Chemistry Congress & 50th General Assembly 

Vincent Artero (co-organiser 
symposium 2.3, CEA) / leaflets -a 

8-10 July 2019, Marseille. Quantum 
BioInorganic Chemistry Conference (QBIC-V) 

Andrey I. Konovalov (Leiden 
University, SUNRISE Young 
Researcher Travel Grantee) / 
slides 

-a 

21-26 July 2019. Newry. 2019 Photosynthesis 
Gordon Research Conference 

Yagut Allahverdiyeva-Rinne 
(University of Turku) / slides, 
leaflets 

-a 

30 July 2019, University of Pretoria. Talk 
SUNRISE Project  

Artur Braun (Empa) / slides, 
roll-up, leaflets -a 

31 July – 02 August 2019, Pilanesberg National 
Park, South Africa Energy Storage and Industry 
4.0: Challenges and Prospects (ENSTIN 2019) 

Artur Braun (Empa) / slides, 
roll-up, leaflets -a 

4-9 August 2019, Durban. 70th Annual 
Meeting of the International Society of 
Electrochemistry 

Artur Braun (Empa), Renata 
Solarska (University Warsaw) / 
slides, roll-up, leaflets 

-a 

18-23 August 2019, Aachen. 14th European 
Congress on Catalysis, EuropaCat 2019 

Frédéric Chandezon (CEA), 
Hervé Bercegol (CEA), 
Maximilian Fleischer (Siemens 
AG) / leaflets 

> 1500 (full 
conference) 

25-30 August 2019, Barcelona. World Congress 
on Light and Life  

Eva-Mari Aro (University of 
Turku) / slides -a 

27-30 August 2019, Donostia-San Sebastian. 
Photo- and ElectroCatalysis at the Atomic Scale  

Franziska Hegner (ICIQ, Young 
Researchers Travel Grantee) / 
slides 

-a 

28 August 2019, Galway. 8th International 
Conference on Biotechniques for Air Pollution 
Control & Bioenergy 

Joanna Kargul (University of 
Warsaw) / slides -a 

3 September 2019, Warsaw. 62nd Annual 
Scientific Meeting of the Polish Chemical 
Society 

Joanna Kargul (University of 
Warsaw) & Dorota Rutkowska-
Żbik (ENERGY-X representative 
from Haber Institute in 
Cracow) / video, slides 

-a 

https://iupac.org/event/iupac-2019-paris-france/
https://iupac.org/event/iupac-2019-paris-france/
https://iupac.org/event/iupac-2019-paris-france/
https://iupac.org/event/iupac-2019-paris-france/
https://iupac.org/event/iupac-2019-paris-france/
https://iupac.org/event/iupac-2019-paris-france/
https://www.qbicv.cnrs.fr/
https://www.qbicv.cnrs.fr/
https://www.grc.org/photosynthesis-conference/2019/
https://www.grc.org/photosynthesis-conference/2019/
https://sunriseaction.com/wp-content/uploads/2019/07/Sunrise-Invitation.pdf
https://sunriseaction.com/wp-content/uploads/2019/07/Sunrise-Invitation.pdf
http://www.saci.co.za/ESI2019/index.html
http://www.saci.co.za/ESI2019/index.html
https://annual70.ise-online.org/index.php
https://annual70.ise-online.org/index.php
https://annual70.ise-online.org/index.php
http://europacat2019.eu/
http://europacat2019.eu/
https://www.photobiology2019.org/
https://www.photobiology2019.org/
http://pecas2019.dipc.org/
http://bioengingroup.es/biotechniques-2019/
http://bioengingroup.es/biotechniques-2019/
http://bioengingroup.es/biotechniques-2019/
https://zjazdptchem2019.ch.pw.edu.pl/
https://zjazdptchem2019.ch.pw.edu.pl/
https://zjazdptchem2019.ch.pw.edu.pl/
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9-13 September 2019, Venice. 1st
International e-conversion Conference 

Joanna Kargul (University of 
Warsaw) / slides -a

19 September 2019, Brussels. Workshop on 
CCU Innovation Fund and other EU Funding 
Opportunities, by CO2 Value Europe 

Anita Schneider (EERA) / slides 
> 90

21 September 2019, Leiden. Nacht van 
Ontdekkingen 

Huub de Groot (U Leiden) / 
slides ~ 40 

22-23 September 2019, Tarragona. 4th
EuCheMS Conference on Green and 
Sustainable Chemistry 

Antoni Llobet & Julio Lloret & 
Elisabet Romero (ICIQ, local 
advisory board) / slides, roll-up 

> 300

26 September 2019, Brussels. ENERGY-X 
Research Roadmap Launch event 

Carina Faber (UCL) / 
Participation in the discussion 
panel 

~ 70 

27 September 2019, Dübendorf. SUNRISE 
Switzerland Stakeholder Workshop 

Organisers: Artur Braun & Rita Toth 
(Empa), together with the Swiss 
supporters: Pierdomenico Biasi 
(Casale) and Sophia Haussener 
(EPFL). 
Presentation SUNRISE by Frédéric 
Chandezon (CEA) / video, slides, 
roll-up 

> 30

30 September -1 October 2019, Brussels. EABA 
Algae Based Biofuels Workshop 

Yagut Allahverdiyeva-Rinne 
(University of Turku) / slides, leaflets > 30

2-3 October 2019, Móstoles. Aportando Valor
al CO2 (Increasing value of CO2) 

Victor A. de la Peña (IMDEA 
Energy), Laura López (ICIQ) / poster, 
slides, leaflets 

~ 150 

2-4 October 2019, Rome. Biophysics of
Photosynthesis 

Eva-Mari Aro & Yagut 
Allahverdiyeva-Rinne (University of 
Turku) / slides 

-a

5-6 October 2019, Barcelona. Maker Faire
Barcelona

Amelia Ochoa & Laura López (ICIQ) 
/ leaflets, infographics, demonstrators > 200

8 October 2019 – Paris – SUNRISE & ENERGY-X 
France Stakeholder Workshop 

Organisers : Hervé Bercegol (CEA), 
Frédéric Chandezon (CEA), Simon 
Perraud (CEA) 
/slides, leaflets 

~ 75 

9-11 October 2019, Brussels. SUNRISE
Consortium meeting & Meeting with Mission 
Innovation 

Consortium partners + 
representatives Energy-X + EAB + 
Mission Innovation (IC6) ~ 40 

24 October 2019, Brussels. Lunch time 
conference DG ENER – Towards a sustainable, 
carbon-neutral energy system by 2050 

Huub de Groot (U Leiden), Frédéric 
Chandezon (CEA), Joanna Kargul (U 
Warsaw), Maximilian Fleischer 
(Siemens), Ann Magnuson (U 
Uppsala), Marco Rignanese (UCL), 
Carina Faber (UCL), Hervé Bercegol 
(CEA), Anita Schneider (EERA) / 
slides 

~ 50 

https://www.e-conversion.de/venice2019/
https://www.e-conversion.de/venice2019/
http://www.co2value.eu/event/innovation-fund-workshop-19-september-brussels-belgium/
http://www.co2value.eu/event/innovation-fund-workshop-19-september-brussels-belgium/
http://www.co2value.eu/event/innovation-fund-workshop-19-september-brussels-belgium/
https://sunriseaction.com/event/nacht-van-ontdekkingen/
https://sunriseaction.com/event/nacht-van-ontdekkingen/
http://eugsc4.iciq.es/
http://eugsc4.iciq.es/
http://eugsc4.iciq.es/
https://www.energy-x.eu/news/invitation-energy-x-event/
https://www.energy-x.eu/news/invitation-energy-x-event/
https://sunriseaction.com/event/sunrise-switzerland-stakeholder-workshop/
https://sunriseaction.com/event/sunrise-switzerland-stakeholder-workshop/
https://algaeworkshops.org/algae-based-biofuels/
https://algaeworkshops.org/algae-based-biofuels/
http://www.aportandovaloralco2.com/
http://www.aportandovaloralco2.com/
http://www.biophysicsofphotosynthesis2019.eu/
http://www.biophysicsofphotosynthesis2019.eu/
https://sunriseaction.com/event/maker-faire-barcelona/
https://sunriseaction.com/event/maker-faire-barcelona/
https://sunriseaction.com/sunrise-france-stakeholder-workshop/
https://sunriseaction.com/sunrise-france-stakeholder-workshop/
https://sunriseaction.com/sunrise-consortium-meeting-brussels/
https://sunriseaction.com/sunrise-consortium-meeting-brussels/
https://sunriseaction.com/sunrise-consortium-meeting-brussels/
https://sunriseaction.com/the-potential-of-a-sustainable-production-of-fuels-and-key-chemicals/
https://sunriseaction.com/the-potential-of-a-sustainable-production-of-fuels-and-key-chemicals/
https://sunriseaction.com/the-potential-of-a-sustainable-production-of-fuels-and-key-chemicals/
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5 November 2019, Rotterdam. 3rd CO2 Value 
Day 

Huub de Groot (U Leiden), Hervé 
Bercegol (CEA) / slides ~ 25 

5 November 2019, Rome. EERA Workshop on 
Hybrid Energy and Energy Storage Systems. 

Frédéric Chandezon (CEA) / slides 
-a

6 November 2019, Eindhoven. Symposium 
“Solar to Products” 

Huub de Groot (U Leiden), slides & 
demonstrator ~ 150 

13-15 November 2019, Helsinki. SET-Plan
Conference 2019. 

Anita Schneider (EERA), Philippe 
Jacques (EMIRI) / stand with videos -a

18-20 November 2019, Graz. European
Summit of Industrial Biotechnology (ESIB 
2019). 

Yagut Allahverdiyeva-Rinne 
(University of Turku) / slides ~ 450 

20-24 November 2019, Hiroshima, (Japan).
3rd International Solar Fuels Conference and 
the International Conference on Artificial 
Photosynthesis-2019 (ISF-3/ICARP2019). 

Vincent Artero (CEA), James Durrant 
(Imperial), Leif Hammarström (U 
Uppsala) / slides > 400

25-26 November 2019, Warsaw.
Internationability of Polish Science and Higher 
Education. 

Joanna Kargul (U Warsaw), Stefan 
Baumann (Jülich) / slides -a

3 December 2019, Frankfurt. ENERGY-X 
Stakeholder Workshop. 

Hervé Bercegol / slides 
-a

5-7 December 2019, Madrid. COP25 2019.

Victor de la Peña, Fernando Fresno, 
Marta Liras, Mariam Barawi, Freddi 
Oropeza (IMDEA Energy), Álvaro 
Reyes, Lorena Tomás, Amelia 
Ochoa, Laura López (ICIQ) 

~ 800 

9 December 2019, Turku. SUNRISE Finland 
Stakeholder Workshop 

Organisers: Eva-Mari Aro & Yagut 
Allahverdiyeva-Rinne (University of 
Turku), speakers: Frédéric 
Chandezon (CEA), Arne Roth 
(Fraunhofer), Joanna Kargul (U 
Warsaw) / slides 

~ 65 

9 December, Noordwijkerhout, Annual M2i 
Conference 

Huub de Groot (U Leiden), slides ~ 150 

10 January, Delft. Visit Diederik Samson Green 
Village TU Delft. 

Huub de Groot (U Leiden), Harald 
Kerp (M2i) / slides ~ 25 

3-4 & 6-7 February, Brussels. SUNRISE Final
Consortium Meeting. 

Consortium partners 
~ 25 

5-6 February, Brussels. SUNERGY Kick-off
Meeting. 

SUNRISE + ENERGY-X consortium 
partners + stakeholders ~ 120 

https://sunriseaction.com/sunrise-at-the-co2-value-day/
https://sunriseaction.com/sunrise-at-the-co2-value-day/
https://sunriseaction.com/event/eera-workshop-on-hybrid-energy-and-energy-storage-systems/
https://sunriseaction.com/event/eera-workshop-on-hybrid-energy-and-energy-storage-systems/
https://sunriseaction.com/event/symposium-solar-to-products/
https://sunriseaction.com/event/symposium-solar-to-products/
https://sunriseaction.com/event/13th-set-plan-conference-ri-in-the-energy-sector-to-enhance-european-industrial-leadership/
https://sunriseaction.com/event/13th-set-plan-conference-ri-in-the-energy-sector-to-enhance-european-industrial-leadership/
https://sunriseaction.com/rethinking-the-next-bioproduction-generation/
https://sunriseaction.com/rethinking-the-next-bioproduction-generation/
https://sunriseaction.com/rethinking-the-next-bioproduction-generation/
https://sunriseaction.com/turning-sunlight-into-clean-fuels-takeaways-from-isf-3-icarp2019/
https://sunriseaction.com/turning-sunlight-into-clean-fuels-takeaways-from-isf-3-icarp2019/
https://sunriseaction.com/turning-sunlight-into-clean-fuels-takeaways-from-isf-3-icarp2019/
https://sunriseaction.com/event/internationability-of-polish-science-and-higher-education/
https://sunriseaction.com/event/internationability-of-polish-science-and-higher-education/
https://sunriseaction.com/energy-x-stakeholder-workshop/
https://sunriseaction.com/energy-x-stakeholder-workshop/
https://sunriseaction.com/event/cop25-2019/
https://sunriseaction.com/sunrise-finland-stakeholder-workshop/
https://sunriseaction.com/sunrise-finland-stakeholder-workshop/
https://sunriseaction.com/sunrise-final-consortium-meeting/
https://sunriseaction.com/sunrise-final-consortium-meeting/
https://sunriseaction.com/event/sun-ergy-kick-off-meeting/
https://sunriseaction.com/event/sun-ergy-kick-off-meeting/
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12-14 February, Padova. ENERCHEM-2 
Vincent Artero (CEA), Maximilian 
Fleischer (Siemens Energy) / slides -a 

a Data not available. 

Finally, in addition to the presentation in conferences and other events, the SUNRISE initiative has also 
appeared in relevant scientific publications. A description of the project was included in the “News Flash” 
section in the last edition of the European Photochemistry Association Newsletter, June 2019 (invitation 
through Leif Hammarström, Uppsala University). The Poland SUNRISE Stakeholders Workshop published 
a Book of abstracts and the Switzerland SUNRISE Stakeholders Workshop a report: “Conference Report: 
Swiss Stakeholder Workshop for the SUNRISE H2020 FET- Flagship Project, Chimia 73 (2019) 952-956", 
doi:10.2533/chimia2019.952.  

SUNRISE has also been mentioned in other articles in Nature (replicated in Scientific American), Science 
Magazine and Chemistry World, together with the other preparative actions and related projects. A 
publication about the six preparative actions and a news about the SUNRISE Stakeholder Workshop also 
appeared in the Digital Single Market portal from the EC. 

Finally, the initiative is preparing two special issues on circular economy and energy policy and regulation. 
Specifically, Empa partners Artur Braun and Rita Toth are guest editors for the call for papers for “Circular 
economy: national and global policy” within the special issue in “Clean Technologies and Environmental 
Policy” (Springer Nature) having already 10 confirmed authors, and they are also guest editors in a special 
issue in MRS Energy & Sustainability inspired by the SUNRISE action with 11 confirmed authors.  

 

3.2. Smartphone app 
 
One of the objectives of the dissemination plan is to develop a new smartphone app to share scientific 
publications. During the CSA a demo version has been developed 
(http://events.tickaroo.com/projectsunrise/). This system is thought to be a new tool to support open access 
strategies. The demo was presented at the SUNRISE Stand during the Energy Week and a final survey among 
SUNRISE partners was also prepared to have feedback among these first users. This is key to develop a 
future public version in a future advanced development. According to the survey results the main aim of the 
application might be reformulated in future development. Most of the participants expressed their interest in 
developing an App and thought it would be useful, however, most of them would not like to receive the latest 
research articles in their phones. Other appropriate contents suggested are: open calls and events in the field 
and outreach materials. According to the suggestions, to improve the design, a searching tool should be 
added, allowing for search information in different sections, i.e. news, events, calls, etc. Finally, participants 
found interesting to keep developing the App as soon as possible within the continuation action SUNERGY.    

 

3.3. SUNRISE Password Protected Site 
 
The project’s website has been the main tool for dissemination and communication purposes and a better 
description can be found in point 3.2. Especially relevant for the dissemination purposes has been the 
password-protected site: https://sunriseaction.com/priority-research-directions-prd-vision/, which contained 
the PRDs and other working documents at the beginning of the action. Only the initiative’s partners and 
official supporters were given the password to access it (sent through informative newsletters). This site has 
been an important tool during the firsts months of the action to keep a strong interaction with the growing 
SUNRISE community, developing the PRD documents that later on served as a basis for the technical 
annexes within the SUNRISE roadmap. The site was one of the most visited pages of the SUNRISE website 

https://sunriseaction.com/event/enerchem-2/
https://www.photochemistry.eu/newsletter-june-2019/
http://sunrisepoland.cent.uw.edu.pl/wp-content/uploads/2019/06/Abstract-BOOK-SUNRISE-POLAND-Final.pdf
https://chimia.ch/component/content/article/2087
https://sunriseaction.com/wp-content/uploads/2019/11/Conference-Report-Chimia-73-2019-952-956.pdf
https://www.nature.com/articles/d41586-019-00541-y
https://www.scientificamerican.com/article/europes-next-big-budget-science-projects-6-teams-proceed-to-final-round/
https://www.sciencemag.org/news/2019/05/europe-abandons-plans-flagship-billion-euro-research-projects
https://www.sciencemag.org/news/2019/05/europe-abandons-plans-flagship-billion-euro-research-projects
https://www.chemistryworld.com/features/taking-a-leaf-out-of-plants-books/3010612.article
https://ec.europa.eu/digital-single-market/en/news/launch-six-european-initiatives-potential-transformational-impact-society-and-economy
https://ec.europa.eu/digital-single-market/en/news/sunrise-initiatives-first-stakeholder-meeting
https://www.researchgate.net/publication/337740961_Call_for_Papers_Circular_economy_national_and_global_policy_Manuscript_submission_deadline_31_March_2020_Special_Issue_in_Clean_Technologies_and_Environmental_Policy_SpringerNature_httpswwwspringercom
https://www.researchgate.net/publication/337740961_Call_for_Papers_Circular_economy_national_and_global_policy_Manuscript_submission_deadline_31_March_2020_Special_Issue_in_Clean_Technologies_and_Environmental_Policy_SpringerNature_httpswwwspringercom
https://www.cambridge.org/core/journals/mrs-energy-and-sustainability
https://sunriseaction.com/priority-research-directions-prd-vision/
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during the first months of the action.  

3.4. Poster and slides 
 
A poster titled ‘SUNRISE: Solar energy for a circular economy’ has been created to showcase the project in 
different events. It is available in the intranet PLAZA of the project’s website together with standard slides 
for presentations. 

In addition, the SUNRISE poster won the ‘Best Poster Award’ at the 17th International Conference on 
Carbon Dioxide Utilization (ICCDU), which took place on June 23 – 27, 2019, in Aachen, Germany. 

 

4. COMMUNICATION TOOLS AND ACTIONS 

4.1. Project logo and visual identity 
 
A logotype was designed to advertise the project at the time of the proposal preparation. The SUNRISE logo 
is the visual element that represents the project and promotes instant public recognition. The logo was 
designed with a simple and dynamic look representing a sun rising over the fields, directly related with the 
claim of the project: solar energy for a circular economy. 

       

 

The SUNRISE logo together with the EU emblem and the sentence “This project has received funding from 
the European Union’s Horizon 2020 research and innovation programme under grant agreement No. 
816336” must be included by all partners in all the communication and outreach documents and events. 

Regarding the SUNRISE logo, at the beginning of the project a Twitter contest was launched offering the 
possibility to vote between the existing logo and two more options. This action aimed to increase 
involvement of followers and supporters in the action and attract attention to the Twitter account. The 
majority of participants voted to keep the current option and SUNRISE mugs were sent to participants that 
voted in the second leg of the poll. 

 
 

Figure 1. Logo twitter poll 

 

https://sunriseaction.com/sunrise-poster-wins-best-poster-award-iccdu/
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Regarding the name and logo for the SUNRISE continuation action SUNERGY, common efforts with 
ENERGY-X have been done to choose the name, logo and visual identity (see Dissemination and 
Communication Plan above and also Deliverable D3.3 Dissemination and Communication Resources). 

 

4.2. SUNRISE Website 
 
The SUNRISE website is accessible at: www.sunriseaction.eu and www.sunriseaction.com. The website is 
the main online dissemination and communication tool of the project. It contains information on the project, 
the consortium and its members, projects achievements, related events, audiovisual resources and current 
activities. This information is addressed to all sorts of audiences, from scientists and industrial researchers 
to the general public.  

The website has been designed following a responsive web design (RWD) to enable optimum visualization 
independently of the size of the screen (PC, tablet and mobile) or web browser one is viewing with. It has 
been updated frequently as required by ICIQ.  

The platform has been created to serve as a project content management system on two levels: (1) external 
communication and dissemination of the project objectives and results, and (2) internal Communication 
Platform within the consortium. The public section displays the following sections: 

o Home: basic title and description of the project, highlights of the latest news, events and videos, 
contact information, access to the other web sections and to the project social networks (Facebook, 
Twitter, YouTube, LinkedIn and ResearchGate). 

o About us: information about the CSA, the project’s vision, FAQ about the initiative, and the list of 
all partner institutions taking part in the project, linking to their short descriptions. Every partner is 
briefly described in terms of research quality, groups participating in SUNRISE and people 
responsible for the project. 

o Newsroom: pieces of news about the project, interviews with experts, SUNRISE meetings, related 
events, opportunities, and useful resources, such as publications, presentations, graphic materialsand 
videos. 

o Blog: brief updates about SUNRISE communication and outreach activities.   

o Support us: general contact form to become a supporter and a banner with all the current supporters’ 
logos. 

o Media: collection of the press releases, media appearances and coverage of SUNRISE news 
published in general and specialized newspapers and magazines, interviews (radio and TV), videos, 
etc. 

In the website, there is a direct link to the intranet site PLAZA: https://sunriseaction.com/intranet/ and is 
managed by M2i. It can only be accessed by the project’s consortium members and has been created to 
exchange documents, files and other confidential information between the project partners. The intranet is 
the main tool for storage and exchange of documents between partners, such as: 

• Complete contact list including names and e-mail addresses of all the participants 

• Templates  

• Minutes of the meetings 

• Progress reports 

• Deliverables 

More details about the web design can be found in the public project’s deliverable “D3.2. Project website, 

http://www.sunriseaction.eu/
http://www.sunriseaction.com/
https://sunriseaction.com/intranet/
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App and social media tools”. Although the action counted with a public website since September 2018, 
evaluation of the website traffic and audience has not been done until May 2019, once the new web has been 
designed and Google Analytics tools properly displayed.  

The information tracked by the analytics tool shows that the page had 15,597 visits between May 2019 and 
February 2020 as counted by the number of sessions, which gives the estimate of the number of times visitors 
opened the website. The number of users for the same period is 10,751 showing that some of the visitors 
have opened the website more than once in this period of time, and even more importantly, the page visitors 
spent long times at their visits generally seeing more than one page, giving therefore large page views 
numbers.  
It is also interesting to see that beyond the landing page, the most visited pages include the Consortium page, 
where the partner organizations are displayed. This indicates a big interest in the project’s main actors.The 
events page showing events taking place with partners and supporters participation, as well as the SUNRISE 
initiative page showing the CSA’s goals are also of interest for the SUNRISE community. 
Location overviews show a big interest from United States visitors, highlighting the international relevance 
that the project. This fact has been important when setting social media campaigns, as some have been 
directed towards the American public. 
 

 

 

 

 

 

 

 

 

 

Table 4. Website traffic analysis (Google Analytics) 

Website 
statistics 

May 
2019 

June 
2019 

July 
2019 

Aug. 
2019 

Sept. 
2019 

Oct. 
2019 

Nov. 
2019 

Dec. 
2019 

Jan. 
2020 

Feb. 
2020 

Sessions 1137 1785 1536 960 1402 1654 2033 1458 2175 1457 

Users 618 985 963 720 1018 1139 1547 1102 1625 1034 

Page views 6508 8308 9684 3595 6207 7016 6098 3380 5353 5177 

Pages/session 5,72 4,65 6,3 3,74 4,43 4,24 3 2,32 2,46 3,55 

Average Session 
Duration 
(min:sec) 

0:05:25 0:04:52 0:05:14 0:03:22 0:03:31 0:03:23 0:02:33 0:01:55 0:02:45 0:03:28 

Location 
overview           
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Country #1 Spain Belgium United 
States 

United 
States 

United 
States 

United 
States 

United 
States 

United 
States 

United 
States 

United 
States 

Country #2 Italy France Spain Germany France France France Spain Germany France 

Country #3 France United 
States France France Germany Germany Germany France France Germany 

Top 3 pages           

Page #1 Landing  Landing  Landing  Landing Landing Landing Landing Landing Landing Landing 

Page #2 
PRDs,  PRDs,  Consorti

um 
Consortiu

m Events Consortiu
m 

Roadmap 
news 

Consorti
um 

SUNERG
Y photo 
contest 

Presenta
tions 

Page #3 
Events,  Events,  Past 

events,  
Past 

events 
Consorti

um 
SUNRISE 
Initiative 

Consorti
um 

SUNRISE 
Initiative 

SUNRISE 
Initiative 

Consorti
um 

 
 
 

4.3. Social Networks 
 
Social networks were used to promote the content of the project’s webpage, related projects and relevant 
news concerning the artificial photosynthesis. Each social media has been further analysed through its own 
analytic tools (Tables 5 to 9): 

 

 

Table 5. Twitter Account Analysis (Twitter Analytics, https://twitter.com/sunriseaction) 

 April 
2019 

May 
2019 

June 
2019 

July 
2019 

Aug. 
2019 

Sept. 
2019 

Oct. 
2019 

Nov. 
2019 

Dec. 
2019 

Jan. 
2020 

Feb.2
020 Total 

Num. of tweets 50 96 144 38 36 102 176 128 98 67 72 1007* 

Impressions 40200 77600 135000 79700 86400 79700 86400 98800 70570 98400 70570 923340 

Engagement 
rate 

1,7% 0,9% 1,5% 1,7% 2,08% 1,5% 0,99% 0,79% 1,40% 1,90% 0,90% - 

Replies & likes 154 336 615 265 250 330 619 363 499 266 437 4134 

Retweets 50 110 175 89 65 144 188 140 155 90 164 1370 

Link clicks 152 251 471 206 148 99 209 246 258 197 168 2405 

Total 
Interactions 356 697 1261 560 463 573 1823 749 912 553 769 7909 

*The total number of tweets since December 2018, when the account was opened, is 1170.  
 

https://twitter.com/sunriseaction
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Table 6. Research Gate Analysis (Research Gate stats, https://www.researchgate.net/project/SUNRISE-
Solar-Energy-for-a-Circular-Economy-EU-H2020-CSA-Ref-816336) 

 Feb. - 
Apr. 
2019 

May 
2019 

June 
2019 

July 
2019 

Aug. 
2019 

Sept. 
2019 

Oct. 
2019 

Nov. 
2019 

Dec. 
2019 

Jan. 
2019 

Feb. 
2019 Total 

Num. of updates 16 5 11 3 11 7 12 14 6 30 5 118 

Recommendations 21 20 31 30 19 39 94 69 34 34 10 401 

Reads 454  76 174 370 181 189 218 216 116 221 140 2405 

Total Interactions  471 96 205 400 200 228 312 285 150 255 150 5329 

 
Table 7. Facebook Page Analysis (Facebook Insights, https://www.facebook.com/sunriseaction) 

 
April 
2019 

May 
2019 

June 
2019 

July 
2019 

Aug. 
2019 

Sept. 
2019 

Oct. 
2019 

Nov. 
2019 

Dec. 
2019 

Jan. 
2020 

Feb. 
2020 Total 

Num. of 
updates 2 23 21 18 14 31 35 28 15 17 13 220 

Impressions* 76 46032 12071
8 

12983
7 

19156 12983
7 

19156 3087 1116 1180 930 471125 

Likes 1 49 103 58 38 75 140 85 51 85 20 705 

Shares 0 5 12 12 5 20 14 10 7 10 2 97 

Total 
Interactions  1 54 115 70 43 95 154 95 58 95 22 802 

*Cumulative data (sum of all impressions of the page) at the end of each month. 
 

 

Table 8. LinkedIn Page Analysis (LinkedIn Analytics, https://www.linkedin.com/company/sunriseaction) 

 April 
2019 

May 
2019 

June 
2019 

July 
2019 

Aug. 
2019 

Sept. 
2019 

Oct. 
2019 

Nov. 
2019 

Dec. 
2019 

Jan. 
2020 

Feb. 
2020 Total 

Num. of 
publications 13 12 16 11 16 16 31 23 16 14 11 52 

Impressions 978 2090 3130 1946 3130 2377 5578 16460 7501 3767 4631 51588 

Engagement 
rate 

5,8% 6,8% 8,3% 6,4% 8,29% 5,77% 3,2% 4,32% 4,77% 4,84% 7,74% - 

Clicks 43 62 158 62 158 71 214 199 401 91 231 1690 

Reactions 14 60 67 57 67 73 128 120 141 153 100 980 

Total 
Interactions  57 122 225 119 225 144 342 319 542 244 331 2670 
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Table 9. You Tube Channel Analysis (YouTube analytics, 
https://www.youtube.com/channel/UCWBoKlQrVNn_cJsTSwGz0pA) 
 Apr. 

2019 
May 
2019 

June 
2019 

July 
2019 

Aug. 
2019 

Sept. 
2019 

 Oct. 
2019 

Nov. 
2019 

Dec. 
2019 

Jan. 
2020 

Feb. 
2020 Total 

Num. uploaded 
videos & 
podcasts 

N/A 2 1 3 0 3 3 5 1 2 1 21 

Impressions N/A 45 267 618 1100 1300 1400 2400 1700 2500 2400 13485 

Views N/A 107 886 291 140 340 331 588 448 547 260 2962 

 

The analysis shows that social media have been very active and generating the desired interactions with the 
SUNRISE community. The Twitter account, being the first social media to be active, has turned the main 
social media tool of the action with the major number of followers and interactions. Actually, these tools, 
together with the password-protected site in the website and newsletters (see following point) have proved 
to be the real interaction points with the SUNRISE community, substituting the initial idea of a discussion 
forum in the website. 

Another interesting point is that posts with most engagement both on Twitter and Facebook are those related 
to SUNRISE events and news, rather than the external news that have been shared on a regular basis, 
meaning that SUNRISE’s audience is interested in the project’s updates and followers are committed to the 
initiative. 

 

 

4.4. Newsletters 
 
To establish a good communication with the action supporters, regular newsletters have been sent to the 
organization’s contacts. A marketing management tool, such as Mailerlite or Mailchimp, has been used to 
centralize and manage the communication to a large number of contacts. In this way, the SUNRISE 
community members have been invited to participate in the SUNRISE organized events. The registration 
link, agenda and any logistic information has been shared though this channel. Furthermore, supporters have 
been invited to contribute to the definition of the PRDs, Vision and Roadmap through informative 
newsletters, providing them access to the working documents.  

To further facilitate quick access to all SUNRISE stakeholders and keep growing the ecosystem around the 
project, a public newsletter has also been prepared to inform subscribers about the latest news and advances 
of the project. Mailchimp is used as the marketing platform, allowing recipients to unsubscribe at their will. 
The first public newsletter was submitted on July 2, 2019 to 585 subscribers and it obtained 34,70 % opens. 
The second public newsletter was submitted on October 7, 2019 to 614 subscribers (34,30% opens),the third 
one on January 14, 2020 to 654 subscribers (32,20% opens). The final newsletter at the beginning of March 
(March 9, 2020) included a one year’s wrap-up andwas sent to 674 subscribers (35% opens). 

 

4.5. Videos and podcasts 
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The project has produced a general video to socialize the initiative’s objective. The video was released in 
June and had more than 1,324 views in the YouTube channel at the end of February 2020. A direct link is 
also available in the project website (home and resources section) and has been pinned in the other social 
media tools, having 1,200 views in the LinkedIn page (29 February). This main video has been translated to 
5 languages (text and subtitles): French, Italian, German, Spanish and Polish. 

 

Other videos include:  

 

- Facebook live interviews: with the SUNRISE Deputy Coordinator, Hervé Bercegol (CEA) in 
occasion of the International Day of Light (1,600 views on Facebook Page, 31 views on YouTube 
channel), and with Antonín Vlček (45 views on Facebook Page, 39 views on YouTube channel). 

 

- Promotional videos: SUNRISE Stakeholders Workshop (132 views YouTube channel, 326 views 
Twitter); SUNRISE Technological Roadmap (66 views YouTube channel, 602 views Twitter); 
SUNRISE stand at the COP25 (45 views YouTube channel, 1,100 views Twitter); and the 
SUNERGY kick-off meeting (35 views YouTube channel, 860 views Twitter). 

 

- Interviews with experts: with Nicola Armaroli (213 views YouTube channel, 158 views LinkedIn 
page); with Hélène Lepaumier (247 views YouTube channel, 1,675 views LinkedIn page); with 
Huub de Groot (191 views YouTube channel, 123 views LinkedIn page); and with Katrin Mueller 
(78 views YouTube channel, 208 views LinkedIn page). 

 

In addition, SUNRISE partners have been invited to radio interviews, podcasts of the last interviews to Victor 
de la Peña (IMDEA, in Spanish), Nicola Armaroli (CNR, in Italian) and Elisabet Romero and Julio Lloret 
(ICIQ, in Catalan and Spanish) are also available in the YouTube channel.  

Other external videos related to the artificial photosynthesis are also posted on the project’s website to attract 
the lay public’s attention to the topic.  

 

4.6. Templates and branding elements 

Templates for word documents, letters, slides, etc., containing layout and styles used to create standardized 
documents have been designed to ensure a unified corporate image. The templates are available in the 
intranet PLAZA of the project’s website. 

In addition, a factsheet, a leaflet and roll-ups containing the project’s logo, title, consortium members, social 
media channels and a call to action have been used through the action in consortium meetings, workshops, 
industrial fairs, congresses, etc. as branding materials. 

 

4.7. Press releases and media presence 

https://www.youtube.com/channel/UCWBoKlQrVNn_cJsTSwGz0pA


D3.1. Dissemination and Communication Plan                                                                           

38 

 
Four official press releases have been launched by the SUNRISE initiative: 
Press release announcing the action (1 February 2019) 
Press release about the SUNRISE Stakeholders Workshop (21 June 2019) 
Joint press release with ENERGY-X about plans to merge the two initiatives (27 August 2019) 
Joint press release with ENERGY-X about the SUNERGY Kick-off meeting (13 February 2020) 
 
These press releases have been published in the partner’s websites and translated to 10 languages: English, 
French, German, Dutch, Italian, Czech, Polish, Finnish, Swedish and Spanish. Press releases replications, 
links or SUNRISE mentions in the partners’ websites, related institutions websites and external general 
media and specialized magazines and online portals have been collected in the deliverable 
D3.3.Dissemination and Communication Resources. Press releases have also contributed to get partners 
interviews, in online publications: Uppsala University website (Swedish), Chemistry World (English), 
Industriemedien (German publication available for Austrian subscribers, English version in the blog section 
of the webpage) and InnovaSpain (Spanish); and also on radio shows: RAC1 (Catalan), Radio Internacional 
(Spanish), RadioCittadelCapo (Italian), Radio 3 & Radio 5 (Spanish).   
 

4.8. Outreach activities 
 
SUNRISE partners have been encouraged to introduce the SUNRISE project in participatory events where 
they already contribute, i.e. open days, Pint of Science festival, European Researchers’ Night, etc. Empa 
partner, Artur Braun, visited several Universities to present the SUNRISE project (University of Mersin, 
University of Taurus, University of Pretoria). He also hosted students from the Burg Giebichenstein 
Kunsthochschule Halle University of Art and Design interested in design needs for renewable energy 
technologies and SUNRISE project ones. While, other partners have an active role participating in 
educational events by their universities, for instance, Huub de Groot, from Leiden University, participated 
in the WND Noordwijkerhout, Conference ‘energy in transition’ for high school teachers (December 2018), 
Lunchlezing lectures during lunch for master students Chemistry and LST (March 2019) and the Leiden 
University Researchers’ Night (September 2019).  
 
In addition, SUNRISE has participated with five stands in big events: 
 
- SUNRISE stand at the Big Challenge Science Festival  

On June 16-19, researchers from SUNRISE partner NTNU held a stand at the Big Challenge Science Festival 
in Trondheim (Norway). Visitors, mostly children and teenagers, but also researchers and administrative 
staff from NTNU, could learn about artificial photosynthesis and the SUNRISE project. Researchers from 
the Koch group received visitors in an interactive stand where they could watch the official video, play with 
an online App showing how photosynthesis and artificial photosynthesis works and watch live experiments. 
One of the experiments showed how a toy car can run with hydrogen generated from a fuel cells and solar 
panels, while another one was performed by researchers coming from the Kargul group in U. Warsaw 
showing how solar cells made with algae pigments can harvest solar energy. In total, the stand counted with 
around 120 visitors. 

 

- SUNRISE stand at the EU Sustainable Energy Week 

On June 20, SUNRISE participated in the EU Sustainable Energy Week with a stand in the Networking 
Village. Visitors, around 25, mostly professionals from the industrial and policy sectors, could learn about 

http://www.uu.se/nyheter-press/nyheter/artikel/?id=12102&typ=artikel&area=2&lang=sv
https://www.chemistryworld.com/news/european-commission-to-scrap-1-billion-research-flagships/3010559.article
https://sunriseaction.com/blog/
https://www.innovaspain.com/imitar-a-las-plantas-para-conseguir-el-combustible-del-futuro/
https://www.rac1.cat/a-la-carta/detail/f4c986a2-bf56-475a-9537-dcb99c90b722?program=via-lliure&section=d-aqui-10-anys
https://www.youtube.com/watch?v=SwW6-uM5daY
https://www.youtube.com/watch?v=rx-Wx2Rn_W0
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the SUNRISE project through the vision of the SUNRISE official video and other branding materials such 
as the official leaflet. In addition, visitors could see and give their opinions about the SUNRISE App demo.   

 

- SUNRISE stand at the Maker Faire in Barcelona 

On October 5-6, the SUNRISE partner ICIQ held a stand in this faire that aims at joining researchers and 
practitioners from Universities, Research Centers and Socially Innovative Companies. SUNRISE was 
selected as an interesting project in the area of Circular Economy and Resilence and Creativity. Visitors of 
the stand, around 200, mainly families with young children and teenagers, could learn about the project using 
leaflets and infographics, as well as model cars and play with an online App showing how photosynthesis 
and artificial photosynthesis works.  

- SUNRISE stand at the 13th SET-Plan Conference 

On November 13-15, the SUNRISE partner EERA held a stand at the 13th SET-Plan Conference “R&I in 
the energy sector to enhance European industrial leadership”. This conference brought together high-level 
policy-makers, industry, research centers, international organisations and academia. Prime Minister of 
Finland Antti Rinne opened the conference together with European Commission’s representatives. The stand 
served to present the projects Energy-SHIFTS and SUNRISE, by the exhibition of the projects videos and 
roll-ups. 

- SUNRISE stand at COP25 

SUNRISE was selected as one of the projects with a booth in the last COP25 2019, the big event that finally 
took place in Madrid, 02-13 December 2019. The SUNRISE stand was settled for three days, from 5 to 7 
December with the help of IMDEA Energy and ICIQ volunteers and received lots of visitants (800 
estimated). The official SUNRISE video and interviews with experts’ videos were showcased, together with 
leaflets, posters, infographics, a gaming app and lots of live experiments to show water electrolysis, a fuel 
cell, a photoelectrocatalytic device, etc. 

In addition to these big events, the project also planned and organized interactive actions: online events 
to celebrate International days, like an online interview with Hervé Bercegol, SUNRISE deputy coordinator, 
on the occasion of the International Day of Light, and a Twitter chat on occasion of the World Environment 
Day. The twitter online discussion was organized on occasion of the World Environment Day on June 5, 
2019. The main objective of the chat was to discuss about the role of renewable energies in reducing air 
pollution. The one-hour online discussion started had four subject experts from various backgrounds related 
to the sustainable energy field (Kate Black, Communications Director at Metabolic; 2. Julio Lloret, Group 
Leader at the Institute of Chemical Research of Catalonia (ICIQ); 3. Marcella Bonchio, Full Professor of 
Advanced Organic Chemistry and Coordinator of the Nano & Molecular Catalysis Laboratory (NMC LAB), 
at the University of Padova; 4. Philippe Schild, Senior Expert of the Renewable Energy Unit of the 
Directorate General (DG) of Research & Innovation at the European Commission). Besides the four 
participants, other users took part in the conversation by sharing their views on the different tweeted 
questions. A wrap-up of the session can be found on the website blog (https://buff.ly/2MynWfC). 

 

Other interactive actions include the organization of contests. A good opportunity for interaction has been 
choosing a new name and logo for the new initiative resulting from joining SUNRISE and ENERGY-X. A 
public contest was organized for choosing the new name: SUNERGY. In addition, the two initiatives also 
organised the SUNERGY photo contest. Applicants sent a free style picture together with an abstract to 
explain their research. The pictures were voted through the new SUNERGY Instagram account and a panel 



D3.1. Dissemination and Communication Plan                                                                           

40 

by SUNERGY members chose the winner from the most voted three entries. The winner was awarded to 
attend the SUNERGY Kick-off (incl. travel costs), to present his research in front of both communities.   

 

5. BASIS FOR THE EDUCATION PLAN 

The outreach activities developed during the action are the basis for the future education plan to be fully 
developed within a large-scale initiative. Some of the included activities have an educational character and 
analysis of these activities and their future application will constitute the skeleton of the future plan, actions 
of interest might include: 

 

- Young researchers travel grants: providing opportunities to young researchers to attend 
dissemination events to present their results and interact with the scientific community is of great value 
for their formation. Therefore, calls for travel grants should be included in the Education plan. 
Moreover, in a future large-scale project, specialized workshops should be organized devoted to new 
technological advances and other subjects such as innovation, economic and life cycle analysis, gender 
issues, legal concepts, etc. Special workshops for young students should also be taken into account and 
even summer stages for undergraduates and high school students could be a good option.  

- Leaflets and infographics: these are also relevant materials that can contribute to educational aims. 
Extension to broader subjects and technical leaflets could also be part of the Education plan. 

- Interactive Contests: interactive actions with the participation of students might encourage their 
engagement in the project and knowledge sharing. This has been explored with the SUNERGY photo 
contest, to bring the initiative closer to young researchers, keeping these kind of actions is also of 
interest.  

- Visits to schools and Universities: strategy for having project’s representatives participating in 
schools and universities’ events to present the large-scale initiative goals and participation 
opportunities. This might have a large impact towards the engagement of young students and is an 
option to be explored in the future plan for a large initiative.  

 
The major goal of a future education plan will be to identify the training needs for the new technologies to 
be developed within a big research and innovation project and develop a myriad of actions to cover them. 
This identification will need to be run together with specialized academic institutions (i.e. LERU – League 
European Research Universities and EUA – European Universities Association are SUNRISE supporters) 
and industrial associations (EMIRI is a partner). Therefore, complementary actions, like organisation and 
participation in Erasmus+ programmes and other related ones, should also be explored. 

 
 

6. ALIGNMENT WITH THE DMP 

The SUNRISE action dissemination, communication and education actions have been developed in line with 
the data strategy and procedures described in the D3.4 Data Management Plan (DMP). Specifically, these 
are the main following points that have been taken into account: 
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• Data storage and security: the main storage tool is the Project website, including the main internal 
information exchange tool, the intranet PLAZA (managed by M2i). All the dissemination and 
communication material must be available on the SUNRISE website and ZENODO repository.  

• Data access, sharing and reuse: all data related to personal information, mainly person contact names 
from partners and supporters and e-mail addresses, is kept under the password protected intranet 
site. Personal data collected has been kept under a minimum, following GDPR rules, including user 
consent and information access, especially relevant for subscription to newsletters, using a 
marketing platform (Mailchimp). 

• Data preservation and archiving: the SUNRISE public website will be maintained for at least 3 years 
after the project start. Dissemination and communication materials will also be uploaded to public 
repositories, i.e. ZENODO, for preservation and for sharing and reuse.    
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EXECUTIVE SUMMARY 

 

The report Deliverable D3.2 describes the website created for external and internal communication. It 

delineates the motivation behind the concept of the website and names the parties responsible for the website 

and benefiting from it. The document firstly describes the content of the public section, highlighting the ideas 

and objectives behind it. Then, it shows the private section designed for the exchange of information between 

partners.  The report also defines the social media tools used and the development of a new smartphone 

application focused on the sharing of scientific and technological information. The final aim of the document 

is to define the expected impact of these communication tools for the project consortium and the whole 

community. 
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1. INTRODUCTION 
 

Within HORIZON 2020 SUNRISE coordination and support action (CSA), a work package on 

Dissemination, Communication and Education (WP3) has been considered in order to carry out the internal 

and external activities related to the project in these areas. The main objectives of WP3, as described in the 

Grant Agreement, are to create consciousness of the project, stimulate dissemination of the project actions, 

organize dissemination activities and contribute to the creation and growing of a SUNRISE community. In 

order to meet these objectives, the available existing communication tools will be used, and a series of 

activities organized.  

 

Deliverable D3.2 “Project website, App and social media tools” describes the key points of design, execution, 

content, usage, and communication strategy behind the internet platform of the SUNRISE large-scale 

research initiative.   

 

The URL of the website is www.sunriseaction.eu and it has been online since September 20th, 2018. The 

website was first hosted and maintained by partner Université Catholique de Louvain, managed by Dr. Carina 

Faber until the beginning of May, 2019. The website was reworked, hosted and maintained from 6th of May, 

2019, by partner Institute of Chemical Research of Catalonia (ICIQ) and it will be weekly updated with the 

latest novelties. The social media accounts of SUNRISE were created between December 2018 and March 

2019 on four platforms: Twitter (December 2018), Facebook (March 2019), LinkedIn (March 2019), and 

ResearchGate (February 2019). Both the website and social media networks constitute key communication 

tools to increase project visibility and impact towards industrial communities, researchers, policymakers, 

advocacy groups and general public. They are also key tools for sharing information between all SUNRISE 

partners. Additionally to already existing digital platforms, a smartphone App is currently under 

development for sharing scientific as well as technological contents among the SUNRISE community. The 

App is based on a system actually used in sports and news broadcasting and will be adapted to the needs of 

SUNRISE. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



D3.2                                                                                                                 

Page 6  

 

2. INTERESTED PARTIES 
 

Deliverable D3.2 is the responsibility of ICIQ as a part of the Work Package 3. The final version of the 

website was developed by an external company hired by ICIQ, Avellana digital, and shared with all 

consortium members for improvement before publication.   

The role of both the website and social media networks is to provide information concerning the project to a 

very broad community. The following target groups have been identified:  

The general scientific community and R&D industrial departments, − the European Commission, − 

journalists, general public and stakeholders, − companies in Energy, Oil&gas, Chemistry and Materials 

sectors (among others), − Venture Capital, − other private or public organizations.  

The main objective of the website and social media networks is to successfully disseminate the activities and 

documents generated from all Work Packages during the lifetime of the initiative. Therefore, all partners are 

engaged with the website. In particular:  

1) all consortium members are responsible for regularly contributing to the contents of the website;   

2) consortium members are asked to share all the documents necessary for the project with the whole 

consortium via the Intranet (PLAZA); 

3) consortium members are engaged to support the SUNRISE website by disseminating it through their own 

websites/social media. 
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3. COMMUNICATION TOOLS DEVELOPMENT AND DESCRIPTION 
 

3.1. Website 
 

SUNRISE website is accessible at: www.sunriseaction.eu and www.sunriseaction.com. 

The platform has been created to serve as a project content management system on two levels: (1) external 

communication and dissemination of the project objectives and results, and (2) Internal Communication 

Platform within the consortium.  

The SUNRISE public website was developed to act as an information hub about the project’s aims, goals, 

activities and results. The website works as a prime public dissemination tool making available the project 

published results. The public section provides the following content:   

a) general information about the project, including initiative description and vision  

b) recent news about the project  

c) description of events organized within the framework of the project 

d) description of consortium members taking part in the project 

e) support materials and public deliverables 

f) press releases 

g) contact information and e-mail address (contact@sunriseaction.eu) 

h) supporters logos and community contributions 

i) blog 

j) links to social media 

k) appropriate acknowledgment and reference to the European Union’s Horizon 2020 Framework 

Programme  

 

The first SUNRISE website was designed to inform about the project and attract the attention of viewers to 

the content of the website and act as a repository of the different news, calls and events related to the initiative 

(Figure 1). Information about the project has been continuously generated and updated, maintained and 

adapted to the new designed web. 

http://www.sunriseaction.eu/
http://www.sunriseaction.com/
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Figure 1. Landing page of SUNRISE first website 
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In the new designed web, reshaped once the project was approved, the landing page is designed to attract the 

attention of viewers by exposing the project logo and banner, listing the content of the website (Figure 2).  

All sections of the website have on top the SUNRISE logo and the menu bar enabling quick orientation 

through the search. All sections also provide addressing and contact information, reference to Horizon 2020 

and European Commission (EC) support and a disclaimer excluding EC responsibility (once the project was 

approved).   

The General info page presents the project at a glance, describes its objectives and highlights news and 

events. 

 

Figure 2. Landing page 

 

 



D3.2                                                                                                                 

Page 10  

 

The About us section provides information about the SUNRISE initiative (Figure 3.1), the large-

scale project’s vision (Figure 3.2), and a list of all partner institutions taking part in the project 

(Figure 3.3), linking to their short descriptions. Every partner will be briefly described in terms of 

research quality, groups participating in SUNRISE and people responsible for the project.  

 

 
 

Figure 3.1. SUNRISE initiative page 
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Figure 3.2. SUNRISE’s vision page 
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Figure 3.3. Consortium page 
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The Newsroom section provides the current information about advances in the field, recent 

meetings, and public deliverables in the form of News (Figure 4.1). It also offers information about 

related events (Figure 4.2), opportunities (Figure 4.3), and useful resources, such as publications, 

videos, and infographics. Besides, it links the most important new content from the blog section. 

 

 
 

Figure 4.1. News page 
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Figure 4.2. Events page 

 

 
 

Figure 4.3. Opportunities page 
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The Blog page will include a live blog developed by a communication company, Tickaroo, where 

supporters and followers will be invited to send their news and stories. It is intended to be an 

interactive part of the web where experts could also answer common questions. 

 

The “Support us” page (Figure 5) is a call dedicated to research community industry sector, 

policymakers, and advocacy groups including citizens and students, as well as NGOs and 

associations dedicated to sustainable and renewable technologies and solar conversion applications 

who might be interested in being supporters of the initiative. It also displays a banner with all the 

current supporters, which will be regularly updated when new support letters are received.  

This page will also serve as an interaction site where followers and supporters could reach the 

consortium with their ideas. For this contact form, as well as for the subscription to the public 

newsletter, a GDPR (General Data Protection Regulation) compliance form will display.   

 

 
 

Figure 5. Support us 

https://www.tickaroo.com/en
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The Media section (Figure 6) records all the materials published about SUNRISE project. These 

include both press releases from SUNRISE in the media, and news from partners.  

 

 
 

Figure 6. Media page 
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Finally, the consortium has an intranet page to share all the relevant information among all partners. 

The intranet used, PLAZA, has been developed by M2I (Materials Innovation Institute), the 

organization in charge of SUNRISE project’s management, within the management team. This is 

an internal tool they have developed to share information with partners in their multiple projects. 

 

A direct link to the intranet is found in the home page, with restricted access to validated users (Fig 

7). Partners can find all the information relevant to the development of the project organized in 

different folders (Fig 8). 

 

  
 

Figure 7. Logon on the PLAZA system 

 

 
 

Figure 8. Files distribution for SUNRISE project within the PLAZA system 
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3.2. Social media networks 

 

The four SUNRISE social and professional media networks aim at spreading and disseminating the 

latest information about advances in the field, recent meetings, and public deliverables. They also 

offer information about related events, opportunities, and useful resources, such as publications, 

videos, and infographics. Besides, they serve as means of communication with the general audience, 

as they can contact SUNRISE team via the four different channels. 

 

Facebook page 

 

It serves to promote the initiative’s actions. It has a more formal tone and emphasizes SUNRISE 

news. It also promotes other external related items (Figure 9). 

 

 
 

Figure 9. Facebook page 
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Twitter page 

 

It serves to boost the project’s visibility among the general audience, researchers, companies and 

partners, massively, and interact with them (Figure 10). 

 

 
 

Figure 10. Twitter page 
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LinkedIn page 

 

It serves to promote the initiative among a specialized community. It emphasizes SUNRISE news 

and events, as well as other relevant items (Figure 11). 

 

 
 

Figure 11. LinkedIn page 
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ResearchGate page 

 

It serves to boost the project’s visibility among the scientific community. It emphasizes both 

SUNRISE news, and scientific papers related to the field (Figure 12). 

 

 
 

Figure 12. ResearchGate page 
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3.3. App 

 

Fraunhofer is in charge of developing a new concept of application for smartphones devoted to the 

sharing of scientific information. The development is being done in cooperation with Tickaroo, a 

third partner. The key feature of the App will be the delivery of scientific and technological content 

in relationship to SUNRISE. Therefore, it will be possible to get access to cross-technological 

information, which boosts the SUNRISE developments as distribution pathways will be shortened. 

Qualified persons throughout all areas of science and engineering as well as economy will act as 

authors at the “author-end” of the SUNRISE App, while the whole SUNRISE-community acts at 

the “recipient-end”, therefore involving the overlap of the two groups. 

This will provide the highest level of scientific openness required to ensure high-quality decisions 

as well as advice to the governance structure for impact-oriented actions in the large-scale initiative 

stage, including the avoidance of efforts being duplicated and the mitigation of intrinsic risks, for 

example risk of market failure.  

At a first stage, the app will be internally designed and used within the consortium. Continuous user 

input will be collected to improve its performance, so at the end of the CSA a robust interface, 

useful for the scientific and industrial community will be developed. A first demonstrator will be 

ready to be presented during the European Sustainable Energy Week. The SUNRISE consortium 

will be present at the Networking Village, with a stand where visitors could contribute to its 

development answering a short survey about how to improve the application and involvement of 

different sectors in the project. In Figures 13-15 the live blog system by Tickaroo is described 

visually. 

 

Figure 13: The company tickaroo is providing the live content platform. 

https://eusew.eu/sunrise-solar-energy-circular-economy
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Figure 14: Features of the tickaroo live blog system. 
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Figure 15: tickaroo offers the possibility to follow live blog statistics. 

4. IMPACT & CONCLUSIONS 
 

SUNRISE website is the main online tool to present and disseminate all the results and events under 

the framework of the project. It will be regularly updated by ICIQ in coordination with the 

management team in order to provide the latest news, relevant results and breakthroughs. It will 

remain available after the end of the CSA. Both the website and social media networks are carefully 

designed to address the identified target groups in the most effective way, and it is the easiest way 

to ensure the visibility of the project for the EU as well as target audiences, consortium, stakeholders 

and general public. The expected outcome using an online communication strategy includes a large 

number of stakeholders being more aware of ideas and technologies for efficiently using and storing 

solar energy in the form of fuels and commodity chemicals. The SUNRISE website was designed 

as an interactive tool for public information and communication among partners and stakeholders. 

It will also be a repository for communication and training materials, deliverables and a work area 

for the project participants to share information between each other. It can be continuously 

improved and updated, in order to maximize the results and share the results with target audiences.  

 

Regarding SUNRISE social media channels, they were also designed as appealing tools for public 

information and interaction with the different partners and stakeholders. They will also work as 

hooks to promote and give visibility to the project. They can be continuously improved and updated, 

in order to increase SUNRISE community and engagement.  

 

Finally, the new App to be developed during the CSA will be a new concept for intersectoral 

scientific information exchange, contributing to the “Open Access” strategy.  
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EXECUTIVE SUMMARY 

 

The report on Deliverable D3.3 describes the dissemination, communication and education promo-

tional and training resources and materials generated up to date. The document firstly describes the 

promotional materials including mugs, slides templates, posters, roll-ups, factsheets, leaflets, in-

fographics, promotional videos, podcasts, and newsletters that have been released throughout the 

past months. Then, it describes the different press releases that have been published so far. Finally, 

it includes the agenda of the SUNRISE Stakeholder Workshop and SUNERGY kick-off event and 

the list of participants who attended these milestone events. The document will be updated at the 

end of the Coordination and Support Action (CSA) with the final materials. 

 

So far, the CSA has reached a large number of supporters and followers, especially within the sci-

entific community, both from academic and industrial sectors. The main dissemination and com-

munication tools planned have all been deployed with a strong commitment and involvement of the 

consortium partners. The current supporting community has been very active. However, further 

reaching of the general public and policy makers remains as one of the main ongoing challenges.  

 

The release of promotional and training resources – particularly, supporting audiovisual materials, 

such as videos, infographics, slides, etc. – as well as the organization of the SUNRISE Stakeholder 

face-to-face workshop have all been crucial to fulfill the conditions required for the success of the 

dissemination and communication strategy, complying with three conditions: (1) Continuous oper-

ation of communication tools; (2) Up to date and adapted content to address the different target 

audiences; and (3) Active engagement at the European and member states level.  

 

The upcoming merging of SUNRISE and ENERGY-X initiatives will provide a great opportunity 

to reach a much larger community. Consequently, the merger will involve changes in the dissemi-

nation and communication actions as the new image and brand position are being established. More-

over, the future goals for the newly established joint large-scale research initiative will have to be 

agreed by both CSA consortia.  
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1. PURPOSE OF THE SUNRISE PROMOTIONAL MATERIALS 
 
 

Following the Dissemination and Communication plan, firstly drafted at the proposal stage and 

updated through the development of the CSA, see D3.1, several promotional materials have been 

produced to facilitate the targeted dissemination, communication and education goals. 

 

The promotional materials include templates for the presentation of the initiative and its outcomes: 

slides, posters as well as flyers, infographics, newsletters and videos. In addition, a list of press 

clippings, including replication of press releases and media interviews to project partners is also 

included, as well as the public agenda and registration list of  both the SUNRISE Stakeholders 

Workshop organised in Brussels in June 2019 as one of the EUSEW (European Sustainable Energy 

Week) Energy Days and the SUNERGY kick-off event jointly organised with ENERGY-X as the 

closing event for both CSA initiatives. 

2. LIST OF DISSEMINATION AND COMMUNICATION MATERIALS 
 

2.1. Mugs 
 

At the beginning of the CSA, SUNRISE mugs were generated as promotional material. The mugs 

have been shared among partners and speakers at SUNRISE meetings and other gatherings attended 

by SUNRISE members. Besides, some SUNRISE mugs have been used as “prizes” for contributors 

in SUNRISE fair stands and contests, they were sent to participants that voted in the second leg of 

the poll for the SUNRISE logo and were given away to participants answering a survey about the 

SUNRISE App at the EUSEW stand (see Fig. 1). 

 

 
Figure 1. SUNRISE mugs. 
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2.2. Slides Templates 
 

SUNRISE partners have been very engaged and active introducing the initiative at the numerous 

conferences, workshops and meetings in which they have participated. To this end, a series of 

standard slides for presentations were created including a general presentation layout and blank 

slides. For events at which only one slide or very few ones could be shown, a one-slide summary 

or a three-slide presentation were also made available to the consortium partners in order to get a 

snapshot of SUNRISE initiative. These are accessible for SUNRISE partners from the PLAZA 

intranet created for the project partners (see Figs 2-4). 

 

Figure 2. Examples of slide templates 

 

Figure 3. General summary one-slide template 
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Figure 4. General summary three-slide template 

2.3. Posters 

A poster titled ‘SUNRISE: Solar energy for a circular economy’ was created to showcase the project 

at various events (see Fig. 5). It is also available to all the partners from the PLAZA intranet of the 

project’s website. Notably, the SUNRISE poster won the ‘Best Poster Award’ at the 17th 

International Conference on Carbon Dioxide Utilization (ICCDU), which took place on June 23 – 

27 2019, in Aachen, Germany (https://sunriseaction.com/sunrise-poster-wins-best-poster-award-

iccdu/). 

Figure 5. SUNRISE poster awarded at ICCDU, 2019. 

The poster has been presented at different events, e.g. RSC Artificial Photosynthesis Faraday 

Discussion, Cambridge, 25-28 March 2019 (https://sunriseaction.com/event/rsc-artificial-

photosynthesis-faraday-discussion/), SUNRISE POLAND Stakeholder Workshop, Warsaw, 5-6 

June 2019 (http://sunrisepoland.cent.uw.edu.pl/) and Bringing value to CO2, Madrid, October 2-3, 

2019 (https://sunriseaction.com/event/aportando-valor-al-co2/). Pictures below: 

https://sunriseaction.com/sunrise-poster-wins-best-poster-award-iccdu/
https://sunriseaction.com/sunrise-poster-wins-best-poster-award-iccdu/
https://sunriseaction.com/sunrise-poster-wins-best-poster-award-iccdu/
https://sunriseaction.com/event/rsc-artificial-photosynthesis-faraday-discussion/
https://sunriseaction.com/event/rsc-artificial-photosynthesis-faraday-discussion/
http://sunrisepoland.cent.uw.edu.pl/
https://sunriseaction.com/event/aportando-valor-al-co2/
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Figure 6. Pictures of SUNRISE poster exhibited at the RSC Artificial Photosynthesis Faraday Discussion 

and at Bringing value to CO2, respectively 

2.4. Roll-ups 

Two different roll-ups were designed to be used at the consortium meetings, workshops, industrial 

fairs, congresses, etc. as branding materials. While the main one contains the project’s logo, title, 

consortium members, social media channels and a call to action, the second one explains the artifi-

cial photosynthesis process and it has been designed to be displayed at fairs and outreach events. 

These are also available at the PLAZA intranet. See pictures below: 

Figure 7. SUNRISE roll-ups. 
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Both roll-ups have been used at all the different SUNRISE national stakeholder workshops, as well 

as at the initiative’s consortium meetings, fairs, and other gatherings attended by SUNRISE mem-

bers, e.g. during a visit of the SUNRISE consortium partner Artur Braun (Empa) at the University 

of Pretoria (https://sunriseaction.com/sunrise-on-the-road-towards-circular-secular-economy-

south-africa/). Example pictures are included below: 

Figure 8. Pictures of SUNRISE roll-ups at the Big Challenge Science Festival in Trondheim, and at the 

SUNRISE consortium meeting in May 2019 in Bologna (Italy), respectively 

Figure 9. Pictures of SUNRISE roll-up at the Stakeholder Workshop in Brussels, and at the University of 

Pretoria, respectively 

The second roll-up that explains the artificial photosynthesis process was also used in a poster 

format at the COP25 on December 5-7, 2019. See the picture below: 

Figure 10. SUNRISE roll-up in poster format at the COP25. 

https://sunriseaction.com/sunrise-on-the-road-towards-circular-secular-economy-south-africa/
https://sunriseaction.com/sunrise-on-the-road-towards-circular-secular-economy-south-africa/
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Besides these roll-ups, two beach flags were also developed for the SUNRISE Stakeholder 

Workshop, held in June 2019 in Brussels, to indicate the venue direction to the participants.  

 

Figure 11. One of the two SUNRISE beach flags at the venue entrance of the Stakeholder Workshop 

2.5. Factsheet, leaflet and infographics 
 

A factsheet and a leaflet containing the project’s logo, title, consortium members, social media 

channels and a call to action were developed to be used at the consortium meetings, workshops, 

industrial fairs, congresses, etc. as branding materials. They are also available on the SUNRISE 

website (https://sunriseaction.com/resources/) and in the PLAZA intranet to be downloaded and 

printed by the partners. See pictures below: 

 

https://sunriseaction.com/resources/
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Figure 12. SUNRISE leaflet 

 

Figure 13. SUNRISE factsheet 
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Figure 14. SUNRISE leaflets at the SUNRISE Stakeholder Workshop 

 

In September 2019, a collection of three infographics was developed to promote a better under-

standing of the concept of circular economy as opposed to the linear economy. See the pictures 

below: 
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Figure 15. SUNRISE infographics on the circular economy 
 

These illustrations have been shared at fairs and meetings ever since. Besides, they are also availa-

ble on the SUNRISE website to be downloaded and printed (https://sunriseaction.com/sunrise-in-

fographics-breaking-down-circular-economy/).  

 

Figure 16. SUNRISE infographics on the circular economy at the Maker Faire Barcelona 2019 

 

 

https://sunriseaction.com/sunrise-infographics-breaking-down-circular-economy/
https://sunriseaction.com/sunrise-infographics-breaking-down-circular-economy/
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One more infographic has been released at the end of the action concerning the main facts and 

figures of the SUNRISE CSA. This illustration will serve to show the main highlights of the SUN-

RISE roadmap, in order to disseminate it among both the media and the lay public. 

 

 

 
Figure 17. SUNRISE infographics to illustrate the current challenges towards a fossil-free economy by 

2050 and  SUNRISE roadmap. 
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2.6. Videos and podcasts 
 

The project has produced a general video to promote the initiative’s objectives. It has been also 

used to promote the SUNRISE initiative at various events and meetings. The video was released in 

June 2019 and had its premiere at the EuroNanoForum 2019 conference on June 12-14 in Bucharest 

where it was presented during the invited talk of SUNRISE partner Joanna Kargul. To date, the 

promo film has reached more than 1,000 views on SUNRISE YouTube channel 

(https://youtu.be/TTI98tcIyRw) and 1,200 views on the LinkedIn page. A direct link is also 

available on the SUNRISE website (both landing and resources’ pages).  

 

Figure 18. SUNRISE video playing at the SUNRISE stand in the EUSEW 2019 

 

The video has been translated to several languages to facilitate its sharing within local communities.  

- Spanish (https://youtu.be/mD3yko0s70I),  

- Italian (https://youtu.be/rUQ0QimTCz8),  

- French (https://youtu.be/D1PXgzDdYEk),  

- Polish (https://youtu.be/6DqxNKB14GY),   

- German (https://youtu.be/TTI98tcIyRw). 

 

https://youtu.be/mD3yko0s70I
https://youtu.be/rUQ0QimTCz8
https://youtu.be/D1PXgzDdYEk
https://youtu.be/6DqxNKB14GY
https://youtu.be/TTI98tcIyRw
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Figure 19. Frames of SUNRISE official video in Spanish, Italian, French, Polish and German, respectively 

 

Besides this video, SUNRISE has released other videos, which include: 

• Two Facebook live interviews with the SUNRISE Deputy Coordinator, Hervé Bercegol 

(CEA) on the occasion of the International Day of Light 

(https://www.facebook.com/sunriseaction/videos/424227408130413/), and with SUNRISE 

partner Antonín Vlček (J. Heyrovsky Institute of Physical Chemistry) on the occasion of 

SUNRISE consortium meeting in October 2019 in Brussels 

(https://www.facebook.com/sunriseaction/videos/3140475342660490/).  

 

Figure 20. Facebook live interviews with Hervé Bercegol and Antonín Vlček, respectively 

 

• Four promotional videos were produced for the SUNRISE Stakeholder Workshop 

(https://twitter.com/sunriseaction/status/1140242756067106817), the release of the 

SUNRISE technological roadmap 

(https://twitter.com/sunriseaction/status/1195015920403525632), the participation of the 

project at the COP25 (https://www.youtube.com/watch?v=sHQyKE7Wxo0) and the final 

project event, together with ENERGY-X that was also the presentation of the joint initiative 

SUNERGY (https://www.youtube.com/watch?v=u9V-SNqazO4). 

https://www.facebook.com/sunriseaction/videos/424227408130413/
https://www.facebook.com/sunriseaction/videos/3140475342660490/
https://twitter.com/sunriseaction/status/1140242756067106817
https://twitter.com/sunriseaction/status/1195015920403525632
https://www.youtube.com/watch?v=sHQyKE7Wxo0
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Figure 21. Frames of promotional teasers for: SUNRISE Stakeholder Workshop, SUNRISE technological 

roadmap, participation at the COP25 and SUNRISE & ENERGY-X final joint event, SUNERGY kick-off. 

 

• Four video interviews with SUNRISE partners Nicola Armaroli (CNR),Hélène Lepaumier 

(ENGIE), Huub de Groot (Leiden University) and Katrin Mueller (Siemens) on the circular 

economy (https://youtu.be/iIxUxxlPgmI), renewable fuels 

(https://youtu.be/wXEB3O16zcQ), breaking down the artificial photosynthesis 

(https://www.youtube.com/watch?v=hyXG3m3bWlQ) and solar energy for a carbon-

neutral society (https://www.youtube.com/watch?v=_n_1-iEO-Sk), respectively.  

 

Figure 22. Frames of SUNRISE video interviews with Nicola Armaroli, Hélène Lepaumier, Huub de Groot 

and Katrin Mueller. 

https://youtu.be/iIxUxxlPgmI
https://youtu.be/wXEB3O16zcQ
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Given that some SUNRISE partners have been invited to radio interviews, podcasts out of these 

interviews have been generated and are also available on the SUNRISE YouTube channel. So far, 

there are three podcasts with SUNRISE partners Victor de la Peña (IMDEA Energy) 

(https://youtu.be/SwW6-uM5daY, Spanish), Nicola Armaroli (CNR) (https://youtu.be/rx-

Wx2Rn_W0, Italian), Julio Lloret and Elisabet Romero (ICIQ) (https://youtu.be/fcVx5VB71os, 

Spanish and Catalan) on the artificial photosynthesis. 

Other external videos related to the artificial photosynthesis have been posted on the project’s 

website (https://sunriseaction.com/videos/) and saved on the SUNRISE YouTube channel as a 

playlist (https://www.youtube.com/playlist?list=PLW3cKWoAeHgZPlsGqkfQkRoSyIPYss06-) to 

attract the lay public’s attention to the topic.  

A wrap-up video presenting views of different SUNRISE partners on the first year of the CSA 

project was released at the beginning of February, for the final SUNRISE consortium meeting. 

 

Figure 23. Frame of the Bye, bye SUNRISE video. 

 

2.7. Newsletters 
 

The project has produced four public newsletters to facilitate quick access to all SUNRISE 

stakeholders about the major news and outcomes of the project. The first public newsletter was sent 

on 2 July 2019, the second one on 7 October 2019, the third one on 14 January 2020 and the final 

one was released on 9 March 2019. They are available on the ‘resources’ page of SUNRISE 

webpage (https://sunriseaction.com/resources/). Free subscription is available on the webpage – 

homepage and ‘support us’ page –, and on the SUNRISE Facebook page.  

 

 

 

 

https://youtu.be/SwW6-uM5daY
https://youtu.be/rx-Wx2Rn_W0
https://youtu.be/rx-Wx2Rn_W0
https://youtu.be/fcVx5VB71os
https://sunriseaction.com/videos/
https://www.youtube.com/playlist?list=PLW3cKWoAeHgZPlsGqkfQkRoSyIPYss06-
https://sunriseaction.com/resources/
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Figure 24. SUNRISE first newsletter 

 

The final newsletter contains the year wrap-up in the form of a digital story, to summarize the main important 

actions throughout the year of the CSA. 

 

Figure 25. Frames of the year wrap-up included in the last SUNRISE newsletter. 
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3. COOPERATION WITH ENERGY-X, JOINT MATERIALS 
 

3.1. SUNERGY name, logo and visual identity 
 
Since the announcement of the joint cooperation of ENERGY-X and SUNRISE in August 2019 at Eu-

ropaCat, both communication teams from SUNRISE and ENEGY-X have worked together in order to:  

- increase the synergy between both communities;  

- unify the message and the vision of the joint initiative; and  

- create the SUNERGY visual identity. 

 

In a first moment, the joint communication team launched a public poll for making the final decision of the 

name of the joint initiative, choosing from the two final options, as previously decided in an internal poll 

within both consortia: SUN2X or SUNERGY. After a week of a tight race between the two proposed acro-

nyms, the winning name was SUNERGY. This option counted with the support of 55% of the votes, against 

the 45% that voted SUN2X (https://sunriseaction.com/announcing-the-winning-name-for-energy-x-

and-sunrise-upcoming-joint-initiative-sun-ergy/).  

 
Figure 26. Results of the public poll for choosing the joint initiative name  

 
After the definition of the name of the joint initiative, the joint ENERGY-X and communication teams 

worked on the visual identity of SUNERGY. In total, nine different propositions were evaluated by the 

SUNERGY boards and the final decision is presented below:  

 
Figure 27. Round and horizontal versions of the SUNERGY logo. 

 
 

One of the joint actions of both initiatives was also related with this final joint event: the SUNERGY photo 

contest (https://sunriseaction.com/sun-ergy-photo-contest/). The idea of the contest has evolved from a 

first idea regarding a slam video contest, which at the end was simplified for having a better and quicker 

reaction to become a photo contest addressed to young researchers. The contest was launched at the end of 

December, offering to participants the opportunity to show their research using a freestyle picture along with 

an abstract. The received entries were voted in the new SUNERGY Instagram account (https://www.insta-

gram.com/sunergy.eu/) and the three most “liked” were evaluated by a SUNERGY panel, which chose the 

https://sunriseaction.com/announcing-the-winning-name-for-energy-x-and-sunrise-upcoming-joint-initiative-sun-ergy/
https://sunriseaction.com/announcing-the-winning-name-for-energy-x-and-sunrise-upcoming-joint-initiative-sun-ergy/
https://sunriseaction.com/sun-ergy-photo-contest/
https://www.instagram.com/sunergy.eu/
https://www.instagram.com/sunergy.eu/
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winning one. The winner of the contest: Amedeo Agosti, U. Bologna was awarded with a travel grant to 

attend the joint meeting and give a presentation about his research work (https://sunriseaction.com/an-

nouncing-the-winner-of-our-sun-ergy-photo-contest/) 

 

 
Figure 28. Image of the Instagram account showing the pictures sent by participants of the photo contest 

and picture of the winner giving his presentation at the SUNERGY kick-off event. 

 

 

3.2. SUNERGY videos 
 
SUNRISE and ENERGY-X have also collaborated in the production of two videos on the joint final event, 

which was as well the kick-off event for SUNERGY. One of the videos is about the celebration of this joint 

kick-off meeting, with a major focus on the two closing initiatives, while the other one, aims at being the 

official video of the upcoming initiative including its future goals and actions. 

 

 

 

https://sunriseaction.com/announcing-the-winner-of-our-sun-ergy-photo-contest/
https://sunriseaction.com/announcing-the-winner-of-our-sun-ergy-photo-contest/
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Figure 29. Frame of the SUNERGY kick-off event video. 

 

3.3. SUNERGY 2 pager and manifesto 
 

Among the different materials developed jointly by SUNRISE and ENERGY-X there are the SUN-

ERGY two-pager and a manifesto. The two-pager serves as a factsheet that draws to a great extent 

on the joint partnership proposal, summing up the goals, impact and means to be used by the up-

coming initiative towards a climate-neutral EU by 2050. 

 

Instead, the scope of the joint manifesto is to address scientists, industry, policymakers and citizens 

alike, and to be used both in policy and broader dissemination actions.  

 

 
 

Figure 30. First page of the SUNERGY two-pager and the cover page of the manifesto 
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4. PRESS CLIPPINGS 
 

4.1. Press releases 
 

Four press releases have been published and are available for downloading from the webpage 

(https://sunriseaction.com/press-releases/) 

 

- 1st Press release: 1 February 2019, to announce the CSA project 

 

https://sunriseaction.com/press-releases/
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- 2nd Press release: 21 June 2019, to summarize the SUNRISE Stakeholder Workshop during the 

EUSEW 
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- 3rd Press release: 26 August, 2019, joint press release with ENERGY-X to announce the two initi-

atives cooperation following the official announcement at Europacat 2019.  
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- 4th Press release: 13 February, 2020, joint press release with ENERGY-X for the two initiatives 

joint final event as the SUNERGY kick-off.  
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4.2. Press clippings 
 

4.2.1 Partners’ channels 

 

The SUNRISE partners have broadly used their communication channels, and those of their asso-

ciated institutions, to replicate the press releases, promote the initiative’s actions and publish inter-

views with the involved experts.  

 

English 

 

➢ Leiden University: 

- SUNRISE initiative’s first stakeholder meeting (21 June 2019): https://www.universiteitlei-

den.nl/en/news/2019/06/sunrise-initiatives-first-stakeholder-meeting 

 

➢ Uppsala University: 

- SUNRISE selected for European large-scale research initiative (02 February 2019): 

https://www.kemi.uu.se/nyheter/enskild-nyhet/?tarContentId=773130 

- Swedish Consortium for Artificial Photosynthesis, The first SUNRISE stakeholder meeting –EU 

project (17-18 June 2019): http://www.solarfuel.se/Press/ 

➢ IMDEA Energy: 

- The Sunrise Stakeholder Workshop took place in Brussels last June 17-18, 2019 (19 June 2019): 

https://www.energia.imdea.org/eventos/2019/sunrise-stakeholder-workshop-took-place-brussels-

last-june-17-18-2019 

➢ Imperial College:  

- Project SUNRISE and accreditation success: News from the College (01 February 2019): 

https://www.imperial.ac.uk/news/190087/project-sunrise-accreditation-success-news-from/ 

- SUNRISE teams up with ENERGY-X (30 August 2019): https://www.impe-

rial.ac.uk/news/192726/refugee-mental-health-malarial-mysteries-news/#Sunrise 

➢ Fraunhofer IGB: 

- Kick-off of the SUNERGY initiative (14 February 2020): https://www.igb.fraunhofer.de/en/press-

media/press-releases/2020/kickoff-sunergy-initiative.html  

➢ Uniwersytet Warszawski: 

- SUNRISE’s stakeholders first meeting (03 July 2019): http://en.uw.edu.pl/sunrises-stakeholders-

first-meeting/ 

https://www.universiteitleiden.nl/en/news/2019/06/sunrise-initiatives-first-stakeholder-meeting
https://www.universiteitleiden.nl/en/news/2019/06/sunrise-initiatives-first-stakeholder-meeting
https://www.kemi.uu.se/nyheter/enskild-nyhet/?tarContentId=773130
http://www.solarfuel.se/Press/
https://www.energia.imdea.org/eventos/2019/sunrise-stakeholder-workshop-took-place-brussels-last-june-17-18-2019
https://www.energia.imdea.org/eventos/2019/sunrise-stakeholder-workshop-took-place-brussels-last-june-17-18-2019
https://www.imperial.ac.uk/news/190087/project-sunrise-accreditation-success-news-from/
https://www.imperial.ac.uk/news/192726/refugee-mental-health-malarial-mysteries-news/%23Sunrise
https://www.imperial.ac.uk/news/192726/refugee-mental-health-malarial-mysteries-news/%23Sunrise
https://www.igb.fraunhofer.de/en/press-media/press-releases/2020/kickoff-sunergy-initiative.html
https://www.igb.fraunhofer.de/en/press-media/press-releases/2020/kickoff-sunergy-initiative.html
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http://en.uw.edu.pl/sunrises-stakeholders-first-meeting/
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- SUNRISE and ENERGY-X joint cooperation: a major step towards building a climate neutral EU 

(20 August 2019): http://en.uw.edu.pl/sunrise-and-energy-x-joint-cooperation-a-major-step-to-

wards-building-a-climate-neutral-eu/ 

 

➢ ICIQ: 

- SUNRISE: Solar energy for a circular economy (06 February 2019): http://www.iciq.org/sunrise-

solar-energy-for-a-circular-economy/ 

- CERCA: SUNRISE: Solar energy for a circular economy (06 February 2019):  

- SUNRISE’s first big event (06 July 2019): http://www.iciq.org/sunrises-first-big-event/ 

- CERCA: SUNRISE’s first big event (03 July 2019): http://s368784504.mialoja-

miento.es/devel/cerca/sunrises-first-big-event/ 

- BIST: BIST centre ICIQ part of SUNRISE: Solar energy for a circular economy (09 July 2019): 

https://bist.eu/bist-centre-iciq-part-of-sunrise-solar-energy-for-a-circular-economy/ 

- SUNRISE and ENERGY-X joint cooperation: a major step towards building a climate neutral EU 

(30 August 2019): http://www.iciq.org/sunrise-and-energy-x-joint-cooperation-a-major-step-to-

wards-building-a-climate-neutral-eu/ 

- CERCA: SUNRISE and ENERGY-X joint cooperation: a major step towards building a climate 

neutral EU (30 August 2019): http://s368784504.mialojamiento.es/devel/cerca/sunrise-and-energy-

x-joint-cooperation-a-major-step-towards-building-a-climate-neutral-eu/ 

- SUNRISE releases its technological roadmap to a clean energy EU (21 November 2019): 

http://www.iciq.org/sunrise-releases-its-technological-roadmap-to-a-clean-energy-eu/ 

- BIST: SUNRISE releases its technological roadmap to a clean energy EU (21 November 2019): 

https://bist.eu/sunrise-releases-its-technological-roadmap-to-a-clean-energy-eu/ 

- Kick-off of the SUNERGY initiative (18 February 2020): http://www.iciq.org/kick-off-of-the-sun-

ergy-initiative/ 

➢ EERA: 

- SUNRISE, a preparatory action towards a European large-scale research initiative (01 February 

2019): https://www.eera-set.eu/press-release-sunrise-a-preparatory-action-towards-a-european-

large-scale-research-initiative/ 

- Thank you to all participants at the SUNRISE Stakeholder Workshop! (20 June 2019): 

https://www.eera-set.eu/thank-you-to-all-participants-at-the-sunrise-stakeholder-workshop/ 

- SUNRISE and ENERGY-X joint cooperation: a major step towards building a climate neutral EU 

(28 August 2019): https://www.eera-set.eu/press-release-sunrise-and-energy-x-joint-cooperation-a-

major-step-towards-building-a-climate-neutral-eu/ 

- Kick-off of the SUNERGY initiative (13 February 2020): https://www.eera-set.eu/news-resour-

ces/612:kick-off-of-the-sunergy-initiative.html  

 

http://en.uw.edu.pl/sunrise-and-energy-x-joint-cooperation-a-major-step-towards-building-a-climate-neutral-eu/
http://en.uw.edu.pl/sunrise-and-energy-x-joint-cooperation-a-major-step-towards-building-a-climate-neutral-eu/
http://www.iciq.org/sunrise-solar-energy-for-a-circular-economy/
http://www.iciq.org/sunrise-solar-energy-for-a-circular-economy/
http://www.iciq.org/sunrises-first-big-event/
https://bist.eu/bist-centre-iciq-part-of-sunrise-solar-energy-for-a-circular-economy/
http://www.iciq.org/sunrise-and-energy-x-joint-cooperation-a-major-step-towards-building-a-climate-neutral-eu/
http://www.iciq.org/sunrise-and-energy-x-joint-cooperation-a-major-step-towards-building-a-climate-neutral-eu/
http://s368784504.mialojamiento.es/devel/cerca/sunrise-and-energy-x-joint-cooperation-a-major-step-towards-building-a-climate-neutral-eu/
http://s368784504.mialojamiento.es/devel/cerca/sunrise-and-energy-x-joint-cooperation-a-major-step-towards-building-a-climate-neutral-eu/
http://www.iciq.org/sunrise-releases-its-technological-roadmap-to-a-clean-energy-eu/
https://bist.eu/sunrise-releases-its-technological-roadmap-to-a-clean-energy-eu/
http://www.iciq.org/kick-off-of-the-sunergy-initiative/
http://www.iciq.org/kick-off-of-the-sunergy-initiative/
https://www.eera-set.eu/press-release-sunrise-a-preparatory-action-towards-a-european-large-scale-research-initiative/
https://www.eera-set.eu/press-release-sunrise-a-preparatory-action-towards-a-european-large-scale-research-initiative/
https://www.eera-set.eu/thank-you-to-all-participants-at-the-sunrise-stakeholder-workshop/
https://www.eera-set.eu/press-release-sunrise-and-energy-x-joint-cooperation-a-major-step-towards-building-a-climate-neutral-eu/
https://www.eera-set.eu/press-release-sunrise-and-energy-x-joint-cooperation-a-major-step-towards-building-a-climate-neutral-eu/
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➢ M2i (third party in charge of SUNRISE project management):

- Kick-off SUNERGY (13 February 2020): https://www.m2i.nl/kick-off-sunergy/

Dutch 

➢ Leiden University:

- SUNRISE: van zonlicht tot smart city (01 February 2019): https://

www.universiteitlei-den.nl/en/news/2019/02/sunrise-from-sunlight-to-smart-city

- Brandstoffen maken uit zonlicht en CO2: https://www.universiteitleiden.nl/research-dossiers/duur-

zame-energie/brandstoffen-maken-uit-zonlicht-en-co2

- De kracht van de zon: interview Huub de Groot in Leidraad (07 October 2019): https://

www.univer-siteitleiden.nl/nieuws/2019/10/interview-huub-de-groot-in-leidraad 

French 

➢ CEA:

- Projet Sunrise : vers l'émergence d'une initiative de recherche Européenne pour produire carburants

et produits chimiques par énergie solaire (01 February 2019): http://www.cea.fr/drf/Pages/Actual-

ites/Vie-de-la-DRF/2019/Projet-Sunrise--vers-l'%C3%A9mergence-d'une-initiative-de-recherche-

Europ%C3%A9enne-pour-produire-carburants-et-produits-chimiques-pa.aspx

- Premier grand événement de l'action européenne de coordination et de soutien SUNRISE, au cours

de la Semaine de l’énergie durable EUSEW19 (21 June 2019): http://www.cea.fr/drf/irig/Pages/Ac-

tualites/Communiques-de-presse/Sunrise.aspx)

- IRIG partenaire de l'action européenne de coordination et de soutien (CSA) "SUNRISE" CEA Gre-

noble (12 July): http://www.cea.fr/drf/irig/Pages/Actualites/Resultats-scientifiques/2019/Sun-

rise.aspx

- Fusion prochaine des "Actions européennes de coordination et de soutien" (CSAs) "SUNRISE" et

Energy X (04 September 2019): http://iramis.cea.fr/Phocea/Vie_des_labos/News/in-

dex.php?id_news=7630)

- SUNRISE publie sa feuille de route technologique pour une énergie propre dans l’UE (14 November

2019): http://www.cea.fr/drf/irig/Pages/Actualites/Resultats-scientifiques/2019/Sun-

rise_Roadmap.aspx

➢ Empa:

- L'énergie solaire pour une économie circulaire (01 February 2019): 

https://www.empa.ch/web/s604/sunrise

➢ UCLouvain:

https://www.universiteitleiden.nl/en/news/2019/02/sunrise-from-sunlight-to-smart-city
https://www.universiteitleiden.nl/en/news/2019/02/sunrise-from-sunlight-to-smart-city
https://www.universiteitleiden.nl/research-dossiers/duurzame-energie/brandstoffen-maken-uit-zonlicht-en-co2
https://www.universiteitleiden.nl/research-dossiers/duurzame-energie/brandstoffen-maken-uit-zonlicht-en-co2
https://www.universiteitleiden.nl/nieuws/2019/10/interview-huub-de-groot-in-leidraad
https://www.universiteitleiden.nl/nieuws/2019/10/interview-huub-de-groot-in-leidraad
http://www.cea.fr/drf/Pages/Actualites/Vie-de-la-DRF/2019/Projet-Sunrise--vers-l'%2525C3%2525A9mergence-d'une-initiative-de-recherche-Europ%2525C3%2525A9enne-pour-produire-carburants-et-produits-chimiques-pa.aspx
http://www.cea.fr/drf/Pages/Actualites/Vie-de-la-DRF/2019/Projet-Sunrise--vers-l'%2525C3%2525A9mergence-d'une-initiative-de-recherche-Europ%2525C3%2525A9enne-pour-produire-carburants-et-produits-chimiques-pa.aspx
http://www.cea.fr/drf/Pages/Actualites/Vie-de-la-DRF/2019/Projet-Sunrise--vers-l'%2525C3%2525A9mergence-d'une-initiative-de-recherche-Europ%2525C3%2525A9enne-pour-produire-carburants-et-produits-chimiques-pa.aspx
http://www.cea.fr/drf/irig/Pages/Actualites/Communiques-de-presse/Sunrise.aspx
http://www.cea.fr/drf/irig/Pages/Actualites/Communiques-de-presse/Sunrise.aspx
http://www.cea.fr/drf/irig/Pages/Actualites/Resultats-scientifiques/2019/Sunrise.aspx
http://www.cea.fr/drf/irig/Pages/Actualites/Resultats-scientifiques/2019/Sunrise.aspx
http://iramis.cea.fr/Phocea/Vie_des_labos/News/index.php?id_news=7630
http://iramis.cea.fr/Phocea/Vie_des_labos/News/index.php?id_news=7630
http://www.cea.fr/drf/irig/Pages/Actualites/Resultats-scientifiques/2019/Sunrise_Roadmap.aspx
http://www.cea.fr/drf/irig/Pages/Actualites/Resultats-scientifiques/2019/Sunrise_Roadmap.aspx
https://www.empa.ch/web/s604/sunrise
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- L'énergie solaire pour une économie circulaire (04 April 2019): https://uclouvain.be/fr/scienceto-

day/actualites/l-energie-solaire-pour-une-economie-circulaire.html 

-  Produire de l’énergie via les matières premières disponibles dans l’atmosphère (05 April 2019): 

https://cdn.uclouvain.be/groups/cms-editors-presse/cp-avril-2019/05-04-2019%20recher-

che%20UCLouvain%20%C3%A9nergie%20solaire.pdf 

 

Italian 

 

➢ CNR:  

- SUNRISE, un'azione preparatoria per un grande progetto di ricerca paneuropeo sull'energia solare e 

l'economia circolare (01 February 2019): https://www.cnr.it/it/news/8544/sunrise-un-azione-prepa-

ratoria-per-un-grande-progetto-di-ricerca-paneuropeo-sull-energia-solare-e-l-economia-circolare  

- Il primo evento organizzato da SUNRISE nell'ambito della 'Settimana europea per la sostenibilità 

energetica' (26 June 2019): https://www.cnr.it/it/news/8827 

- Progetto Sunrise: l'esperto John Mathews ospite al Cnr di Bologna (22 July 2019): 

https://www.cnr.it/it/news/8873/progetto-sunrise-l-esperto-john-mathews-ospite-al-cnr-di-bologna 

- Verso un'economia circolare: intervista a Nicola Armaroli (18 October 2019): 

https://www.cnr.it/it/news/8948?fbclid=IwAR3DfL3FzckQj8Ph5ofgT1PxAyaTf35cYtlhE-

RIc6F38gj-TSR49D-nwmLY 

 

Swedish 

 

➢ Uppsala University: 

- SUNRISE - en handlingsplan för ett storskaligt europeiskt forskningsinitiativ (01 February 20019): 

https://www.uu.se/nyheter-press/pressmeddelanden/pressmeddelande-vis-

ning/?id=4602&area=3&typ=pm&lang=sv  

- Solbränsleforskningen finalist i kampen om stor forskningssatsning från EU. (Interview with Leif 

Hammarström, 04 February 2019): https://www.uu.se/nyheter-press/ny-

heter/artikel/?id=12102&typ=artikel&area=2&lang=sv 

 

Spanish 

 

➢ IMDEA Energy: 

- SUNRISE: Solar Energy for a Circular Economy: https://www.energia.imdea.org/investi-

gacion/proyectos/sunrise 

- FOTOFUEL Workshop: Current challenges in solar fuels production (10 May 2019): 

https://www.energia.imdea.org/eventos/2019/fotofuel-workshop-current-challenges-solar-fuels-

production  

https://cdn.uclouvain.be/groups/cms-editors-presse/cp-avril-2019/05-04-2019%252520recherche%252520UCLouvain%252520%2525C3%2525A9nergie%252520solaire.pdf
https://cdn.uclouvain.be/groups/cms-editors-presse/cp-avril-2019/05-04-2019%252520recherche%252520UCLouvain%252520%2525C3%2525A9nergie%252520solaire.pdf
https://www.cnr.it/it/news/8544/sunrise-un-azione-preparatoria-per-un-grande-progetto-di-ricerca-paneuropeo-sull-energia-solare-e-l-economia-circolare
https://www.cnr.it/it/news/8544/sunrise-un-azione-preparatoria-per-un-grande-progetto-di-ricerca-paneuropeo-sull-energia-solare-e-l-economia-circolare
https://www.cnr.it/it/news/8827
https://www.cnr.it/it/news/8873/progetto-sunrise-l-esperto-john-mathews-ospite-al-cnr-di-bologna
https://www.cnr.it/it/news/8948?fbclid=IwAR3DfL3FzckQj8Ph5ofgT1PxAyaTf35cYtlhERIc6F38gj-TSR49D-nwmLY
https://www.cnr.it/it/news/8948?fbclid=IwAR3DfL3FzckQj8Ph5ofgT1PxAyaTf35cYtlhERIc6F38gj-TSR49D-nwmLY
https://www.uu.se/nyheter-press/pressmeddelanden/pressmeddelande-visning/?id=4602&area=3&typ=pm&lang=sv
https://www.uu.se/nyheter-press/pressmeddelanden/pressmeddelande-visning/?id=4602&area=3&typ=pm&lang=sv
https://www.uu.se/nyheter-press/nyheter/artikel/?id=12102&typ=artikel&area=2&lang=sv
https://www.uu.se/nyheter-press/nyheter/artikel/?id=12102&typ=artikel&area=2&lang=sv
https://www.energia.imdea.org/investigacion/proyectos/sunrise
https://www.energia.imdea.org/investigacion/proyectos/sunrise
https://www.energia.imdea.org/eventos/2019/fotofuel-workshop-current-challenges-solar-fuels-production
https://www.energia.imdea.org/eventos/2019/fotofuel-workshop-current-challenges-solar-fuels-production
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- IMDEA Energía participa en la COP25 (26 December 2019): https://www.energia.imdea.org/even-

tos/2019/imdea-energia-participa-cop25 

- Lanzamiento de la iniciativa SUNERGY (20 February 2020): https://www.energia.imdea.org/even-

tos/2020/lanzamiento-de-iniciativa-sunergy 

 

German 

 

➢ Empa:  

- Solarenergie für die Kreislaufwirtschaft (01 February 2019): https://www.empa.ch/web/s604/sun-

rise  

 

➢ Fraunhofer IGB: 

- Projekt SUNRISE: Forscher planen europäische Großforschungsinitiative zu synthetischen 

Kraftstoffen und Chemikalien aus Solarenergie (01 February 2019): https://www.igb.fraunho-

fer.de/de/presse-medien/presseinformationen/2019/sunrise.html 

 

➢ Forschungszentrum Jülich: 

-  Projekt SUNRISE: Forscher planen Europäische Großforschungsinitiative zu synthetischen Kraft-

stoffen und Chemikalien aus Solarenergie (07 February 2019): https://www.fz-juelich.de/Shared-

Docs/Pressemitteilungen/UK/DE/2019/2019-02-07-sunrise.html   

- Kooperation zwischen SUNRISE und ENERGY-X: Ein großer Schritt in Richtung „Klimaneutrales 

Europa“ (21 August 2019): https://www.fz-juelich.de/iek/iek-5/DE/Aktuelles/Meldungen/Doku-

mente/2019-08-21_Kooperation%20zwischen%20SUNRISE%20und%20ENERGY-X.html 

Finnish 

 

➢ Turun Yliopisto: 

- Eurooppalaisella yhteistyöllä edistetään aurinkoenergian käyttöä (01 February 2019): 

https://www.utu.fi/fi/ajankohtaista/mediatiedote/eurooppalaisella-yhteistyolla-edistetaan-au-

rinkoenergian-kayttoa 

- Turussa pidettävä kansainvälinen fotosynteesikonferenssi pureutuu ihmiskunnan suuriin haasteisiin 

22.–24.5 (16 May 2019): https://www.utu.fi/fi/ajankohtaista/mediatiedote/turussa-pidettava-kan-

sainvalinen-fotosynteesikonferenssi-pureutuu 

- Kestävän bioenergian opetus osaksi Turun yliopiston diplomi-insinöörikoulutusta (23 October 

2019): https://www.utu.fi/fi/ajankohtaista/uutinen/kestavan-bioenergian-opetus-osaksi-turun-ylio-

piston-diplomi 

- Kansainvälisellä yhteistyöllä tavoitellaan ilmastoneutraalia Euroopan unionia (02 September 2019): 

https://www.utu.fi/fi/ajankohtaista/mediatiedote/kansainvalisella-yhteistyolla-tavoitellaan-ilmas-

toneutraalia-euroopan 

https://www.energia.imdea.org/eventos/2019/imdea-energia-participa-cop25
https://www.energia.imdea.org/eventos/2019/imdea-energia-participa-cop25
https://www.energia.imdea.org/eventos/2020/lanzamiento-de-iniciativa-sunergy
https://www.energia.imdea.org/eventos/2020/lanzamiento-de-iniciativa-sunergy
https://www.empa.ch/web/s604/sunrise
https://www.empa.ch/web/s604/sunrise
https://www.igb.fraunhofer.de/de/presse-medien/presseinformationen/2019/sunrise.html
https://www.igb.fraunhofer.de/de/presse-medien/presseinformationen/2019/sunrise.html
https://www.fz-juelich.de/iek/iek-5/DE/Aktuelles/Meldungen/Dokumente/2019-08-21_Kooperation%252520zwischen%252520SUNRISE%252520und%252520ENERGY-X.html
https://www.fz-juelich.de/iek/iek-5/DE/Aktuelles/Meldungen/Dokumente/2019-08-21_Kooperation%252520zwischen%252520SUNRISE%252520und%252520ENERGY-X.html
https://www.utu.fi/fi/ajankohtaista/mediatiedote/eurooppalaisella-yhteistyolla-edistetaan-aurinkoenergian-kayttoa
https://www.utu.fi/fi/ajankohtaista/mediatiedote/eurooppalaisella-yhteistyolla-edistetaan-aurinkoenergian-kayttoa
https://www.utu.fi/fi/ajankohtaista/mediatiedote/turussa-pidettava-kansainvalinen-fotosynteesikonferenssi-pureutuu
https://www.utu.fi/fi/ajankohtaista/mediatiedote/turussa-pidettava-kansainvalinen-fotosynteesikonferenssi-pureutuu
https://www.utu.fi/fi/ajankohtaista/mediatiedote/kansainvalisella-yhteistyolla-tavoitellaan-ilmastoneutraalia-euroopan
https://www.utu.fi/fi/ajankohtaista/mediatiedote/kansainvalisella-yhteistyolla-tavoitellaan-ilmastoneutraalia-euroopan
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- Tutkijat, päättäjät ja yritykset pohtivat puhtaita energiaratkaisuja Turussa 9.12 (02 December 2019): 

https://www.utu.fi/fi/ajankohtaista/mediatiedote/tutkijat-paattajat-ja-yritykset-pohtivat-puhtaita-en-

ergiaratkaisuja 

 

Polish  

 

➢ Uniwersytet Warszawski: 

- Grant z Horyzontu 2020 dla SUNRISE (01 February 2019): https://www.uw.edu.pl/grant-z-

horyzontu-2020-dla-sunrise/ 

Czech 

 

➢ J. Heyrovsky Institute of Physical Chemistry: 

- SUNRISE, přípravná akce na evropskou "rozsáhlou výzkumnou iniciativu" (01 February 2019): 

https://www.jh-inst.cas.cz/cs/news-press-release/sunrise-pripravna-akce-na-evropskou-rozsahlou-

vyzkumnou-iniciativu 

 

3.2.2. External media 

 

English 

 

➢ Energy Post, SUNRISE, a preparatory action towards a European large-scale research initiative (01 

February 2019): https://energypost.eu/sunrise-a-preparatory-action-towards-a-european-large-

scale-research-initiative/ 

➢ Science and Technology Research News, SOLAR ENERGY FOR A CIRCULAR ECONOMY (04 

February 2019): https://www.scienceandtechnologyresearchnews.com/solar-energy-for-a-circular-

economy/ 

➢ Nature, Europe’s next €1-billion science projects: six teams make it to final round (11 February 

2019): https://www.nature.com/articles/d41586-019-00541-y 

➢ Scientific American (Nature article replication), Europe’s next €1-billion science projects: six teams 

make it to final round (12 February 2019): https://www.scientificamerican.com/article/europes-

next-big-budget-science-projects-6-teams-proceed-to-final-round/ 

➢ Digital Single Market , Launch of six European initiatives with potential for transformational impact 

on society and the economy (05 March 2019): https://ec.europa.eu/digital-single-mar-

ket/en/news/launch-six-european-initiatives-potential-transformational-impact-society-and-econ-

omy 

➢ Science Magazine, Europe abandons plans for ‘flagship’ billion-euro research projects (14 May 

2019): ciencemag.org/news/2019/05/europe-abandons-plans-flagship-billion-euro-research-pro-

jects 

https://www.utu.fi/fi/ajankohtaista/mediatiedote/tutkijat-paattajat-ja-yritykset-pohtivat-puhtaita-energiaratkaisuja
https://www.utu.fi/fi/ajankohtaista/mediatiedote/tutkijat-paattajat-ja-yritykset-pohtivat-puhtaita-energiaratkaisuja
https://www.uw.edu.pl/grant-z-horyzontu-2020-dla-sunrise/
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https://www.jh-inst.cas.cz/cs/news-press-release/sunrise-pripravna-akce-na-evropskou-rozsahlou-vyzkumnou-iniciativu
https://www.jh-inst.cas.cz/cs/news-press-release/sunrise-pripravna-akce-na-evropskou-rozsahlou-vyzkumnou-iniciativu
https://energypost.eu/sunrise-a-preparatory-action-towards-a-european-large-scale-research-initiative/
https://energypost.eu/sunrise-a-preparatory-action-towards-a-european-large-scale-research-initiative/
https://www.scienceandtechnologyresearchnews.com/solar-energy-for-a-circular-economy/
https://www.scienceandtechnologyresearchnews.com/solar-energy-for-a-circular-economy/
https://www.nature.com/articles/d41586-019-00541-y
https://ec.europa.eu/digital-single-market/en/news/launch-six-european-initiatives-potential-transformational-impact-society-and-economy
https://ec.europa.eu/digital-single-market/en/news/launch-six-european-initiatives-potential-transformational-impact-society-and-economy
https://ec.europa.eu/digital-single-market/en/news/launch-six-european-initiatives-potential-transformational-impact-society-and-economy
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➢ Chemistry World, European commission to scrap €1 billion research flagships (31 May 2019): 

https://www.chemistryworld.com/news/european-commission-to-scrap-1-billion-research-flag-

ships/3010559.article 

➢ CORDIS, Stakeholder workshop of the SUNRISE "Solar energy for a circular economy" project (1 

June 2019): https://cordis.europa.eu/event/rcn/147090/en 

➢ Chemistry World, Taking a leaf out of plants’ books (17 June 2019): https://www.chemis-

tryworld.com/features/taking-a-leaf-out-of-plants-books/3010612.article 

➢ Digital Single Market, SUNRISE initiative’s first stakeholder meeting (25 June 2019): https://ec.eu-

ropa.eu/digital-single-market/en/news/sunrise-initiatives-first-stakeholder-meeting 

➢ PhysOrg, SUNRISE’s first big event takes place during the EU Sustainability Energy Week (04 July 

2019): https://phys.org/wire-news/323687494/sunrises-first-big-event-takes-place-during-the-eu-

sustainabilit.html 

➢ CORDIS, SUNRISE initiative (Solar Energy for a Circular Economy) releases its technological 

roadmap to a clean energy EU (20 November 2019): https://cordis.europa.eu/article/id/411577-sun-

rise-initiative-solar-energy-for-a-circular-economy-releases-its-technological-roadmap-to-/en 

➢ EU Digital Single Market, A technological roadmap towards a clean energy European Union (26 

November 2019): https://ec.europa.eu/digital-single-market/en/news/technological-roadmap-to-

wards-clean-energy-european-union 

➢ FETFX, A roadmap for clean energy (27 November 2019): http://www.fetfx.eu/news/roadmap-

clean-energy/ 

➢ EU Digital Single Market (Events), SUN-ERGY Kick-off event (16 January 2020): https://ec.eu-

ropa.eu/digital-single-market/en/news/sun-ergy-kick-event  

➢ FETFX, Kick-off of the SUNERGY initiative (26 February 2020): http://www.fetfx.eu/news/kick-

off-sunergy-initiative/  

 

Dutch 

 

➢ engineersonline.nl, Sunrise: van zonlicht tot smart city (04 February 2019): https://www.engineer-

sonline.nl/nieuws/id31013-sunrise-van-zonlicht-tot-smart-city.html 

➢ Bio Based Press, Biozonnecellen: steeds een stap verder (03 April 2019, interview Huub de Groot): 

https://www.biobasedpress.eu/nl/2019/04/biozonnecellen-steeds-een-stap-verder/  

➢ Bio Based Press, Compromis steeds vaker onderdeel van oplossing (12 May 2019, interview Huub 

de Groot): https://www.biobasedpress.eu/nl/2019/05/compromis-steeds-vaker-onderdeel-van-

oplossing/  

 

 

https://www.chemistryworld.com/news/european-commission-to-scrap-1-billion-research-flagships/3010559.article
https://www.chemistryworld.com/news/european-commission-to-scrap-1-billion-research-flagships/3010559.article
https://cordis.europa.eu/event/rcn/147090/en
https://www.chemistryworld.com/features/taking-a-leaf-out-of-plants-books/3010612.article
https://www.chemistryworld.com/features/taking-a-leaf-out-of-plants-books/3010612.article
https://ec.europa.eu/digital-single-market/en/news/sunrise-initiatives-first-stakeholder-meeting
https://ec.europa.eu/digital-single-market/en/news/sunrise-initiatives-first-stakeholder-meeting
https://phys.org/wire-news/323687494/sunrises-first-big-event-takes-place-during-the-eu-sustainabilit.html
https://phys.org/wire-news/323687494/sunrises-first-big-event-takes-place-during-the-eu-sustainabilit.html
https://cordis.europa.eu/article/id/411577-sunrise-initiative-solar-energy-for-a-circular-economy-releases-its-technological-roadmap-to-/en
https://cordis.europa.eu/article/id/411577-sunrise-initiative-solar-energy-for-a-circular-economy-releases-its-technological-roadmap-to-/en
https://www.engineersonline.nl/nieuws/id31013-sunrise-van-zonlicht-tot-smart-city.html
https://www.engineersonline.nl/nieuws/id31013-sunrise-van-zonlicht-tot-smart-city.html
https://www.biobasedpress.eu/nl/2019/04/biozonnecellen-steeds-een-stap-verder/
https://www.biobasedpress.eu/nl/2019/05/compromis-steeds-vaker-onderdeel-van-oplossing/
https://www.biobasedpress.eu/nl/2019/05/compromis-steeds-vaker-onderdeel-van-oplossing/
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French 

➢ MyScience, L’énergie solaire pour une économie circulaire (01 February 2019): 
https://www.myscience.ch/news/wire/l_energie_solaire_pour_une_economie_circulaire-2019-empa

➢ L’avenir.net, Le projet européen Sunrise décroche un million d’euros (03 February 2019): 
https://www.lavenir.net/cnt/dmf20190203_01291151/le-projet-europeen-sunrise-decroche-un-mil-

lion-d-euros

➢ La Province, UCLouvain: le projet européen Sunrise décroche un million d’euros (03 February 
2019): https://www.laprovince.be/341797/article/2019-02-03/uclouvain-le-projet-europeen-sun-

rise-decroche-un-million-deuros

➢ metro, Un projet européen pour produire du carburant sans ressources fossiles (04 February 2019): 
https://sunriseaction.com/wp-content/uploads/2019/11/metro_30.pdf

➢ Batimag, Le laboratoire fédéral de recherche participe à une initiative européenne (07 February 
2019): https://www.batimag.ch/empa

➢ ee news, Die Newsplattform für erneuerbare Energien, Lancement de l'avant-projet d'une grande 
initiative européenne de recherche : L'énergie solaire pour une économie circulaire (09 February 
2019): https://www.ee-news.ch/de/article/40407/lancement-de-l-avant-projet-d-une-grande-initia-

tive-europeenne-de-recherche-l-energie-solaire-pour-une-economie-circulaire&page=#arti-

cle_40407

➢ Le Soir, Transformer le CO2 en ressource inépuisable (04 May 2019): https://sunriseaction.com/wp-

content/uploads/2019/05/CO2-ressource-pageLS_QUOTIDIEN20190504BRUXELLES147.pdf

➢ L’EnerGEEK, FERMER LE CYCLE DU CARBONE, UNE SOLUTION POUR L’ACCORD DE 
PARIS? (30 May): https://lenergeek.com/2019/05/30/cycle-carbone-accord-paris-total/ 

Italian 

➢ Energia Rinnovabili.it, L’iniziava di ricerca Sunrise sarà la base per grande progetto di ricerca

paneuropeo dedicato all’innovazione (04 February 2019): http://www.rinnovabili.it/energia/sunrise-

energia-solare-economia-circolare/

➢ Campus Rieti, SUNRISE, un'azione preparatoria per un grande progetto di ricerca paneuropeo

sull'energia solare e l'economia circolare (06 February 2019): https://www.campus.rieti.it/jw/noti-

zie/attualita/12308-sunrise-un-azione-preparatoria-per-un-grande-progetto-di-ricerca-paneuropeo-

sull-energia-solare-e-l-economia-circolare

➢ Radio Città del Capo, Adattamenti. Sunrise: il progetto europeo per produrre carburanti con la foto-

sintesi (15 July 2019, Interview Nicola Armaroli): https://www.radiocittadelcapo.it/archives/adat-

tamenti-sunrise-il-progetto-europeo-per-produrre-carburanti-con-la-fotosintesi-

https://www.myscience.ch/news/wire/l_energie_solaire_pour_une_economie_circulaire-2019-empa
https://www.myscience.ch/news/wire/l_energie_solaire_pour_une_economie_circulaire-2019-empa
https://www.lavenir.net/cnt/dmf20190203_01291151/le-projet-europeen-sunrise-decroche-un-million-d-euros
https://www.lavenir.net/cnt/dmf20190203_01291151/le-projet-europeen-sunrise-decroche-un-million-d-euros
https://sunriseaction.com/wp-content/uploads/2019/11/metro_30.pdf
https://www.batimag.ch/empa
https://www.ee-news.ch/de/article/40407/lancement-de-l-avant-projet-d-une-grande-initiative-europeenne-de-recherche-l-energie-solaire-pour-une-economie-circulaire&page=%23article_40407
https://www.ee-news.ch/de/article/40407/lancement-de-l-avant-projet-d-une-grande-initiative-europeenne-de-recherche-l-energie-solaire-pour-une-economie-circulaire&page=%23article_40407
https://www.ee-news.ch/de/article/40407/lancement-de-l-avant-projet-d-une-grande-initiative-europeenne-de-recherche-l-energie-solaire-pour-une-economie-circulaire&page=%23article_40407
https://sunriseaction.com/wp-content/uploads/2019/05/CO2-ressource-pageLS_QUOTIDIEN20190504BRUXELLES147.pdf
https://sunriseaction.com/wp-content/uploads/2019/05/CO2-ressource-pageLS_QUOTIDIEN20190504BRUXELLES147.pdf
https://lenergeek.com/2019/05/30/cycle-carbone-accord-paris-total/
http://www.rinnovabili.it/energia/sunrise-energia-solare-economia-circolare/
http://www.rinnovabili.it/energia/sunrise-energia-solare-economia-circolare/
https://www.campus.rieti.it/jw/notizie/attualita/12308-sunrise-un-azione-preparatoria-per-un-grande-progetto-di-ricerca-paneuropeo-sull-energia-solare-e-l-economia-circolare
https://www.campus.rieti.it/jw/notizie/attualita/12308-sunrise-un-azione-preparatoria-per-un-grande-progetto-di-ricerca-paneuropeo-sull-energia-solare-e-l-economia-circolare
https://www.campus.rieti.it/jw/notizie/attualita/12308-sunrise-un-azione-preparatoria-per-un-grande-progetto-di-ricerca-paneuropeo-sull-energia-solare-e-l-economia-circolare
https://www.radiocittadelcapo.it/archives/adattamenti-sunrise-il-progetto-europeo-per-produrre-carburanti-con-la-fotosintesi-205666/?fbclid=IwAR1uebTqInsijQ84C9SvDK-WNwJWjYghWiG_RzPsczYanKKaX5O0NiLPE3Q
https://www.radiocittadelcapo.it/archives/adattamenti-sunrise-il-progetto-europeo-per-produrre-carburanti-con-la-fotosintesi-205666/?fbclid=IwAR1uebTqInsijQ84C9SvDK-WNwJWjYghWiG_RzPsczYanKKaX5O0NiLPE3Q
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205666/?fbclid=IwAR1uebTqInsijQ84C9SvDK-WNwJWjYghWiG_RzPsczYanKKaX5O0Ni-

LPE3Q 

➢ UNIBO Magazine, Verso l’industria solare: realizzato un sistema ad alta efficienza che produce 

idrogeno e composti chimici ad alto valore aggiunto (24 February 2020): https://maga-

zine.unibo.it/archivio/2020/02/24/verso-l2019industria-solare-realizzato-un-sistema-ad-alta-effi-

cienza-che-produce-idrogeno-e-composti-chimici-ad-alto-valore-aggiunto 

 

Polish 

 

➢ Nauka W Polsce, Słoneczne związki ze sztucznego liścia: mobilizacja firm i naukowców, by 

ulepszyć fotosyntezę  (10 April 2020): http://naukawpolsce.pap.pl/aktualnosci/news,81656,slonec-

zne-zwiazki-ze-sztucznego-liscia-mobilizacja-firm-i-naukowcow-ulepszyc 

 

Swedish 

 

➢ Almedalen.se, SUNRISE gör det möjligt att skala upp teknik för solbränsle (01 July 2019): 

https://almedalen.se/sunrise-gor-det-mojligt-att-skala-upp-teknik-for-solbransle/ 

Spanish 

 

➢ Radio Internacional, ¿Qué es la fotosíntesis artificial? (04 July 2019, Interview Victor de la Peña): 

https://www.youtube.com/watch?v=SwW6-uM5daY&feature=youtu.be  

➢ InnovaSpain, Imitar a las plantas para conseguir el combustible del futuro (04 July 2019): 

https://www.innovaspain.com/imitar-a-las-plantas-para-conseguir-el-combustible-del-futuro/ 

➢ Madri+d, SUNRISE: Energía Solar para una economía circular (16 July 2019): http://www.madri-

masd.org/blogs/energiasalternativas/2019/07/16/133983 

➢ Catalunya Press, Nuestra calidad de vida depende de que resolvamos el problema del cambio cli-

mático (06 September 2019, Interview Julio Lloret): https://www.catalunyapress.es/texto-dia-

rio/mostrar/1519704/nuestra-calidad-vida-depende-resolvamos-problema-cambio-climatico 

➢ Radio 5, Proyecto SUNRISE: energía limpia imitando la Naturaleza (05 December 2019, Interview 

at COP25 with Víctor de la Peña and Laura López): https://www.rtve.es/alacarta/audios/todo-noti-

cias-manana/proyecto-sunrise-energia-limpia-imitando-naturaleza/5460219/  

➢ Radio 3, suena por el planeta (06 December 2019, Interview at COP25 with Víctor de la Peña): 

https://www.rtve.es/alacarta/audios/radio-3-suena-por-el-planeta/radio-3-suena-planeta-patax-san-

dra-carrasco-enrriquito-paco-soto-manolo-garcia-06-12-19/5461529/  

➢ TVE2, Lab 24, Reportaje: Copiando la naturaleza (09 December 2019, Interview with Elisabet Ro-

mero): https://www.rtve.es/alacarta/videos/lab24/lab24-reportaje-copiando-naturaleza/5462164/    

➢ InnovaSpain, Macroproyecto europeo para la obtención de combustibles limpios imitando a la foto-

síntesis (26 February 2020):  https://www.innovaspain.com/proyecto-sunergy-fotosintesis-artificial/  

https://www.radiocittadelcapo.it/archives/adattamenti-sunrise-il-progetto-europeo-per-produrre-carburanti-con-la-fotosintesi-205666/?fbclid=IwAR1uebTqInsijQ84C9SvDK-WNwJWjYghWiG_RzPsczYanKKaX5O0NiLPE3Q
https://www.radiocittadelcapo.it/archives/adattamenti-sunrise-il-progetto-europeo-per-produrre-carburanti-con-la-fotosintesi-205666/?fbclid=IwAR1uebTqInsijQ84C9SvDK-WNwJWjYghWiG_RzPsczYanKKaX5O0NiLPE3Q
https://magazine.unibo.it/archivio/2020/02/24/verso-l2019industria-solare-realizzato-un-sistema-ad-alta-efficienza-che-produce-idrogeno-e-composti-chimici-ad-alto-valore-aggiunto
https://magazine.unibo.it/archivio/2020/02/24/verso-l2019industria-solare-realizzato-un-sistema-ad-alta-efficienza-che-produce-idrogeno-e-composti-chimici-ad-alto-valore-aggiunto
https://magazine.unibo.it/archivio/2020/02/24/verso-l2019industria-solare-realizzato-un-sistema-ad-alta-efficienza-che-produce-idrogeno-e-composti-chimici-ad-alto-valore-aggiunto
http://naukawpolsce.pap.pl/aktualnosci/news,81656,sloneczne-zwiazki-ze-sztucznego-liscia-mobilizacja-firm-i-naukowcow-ulepszyc
http://naukawpolsce.pap.pl/aktualnosci/news,81656,sloneczne-zwiazki-ze-sztucznego-liscia-mobilizacja-firm-i-naukowcow-ulepszyc
https://almedalen.se/sunrise-gor-det-mojligt-att-skala-upp-teknik-for-solbransle/
https://www.youtube.com/watch?v=SwW6-uM5daY&feature=youtu.be
https://www.innovaspain.com/imitar-a-las-plantas-para-conseguir-el-combustible-del-futuro/
http://www.madrimasd.org/blogs/energiasalternativas/2019/07/16/133983
http://www.madrimasd.org/blogs/energiasalternativas/2019/07/16/133983
https://www.catalunyapress.es/texto-diario/mostrar/1519704/nuestra-calidad-vida-depende-resolvamos-problema-cambio-climatico
https://www.catalunyapress.es/texto-diario/mostrar/1519704/nuestra-calidad-vida-depende-resolvamos-problema-cambio-climatico
https://www.rtve.es/alacarta/videos/lab24/lab24-reportaje-copiando-naturaleza/5462164/
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German 

 

➢ Punkt 4 info, Solarenergie soll Kreislaufwirtschaft antreiben (01 February 2019): 

https://punkt4.info/social-news/news/solarenergie-soll-kreislaufwirtschaft-antreiben.html 

➢ Energycluster.ch, SOLARENERGIEFORSCHUNG IM GROSSEN STIL (02 February 2019): 

https://www.energie-cluster.ch/de/medien/news/solarenergieforschung-im-grossen-stil-2588-

5237.html 

➢ Windkraft-Journal, Europäische Grossforschungsinitiative SUNRISE: Solarenergie für die Kreis-

laufwirtschaft (02 February 2019): https://www.windkraft-journal.de/2019/02/02/europaeische-

grossforschungsinitiative-sunrise-solarenergie-fuer-die-kreislaufwirtschaft/132322 

➢ idw – Informationsdienst Wissenschaft, Projekt SUNRISE: Forscher planen Europäische 

Großforschungsinitiative zu synthetischen Kraftstoffen (07 February 2019): https://idw-

online.de/de/news?print=1&id=710284 

➢ Öbu, Gastbeitrag: Solarenergie für die Kreislaufwirtschaft (07 February 2019):  

https://www.oebu.ch/de/news/aktuelle-news/gastbeitrag-solarenergie-fuer-die-kreislaufwirtschaft-

4162.html 

➢ Logistik-express, Forscher planen Europäische Großforschungsinitiative zu synthetischen Kraftstof-

fen (08 February 2019): https://www.logistik-express.com/forscher-planen-europaeische-gross-

forschungsinitiative-zu-synthetischen-kraftstoffen/?hilite=%27sunrise%27 

➢ ee news, Die Newsplattform für erneuerbare Energien, Solarenergie für Kreislaufwirtschaft: Sunrise 

ebnet Weg für solarbasierte Treibstoffe und chemische Produkte (09 February 2019): 

https://www.ee-news.ch/de/erneuerbare/article/40404/solarenergie-fur-die-kreislaufwirtschaft-sun-

rise-ebnet-den-weg-zu-solarbasierten-treibstoffen-und-chemischen-produkten 

➢ Internationales Verkehrswesen, SUNRISE: Großforschungs-Initiative zu synthetischen Kraftstoffen 

(10 February 2019): https://www.internationales-verkehrswesen.de/sunrise-grossforschungsinitia-

tive/ 

➢ Process Vogel, Forschungsinitiative zur Produktion von synthetischen Kraftstoffen steht in den Star-

tlöchern (11 February 2019): https://www.process.vogel.de/forschungsinitiative-zur-produktion-

von-synthetischen-kraftstoffen-steht-in-den-startloechern-a-798232/ 

➢ Energiefirmen.de, Forscher planen europäische Initiative zu synthetischen Kraftstoffen (11 February 

2019): https://www.energiefirmen.de/news/nachrichten/artikel-35798-forscher-planen-europische-

initiative-zu-synthetischen-kraftstoffen 

➢ SolarServer, Solarenergie für Kraftstoffe und Chemie (11 February 2019): https://www.solar-

server.de/2019/02/11/solarenergie-fuer-kraftstoffe-und-chemie/  

➢ Iwr, Forscher planen europäische Initiative zu synthetischen Kraftstoffen (11 February 2019): 

https://www.iwr.de/news.php?id=35798 

https://punkt4.info/social-news/news/solarenergie-soll-kreislaufwirtschaft-antreiben.html
https://www.energie-cluster.ch/de/medien/news/solarenergieforschung-im-grossen-stil-2588-5237.html
https://www.energie-cluster.ch/de/medien/news/solarenergieforschung-im-grossen-stil-2588-5237.html
https://www.windkraft-journal.de/2019/02/02/europaeische-grossforschungsinitiative-sunrise-solarenergie-fuer-die-kreislaufwirtschaft/132322
https://www.windkraft-journal.de/2019/02/02/europaeische-grossforschungsinitiative-sunrise-solarenergie-fuer-die-kreislaufwirtschaft/132322
https://idw-online.de/de/news?print=1&id=710284
https://idw-online.de/de/news?print=1&id=710284
https://www.oebu.ch/de/news/aktuelle-news/gastbeitrag-solarenergie-fuer-die-kreislaufwirtschaft-4162.html
https://www.oebu.ch/de/news/aktuelle-news/gastbeitrag-solarenergie-fuer-die-kreislaufwirtschaft-4162.html
https://www.logistik-express.com/forscher-planen-europaeische-grossforschungsinitiative-zu-synthetischen-kraftstoffen/?hilite=%252527sunrise%252527
https://www.logistik-express.com/forscher-planen-europaeische-grossforschungsinitiative-zu-synthetischen-kraftstoffen/?hilite=%252527sunrise%252527
https://www.ee-news.ch/de/erneuerbare/article/40404/solarenergie-fur-die-kreislaufwirtschaft-sunrise-ebnet-den-weg-zu-solarbasierten-treibstoffen-und-chemischen-produkten
https://www.ee-news.ch/de/erneuerbare/article/40404/solarenergie-fur-die-kreislaufwirtschaft-sunrise-ebnet-den-weg-zu-solarbasierten-treibstoffen-und-chemischen-produkten
https://www.internationales-verkehrswesen.de/sunrise-grossforschungsinitiative/
https://www.internationales-verkehrswesen.de/sunrise-grossforschungsinitiative/
https://www.process.vogel.de/forschungsinitiative-zur-produktion-von-synthetischen-kraftstoffen-steht-in-den-startloechern-a-798232/
https://www.process.vogel.de/forschungsinitiative-zur-produktion-von-synthetischen-kraftstoffen-steht-in-den-startloechern-a-798232/
https://www.energiefirmen.de/news/nachrichten/artikel-35798-forscher-planen-europische-initiative-zu-synthetischen-kraftstoffen
https://www.energiefirmen.de/news/nachrichten/artikel-35798-forscher-planen-europische-initiative-zu-synthetischen-kraftstoffen
https://www.solarserver.de/2019/02/11/solarenergie-fuer-kraftstoffe-und-chemie/
https://www.solarserver.de/2019/02/11/solarenergie-fuer-kraftstoffe-und-chemie/
https://www.iwr.de/news.php?id=35798
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➢ Analytik News, Europäische Großforschungsinitiative zu synthetischen Kraftstoffen und 

Chemikalien aus Solarenergie (12 February 2019): https://analytik.news/Presse/2019/92.html 

➢ Kloepfel 4PL Solutions, Großprojekt zu synthetischen Kraftstoffen (12 February 2019): https://sun-

riseaction.com/wp-content/uploads/2019/11/Gro%C3%9Fprojekt-zu-synthetischen-Kraftstoffen-_-

Kloepfel-4PL-Solutions_52.pdf 

➢ Industriemedien, Briefing one, Interview with Hervé Bercegol, SUNRISE deputy coordinator: "Stor-

ing renewable energy in molecules is the most convenient solution" (21 May 2019), English version: 

https://sunriseaction.com/blog/  

 

Finnish 

 

➢ Aamuset, Eurooppalaisella yhteistyöllä edistetään aurinkoenergian käyttöä (01 February 2019): 

https://aamuset.fi/uutiset/4467444/Eurooppalaisella+yhteistyolla+edistetaan+aurinkoener-

gian+kayttoa 

➢ Turun Sanomat, Turku vahvasti mukana puhtaan energian tutkimuksessa (01 September 2019): 

https://www.ts.fi/mielipiteet/aliot/4686140/Turku+vahvasti+mukana+puhtaan+ener-

gian+tutkimuksessa 

 

Czech 

 

➢ Akademie věd České republiky, Evropský projekt se zaměří na výrobu paliv z dostupných surovin 

(05 February 2019): https://avcr.cz/cs/o-nas/aktuality/Evropsky-projekt-se-zameri-na-vyrobu-paliv-

z-dostupnych-surovin  

➢ Solární Novinky.cz, Evropský projekt SUNRISE podpoří rozvoj solární energetiky a akumulace (07 

February 2019): http://www.solarninovinky.cz/?zpravy/2019020702/evropsky-projekt-s 

➢ Volty.cz, Evropský projekt SUNRISE zaměřený na solární energii obdrží milion Eur (09 February 

2019): https://www.volty.cz/2019/02/09/evropsky-projekt-sunrise-zamereny-na-solarni-energii-

obdrzi-milion-eur/ 

➢ Věda výzkum, Evropský projekt se zaměří na výrobu paliv z dostupných surovin (10 February 2019): 

https://vedavyzkum.cz/blogy-a-rozhovory/akademie-ved-cr/evropsky-projekt-se-zameri-na-vy-

robu-paliv-z-dostupnych-surovin 

➢ Česká věda do světa, Evropský projekt se zaměří na výrobu paliv z dostupných surovin (10 February 

2019): http://ceskavedadosveta.cz/evropsky-projekt-se-zameri-na-vyrobu-paliv-z-dostupnych-suro-

vin/ 

➢ Parlamentní Listy.cz, Akademie věd: Evropský projekt výroby paliv z dostupných surovin (10 

February 2019): https://www.parlamentnilisty.cz/zpravy/tiskovezpravy/Akademie-ved-Evropsky-

projekt-vyroby-paliv-z-dostupnych-surovin-569990 

https://analytik.news/Presse/2019/92.html
https://sunriseaction.com/wp-content/uploads/2019/11/Gro%2525C3%25259Fprojekt-zu-synthetischen-Kraftstoffen-_-Kloepfel-4PL-Solutions_52.pdf
https://sunriseaction.com/wp-content/uploads/2019/11/Gro%2525C3%25259Fprojekt-zu-synthetischen-Kraftstoffen-_-Kloepfel-4PL-Solutions_52.pdf
https://sunriseaction.com/wp-content/uploads/2019/11/Gro%2525C3%25259Fprojekt-zu-synthetischen-Kraftstoffen-_-Kloepfel-4PL-Solutions_52.pdf
https://sunriseaction.com/blog/
https://aamuset.fi/uutiset/4467444/Eurooppalaisella+yhteistyolla+edistetaan+aurinkoenergian+kayttoa
https://aamuset.fi/uutiset/4467444/Eurooppalaisella+yhteistyolla+edistetaan+aurinkoenergian+kayttoa
https://www.ts.fi/mielipiteet/aliot/4686140/Turku+vahvasti+mukana+puhtaan+energian+tutkimuksessa
https://www.ts.fi/mielipiteet/aliot/4686140/Turku+vahvasti+mukana+puhtaan+energian+tutkimuksessa
https://avcr.cz/cs/o-nas/aktuality/Evropsky-projekt-se-zameri-na-vyrobu-paliv-z-dostupnych-surovin
https://avcr.cz/cs/o-nas/aktuality/Evropsky-projekt-se-zameri-na-vyrobu-paliv-z-dostupnych-surovin
http://www.solarninovinky.cz/?zpravy/2019020702/evropsky-projekt-s
https://www.volty.cz/2019/02/09/evropsky-projekt-sunrise-zamereny-na-solarni-energii-obdrzi-milion-eur/
https://www.volty.cz/2019/02/09/evropsky-projekt-sunrise-zamereny-na-solarni-energii-obdrzi-milion-eur/
https://vedavyzkum.cz/blogy-a-rozhovory/akademie-ved-cr/evropsky-projekt-se-zameri-na-vyrobu-paliv-z-dostupnych-surovin
https://vedavyzkum.cz/blogy-a-rozhovory/akademie-ved-cr/evropsky-projekt-se-zameri-na-vyrobu-paliv-z-dostupnych-surovin
http://ceskavedadosveta.cz/evropsky-projekt-se-zameri-na-vyrobu-paliv-z-dostupnych-surovin/
http://ceskavedadosveta.cz/evropsky-projekt-se-zameri-na-vyrobu-paliv-z-dostupnych-surovin/
https://www.parlamentnilisty.cz/zpravy/tiskovezpravy/Akademie-ved-Evropsky-projekt-vyroby-paliv-z-dostupnych-surovin-569990
https://www.parlamentnilisty.cz/zpravy/tiskovezpravy/Akademie-ved-Evropsky-projekt-vyroby-paliv-z-dostupnych-surovin-569990
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➢ EnviWeb, Evropský projekt SUNRISE zaměřený na solární energii obdrží milion Eur (18 February

2019): http://www.enviweb.cz/113155

➢ Prumyslovaekologie, Evropský projekt SUNRISE zaměřený na solární energii obdrží milion Eur (10

April 2019): https://www.prumyslovaekologie.cz/transfer.asp?aspxerrorpath=/Doku-

ment/105904/co2-nemusi-byt-problemem-ale-i-moznou-surovinou-pro-dalsi-zpracovani.aspx 

Catalan 

➢ RAC1, Via Lliure, D'aquí 10 anys: com consumirem energia (17 February 2019):

https://www.rac1.cat/a-la-carta/detail/f4c986a2-bf56-475a-9537-dcb99c90b722?program=via-lli-

ure&section=d-aqui-10-anys

➢ Gencat, Departament d’Acció Exterior, Relacions Institucionals i Transparència, Ja es coneixen les

sis iniciatives escollides per la Comissió Europea pel seu potencial d'impacte transformador en la

societat i l'economia (07 March 2019): http://exteriors.gencat.cat/ca/ambits-dactuacio/afers_exte-

riors/ue/fons_europeus/detalls/noticia/20190307_noves-FET

➢ Gencat, Projecte Sunrise: producció de combustible i de químics de base a partir de l’energia solar

(17 June 2019): http://territori.gencat.cat/ca/detalls/Article/energyxsunrise#bloc2

➢ Tarragona Ràdio, Combustible i productes químics simulant la fotosíntesi de les plantes (04 Sep-

tember 2019): https://www.tarragonaradio.cat/contingut/combustible_i_productes_quimics_simu-

lant_la_fotosintesi_de_les_plantes/19168

➢ TAC12 TV, Investigadors de l'ICIQ volen crear combustibles simulant una fotosíntesi artificial (06

September 2019): https://tac12.tv/tarragona/arxiu-tarragona/item/9743-investigadors-de-la-urv-vo-

len-crear-combustibles-a-partir-d-aigua-i-co2-alimentats-per-llum-solar

➢ Catalunya Ràdio, En un futur, els cotxes funcionaran amb energies renovables? (04 October 2019):

https://www.ccma.cat/catradio/alacarta/el-mati-de-catalunya-radio/en-un-futur-els-cotxes-fun-

cionaran-amb-energies-renovables/audio/1050909/

➢ La Xarxa, Cinc cèntims / 203 - Nous combustibles (08 October 2019): http://www.alacarta.cat/cinc-

centims/capitol/cinc-centims-203-nous-combustibles

➢ Ràdio Ciutat Tarragona, Crear energia a partir de fotosíntesi artificial (09 October 2019):

https://rctgn.cat/crear-energia-a-partir-de-fotosintesi-artificial/

➢ Ràdio Cambrils, Ones de ciència.  (23 October 2019): http://radiocambrils.alacarta.cat/onesdecien-

cia/capitol/ones-de-ciencia-capitol-3-amb-laura-lopez-i-amelia-ochoa

➢ Ara, Copiar la natura per ajudar el planeta (13 November 2019): https://www.ara.cat/campdetarra-

gona/Copiar-natura-ajudar-planeta_0_2343365660.html

http://www.enviweb.cz/113155
https://www.prumyslovaekologie.cz/transfer.asp?aspxerrorpath=/Dokument/105904/co2-nemusi-byt-problemem-ale-i-moznou-surovinou-pro-dalsi-zpracovani.aspx
https://www.prumyslovaekologie.cz/transfer.asp?aspxerrorpath=/Dokument/105904/co2-nemusi-byt-problemem-ale-i-moznou-surovinou-pro-dalsi-zpracovani.aspx
https://www.rac1.cat/a-la-carta/detail/f4c986a2-bf56-475a-9537-dcb99c90b722?program=via-lliure&section=d-aqui-10-anys
https://www.rac1.cat/a-la-carta/detail/f4c986a2-bf56-475a-9537-dcb99c90b722?program=via-lliure&section=d-aqui-10-anys
http://territori.gencat.cat/ca/detalls/Article/energyxsunrise%23bloc2
https://www.tarragonaradio.cat/contingut/combustible_i_productes_quimics_simulant_la_fotosintesi_de_les_plantes/19168
https://www.tarragonaradio.cat/contingut/combustible_i_productes_quimics_simulant_la_fotosintesi_de_les_plantes/19168
https://tac12.tv/tarragona/arxiu-tarragona/item/9743-investigadors-de-la-urv-volen-crear-combustibles-a-partir-d-aigua-i-co2-alimentats-per-llum-solar
https://tac12.tv/tarragona/arxiu-tarragona/item/9743-investigadors-de-la-urv-volen-crear-combustibles-a-partir-d-aigua-i-co2-alimentats-per-llum-solar
https://www.ccma.cat/catradio/alacarta/el-mati-de-catalunya-radio/en-un-futur-els-cotxes-funcionaran-amb-energies-renovables/audio/1050909/
https://www.ccma.cat/catradio/alacarta/el-mati-de-catalunya-radio/en-un-futur-els-cotxes-funcionaran-amb-energies-renovables/audio/1050909/
http://www.alacarta.cat/cinc-centims/capitol/cinc-centims-203-nous-combustibles
http://www.alacarta.cat/cinc-centims/capitol/cinc-centims-203-nous-combustibles
https://rctgn.cat/crear-energia-a-partir-de-fotosintesi-artificial/
http://radiocambrils.alacarta.cat/onesdeciencia/capitol/ones-de-ciencia-capitol-3-amb-laura-lopez-i-amelia-ochoa
http://radiocambrils.alacarta.cat/onesdeciencia/capitol/ones-de-ciencia-capitol-3-amb-laura-lopez-i-amelia-ochoa
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5. SUNRISE STAKEHOLDERS WORKSHOP  
 

5.1. Agenda  
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5.2. Registration list 
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6. SUNERGY KICK-OFF MEETING (Final joint event SUNRISE & ENERGY-X) 

6.1. Agenda  

 
 



D3.3. Dissemination and communication resources                                                                                           

51 
 

 



D3.3. Dissemination and communication resources                                                                                           

52 
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Main changes in the updated version : 

 

Page 3 & 5. Final closing event, the SUNERGY kick-off, added to the executive summary and 

purpose paragraph.  

 

Page 9. Figure 10 added, poster format of the outreach roll-up. 

 

Page 14. Figure 17, new roadmap infographic added. 

 

Page 16-18. Description and captures of the last videos released, added.  

 

Page 19. Last newsletter and captures of the one-year wrap-up added. 

 

Page 20-22. Point 3. Cooperation with Energy-X, joint materials point added. 

 

Page 29-30. Last press release, 4th, added. 

 

Page 31-42. Update of press clippings. 

 

Page 50-51. Capture of the SUNERGY Kick-off agenda added. 

 

Page 52-55. Capture of the SUNERGY Kick-off registration list added. 
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EXECUTIVE SUMMARY 

 

The Data Management Plan (DMP) presents the main elements of the data management policy used 

by the Consortium during the CSA project. The plan has evolved during the lifespan of this project 

to include additional datasets, and to adapt to changes. It describes the types of data, how they will 

be preserved and if they are shared or confidential. The DMP provides an overview of the datasets. 

Initially data management will build on the existing infrastructure with the partners. Data produced 

by the consortium will be made available through the SUNRISE website and on the PLAZA 

intranet, maintained by project management. The publication and data repository for the project 

outcomes have been gradually shifted to ZENODO hosted at the Conseil Européen pour la 

Recherche Nucléaire (CERN) by partner ICIQ. This is the last version of the plan delivered at the 

end of the CSA and intended to be the basis to support future actions. 

 

 

 

 

https://zenodo.org/
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1. INTRODUCTION 

 

The purpose of the Data Management Plan (DMP) is to provide an overview of the main elements 

of the data management policy that is used by the Consortium concerning the project data. A DMP 

is not a fixed document but it evolves during the lifespan of projects. New versions are created 

whenever important changes to the project occur due to inclusion of new data sets, changes in 

consortium policies or other external factors. 

 

The DMP covers the complete research data life cycle. It describes the types of research data that 

will be collected, processed or generated during the project, how the research data will be preserved 

and what parts of the datasets will be shared or kept confidential. 

 

This document includes an overview of the datasets to be produced by the project and the specific 

conditions that are attached to them. This is the updated version in Month 12, at the end of the CSA 

project, of the mid-term DMP version (delivered on November 2019). The main changes are listed 

at the end of the document, aimed to extend information regarding the DMP of a European large-

scale research initiative. 

 

This Data Management Plan describes the SUNRISE strategy and practices regarding the provision 

of Open Access to scientific publications, dissemination and outreach activities, public deliverables 

and research datasets that will be produced. 

 

Categories of outputs that SUNRISE has given Open Access (free of charge) and have been agreed 

upon and approved by the Management Board (MB), during the CSA period, include: 

 

- Project reports and publications (publications, conference proceedings, workshops, etc.) 

- Dissemination and Outreach material (leaflets, roll-ups, infographics, videos, etc.) 

- Deliverables (public) 

 

Any dissemination data linked to exploitable results will not be put into the open domain if this 

compromises its commercialization prospects or has inadequate protection. Intellectual Property 

(IP) issues and results protection will be in accordance with the Innovation Plans and agreements 

developed in WP2 (Innovation & Exploitation). This will be especially important for research 

results within a future large scale research initiative.  

 

Treatment of personal data will be done following the General Data Protection Regulation (GDPR) 

[1] and will not be made public without written consent. 
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 1.1. SUNRISE strategy and practices 

 

The decision to be taken by the project on how to publish its documents and data sets will come 

after the more general decision on whether to proceed with public dissemination directly or to seek 

first protection by registering the developed IP. Open Access must be granted to all scientific 

publications resulting from Horizon 2020 actions. This will be done following the Guidelines on 

Open Access to Scientific Publications and Research Data in Horizon 2020 (15 February 2016) [2] 

and any other following Open Access policy within Horizon Europe. 

 

Concerning publications, the consortium will provide open access to the scientific publications 

coming out of the action. Open access will be guaranteed following either the ‘Gold' model, where 

an article is immediately released in Open Access mode by the scientific publisher, or according to 

the “Green” model, where the authors make their publications available with a freely accessible 

institutional or specialist repository. A copy of the publication will be deposited in a public 

repository, OpenAIRE, and ZENODO or those provided by the host institutions, and available for 

downloading from the SUNRISE webpage. The associated costs will be covered by the authors of 

the publication, their institutions, or funding agencies. 

 

Concerning research data, the main obligations of participating in the Open Research Data Pilot 

are: 

 

1. To make it possible for third parties to access, mine, exploit, reproduce and disseminate - free of 

charge for any user - the following: 

(i) the published data, including associated metadata, needed to validate the results presented 

in scientific publications, as soon as possible 

(ii) other data, including raw data and associated metadata, as specified and within the 

deadlines laid down in the data management plan; and 

2. To provide information about tools and instruments at the disposal of the beneficiaries and 

necessary for validating the results. 

 

SUNRISE follows the Guidelines on Data Management in Horizon 2020 (15 February 2016) [3]. 

Following guidelines within Horizon Europe will be complied by the SUNRISE continuation action 

SUNERGY (coming from the association of the preparatory actions SUNRISE and ENERGY-X) 

in the scenario of a large European research and innovation initiative, such a public-private 

partnership.  

 

The consortium has chosen ZENODO as the central scientific publication and data repository for 

the project outcomes. Released documents and data are progressively being added to the database. 

This repository has been designed to help researchers based at institutions of all sizes to share results 

in a wide variety of formats across all fields of science. The online repository has been created 

through the European Commission’s OpenAIREplus project and is hosted at CERN. 

 

 

https://zenodo.org/
https://www.openaire.eu/
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ZENODO enables users to: 

- easily share the long tail of small data sets in a wide variety of formats, including text, 

spreadsheets, audio, video, and images across all fields of science 

- display and curate research results, get credited by making the research results citable and 

integrate them into existing reporting lines to funding agencies like the European 

Commission 

- easily access and reuse shared research results 

- define the different licenses and access levels that will be provided 

 

Furthermore, ZENODO assigns a Digital Object Identifier (DOI) to all publicly available uploads, 

to make content easily and uniquely citable.  

 

A new community within ZENODO has been created for SUNRISE 

(https://zenodo.org/communities/sunrise/?page=1&size=20) where the public outcomes have been 

uploaded and linked with the European Commission grant reference: SUNRISE - Solar Energy for 

a Circular Economy (816336). The same or very similar procedures will be followed with future 

actions in the framework of a SUNERGY large scale research and innovation initiative.  

 

2. DATA COLLECTION 

 

 2.1 Use of existing and third party data 

 

SUNRISE CSA will use abundant existing and third-party data to generate the six main project 

outputs: 

 

 Vision (D1.1). Consolidated vision: SUNRISE technical report with: (i) quantitative S&T 

targets on the short (2022), mid (2025) and long term (2030); (ii) definition of instruments 

and benchmarks to assess the impact of SUNRISE on the economy, the environment and 

the society; (iii) description of the technological demonstrators and their expected evolution 

over time, also beyond 2030. 

 Roadmap (D1.2). Global Roadmap for the large scale research initiative. 

 Blueprint (D1.3) The SUNRISE map: a public document identifying the necessary S&T 

resources, state-of-the-art EU facilities, available infrastructure & funding, and the criteria 

to build an open and inclusive innovation pipeline for the demonstration of source to product 

value chains of SUNRISE/SUNERGY technologies. 

 Governance Plan (D4.1) and Terms of Reference (D4.2) Proposal for the organizational 

structure and processes of the Large Scale Research Initiative and Terms of reference for 

the governance of the Large Scale Research Initiative. 

 Innovation and Exploitation plan (D2.3). Innovation and Exploitation including IPR 

consortium guidelines. 

 

https://zenodo.org/communities/sunrise/?page=1&size=20
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Together with the dissemination and communication plan, and an executive summary in the form 

of a manifesto, this provides a comprehensive description of the prospective large scale research 

initiative. 

To produce these documents, previous publications, and reports from partners, supporters and other 

actors in the field have been taken into account. Therefore, the consortium connected to several 

databases containing the reference documents. Depending on the needs of the different working 

groups in charge of the SUNRISE reports to be delivered, the information exchange has been 

done through different channels, for instance using free online sharing and editing tools (i.e. 

Dropbox, Google Drive, etc.). Nevertheless, the main channel for information exchange and 

data storage between consortium partners is the intranet PLAZA. Access to this archive system is 

provided to all partners by the company in charge of the project’s management M2i 

(Materials Innovation Institute). For future actions in the SUNERGY context an intranet tool for 

sharing of information and documents should also be available. 

The consortium has a wide interaction with different stakeholders forming part of the SUNRISE 

community. Communication with supporters and followers is based on social media and e-mails 

and/or newsletters sent using the MailChimp e-mail marketing service (see section 4).  

The consortium has collected input from the different partners and supporters to create Priority 

Research Directions (PRDs) among the three main research approaches that were defined at the 

proposal stage, see table 1. These documents have been useful during the road mapping process, 

which implied further interactions with the supporting community (the roadmap was open to 

supporters input after the first version release in November 2019).  

Table 1. List of PRDs collected within SUNRISE CSA 

Approach 1. Electrochemical conversion with 

renewable power 

Generic PRD Approach 1 

Hydrogen PRD 

CO2 to chemicals 

Ammonia 

Jet Fuels 

Electrifying chemical synthesis 

Approach 2. Direct conversion via integrated 

artificial photosynthetic systems 

Generic PRD Approach 2 

Complex molecular systems 

Photon management 

Hydrogen 

CO2 to chemicals 

Ammonia 

Jet Fuels 

Approach 3. Direct conversion via biological 

and biohybrid systems. 

Generic PRD Approach 3 

Biocatalysts 

Biohybrid systems 

Hydrogen 

CO2 to chemicals 

Ammonia 

Jet Fuels 

https://promise.m2i.nl/promise/PRIVATE/guest/logon.Aspx
https://mailchimp.com/
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Key Enabling Technologies Modeling 

Quantitative Sustainability Assessment (QSA) 

2.2 Data collection and creation mechanisms 

For the creation of new documents such as deliverables from the project, the responsible people in 

charge collected the corresponding bibliography documents needed to compare and contrast 

relevant information. Following documents’ analysis and partners' and supporters’ expertise, new 

data has been generated and collected in the resulting action documents, according to the project’s 

objectives. 

Several members of the consortium have been selected as the contact person to receive and collect 

inputs from interested supporters to be included in the PRDs and other project documents as the 

Vision and Roadmap.  

Databases containing the contact information of official supporters, newsletter subscribers, and 

social media followers have also been generated during the CSA period and will remain available. 

More data will be generated in the continuation action. 

Also, dissemination and communication material has been created and will continue to be 

generated: 

- Conferences: academic partners of SUNRISE attend the most relevant conferences and will

present the project and its objectives through oral talks and/or posters.

- Workshops: two workshops were organized in M4 and M12 to promote awareness of the

SUNRISE objectives and results and merger with ENERGY-X under the SUNERGY name

(data produced: presentations and posters).

- Dissemination material: flyers, videos, public presentations, SUNRISE newsletter, press

releases, tutorials, etc.

- Communication material: website, social media, press releases, audiovisual material.

Outreach activities for the project's promotion to the general public.

Finally, input and opinions from the various audiences reached by the events organized by 

SUNRISE have been collected, for instance by surveys (i.e. surveys for outreach activities and 

exhibitions, surveys after meetings and workshops, etc.), these are preferably anonymous and 

created in a case-by-case scenario using free online tools (such as Google forms, formsite, etc.)  

3. DATA STORAGE AND SECURITY

3.1 Measures to comply with the security requirements and to mitigate data risks
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The main storage tool has been the project website: www.sunriseaction.eu. The current website has 

been hosted in the internal servers of the work package 3 (WP3) leader, ICIQ and in the internal 

servers of the web development company (Avellana Digital). In both cases the current policy for 

back-ups consists of daily recovery of the full server in case there is any technical problem and it 

needs to be restored. An agreement between ICIQ and the web development company will allow 

the website to be open and accessible free of charge  for 3 years after the beginning of the action, 

hosted in the web developer servers, including all the information and documents publicly available.  

 

On the website, there is also a direct link to the intranet site PLAZA. As mentioned before, this is 

the main tool for internal information exchange within the different working groups of the project. 

The site is managed by M2i, the current policy is to arrange for daily back-ups and deleted files are 

kept in a separate folder so that they can be recovered without the need to mount a backup structure 

or file system. Also, there are weekly, 4-week and 6-month backups kept. Currently, the site stores 

relevant information for the SUNRISE partners, such as the generated working documents, data 

related with the project’s implementation, minutes and agendas of meetings, data about related 

projects, results, etc., information about supporters’ names and contacts and copies of letters of 

support. This information is only accessible to designated contacts from each of the partner 

institutions. A login page needs to be filled in for access, requiring an identified e-mail address and 

a personalized random password. This protection is needed for confidentiality issues, especially 

related to the protection of personal data and any intellectual property. 

 

The PRDs and any other confidential information to be shared with the stakeholders can be accessed 

through a password-protected site on the project's website: https://sunriseaction.com/priority-

research-directions-prd-vision/. 

 

The documents associated with all the public deliverables defined in the Grant Agreement (Table 

2), will be accessible through the project’s website free of charge. The present document, the 

SUNRISE Data Management Plan, is one of the public deliverables that after submission to the 

European Commission and approval will be released in open access mode in the SUNRISE 

webpage, CORDIS website (https://cordis.europa.eu/project/rcn/221651/factsheet/en) and 

ZENODO. 

 

Table 2. List of Public Deliverables 

Deliverable 

(number) 

Deliverable 

name 

WP Short name of 

the lead 

participant 

Type Dissemination 

Level 

Updated 

delivery 

date (in 

months) 

D1.1  Vision 1 CEA Report Public 2 

D1.2 Roadmap 1 UCL Report Public 6 

D1.3 Blueprint 1 ULEI Report Public 14 

D2.1 Process 2 Fraunhofer Other Public 2 

D2.2 Structure 2 JM Other Public 6 

D2.3 IE Plan 2 SIEMENS Report Public 14 

D3.1 Dissemination 

Plan 

3 ICIQ Report Public 6 

http://www.sunriseaction.eu/
https://sunriseaction.com/intranet/
https://cordis.europa.eu/project/rcn/221651/factsheet/en
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D3.2 Website & 

App 

3 ICIQ Other Public 2 

D3.3 Resources 3 UNIWARSAW Report Public 8 

D3.4 Data 

Management 

Plan 

3 ULEI ORDP: 

Open 

Research 

Data 

Pilot 

Public 6 

D4.1 Governance 

Plan 

4 CEA Report Public 8 

D4.2 Terms of 

Reference 

4 CEA Report Public 12 

D5.1 Midterm 

Review 

5 ULEI Other Public 6 

D5.2 Symposium 5 ULEI Other Public 11 

D5.3 Final Report 5 ULEI Report Public 14 

For future scientific publications the “Gold Open Access” policy will be preferably followed, in 

addition to uploading them into open access repositories (i.e. ZENODO, OpenAIRE, institutional 

repositories). Moreover, during the CSA and as part of the Dissemination and Communication 

strategy, a new smartphone app has been created to enable partners to share their latest publications. 

The application is now under validation (http://events.tickaroo.com/projectsunrise/), consortium 

partners can share their important publications offering quick access to novelties in the field, this 

system has been tested among partners during the CSA and an open version will be created in future 

actions based on the feedback of first users, collected in a survey. This feedback will also be 

important to decide if such an App might also be used in the future as an outreach platform to reach 

the general public. 

All the SUNRISE dissemination and communication material will be available (during and after the 

project) on the SUNRISE website and ZENODO.  

4. DATA DOCUMENTATION

4.1 Dataset Description

Whenever needed, instructions to name files and folders will be delivered to ensure data control 

and future re-use. For instance, in the PLAZA site, all documents related to the different work 

packages can be found under the Implementation folder. 

For PRDs, specific templates and names have been provided to ensure information exchange and 

versions management while collecting input from numerous authors. 

When the data is collected in a public deliverable this format will be used: 

D.X.Y SUNRISE_ Title of the Deliverable

http://events.tickaroo.com/projectsunrise/
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4.2 Digital Object Identifier (DOI) 

 

The DOI uniquely identifies a document. This identifier will be assigned by the publisher in the 

case of scientific publications in journals. In the case of other publications or documents 

(deliverables, dissemination and communication materials) uploaded into the ZENODO repository, 

an automatic DOI is created by the system. Items deposited in ZENODO, including all the scientific 

publications, are archived and retained for the lifetime of the repository, which is currently the 

lifetime of the host laboratory CERN (at least for the next 20 years). 

 

5. DATA ACCESS, SHARING, AND REUSE 

 

5.1 General Data Protection Regulation (GDPR) 

 

The main restriction for the sharing of data generated during the CSA comes due to GDPR. All data 

related to personal information, mainly person contact names from partners and supporters and e-

mail addresses, is kept under the password-protected intranet site, only reachable for selected 

individuals related to the project, upon invitation by M2i. Additionally, contact details could be 

stored in personal folders from the partner institutions or temporarily in folders that are shared 

online while an event is organized, as long as these data are not made public, only shared with 

authorized personnel from the consortium and not used for commercial purposes. 

The amount of personal data collected will be kept to a minimum, is in most cases only names, 

employing institutions and e-mail addresses. Whenever this kind of information is requested, 

explicit consent will be required from users. For instance, the following statements are used: 

- Filling formularies or registration forms: a mandatory option to be filled is included, for 

example:  

 

I am aware that the organization committee will not share my data with any third party nor use it for 
commercial purposes. * 

Yes 

- Making public a registration list: explicit consent is requested by an optional option to be 

filled in the registration form, for example: 

I authorize the organization committee to include my name and organization in the list of attendees 
available at the workshop. 

Yes 
 

- Getting new subscribers to the SUNRISE public newsletter or contact by new possible 

supporters: a mandatory option needs to be ticked before the contact information can be sent 

when subscribing via the SUNRISE website:  
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 I have read and accepted the GDPR policy  

Interested users have access to read the GDPR policy described in the website: 

“Marketing Permissions 

The SUNRISE Project will use the information you provide on this form to be in touch with you 

and to provide updates on our activity by e-mail. To comply with the General Data Protection 

Regulation (GDPR) we need your approval. Please let us know if you would like to hear from us 

by ticking the following button: "Please, keep me updated on SUNRISE news and events". 

You can change your mind at any time by clicking the unsubscribe link in the footer of any email 

you receive from us, or by contacting us at contact@sunriseaction.eu. We will treat your 

information with respect. By clicking below, you agree that we may process your information in 

accordance with these terms. 

We use Mailchimp as our marketing platform. By clicking below to subscribe, you acknowledge 

that your information will be transferred to Mailchimp for processing. Learn more about 

Mailchimp’s privacy practices here.” 

In addition to ask for user’s approval, information about the marketing platform used (Mailchimp) 

is also provided. This platform is used for sending newsletters and informative e-mails to partners, 

supporters, followers and other related contacts. 

 

To comply with the regulations governing cookies under the GDPR and the ePrivacy Directive, 

users will also find a pop-up message at the beginning of the website session, which can be either 

accepted or ignored. It reads as follows: 

 

This website uses cookies to provide you with the best browsing experience. Find out more or 

adjust your settings.  

 

These or very similar GDPR policies will be kept in the continuation action and increased as 

needed according to policy updates and the type of data collected/generated. 

 

5.2 Data sharing and reuse 

 

As explained in previous sections, public free-of-charge access to deliverables and documents 

generated through the project is done through: 

 

- The SUNRISE website, after approval by the quality and impact assurance team. If the 

document is subsequently updated, the original version will be replaced by the latest 

version. 

- The CORDIS website, will host all public deliverables as submitted to the European 

Commission.  

- The ZENODO repository. 

https://mailchimp.com/legal/
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These websites will also provide access to communication and dissemination materials. 

 

6. DATA PRESERVATION AND ARCHIVING  

 

Open Access, through the SUNRISE public website will be maintained for at least 3 years after the 

project start. 

All public deliverables will be archived and preserved on ZENODO and will be retained for the 

lifetime of the repository. 

Internal information kept in the intranet site PLAZA will be available to consortium partners for at 

least 6 months after the project finishes, then important information will be kept in an internal server 

and a hard copy by the project coordinator in Leiden University.  

7. RESPONSIBILITY FOR THE IMPLEMENTATION OF THE DMP 

 

The consortium made a selection of relevant information, ensuring that the data generated was 

carefully analysed before giving open access to it in order to be aligned with the exploitation policy 

described in the Consortium Agreement (CA). Therefore, data sharing in open access mode can be 

restricted as a legitimate reason to protect results expected to be commercially or industrially 

exploited. Approaches to limit such restrictions will include agreeing on a limited embargo period 

or publishing selected (non-confidential) data. 

 

Each partner of the consortium is responsible for the storage and backup of the data produced in 

their respective host institutions. Furthermore, each partner is responsible for uploading all the 

relevant data produced during the project to the SUNRISE intranet PLAZA (restricted to the 

members of the consortium). ICIQ as leader of the Dissemination, Communication and Education 

Work Package (WP3) is in charge of collecting all the public documents and upload them in the 

SUNRISE public website and ZENODO. The final responsibility to ensure that guidelines within 

this Data Management Plan are correctly pursued lies with the coordinator, Leiden University.  

 

8. FUTURE ACTION 

 

A continuation of the CSA preparative action within the joint initiative SUNERGY will include a 

DMP based on the SUNRISE strategy and practices described in point 1.1. Main points are: 

 

- Specific guidelines about making public or not documents and data from a following 

SUNRISE action will be collected in future Consortium Agreements, including specific 

Innovation & Exploitation and IPR sections. Data sharing in open access mode can be 

restricted as a legitimate reason to protect results expected to be commercially or industrially 

exploited.   
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- Any research project within a large scale European research action will need to comply with 

the relevant European guidelines on Open Access for scientific publication and research 

data. 

- Concerning publications, the consortium in charge of any research project following 

SUNRISE CSA will guarantee open access within the embargo periods foreseen by the 

European Commission (EC). Copies of the publications will be deposited in public 

repositories, being ZENODO the main option. 

- Concerning research data, any data needed to validate the results presented in scientific 

publications, including metadata, will be made public in accordance with the European 

guidelines of the moment. ZENODO will be the central data repository. In particular, 

regarding computational data coming from simulations, several large material databases 

containing properties of millions of existing and hypothetical materials have already been 

identified within the modelling PRD (Pseudo Receptance Difference) that will provide an 

autonomous platform for accelerated material design, development and system integration 

(within key-enablers). These databases are currently freely accessible: 

- the AFLOW distributed materials property repository 

- the Harvard Clean Energy Project Database 

- the Materials Cloud 

- the Materials Project (including the use of MPContribs) 

- the NoMaD (Novel Materials Discovery) Repository 

- the Open Quantum Materials Database 

- the Computational Materials Repository 

- the Data Catalyst Genome 

- the ioChem-BD Platform 

New concepts for materials on demand will be made available to the public for R&D.  

- Concerning personal data, the amount of personal data collected will be kept to a minimum 

and mainly related to contact databases. Nevertheless, in the context of a broader initiative, 

social sciences studies might also need access to further data. In all cases, GDPR policies 

will be strictly followed and appropriate access permissions and security measures will be 

put in place.  

- Specific measures for data sharing and data archiving and preservation will be defined for 

each research project. 
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Main changes in the updated version : 

 

Page 2. The executive summary has been modified to highlight that this is the final version of the 

document.  

 

Page 4. Changes in the introduction also to clarify that this is the updated version. 

 

Page 5. References to future actions and policies have been added. 

 

Page 6. Information about the SUNRIES zenodo community is provided. 

 

Page 7. References to the future initiative and participatory action for the roadmap. 

 

Page 8. Updated information regarding contact databases and content of the workshops. 

 

Page 9. Additional information about the SUNRISE website has been added, the expected delivery 

dates have been updated in table 2. 

 

Page 12. Further indications for future actions included regarding GDPR. 
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EXECUTIVE SUMMARY 

This document, D4.1: Proposal for the organisational structure and processes of the SUNRISE 

large scale initiative, is a deliverable of the SUNRISE Project, which is funded by the European 

Union’s H2020 Programme under Grant Agreement No. 816336. The original aim of the 

Deliverable D4.1 was: “Proposal for the organisational structure and processes of the SUNRISE 

large scale initiative”. One key fact led to an adapted D4.1 compared to the original plan: the 

decision of SUNRISE and ENERGY-X consortia, who were both granted under the call 

FETFLAG-01-2018, is to merge in a new initiative, SUNERGY, at the end of the current CSAs as 

both share common challenges and objectives. 

Efforts of WP4 were dedicated to exploring instruments and options (partnerships, missions) in 

the context of the next Framework programme Horizon Europe (HE) in order to build a tentative 

scenario for launching a Large Scale European Research and Innovation Initiative (LSERI) based 

on SUNERGY vision and challenges. All this was done in close collaboration with ENERGY-X, 

including regarding governance.  

The deliverable presents first the analysis of the governance structure of running Flagships (Task 

T4.1, lead: FZ Jülich) and other European large scale initiatives e.g. partnerships to learn from 

best practices for the future SUNERGY initiative. It afterwards presents a tentative scenario and 

its timeline based on the various instruments in HE, i.e. partnerships and missions. While current 

prospective HE public-private partnerships (PPP’s) focus on improvements on the demand side 

with limited impact, SUNERGY proposes a pipeline of high impact technologies that boost 

efficiency on the supply side with light-to-products and fuel conversion from atmospheric CO2 at 

high yields up to 2500 ton/ha/yr. To achieve this, a programmatic effort is highly recommended 

and a proposal entitled “3FCM: Fossil-free fuels, chemicals and materials for a circular 

economy” was put forward.  

We thus urge to complement the scope of existing European partnerships and enable the full 

decoupling of economic growth from the utilization of resources at the local, regional, national 

and European levels with supply of renewables for a sustainable resilient growing economy. The 

possibility for SUNERGY to join other existing communities in the frame of new partnerships to 

be launched in 2021 was also considered, including “Carbon neutral and circular industry” 

(follow-up of SPIRE) or “Clean hydrogen”. Because of the tilt towards the demand side and to 

narrow focus this did not appear a feasible scenario. Since these communities are already well 

established this would lead to a fragmentation and marginalization with lack of focus on the 

supply side. Additionally, splitting into different communities and candidate partnerships would 

not allow for a programmatic effort addressing all aspects of the SUNERGY. This would 

inevitably lead to a loss of the global disruptive vision and approach of SUNERGY and thus a 

loss of impact. Nevertheless, there are ongoing discussions with the candidate partnerships that 

could have links with SUNERGY. 

The other option considered are the missions of HE, where there is a strong bottom-up approach 

to engage citizens and the society. Based on the five missions to be launched in 2021 and their 

associated keywords, it appears that SUNERGY could have links with at least 3 of these missions: 

https://sunriseaction.com/
https://www.energy-x.eu/
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“Adaptation to climate change, including societal transformation”, “Climate neutral and smart 

cities” and “Soil health and food”. As discussed above for partnerships, this appeared not to be a 

long-term scenario for SUNERGY due to the risk of fragmentation. 

We thus recommend for a SUNERGY large-scale research and innovation initiative the co-

programmed public private partnership (cPPP) instrument in Horizon Europe. Due to the 

flexibility of the cPPP, it can include both the programmatic and the bottom-up components under 

a single governance terms of reference framework with a program board of mandated experts that 

are personally responsible for assuring quality and impact facilitating rapid progress, without 

transfer of authority from the member states (MS) and EC, rather than a new mission built on the 

SUNERGY vision be launched that is disconnected from the programmatic efforts.  Besides 

having both public and private partners, the cPPP instrument also allow to have MS involved via 

the signature of memoranda of understanding to allow aligning national priorities with the 

SUNERGY roadmap. It should be noted that the exact details of the participation of MS in cPPPs 

is still under discussion with the EC at the time of writing this report.   

Figure: Tentative scenario and timeline for the SUNERGY large scale European research and innovation 

initiative. 

A tentative scenario and timeline to build and launch into action such SUNERGY large scale 

European research and innovation initiative is presented in the figure above. The main steps are: 

- Short term (2020): this period starts at the end of the two SUNRISE and ENERGY-X

CSAs with the evaluation of the results of the two projects, until a new project is launched.

This period will be used to implement the blueprint and prepare the next “ramp-up” phase

(e.g. strengthening the community, writing proposals, proposing topics for the work

programmes of HE based on the SUNERGY roadmap,…);

- Mid-term (2021-2023): “ramp-up phase” towards a SUNERGY LSERI partnership with

common coordination activities done in the frame of a common CSA (Coordination and
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Support Action) backed by several RIA (Research and Innovation Actions) and IA 

(Innovation Actions) open calls based on the roadmaps of SUNRISE and ENERGY-X. All 

the granted RIA and IA projects would conclude a collaboration agreement with 

SUNERGY and the CSA to contribute to the activities of the whole initiative and would 

be subject to mid-term review and evaluation at the end by a program board of experts 

with mandates from the MS and the EC to assure quality and impact without transfer of 

authority away from the MS and EU. This period would also be dedicated to develop and 

strengthen the SUNERGY community (academia, industry and society) and to pave the 

way towards the SUNERGY partnership with the contribution of the different 

stakeholders.  

- Long-term (after 2024): this corresponds to the start of a SUNERGY partnership “Fossil-

free fuels, chemicals and materials for a circular economy (3FCM)”. Regarding the type 

of partnership, with bottom-up (RIA) and programmatic (IA) components, a co-

programmed European partnership (cPPP) appears as the most adapted.   

Along its course, SUNERGY will also interact with other communities and, including the 

candidate partnerships and the missions mentioned above. Finally, it can be emphasized that 

discussions around the future partnerships in Horizon Europe are still ongoing, which might lead 

to possible changes and evolutions of the scenario. This will be closely followed in particular 

during the short-term phase, right after the end of the SUNRISE and ENERGY-X CSAs and 

before the ramp-up phase is launched. As the volume of the programmatic part increases over 

time, in the longer term the cPPP could evolve into an institutionalized partnership. 
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1. SCOPE OF THE DELIVERABLE D4.1 “Proposal for the organisational
structure and processes of the SUNRISE large scale initiative”

D4.1 is one of the two deliverables of the Work Package (WP) 4 “Governance and processes” of 

the SUNRISE CSA. The scope of this WP is to establish the organisational structure and the 

related operating and decision processes of the future Large Scale European Research and 

Innovation Initiative (LSERI). Those shall ensure an effective scientific leadership and 

governance structure, taking into account the lessons and best practices learned from the existing 

Flagships and other LSERI such as partnerships. This WP is structured into three tasks and two 

deliverables: 

- Task T4.1 (M1-M2): Analyse the governance structure of running Flagships and other

European large scale initiatives ;

- Task T4.2 (M3-M8): Developing the organisational structure and processes of the future

LSERI; 

- Task T4.3 (M9-M12): Set-up the organisational structure and processes of the LSERI.

The original aim of D4.1 was: “Proposal for the organisational structure and processes of the 

SUNRISE large scale initiative”. It is related to Tasks T4.1 and T4.2. Two facts led to an 

adaptation of D4.1 compared to the original plan:  

1) Flagship instrument: this instrument no longer exists in Horizon Europe;

2) Merging of SUNRISE and ENERGY-X consortia: SUNRISE and ENERGY-X, were

both granted a CSA under the call FETFLAG-01-2018 and share common challenges and

objectives. They agreed in August 2019 to merge at the end of the two CSAs (in March

2020) and to launch a new initiative, SUNERGY (see Appendix 5.2 for a brief description

of SUNERGY), and to join efforts to pave the way towards a Large Scale European

Research and Innovation Initiative (LSERI) based on SUNERGY vision and challenges.

The first point led to the adaptation of D4.1 with the idea to explore possibilities and propose 

scenarios to have a LSERI based on SUNRISE (and now SUNERGY) fitting into the landscape of 

Horizon Europe. Several options were explored, mainly related to missions and partnerships, and 

actions were launched in this sense in the past months. In particular, a first draft for a common 

partnership proposal called “Fossil free fuels, chemicals and materials for a circular economy 

(3FCM)” was jointly prepared by the SUNRISE and ENERGY-X (see Appendix 5.5) and was 

brought to the attention of the partnerships programme committee in June 2019. With already an 

established list of partnerships discussed between the European Commission (EC), the Member 

States and Associated Countries (MS & AC) to be launched at the start of Horizon Europe in 

2021, such an additional partnership can be discussed for the next round of partnerships that could 

be launched in 2024. With that perspective in mind, a tentative scenario and timeline is presented 

in section 4 of the present document.  

Regarding the second key fact mentioned above, i.e. the merging of SUNRISE and ENERGY-X 

consortia, the governance scheme and scenarios for both ENERGY-X and SUNRISE beyond the 

two current CSAs will both fall under the new initiative, SUNERGY. They are thus prepared in 

https://sunriseaction.com/
https://www.energy-x.eu/
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common between the groups in charge of governance in the two CSAs. Further information on 

SUNERGY, its current organization, challenges and objectives is given in section 3. More 

precisely, to work on governance schemes and tentative scenarios, the CSA joined efforts in the 

following way: 

- Teleconference meetings joining the teams in charge of governance in both CSAs are 

regularly organized (approx. monthly) and jointly since September 2019; 

- A physical meeting gathering representatives of both CSAs was jointly organized on 

October 22 at Roissy Charles de Gaulle Airport to work on governance schemes on the so-

called short-, mid- and long term scenarios. Further details on these tentative scenarios and 

the outcomes of this meeting are given in section 4 and in the Appendix 5.3. 

The present document is structured as follows. In section 2, the analysis of the governance 

structure of running flagships and other European large scale initiatives is detailed. Section 3 will 

detail the new context for the future of SUNRISE with the creation of SUNERGY and present the 

actions that led to the merging plus the new organization and joint work led for building the future 

of SUNERGY. In section 4, the different scenarios envisioned for the future of SUNERGY on the 

short-, mid- and long-term are presented together with some indication of the proposed 

organization. Section 5 explains the partners responsibilities in the relevant Tasks T4.1 and T4.2 

of the SUNRISE CSA related to this deliverable. It also presents the organization for these Tasks 

and different steps that led to building common scenarios presented in section 4 and how the work 

was organized jointly with the governance team of the ENERGY-X CSA. Finally, various 

documents mentioned in the present text can be found in the Appendixes.  

As a final general remark, it turns out that there are still ongoing discussions with the European 

Commission (EC), the Member States and Associated Countries (MS & AC) and the SUNRISE, 

ENERGY-X and thus SUNERGY communities around some options mentioned in the present 

document. In particular, SUNERGY is structuring the community both at the European and 

national levels with dedicated events to discuss its vision, roadmap, governance and blueprint.  

An additional governance workshop was thus organized on 20 February 2020 at DECHEMA in 

Frankfürt, with representatives of the teams in charge of the governance work packages in 

ENERGY-X and SUNRISE. The workshop aimed at discussing and if needed refining the 

governance schemes and to ensure alignment for the two CSAs and to prepare the future terms of 

references. 

Thus and if needed, an updating on the scenarios, the governance schemes and thus to this 

deliverable will be made at the end of the CSA.  

2. ANALYSIS OF THE GOVERNANCE STRUCTURE OF RUNNING 
FLAGSHIPS AND OTHER EUROPEAN LARGE SCALE R&I INITIATIVES 

This section summarizes the results of Task 4.1 of the SUNRISE CSA (lead Forschung Zentrum 

Jülich). There is a similar task in the ENERGY-X CSA. The main outcomes of the ENERGY-X 

analysis is presented in the deliverable D5.1 “SWOT analysis of existing governance models” 
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(lead DECHEMA) and a brief outline was also discussed during the SUNRISE and ENERGY-X 

governance meeting (Roissy, 22 october 2019, see minutes in section 5.2).  

In the case of the SUNRISE CSA, at first, the governance structures of the current FET flagships, 

which will continue as co-funded European Partnerships in HE, were analysed and compared: i.e. 

the Graphene, Human Brain and Quantum Flagships. Next, we extended our analysis to existing 

European large scale R&I initiatives with a private component, including the recently launched 

Battery 2030+ initiative as well as two different types of public-private partnership (PPP), namely 

the SPIRE co-programmed public private partnership (cPPP) and the FCH joint undertaking (JU). 

The governance schemes of these different flagships and partnerships are presented in Appendix 

5.1 of the present document. 

In all governance schemes for the running Flagships (Appendixes 5.1 a to c), the directorate plays 

the central role and together with different boards decisions for e.g. budget or strategic scientific 

directions are made. Since we found many differences in the governance structures we decided to 

search the pros and cons in direct contact with involved people.  

Thus, in a second step, interviews with different members of the three running flagship initiatives 

were performed to get insights in learnings, findings, dos and don’ts regarding the various 

governance and organisational structures. Interview partners have been:  

- Prof. Katrin Amunts - Scientific Research Director of the Human Brain Flagship and sub-

program leader (SP 2 "Human Brain Data"),

- Prof. Tommaso Calarco – Coordinator of the Quantum Support Action of the Quantum

Flagship.

- Prof. Max Lemme – Scientific secretary of the Strategic Advisory Council and former

leader of the Partnering Division of the Graphene Flagship.

The main findings from the interviews relevant for the future  SUNERGY LSERI are summarized 

below.  

In all interviews, it was found that a General Assembly is one of the most important bodies in 

large scale research programs. Participants with different roles in the projects e.g. from the 

management team, from scientific advisory boards, from the stakeholder boards et cetera, share 

information, discuss strategic routes, agree on budget plans, view the latest research results and 

keep each other updated and in touch. This is highly important for the transparency in large 

projects and large initiatives. 

An Ethics Board in combination with a professional dissemination strategy is a must for large 

scale initiatives. Since the research content is of very high public relevance and interest, the 

results and the focus strategy of the research route of large scale projects must be communicated 

in a professional way, such that society can follow e.g. the decisions made. The Ethics Board in 

parallel has to debate about the research route and the alignment between the needs and wishes 

from the public. 

Clear decision-making processes and roles of the boards must be defined from the beginning as 

terms of reference. The processes should be transparent, understandable and explicit for the 

https://graphene-flagship.eu/project/governance/Pages/Governance.aspx
https://www.humanbrainproject.eu/en/about/governance/
https://qt.eu/about/structure-and-governance/
https://battery2030.eu/about-us/governance/
https://www.spire2030.eu/intro
https://fch.europa.eu/page/governance
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involved people in the project, such that discussions about the decision-making processes during 

the running initiatives are avoided. 

Innovation routes and IP issues must be defined from the beginning. Since there will be industrial 

partners involved in large-scale research initiatives or industrial partners should get on-board 

during the running project, both academia and industry stakeholders must clear views about the IP 

strategy. Furthermore, it is very much appreciated (not only for society) if there is an exploitation 

plan of the research results, which can be a payback of investments made e.g. by tax payers. 

Structures which deal with innovation and IP issues should be visible in the governance. 

Strategic decisions for future research routes must be made on the basis of scientific expert’s 

opinions. Therefore, one option is to build scientific strategy working groups which make the 

scientific strategic decisions on a common basis. This guarantees that all relevant scientists speak 

with one voice and conflict of interests are levelled out. An independent moderator for decision-

making processes in the working groups is helpful to find best solutions. The outcomes and 

decisions of the different working groups can be presented to all partners and stakeholders and 

validated during the general assembly.  

One of the strong hints in all interviews was that the coordinator should be independent in large 

scale research initiatives. It means that, the coordinator and with him the management of the 

project (i.e. members of an executive board) should induce e.g. budget distribution decisions on 

the basis of advice from a strong scientific advisory board. The coordinator should work more like 

a moderator and should have no scientific interest. Regarding that fact, the role of the coordinator 

and the management in the project is to set up and guarantee tools and processes, such that the 

best strategic decisions can be made for the needs from society and on the basis of the results 

from the science. Therefore, it is highly appreciated that the coordinator is independent from the 

scientific community but brings professional management tools in the project. Conflict of interests 

in decision-making processes must be avoided, which should be guaranteed by the coordinator. 

Finally, the voice from society should be involved from the beginning. This helps to focus the 

research on the relevant needs of the public. A society board, in which e.g. people with sociology 

background or people from the public sectors are involved, can be integrated in the governance. 

Regarding the Battery 2030+ initiative, it comprises three main bodies: the general assembly, an  

executive board and an advisory board. The general assembly is the ultimate decision-making 

body. It includes the project coordinator and the deputy project coordinator and one representative 

of each of the 17 members of the consortium which are leaders in their respective countries in the 

field of batteries. The executive board is the body responsible for the proper execution and 

implementation of the decisions of the general assembly. It is also in charge of monitoring the 

progress of the initiative. Finally, there is also an advisory board composed of European and 

national organizations. It plays the role of providing input to run the initiative as well as help 

aligning its results with expectations of the different communities involved (academic, industrial, 

member states and associated countries and society).  

Presently, in the so-called “ramp-up phase”, the Battery 2030+ initiative is supported by a 

coordination and support action (CSA) which runs for a period of 3 years. Related to this, are also 

https://battery2030.eu/about-us/governance/
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several open competitive calls - Research and Innovation Actions (RIA) and Innovation Actions 

(IA) - which are in-line with the roadmap of  Battery 2030+. All selected projects are linked 

between them and to the CSA in the sense that they must conclude a written collaboration 

agreement with the CSA and other projects selected. Thus, they contribute to the common 

activities of the CSA and more globally to the Battery 2030+ initiative. Such schemes ensures that 

all projects are part of the global initiative, and not disconnected projects working separately. The 

results and outcomes of the RIA and IA projects will also contribute in updating the roadmap of 

the initiative. Such an organization with an “umbrella” CSA complemented by a set of different 

and connected open calls appears quite efficient to run a global large-scale initiative pursuing a 

global vision. It ensures that the two following key aspects are met:  

(i) with the CSA: to maintain and update a global vision and roadmap for the Battery 

2030+ initiative, in close coordination with the European actors from academia, 

industry and society and the EC, MS & ACs;  

(ii) with the set RIA and IA open calls: to implement the roadmap of the initiative with 

open competitive calls complying with the rules of Horizon Europe, including 

openness, but also contributing to the global initiative via an agreement of 

cooperation with the CSA and with the other projects. 

Such a coordination and cooperation scheme can be extended to the national level via cooperation 

of the global initiative with national actors including national funding agencies.  

Regarding the analysis of the governance schemes of partnerships, we focused on SPIRE
1
 and 

FCH-JU
2
 that were implemented under Horizon 2020. The governance schemes of these two 

PPPs are presented in Appendix 5.1.d (SPIRE) and 5.1.e (FCH-JU). Generally speaking, PPPs are 

joint initiatives of the European Commission and actors of the private sector to support the 

research and innovation in domains of strategic importance to the economy and competitiveness 

of the European Union or to address key societal challenges, whenever these cannot be efficiently 

addressed using the other instruments of the framework programme. In H2020, PPPs are 

functioning either as contractual public-private partnerships (cPPPs) or as Joint Technology 

Initiatives, JTIs (also called Joint Undertakings, JU). SPIRE is one example of the first type 

(cPPP), whereas FCH-JU is a JTI. 

A cPPP in H2020 will be a co-programmed European partnership in HE. The activities of a 

cPPP are implemented and operated in different parts of H2020 with open calls and thus follow 

the rules of the framework programme. In the case of SPIRE, the governance structure is 

composed of three blocks (see Appendix 5.1.d): 

- The partnership board is the central board connecting the public and private partners of 

SPIRE; 

- The European Commission as the public partner; 

- The Association A.SPIRE, an aisbl representing the private partners of SPIRE.      

                                                 
1
 Sustainable Process Industry through Resource & energy Efficiency (SPIRE) : https://www.spire2030.eu/intro 

2
 Fuels Cells & Hydrogen Joint Undertaking (FCH-JU) : https://fch.europa.eu/page/governance 

https://www.spire2030.eu/intro
https://fch.europa.eu/page/governance
https://www.spire2030.eu/intro
https://www.spire2030.eu/intro
https://fch.europa.eu/page/governance
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The roles of A.SPIRE are multifold. It acts as an advisory body to the partnership board by 

elaborating the SPIRE roadmap and strategic research agenda (SRA) based on which calls topics 

are proposed for the work programmes of H2020. It also ensures an operational role with the 

executive director of SPIRE supported in this task by the A.SPIRE office. Finally, it also ensures 

an implementation role by forming consortia to apply to calls of interest to SPIRE. A.SPIRE has a 

board of elected directors representing the various industry sectors involved. This board of 

directors manages and prepares the consolidated work programme of A.SPIRE. The Industrial 

Research and Innovation Advisory Group (IRIAG) assists the board of directors by 

contributing to the elaboration of the SRA and of the call topics proposed to the SPIRE 

partnership board. The A.SPIRE General Assembly is the representation of all SPIRE members 

and validates the overall strategy of A.SPIRE. The partnership board is the body associating the 

public and private (represented by IRIAG) stakeholders of SPIRE. It is chaired by an EC 

representative and co-chaired by the IRIAG chair. The partnership board has a strategic and 

advisory role to the EC and the initiative by discussing priorities and call topics based on the 

SPIRE SRA. It also ensures monitoring progress of the overall partnership. Finally, the EC has a 

decision-making role by developing the work programmes and publishing open calls of interest to 

SPIRE.  

In a recent report on cPPPs
3

, this governance structure was favorably evaluated. Several 

shortcomings were nevertheless noted, in particular a lack of transparency of the management 

processes and the roles and involvement of stakeholders in cPPPs as well as a lack of openness. 

Other noted shortcomings were the insufficient involvement of SMEs as well as an unbalanced 

regional coverage of the European Union with a lesser representation of EU-13 countries
4
.   

FCH-JU is one the 7 JTIs currently operating in H2020. JTIs are institutionalized partnerships 

governed by Articles 185 or 187 of the Treaty on the Functioning of the European Union 

(TFEU)
5
. JTIs are long-term initiatives (up to 10 years) which aim at integrating national and 

European research programmes in a given field of strategic importance for European industry and 

competitiveness. JTIs elaborate their own research agenda and multi-annual work programmes 

and thus launch their own open calls and award funding. Members of JTIs are the European 

Commission, Member & Associated States, a not-for-profit industry led-association. SMEs, 

academia (universities and RTOs) can also participate in JTIs. JTIs will continue as 

Institutionalised European Partnerships in HE. 

The governance scheme of the FCH-JU includes two executive bodies, the governing board and 

the executive director assisted by the programme office, and three advisory bodies, the 

scientific committee, the states representatives group and the stakeholder forum. 

The governing board is the main decision-making body of the FCH JU and has the overall 

responsibility for its operation. All three stakeholders are represented in the governing board of 

the FCH-JU, namely Hydrogen Europe (industry grouping referred to as IG in the governance 

                                                 
3
 Mid-term review of the contractual Public Private Partnerships (cPPPs) under Horizon H2020. Report of the 

independent Expert Group (European Commission 2017).  
4
 EU-13 countries : 13 european countries which joined the EU since 2004 : Bulgaria, Croatia, Cyprus, Czech 

Republic, Estonia, Hungary, Latvia, Lithuania, Malta, Poland, Romania, Slovakia and Slovenia. 
5
 https://eur-lex.europa.eu/summary/glossary/joint_undertaking.html  

https://eur-lex.europa.eu/summary/glossary/joint_undertaking.html
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scheme), the EC and the Hydrogen Europe Research (RG in the governance scheme) representing 

the academia involved. The Executive Director is the legal representative of the FCH-JU. He is 

assisted by the Programme Office and both are in charge of the day-to-day management of the 

Joint Undertaking. Regarding the advisory bodies, the Scientific Committee is an independent 

advisory body to the Governing Board. The members reflect a balanced representation of world-

class experts from academia, industry, SMEs, non-governmental organizations and regulatory 

bodies. The States Representatives Group (SRG) consists of one representative of each MS and 

AC. The SRG has an advising role to the Governing Board. Its members act also as an interface 

between the FCH JU and the relevant stakeholders within their respective countries. The 

Stakeholder Forum plays the role of a general assembly and gathers representatives of all 

stakeholders involved in the Joint Undertaking. The governance scheme of the six other JTIs 

follow a similar scheme. 

Overall, this governance scheme was evaluated as effective
6
. Some concerns noted by the

evaluators are about the limited role and impact of the advisory groups on the executive bodies 

and therefore on the main strategic decisions of the FCH-JU. The interactions between the 

advisory and executive bodies should be improved, the governance structure itself being judged as 

satisfactory. It is in particular key to strengthen the role of the SRG in order to ensure a better 

alignment of national priorities with that of the JTI. In another report
7
, experts also suggested not

to limit the role of the SRG only to an advisory role in order to reinforce the weight of MS & AC 

in the decisions, e.g. by participating in the governing board. As for cPPPs, it was pointed that the 

participation of SMEs and EU-13 countries could be improved. 

The above-discussed two PPPs operate under H2020. In Horizon Europe where the landscape of 

partnerships will evolve with a simplified and rationalized landscape of partnerships where 

openness and transparency are better addressed. Therefore, a future SUNERGY LSERI as a 

partnership, which would operate under Horizon Europe, should be considered in this new 

landscape. This is discussed in more details in section 4.3 of the present document.  

Finally, the result of this analysis was shared during a governance session of the SUNRISE 

stakeholder workshop held on 17-18 June 2019 in Brussels. The session began with an 

introduction by the work package leader on the analysis of existing governance models. Then a 

discussion followed between panellists representing different stakeholders involved in LSERI: 

• Jean-François Buggenhout | DG Connect, European Commission

• Lars Klüver | Danish Board of Technology Foundation

• Paulina Styczeń | Department of Innovation and Development of the Poland’s Ministry of

Science and Higher Education

• Andreas Förster | DECHEMA

• Marcel Hoek | Dutch Research Council (NWO)

6
 Commission Staff Working Document : Interim Evaluation of the Joint Undertakings operating under the Horizon 

2020 (European Commission 2017). 
7
 Final report by the ERAC Ad-hoc working group on partnerships on the recommendations on increasing the 

efficiency of implementation of partnerships (european research area and innovation committee, 2018). 
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• Max Lemme | Scientific Secretary of the Strategic Advisory Council and former leader of

the Graphene Flagship Partnering Division

The session was organized with a list of questions to the panellists on different topics followed by 

open questions from the audience. The topics addressed covered the future for SUNRISE in the 

new context of Horizon Europe and its new instruments (missions, partnerships), the cooperation 

with ENERGY-X, what to learn from best practices in the governance of LSERIs, the role of EC 

and industry in LSERIs. Several recommendations were given by the panellists with a strong 

focus on the cooperation with ENERGY-X. This is addressed in the next section. More details on 

this session can be found in the minutes of this SUNRISE stakeholder workshop. 

3. UPDATE ON THE CSA, THE CONTEXT AND LAUNCH OF SUNERGY

The SUNRISE CSA, launched on March 1
st
 2019 for a duration of one year, was one of the 6

projects granted in the frame of the call FETFLAG-01-2018. Besides SUNRISE, another CSA 

was selected under the same sub-area “Energy, Environment and Climate change: Radically new 

Energy Production, Conversion and Storage devices and systems”: ENERGY-X (www.energy-

x.eu).  

ENERGY-X is coordinated by the Danish technical university. It gathers a total of 13 partners 

from academia, RTOs and industry. ENERGY-X aims at developing technologies to replace fossil 

resources for the future European energy mix as well for the European chemical industry by 

converting renewable power (e.g. photovoltaic, wind) under chemical form, either as a fuel of 

base chemical for the chemical industry. To do so, one core activity of ENERGY-X is the 

development of a new generation of catalysts with improved performances, durability and 

composition as compared to the current state of the art. This goes together with novel integrated 

conversion approaches to reach technologies that can be upscaled in an economically viable 

energy system. To do so, ENERGY-X has an interdisciplinary approach for academic research 

with cross-fertilization with industry. To demonstrate the feasibility of the approaches developed 

in ENERGY-X, two demonstrator projects are planned, one for the manufacturing of carbon-

neutral aviation fuels and the second decentralized production of fertilizers with zero-CO2 

footprint.  

SUNRISE and ENERGY-X have several aspects in common. First of all, they aim both at solving 

the following three grand challenges:  

- Storage of renewable energies as liquid fuels,

- Production of basic chemicals for the industry and agriculture without fossil resources,

- Negative CO2 emission technologies.

to be achieved by using abundant and ubiquitous molecules (H2O, N2, CO2) as feedstock and 

renewable energy sources (e.g. sunlight, wind), i.e. resources abundant in Europe and with an 

overarching circular economy approach. 

To solve these grand challenges, both communities SUNRISE and ENERGY-X explore different 

technological routes with different TRL levels and which can be summarized as follows: 

http://www.energy-x.eu/
http://www.energy-x.eu/
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- Conversion of renewable power to a chemical form (fuels and chemicals) via

electrochemical and thermochemical processes. It is also referred to in the literature as

Power-to-X;

- Direct conversion of solar energy to a chemical form (fuels and chemicals) using a

photoelectrochemical, biohybrid or biological approach.

ENERGY-X is mainly focused on the above-mentioned Power-to-X routes, whilst SUNRISE, 

besides exploring electrochemical processes, has also a strong focus on the direct conversion 

approaches.  

Finally, SUNRISE and ENERGY-X also have common partners and supporters. Overall, the 

CSAs gather a total of 30 partners (from academia, industry, national and European networks and 

alliances) from 14 different countries : Belgium, Czech Republic, Denmark, Finland, France, 

Germany, Italy, Netherlands, Norway, Poland, Spain, Sweden, Switzerland, United-Kingdom. 

When taking into account the supporters, i.e. the organizations that expressed interest via a letter 

of support, this amounts to total community of approx. 300 organizations from academia, industry 

(approx. 50 companies so far), NGOs, governmental and local authorities from more than 25 

countries across Europe and beyond. This community is meant to develop and strengthen in the 

future, one objective being to reinforce the participation of the industry in view of the future 

LSERI.  

Building on these common aspects and synergies, SUNRISE and ENERGY-X maintained regular 

contacts at different levels in the CSAs. In particular, the need to join efforts was in fact realized 

very early in view of building a common future in the new context of Horizon Europe, to be a 

stronger community and thus to have more impact. One of the first actions launched jointly was to 

elaborate a partnership pre-proposal as an option for a future LSERI gathering SUNRISE and 

ENERGY-X. This joint pre-proposal entitled « Fossil free fuels, chemicals and materials for a 

circular economy (3FCM) » was proposed in the context of the discussions between the EC and 

the member states for future partnerships in Horizon Europe (see section 4.3 and appendix 5.5 for 

more details). The action was led in SUNRISE by the team in charge of the work package WP4 

on governance. The representatives of the MS and ACs represented in the two CSAs and involved 

in the discussions in Brussels around new partnerships were contacted for supporting this 

partnership proposal. While the possibilities for having a new partnership in 2021 are very limited 

as there is already an established list of candidate partnerships discussed by the EC and MS & 

AC, upon favourable evaluation of the SUNRISE and Energy-X CSAs, and provided ample 

private support can be mobilised, the path to a future SUNERGY partnership can open, up. One 

important option to be further explored would be to have such a 3FCM launched in 2024 in a 

second wave of new partnerships of Horizon Europe. Other common actions between SUNRISE 

and ENERGY-X included participating and contributing to the stakeholder’s workshops 

organized by each CSA.  

Shortly after this common partnership proposal, the two consortia decided to merge at the end of 

the two CSAs to form a new and single initiative aiming at having a LSERI. This was announced 

at the Europacat 2019 conference (18-23 august 2019) during a dedicated session with 

participants from both CSAs.  The new initiative is called SUNERGY : fossil-free fuels and 
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chemicals for a circular economy. Thus in March 2020, when the two CSAs SUNRISE and 

ENERGY-X have ended, the whole community will be gathered under the umbrella of the 

SUNERGY initiative. From an operational point of view, there will be a temporary governance 

structure, functioning to keep the community gathered and active until a new contractual frame is 

launched under H2020 or Horizon Europe and to pave the way towards a future LSERI. The 

envisioned scenarios with their timeline are detailed in the next section.  

Nevertheless, not waiting until March 2020, SUNRISE and ENERGY-X are already joining 

efforts on some common aspects of the future SUNERGY LSERI, including preparing a blueprint 

and a governance structure for SUNERGY. Regarding governance, meetings are held since 

September 2019 with the participation of the ENERGY-X partners in charge of the governance 

work package. 

4. SCENARIOS FOR THE FUTURE OF SUNERGY   

In order to build tentative scenarios to pave the way towards a future SUNERGY LSERI based on 

the 3FCM proposal, a dedicated workshop was held on 22
nd

 of October 2019 (Roissy Charles de 

Gaulle Airport). It was organized by the SUNRISE WP4 with support and participation from 

ENERGY-X members and it gathered 13 participants, 8 from SUNRISE and 5 from ENERGY-X. 

The Roissy workshop aimed at providing recommendations for the governance structure for this 

SUNERGY LSERI as well to work on possible options to implement this LSERI and launch into 

action after the end of the SUNRISE and ENERGY-X CSAs. These options were considered in 

the new frame of Horizon Europe and its structure and instruments.  

 

Figure 1: Tentative scenario and timeline to bridge between the two SUNRISE and ENERGY-X 

CSAs and a future large scale European research and innovation SUNERGY initiative.   
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In this process, three so-called short-, mid and long-term periods were identified: 

- Short term (2020): this period starts at the end of the two SUNRISE and ENERGY-X

CSAs with the evaluation of the results of the two projects and what they have delivered.

This period and the outcomes of the evaluation will be critical to launch the next “ramp-up

phase”.

- Mid-term (2021-2023): “ramp-up phase” towards a SUNERGY LSERI partnership with

common coordination activities backed by several RIA (Research and Innovation Actions)

and IA (Innovation Actions) open calls based on the roadmaps of SUNRISE and

ENERGY-X. All the granted RIA and IA projects would conclude a collaboration

agreement with SUNERGY to contribute to the activities of the whole initiative and would

be subject to mid-term review and evaluation at the end by a program board of experts

with mandates from the MS and the EC to assure quality and impact without transfer of

authority away from the MS and EU. This period would also be dedicated to develop and

strengthen the SUNERGY community (academia, industry and society) and to pave the

way towards the SUNERGY partnership with the contribution of the different

stakeholders.

- Long-term (after 2024): this corresponds to the start of a SUNERGY partnership as

discussed above. Regarding the type of partnership, a co-programmed European

partnership (cPPP) appears as the most adapted to the SUNERGY initiative due to its

flexibility and possibility to accommodate both bottom-up and programmatic efforts with

maximum synergy between the two. This type of partnership allows to have both public

and private partners as well as participation of member states according a memorandum of

understanding (see section 4.3 for more details).

An overview of these three periods and timeline is presented in Figure 1. The main conclusions 

and recommendations of the Roissy workshop for each of these periods are given below together 

with a proposition for a governance structure for the selected scenario.  

4.1. Short-term scenario (2020): after the end of the two CSAs 

Context 

 Objective: after the end of the ENERGY-X and SUNRISE CSAs (February 2020), there is the

need to define a short-term strategy and framework to support SUNERGY activities and keep

the community together

 Timing: the short-term scenario starts from now (to ensure continuity after the end of the

CSAs) to the start of the operations through the “bridge funding” (medium-term period), i.e.

the “ramp-up phase” towards a LSERI, the main objective for the long-term period.

Main conclusions on the governance and organization for the short-term period from the 

Roissy governance workshop:  

The working groups during this workshop identified the following aspects as key for 

implementing a governance and organization for this short-term period.  
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As a general comment, there is the need to define a lean and mean structure to prepare the ground 

for the post-CSA. Thus, during the remaining course of the two SUNRISE and ENERGY-X 

CSAs, the groups in charge of governance must join efforts and coordinate their work in 

proposing a common structure.  

The group identified the need to create two boards for SUNERGY, each having a balanced 

composition from members from SUNRISE and ENERGY-X yet ensuring a global consistency of 

each board in terms of composition taking into account, whenever possible, aspects such as the 

types of organizations, the geographical distribution of members and gender to provide an optimal 

embedding for gaining support from member states.    

o Scientific executive board: this board is responsible for the operational running of 

SUNERGY in this intermediate period with members having different roles and tasks 

which can be delegated upon need (e.g. development of joint Manifesto, outreach to 

EC/advocacy…). Presently this board, already created counts 8 members, 4 from 

SUNRISE and 4 from ENERGY-X. These are: 

- SUNRISE: Prof. Huub de Groot (Leiden University, SUNRISE CSA coordinator), 

Dr. Frédéric Chandezon (CEA), Prof. Joanna Kargul (Warsaw University), Dr. Carina 

(Faber, Université Catholique de Louvain); 

- ENERGY-X: Prof. Jens Nørskov (DTU, ENERGY-X CSA coordinator), Prof. Bert 

Weckhuysen (Utrecht University), Prof. Robert Schlögl (Max Planck Society, Fritz-

Haber Institute and Max Planck Institute for Chemical Energy Conversion), Prof. 

Gabriele Centi (European Research Institute of Catalysis). 

o Industrial board:  it was suggested to create an independent industrial board separate from 

the scientific executive board to be effective while at the same time working in close 

interaction together. The industrial board would have as a main role to bring the views of 

industry for the overall development and strategy of SUNERGY. It was proposed to have a 

board counting 7 members, 3 suggested by SUNRISE and 3 by ENERGY-X. This board 

would be chaired by Prof. Maximilian Fleischer (Siemens) presently involved in the 

SUNRISE CSA. A tentative list of the other members of this industrial board has been 

established by Prof. Fleischer and discussed with the scientific executive board. The 

identified persons are presently contacted for having their agreement to join the board.   

Then these two boards will be directed by a coordinator and deputy: 

- Prof. Bert Weckhuysen  (Utrecht University) as the coordinator of SUNERGY;  

- Dr. Frédéric Chandezon (CEA Grenoble) as the deputy coordinator of SUNERGY. 

They will have the responsibility of running the overall SUNERGY initiative based on the 

decisions of the two boards and also to prepare the next period and in particular the 

implementation of the “ramp-up phase” for the mid-term period (see next section). This would 

include in particular: 

- Preparing a coordination and support action (CSA) for coordinating the overall 

SUNERGY initiative during the ramp-up phase. Propositions for topics are under 



D4.1.                                                                                                                                       

Page 19 of 42 
 

discussion either in the frame of H2020 or for the first work programmes of Horizon 

Europe; 

- Coordinating the preparation of RIA and IA topics based on the SUNRISE and 

ENERGY-X roadmaps for the first work programmes of Horizon Europe with a group 

of members from different organizations in SUNRISE and ENERGY-X, group to be 

implemented; 

- Coordinating the preparation of a large Innovation Action, based on a topic presently 

under discussion with the EC. 

The coordinator and deputy will be supported by a team for day-to-day management, 

dissemination aspects, communication and liaison with the EC, organization of events. Presently, 

the persons of this support team are: Kathrine Bjeregaard-Nielsen (DTU), Elena Guarneri (DTU), 

Laura Lopez (ICIQ) and Anita Schneider (EERA), 

Furthermore, overall this period, a regular contact will be maintained with the SUNERGY 

community built on the SUNRISE and ENERGY-X ones. This could be done mainly via regular 

information sharing on the advancement of the initiative with a SUNERGY newsletter and could 

be done as well on a consultation of the overall community. All this is summarized in Figure 2. 

  

Figure 2: Proposed governance structure for the SUNERGY “after CSAs” short-term period. 

4.2. Mid-term scenario (2021-2023): the “ramp-up“ phase of SUNERGY   
 

Context  

This “ramp-up phase” would be the intermediate period to bridge towards a SUNERGY LSERI 

partnership after 2024 and not a goal per se.  

Main conclusions on the governance and organization for the mid-term “ramp-up phase” 

from the Roissy governance workshop:  
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Further preparation for the SUNERGY LSERI without any funding was perceived as being not 

possible especially if this LSERI starts operating in 2024. Two options were identified to 

coordinate and support this intermediate period: a single follow-up coordination and supporting 

action (CSA) and/or an ERA-NET. A CSA appears to be a very suitable option in terms of 

integration at the European level with some of the key leaders in European MS & AC acting as 

national nodes for the national communities in the fields covered by SUNERGY. The duration of 

the project should ideally be 3 years to ensure bridging with the LSERI with a budget of a 

minimum 3 M€ (1 M€/year).  

The coordination project should provide a number of key overarching functions for the 

SUNERGY community, including: 

 Communication and dissemination services for SUNERGY related/initiated projects (e.g. 

organisation of an annual conference for relevant projects, newsletters, etc.); 

 Community-building and networking platform for stakeholders to enlarge the scientific and 

industrial commitment; 

 Continuation of the Scientific Board and the Industrial Board as well as installation of a Board 

representing the Civil Society; 

 Proposal of SUNERGY topics for the HE work programmes 2023/24; 

 Preparation or support of a multi-annual work programme for the SUNERGY LSERI with a 

series of calls; proposals for specific instruments for SMEs and start-ups could be part of this 

programme (liaison with the EIC); 

 Updating of the Strategic Research Roadmap including the integration of the SUNRISE and 

ENERGY-X roadmaps into one combined SUNERGY roadmap; 

 Liaison with Member State (MS) Governments and the European Commission to work on the 

alignment of programmes and secure MS and EU funding for the LSERI respectively; this 

activity shall lead to additional commitment from the MS, (by analogy to the Board of 

Funders of the H2020, see section 4.3 below); 

 Finalisation and implementation of the Governance Structure for the LSERI; this should 

reflect the anticipated wide range of TRLs covered by SUNERGY actions and ensure fair and 

non-discriminative participation of stakeholders from all member states;  

 Work on a pragmatic contractual framework for the LSERI including questions on IP 

management, access to research results and rules for fair compensation of academic IP  

 Furthermore, the project should deliver a number of standardised tools that will be essential 

for quality assurance and coherency and comparability of research results. This includes the 

set-up of a harmonized Life Cycle Analysis (LCA) framework tailored to the needs of 

SUNERGY. This should reflect social aspects of the intended transformation of the energy 

and industry system and include forecast and predictive modelling tools to assess impacts of 

individual new technologies. Another key requirement is the standardisation of testing and 

characterisation methodologies to ensure that research results of different projects or groups 
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are comparable (for example standardized procedures for (photo)catalyst testing). This might 

also include development of appropriate methodologies and could also lead to a network of 

central testing and characterisation facilities.  

One recommendation for this coordination part is about the consortium composition. Whilst it 

appears clear that it will differ from the current consortia of the SUNRISE and ENERGY-X 

CSAs, it appears nevertheless essential to keep key partners to ensure a certain continuity in the 

overarching functions described above.  

Following those conclusions, several options are presently under discussion including for a CSA 

call for the H2020 work programme 2020 or alternatively for the first calls of Horizon Europe. 

The former option is the preferred one, as it would ensure start of the project in early 2021. It 

received the support of several member states. If this is not retained, then the call topic could be 

proposed for the first work programmes of Horizon Europe, thus meaning an additional delay to 

start the mid-term period as the CSA could not start before at least end of 2021. The text of the 

CSA topic proposed is given in Appendix 5.4. Additionally, an ERA-NET could be a way to 

ensure a good alignment with national priorities. This is also presently under discussion. 

For the implementation of the SUNERGY roadmap, this coordination part should 

complemented by several research and/or innovation actions (RIA/IAs). These calls of 

different sizes would be launched as open competitive calls based on the priorities identified in 

the roadmap of SUNERGY (itself built by merging the SUNRISE and ENERGY-X roadmaps) 

and proposed by the SUNERGY initiative during the preparation of the work programmes of 

Horizon Europe in early 2020, as discussed in the previous section. The calls would follow the 

rules of Horizon Europe (or H2020 if there are possibilities for adding SUNERGY topics in the 

WPs based on remaining budget) thus ensuring a fair and open competition. All the granted 

projects would have to conclude a written collaboration agreement with the SUNERGY CSA and 

the other selected RIA and IA projects, and both the midterm review and the end evaluation of 

these projects will be performed by the SUNERGY board operating under a mandate from the 

MS, AC and EC to prevent separation of authority from responsibility. Keeping the authority over 

the end result with the MS, AC and EC will ensure that both the RIA bottom-up components and 

the IA programmatic components contribute to the activities of the global SUNERGY in synergy. 

It also appeared during this Roissy governance meeting that, besides regular small projects, 

having a very large project (budget minimum 100 M€) in this intermediate period could help in 

gathering a significant number of European actors around a core project, giving further visibility 

to the SUNERGY initiative vis-à-vis the European Commission, the Member States and the 

society. All this portfolio of European RIA and IA projects could also be complemented by 

national funded projects.  
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Figure 3: Proposed governance structure for the SUNERGY “ramp-up phase” mid-term period. 

An overview of a governance scheme following this option is presented in Figure 3. In this 

scheme, the coordination of SUNERGY is ensured by a CSA, possibly complemented by an 

ERA-NET to ensure coordination and alignment with national funding. The SUNERGY board, 

including the  scientific and industrial boards, launched during the short-term period could be 

continued, complemented by a societal component. Such a board would have an advisory role 

both to the SUNERGY coordination and to the European Commission and Member States. 

Alternatively, these boards could be merged in a single strategic advisory board.   

It should also be emphasized that there might a delay between the start of the CSA (depending 

when a call is published) and some of the RIA and IA projects, i.e. the “ramp-up” phase could 

start even if the CSA has not started using the organization structure and processes established 

during the short-term period (Figure 2).   

An alternative option to the above-discussed scheme - where coordination and research and 

innovation aspects of the SUNERGY are done using dedicated separate instruments of H2020 and 

Horizon Europe - would be to merge the two aspects in a single large project with a budget of 

100-200 M€ and a period allowing to bridge with the LSERI. The community development could

be achieved with an extended dissemination component. As dissemination is mandatory anyway,

it could focus on dedicated community building, triggering new calls, and anything else that a

CSA could contribute, with the added advantage that the difficult task of securing 80% private

funding is leading and puts the primate with serving society (i.e. the market) over serving science

(i.e. academic knowledge gathering). Presently no such instrument exists in H2020 and Horizon

Europe. Such option has the main advantage of being an extremely visible single action for the

SUNERGY initiative both at the European and National levels, it bridges into action and it gives

freedom for programmatic steering and limited redundancy. The main drawback is a lack of

flexibility and the openness. For such a call, there could only be one single project and thus one
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consortium selected. It doesn’t seem reasonable to embark every interested member of the broad 

SUNERGY community (presently around 300+ members) in such a project. Thus for the non-

selected members, this would block for them possibilities to join European SUNERGY-like 

projects. There is a high risk then that some partners “leave” the community whilst it needs to be 

reinforced and strengthened especially in view of launching for the long-term period a 

SUNERGY LSERI. Thus, such a scheme appear as non-optimal to ensure the required openness 

of SUNERGY during this key “ramp-up” phase to embark all the community in the future LSERI. 

4.3. Long-term scenario (after 2024): the SUNERGY Large Scale European 
Research and Innovation Initiative  

Context  

This corresponds to the start of the SUNERGY LSERI. During the course of the SUNRISE and 

ENERGY-X CSAs, several options were considered including the mission instrument to be 

implemented in Horizon Europe and partnerships. One key aspect was to have an option and 

instrument that avoids fragmenting the SUNERGY initiative into several existing projects and 

communities. This would lead to the loss of momentum and efficiency and weaken the global 

initiative. 

 

- Figure 4: From challenges to missions. From Mission-oriented research and innovation in the 

European Union : a problem-solving approach to fuel innovation-led growth, Mariana Mazzucato 

(2018). 
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Missions are a new instrument to be implemented in the frame of Horizon Europe. They are based 

on a problem-solving approach around a so-called Mission Area to fuel research and innovation 

around a global challenge of broad societal interest, with specific and measurable targets to be 

achieved with a portfolio of research and innovation measures within a given period. There is a 

strong emphasis on public engagement. Thus, a mission will be structured with a portfolio of R&I 

projects falling in a work programme proposed to the EC by a Mission Board for each mission 

area (see Figure 4). Each mission board is composed of world-class experts appointed by EC 

following an expression of interest and should reflect the diversity of disciplines and expertise 

relevant to the Mission Area
8
. SUNRISE and ENERGY-X launched a joint action to have experts 

applying to some of the mission boards for missions areas relevant to both initiatives (see below). 

More details on the concept of missions and some insights on their governance can be found in 

several reports
9,10

.  

Five Missions Areas were selected for the first round of missions, to be launched in 2021 at the 

start of Horizon Europe: 

- Adaptation to climate change, including societal transformation; 

- Cancer; 

- Ocean, seas, coastal and inland waters; 

- Climate neutral and smart cities; 

- Soil health and food”. 

Although the exact outline of the mission will be defined by the mission boards, some details on 

their scope were given in the call for applications for the members of the mission boards with a 

list of keywords
11

. It appears that SUNERGY has potential connections to a various extent with 3 

mission areas: “Adaptation to climate change, including societal transformation”, “Climate 

neutral and smart cities” and “Soil health and food”. It thus appeared that Missions were not an 

optimal solution as a long-term scenario for a SUNERGY LSERI due to the risk of fragmentation 

already discussed above, unless a new mission built on the SUNERGY vision is launched in the 

future. Nevertheless, connections between the SUNERGY LSERI and the above mentioned 

relevant missions areas will be initiated in the mid-term “ramp-up” phase. Additionally, in the 

future if a new round of Missions is launched, there is the possibility of having a mission area 

corresponding to the SUNERGY vision. There is presently no guaranty, as the EC and the MS 

will first evaluate the achievements and the impact of the five missions before launching new 

ones.    

                                                 
8

 Call for applications for the selection of the mission boards : https://ec.europa.eu/digital-single-

market/en/news/help-us-shape-horizon-europe-mission 
9
 Missions : Mission-oriented research and innovation in the European Union : a problem-solving approach to fuel 

innovaztion-led growth, Mariana Mazzucato (2018). 

https://ec.europa.eu/info/sites/info/files/mazzucato_report_2018.pdf 
10

 Governing Missions in the European Union, Mariana Mazzucato (2019). 

inhttps://ec.europa.eu/info/sites/info/files/research_and_innovation/contact/documents/ec_rtd_mazzucato-report-

issue2_072019.pdf 
11

 Call for applications for the selection of the mission boards : https://ec.europa.eu/digital-single-

market/en/news/help-us-shape-horizon-europe-mission 

https://ec.europa.eu/digital-single-market/en/news/help-us-shape-horizon-europe-mission
https://ec.europa.eu/digital-single-market/en/news/help-us-shape-horizon-europe-mission
https://ec.europa.eu/info/sites/info/files/mazzucato_report_2018.pdf
https://ec.europa.eu/info/sites/info/files/research_and_innovation/contact/documents/ec_rtd_mazzucato-report-issue2_072019.pdf
https://ec.europa.eu/info/sites/info/files/research_and_innovation/contact/documents/ec_rtd_mazzucato-report-issue2_072019.pdf
https://ec.europa.eu/digital-single-market/en/news/help-us-shape-horizon-europe-mission
https://ec.europa.eu/digital-single-market/en/news/help-us-shape-horizon-europe-mission
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Regarding partnerships, there is a new approach in Horizon Europe as compared to H2020. This 

is summarized in Figure 5. The general approach is to have a simplified and rationalized 

landscape of objective-driven and impact focussed partnerships in support to of the EU policy 

objectives. Partnerships are instruments to be used whenever other instruments of the framework 

programme are not sufficient to give the required impact. 

In this new HE landscape, three types of partnerships will co-exist; 

- Co-programmed European Partnerships: between the Commission, MS & AC and

private and/or public partners. Such partnerships will be based on memoranda of

understanding and/or contractual arrangements. Compared to H2020, they are similar to

the cPPP model, such as for the SPIRE partnership (see section 2). Co-programmed

partnerships in Horizon Europe follow a roadmap and a strategic research and innovation

agenda (SRA). The contribution of the EU will be implemented via open calls in the

Horizon Europe Work programmes based on propositions of topics following the

partnership roadmap and SRA. This ensures openness of the initiative. The partners

implement their commitments (i.e. activities and contributions) under their own

responsibility, following pre-defined objectives. The progress of the initiative is monitored

using key performance indicators. Such a co-programmed partnership can be

supplemented by coordination and support actions. Co-programmed is a flexible type of

partnership in its setting-up and its implementation, in terms of composition of partners, its

objectives and activities that can evolve as the partnership goes. Commitments are based

on common and agreed efforts between the partners and not legally binding. It is adapted

to initiatives addressing large communities with a broad range of disciplines as is the case

for SUNERGY.

It should be emphasized that compared to the previous cPPPs of H2020 which was used

for partnerships with industry, co-programmed partnerships in Horizon Europe will

allow to have both Member States and Industry. The participation of Member States

implies the signature of Memoranda of Understanding between MS representatives and the

Commissioner, the main objective being to align national priorities of participating MS

with the partnership roadmap. The exact details on the type of activities from participating

states are still under discussion. Ongoing discussions indicate that this could be done via

national and/or transnational calls, via the research and innovation activities of national

research organizations or via other activities at the national and regional levels, provided

that these activities contribute to the achievement of the roadmap and the strategic

research agenda of the overall partnership.

- Co-funded European Partnerships are based on a joint programme agreed by the

partners. These partnerships associate EC with MS and AC with research funders and

other public authorities at the core of the consortium. Funding of the partnership is ensured

by a blending of EU and national public (e.g. national funding agencies) and/or other R&I

funding sources. The funding rate of the EU is 30 % and up to 70 % in justified cases and

the typical duration will be 5 to 7 years. The core partners are mainly national programme

owners and managers form MS & AC. The implementation is ensured based on annual



D4.1.                                                                                                                                       

Page 26 of 42 
 

work programmes with rules agreed by the partners. In H2020, FET Flagships, ERA-NET 

and EJP cofunds were co-funded partnerships.     

- Institutionalised European Partnerships: they include Public-to-Public partnerships 

(P2P) where the EU participates in R&I funding programmes that are undertaken by a 

number of EU countries. They are based on article 185 of the Treaty on the Functioning of 

the European Union (TFEU). They can also be public-private partnerships established 

under Article 187 TFEU, such as joint undertakings (as FCH-JU) or EIT Knowledge and 

Innovation Communities (KICs). Such institutionalised partnerships are best suited for 

partnerships addressing long-term challenges and priorities with a stable consortium of 

core partners bringing substantial contributions. They call for establishing dedicating 

entities for their implementation thus meaning a substantial effort to set-up the partnership 

and imply legal binding commitments.  The flexibility is rather limited as changing 

objectives, partners require amendment to the legislation.     

 

Figure 5: Approach to partnerships in Horizon Europe compared to H2020. From 

https://www.era-learn.eu/partnerships-in-a-nutshell/r-i-partnerships/transition-to-horizon-europe. 

As already discussed above, a proposition was jointly prepared by the SUNRISE and ENERGY-X 

CSAs and communities and proposed as a topic for the first round of new partnerships to be 

launched at the beginning of Horizon Europe, in 2021: “Fossil free fuels, chemicals and materials 

for a circular economy (3FCM)” (see Appendix 5.5). Unfortunately, it could not be selected as 

there was already a list of new partnerships proposals established and under discussion between 

the EC and the MC & ACs. One option proposed for the 3FCM proposal was to join existing 

communities proposing a candidate partnership having connections with SUNERGY, especially 

https://www.era-learn.eu/partnerships-in-a-nutshell/r-i-partnerships/transition-to-horizon-europe
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“Circular and climate neutral industry” (follow-up of the SPIRE, co-programmed partnership) or 

“Clean hydrogen” (follow-up of FCH-JU, institutionalized partnership). If there are clear 

connections between these two proposals and SUNERGY, these do not cover all aspects of the 

SUNERGY vision as they mostly focus on the demand side (applications) whilst SUNERGY 

focus is on the supply side, i.e. fossil-free fuels and base chemicals. Thus, there is a risk of only 

incremental impact due to the fragmentation and gaps in the vision of SUNERGY when joining 

established communities compared to the option of having a SUNERGY dedicated partnership. 

This option for a SUNERGY LSERI was thus considered as not being a suitable one.   

To conclude, the scenario which is proposed for a SUNERGY LSERI on the long-term is to 

have a dedicated partnership based on the “Fossil free fuels, chemicals and materials for a 

circular economy (3FCM)” proposal (Appendix 5.5). This will be rediscussed in the coming 

years with the MS & AC and the EC upon favourable review of the outcomes of the SUNRISE 

and Energy-X CSAs.  

Key aspects that must be addressed in the governance structure of the future partnerships are the 

shortcomings identified in the mid-term evaluations of cPPPs
12

 and Joint Undertakings
13

 and

already discussed in section 2. This includes having clear and transparent processes of the 

different bodies and stakeholders in the governance structure of the partnership. It is in particular 

important to establish a strong connection between the advisory and executive bodies so that the 

former can impact the decisions of the latter. In the future SUNERGY partnership, industry 

should have a very active role both in the governance and in the implementation. Such a 

partnership is indeed expected to have a leveraging effect with industrial investments, in 

particular in promoting high technology readiness levels (TRLs) of the initiative. Besides large 

companies, a special focus should be given on embarking SMEs. It will be also important to 

ensure a balanced regional coverage of the European Union with a good representation of the EU-

13 countries. In general, the governance and processes should ensure permanent openness of the 

initiative with the possibility of new partners to join the initiative as it goes (and open the 

possibility to some partners to leave), with clear participation processes and requirements. A 

strong emphasis must also be given to the role of MS & AC and to allow proper alignment with 

national priorities. One possibility would be not to limit the role of MS & AC to an advisory role 

but allow them to participate in the governance. 

Regarding the type of partnership for the future SUNERGY LSERI, as mentioned above, co-

programmed or institutionalized are suitable for public-private partnerships (Figure 5). Co-

programmed is a type of partnership that is rather flexible during its implementation in terms of 

composition of partners of its objectives and activities and that can evolve as the partnership goes. 

The commitments are not legally binding but based on common and agreed efforts between the 

partners of the partnership. It is suited to partnerships addressing broad communities as is 

SUNERGY. Furthermore it allows, to have the participation of private partners and Member 

States. It requires a limited effort to set-up and implement compared to the other types of 

12
 Mid-term review of the contractual Public Private Partnerships (cPPPs) under Horizon H2020. Report of the 

independent Expert Group (European Commission 2017). 
13

 Commission Staff Working Document : Interim Evaluation of the Joint Undertakings operating under the Horizon 

2020 (European Commission 2017). 
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partnerships. On the other hand, institutionalized partnerships have legally binding commitments 

and thus require significant efforts to prepare. During its course, it shows also a limited flexibility 

as changing e.g. partners or objectives require amending the legislation.  

To summarize, it appears that the most-suited type of partnership type for a SUNERGY 

LSERI would be a co-programmed partnership. I has the advantage of allowing to have both 

public and private partners as well as member states in the same instrument. This alter aspect thus 

allows to answer one the shortcomings mentioned above with the need to align national priorities 

with those at the European level. The mid-term “ramp-up phase” discussed above will be 

dedicated to strengthen the community, in particular the participation of industry. As the 

contribution of Horizon Europe for a co-programmed partnership will be implemented via open 

calls in the work programmes of Horizon Europe, it also shows a continuity with the proposed 

“ramp-up phase” with its portfolio of RIA and IA projects, ensuring a certain continuity between 

the different phases and thus a better efficiency. This “ramp-up phase” would also be dedicated to 

further develop the relation with MS and their participation in the future partnership, based on the 

connections already established during the course of the two CSAs.   

In terms of governance for a SUNERGY co-programmed partnership, the structure established for 

the mid–term “ramp-up phase” (Figure 3) could evolve in a structure suited for such type of 

partnership (see e.g. the example of SPIRE in Appendix 5.1.d). The EC and MS would represent 

the public bodies while the SUNERGY board of the “ramp-up phase” could evolve into a single 

programming board associating mandated expert members of the public and private stakeholders 

plus a funding board with representatives of EC and MS and ACs. Generally speaking, the 

programming board would act as the main liaison body with the public partners and the 

coordination and implementation part of SUNERGY. A tentative structure is displayed in Figure 

6. In the SPIRE cPPP, industry established the association A.SPIRE, an aisbl representing the

private partners. This option should be considered whether it is suitable in the case of SUNERGY

during the short-term and “ramp-up” mid-term phase.

In the case of a cPPP, the SUNERGY governance model should be an open community structure 

that on the one hand allows nurturing new ideas at low TRL levels while on the other hand it can 

deliver on time at the higher TRL levels in a coherent manner (Figure 6).  It aims to cover the hole 

in the Paris agreement, how to genuinely proceed towards zero and negative emission technology 

on the supply side, which is insufficiently covered by the existing partnerships. It is surprising that 

virtually all effort in the existing partnerships is on the demand side, while upstream, at the 

beginning of the conversion chain, the decoupling of economic growth from utilization of 

resources will have to be realized. In addition, direct air capture is thus far a distant promise, and 

currently the technology conundrum that biomass can do CO2 assimilation but is not scalable, 

while human made technology is scalable but is not affordable/sustainable needs to be addressed 

in a thorough manner. Probably the only way forward is to go beyond the current practice of 

adiabatic conversion chains where losses factorize, and explore on a massive scale information in 

systems approaches. Since time is pressing, the only way forward is by covering the entire TRL 

range 0-9. 

Past experience with partnerships (such as SPIRE and the flagships) has shown that 
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- Only bottom-up programming is insufficient to achieve rapid progress; 

- Continued support from the member states requires a fair redistribution of resources put in 

by these states. 

To achieve this, SUNERGY proposes for the future LSERI a governance structure where a 

programming board is central. In this programming board, experts with a mandate from their state 

have the responsibility to plan the work and perform scouting in the community for new ideas 

worth to be developed further. As it doesn’t appear feasible to have experts mandated from all 

MS/ACs, the experts should reflect the geographic diversity of EU with a significant 

representation of EU-13 countries and they could be changed during the course of the partnership. 

The programming board steers the implementation towards its higher goals with a mandated 

program with large scale efforts at higher cost that need to be finished on time, and a bottom-up 

program that is bringing in the new developments. Both parts are monitored on a two-year basis. 

Once the expert program board has decided on a new program element to be necessary for 

achieving the goals, it will be presented for funding to the member states through the funding 

board, and the community of researchers will be asked to bring out bids.  

 

Figure 6: Tentative governance structure for the SUNERGY co-programmed public-private-

partnership cPPP partnership. 

Central to the governance is graceful failure. Limited redundancy will be built in to mitigate the 

risk of overall failure. Every project contributing to the program is awarded for four years, and 

after two years the mandated experts perform mid-term evaluations, to assure quality and impact, 

and decide whether the work is on track. Based on this the assessment is green, which means it 

progresses well and a new program can be expected after the four year term, orange, which means 

that it is in danger and will be stopped after four years if nothing changes, or red, which means 

there is immediate danger and affirmative action is necessary.  
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Limited redundancy is actually beneficial for mitigating risk, while at the same time it also allows 

for improving fairness in redistribution of resources brought in by the member states. This can be 

achieved in two ways: for the mandated program, different member states can put up 

manufacturing infrastructure in parallel. For instance, there can be a demonstrator in France, but 

also in Germany, and the best elements of both will then serve to fuel a next stage development. 

Second, personnel performing the work will be recruited from the member state bringing in the 

financing, so that the resources flow back to state citizens that represent their taxpayers 

community. 

This model is roughly based on the ESA structure, which is operational for almost 50 years and 

has brought Europe to the forefront of space research. 

As a final remark, a governance workshop was organized on 20 February 2020 at DECHEMA in 

Frankfürt, with representatives of the teams in charge of the governance work packages in 

ENERGY-X and SUNRISE. The workshop aimed at discussing, if needed refining the 

governance schemes in order to ensure alignment for the two CSAs and to prepare the future 

terms of references to be discussed in the D4.2 deliverable. The above-discussed governance 

schemes were used as a starting point and any evolutions following this workshop will be 

described in deliverable D4.2. 

5. APPENDIXES 

5.1. Governance schemes of running Flagships and other European large 
research initiatives 
 

5.1.a Governance structure of the graphene Flagship 
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5.1.b Governance structure of the Human Brain Flagship 
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5.1.c Governance structure of the Quantum Flagship 
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5.1.d Governance structure of the SPIRE PPP  
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5.1.e Governance structure of the Fuel Cells and Hydrogen Joint 
Undertaking (FCH-JU) 
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5.2. Brief description of the SUNERGY initiative. 
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5.3. Minutes of the SUNERGY governance meeting, Roissy Charles de 
Gaulle Airport, 22 october 2019. 
 

 

 

 

 

Minutes of the SUN-ERGY governance meeting 

Roissy Charles de Gaulle Airport 

22 october 2019 

Elena Guarneri (DTU), Kathrine Bjerregaard-Nielsen (DTU), Maximilian Fleischer (Siemens), 

Alexis Bazzanella (DECHEMA) and Frédéric Chandezon (CEA), 
 

Participants:  

Present:  

- SUNRISE: H. Bercegol (CEA), F. Chandezon (CEA), C. Faber (UCL), M. Fleischer (Siemens), H. de Groot 

(Leiden U.), J. Kargul (Warsaw U.), Ann Magnuson (Uppsala University), A. Schneider (EERA) 

- ENERGY-X: A. Bazzanella (DECHEMA), L. Bruckner (DTU), K. Bjerregaard (DTU) E. Guarneri (DTU), B. 

Weckhuysen (Utrecht Univ., by Skype at 10 H 00-11 H 00 and 16 H 10 – 16 H 25) 

Invited: L. Klüver (Danish Tech Foundation) 

Organization of the meeting:  

- SUNRISE: F. Chandezon (CEA, chair of the meeting), M. Fleischer (Siemens) 

- ENERGY-X: L. Bruckner (DTU),  K. Bjerregaard (DTU) 

Supplementary material:  

- 20191022_SUN-ERGY_Governance_Meeting_Background_Slides.pdf: slides presented for 

introducing the meeting, the context plus background material  

- DG_ENER_Lunch time conference_Agenda _Concept.pdf: agenda of the meeting at DG ENER on 

October 24 

- 20191022_SUN-ERGY_Governance_Meeting_Sessions_Conclusions.pdf: slides summarizing the 

outcomes for the brainstorming sessions for the short-, mid- and long-term plans   

- June 2019 Partnership proposal SUNRISE-ENERGY-X.pdf: joint SUNRISE and ENERGY-X partnership 

proposal “Fossil Free Fuels, Chemicals and Materials for a circular economy (3FCM)” 
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5.4. Proposal for a CSA topic for the mid-term “ramp-up” phase scenario. 

1.1 Proposed topic for upcoming call 

The proposed CSA topic is related to a proposal for the first WPs of HORIZON EUROPE of a 
large-scale research and innovation initiative SUNERGY on Fossil Free Fuels, Chemicals and 
Materials for a circular economy. It will be backed by several RIA and IA type calls within the 
beginning of HORIZON EUROPE that will conclude a collaboration agreement with this CSA 
project in pursuing common challenges within the SUNERGY roadmap. The SUNERGY initiative 
gathers a community of around 300 key players from academia, industry and civil society as well 
as governmental and local authorities. SUNERGY results from the merging of the two projects 
SUNRISE and ENERGY-X that were granted a CSA (March 2019  February 2020) in the frame 
of the call FETFLAG-01-2018 for preparing a large scale European research and innovation 
initiative.  

The objectives are: 

- To build a strongly networked European “Fossil free” community around common goals defined
in a strategic research agenda,

- To create the European ecosystem that will deliver the knowledge, technologies and open
research infrastructures and testbeds necessary for the development of a world-leading
knowledge based industry in Europe, leading to long-term economic, scientific and societal
benefit.

The present CSA proposal falls within the scope of the fight against climate change and aims: 

- at structuring/developing in the short term the European ecosystem in order to speed up
technologies to move from the laboratory to industry (this would be done mainly through the IA
topics of the large-scale research initiative, and also the CSA which will network and coordinate
the activities and the stakeholders),

- at tackling long-term research challenges in the field (this would be done mainly through the
RIA topics of the large-scale research initiative, with coordination of the research activities by the
CSA).

Because of their ambition, their scale and their interdisciplinary nature, these challenges can only 
be realised through a long-term, coordinated and sustained effort at European level, by building 
on large-scale research cooperation across academia and industry and with other research 
initiatives at regional, national and European level, and by mobilising Europe’s best researchers 
around an ambitious research agenda.  

Overall, this CSA together with the related selected projects of the related RIA and IA calls will be 
part of a ramp-up phase of the SUNERGY initiative to prepare a large scale European research 
and innovation initiative after the CSA, as a partnership or another instrument to be discussed 
and agreed together with the EC and the MS and AC.  

Specific challenge 

 To coordinate the research activities and the relevant stakeholders (academia and RTOs,
industry, NGOs and governmental and local authorities) participating in this large-scale research
and innovation initiative for the specific purpose of establishing an effective and proactive
bridging pipeline between low TRL 0-3  and high TRL 7-9 and to contribute to the broader efforts
in line with the EU energy strategy and the European Green Deal around the three grand
challenges:
- Storage of renewable energies as liquid fuels;
- Production of basic chemicals for the industry and agriculture without fossil resources;
- Negative CO2 emission technologies.
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These 3 grand challenges must be tackled/addressed by using abundant and ubiquitous 
molecules (H2O, N2, CO2) as feedstock, renewable energy sources (e.g. sunlight, wind) and an 
overarching circular economy approach. 

 To develop and structure (with creation and implementation of a roadmap) the European
ecosystem that will deliver the knowledge, technologies and open research infrastructures and
testbeds necessary for the development of a world-leading knowledge-based industry in Europe,
leading to economic, scientific and societal benefits (see context below).

 To help speed up the technologies to move from the laboratory to industry with concrete
prototype applications and marketable products while advancing at the same time the
fundamental science basis, in order to continuously identify new applications and find better
solutions for solving scientific or technology challenges.

Context 

 European Green Deal;

 Links with the European Energy Research Alliance (EERA) and its joint programmes;

 SET-Plan and the key action areas renewable fuels and bioenergy, carbon capture and storage
and energy efficiency for industry;

 Links with future Missions of Horizon Europe: Mission areas 1 (Adaptation to climate change
including societal transformation), 4 (Climate neutral and smart cities) and 5 (Soil health and
food:

 Climate change as a geopolitical, social and economic threat;

 Europe’s high dependence on imports of climate-threatening fossil fuels as the main form of
energy storage to be delivered on demand (e.g. jet fuels);

 Limits of renewable electricity due to intermittency;

 Storage of renewable energy fluxes as a key challenge for the ecological transition;

 Fostering new clean manufacturing industries in the context of a circular economy;

 Need to develop alternatives to fossil-based fuels for transportation including for aviation;

 Need to establish a new agricultural model, rooted in decentralized, renewable based,
production of inputs, in smart farming practice towards a rebalanced nitrogen-related planetary
boundary.

Beyond the European Union, there are links with four out of the seven innovation challenges 
(ICs) of Mission Innovation, namely: Converting Sunlight IC5 (led by EU and Germany), Carbon 
Capture IC3; Sustainable Biofuels IC4, Clean Energy Materials IC6.  

Scope : 

 Proposals should aim at coordinating the research activities and the relevant stakeholders 
(academia and RTOs, industry, NGOs and governmental and local authorities) participating in 
this large-scale research initiative. In particular, it is expected: 
- to implement a governance structure and provide support for its governance,
- to facilitate dialogue and cooperation on crosscutting topics, to establish a communication
platform,
- to consolidate a unified roadmap based on the 2 roadmaps delivered by SUNRISE and
ENERGY-X CSAs (with identification of priorities) ; this roadmap may serve as an input for the
preparation of Horizon Europe calls (especially Clusters « Climate, Energy and Mobility »,
« Digital, Industry and Space », « Food, bioeconomy, natural resources, agriculture and
environment ») as well as being inspiration for ERC projects.
- to provide a continuous revision of the roadmap according to new scientific and technological
results,
- to coordinate and promote joint activities with the selected projects of the related RIA and IA
calls,
- to promote the objectives of the large-scale research initiative and monitor the progress,
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- to communicate and exchange on this progress and the major evolutions of the roadmap to a 
wide community of scientists and engineers,  
- to organize outreach events (including addressing the impact of technology development on 
economy and society),  
- to identify training and education needs,  
- to identify and coordinate relevant standardisation, IPR actions, and international collaboration 
and help networking of respective national and international activities in the field. 
It is expected that such an activity is driven by the relevant actors of the field including academia, 
RTOs and industry, in particular the ones gathered in the CSA actions for FET Flagships  
SUNRISE (https://sunriseaction.com/) and ENERGY-X (https://www.energy-x.eu/) now merged in 
the new initiative SUNERGY. 
 
Note that special Grant Conditions will apply for project granted under this topic. In particular, the 
project partners will need to conclude a collaboration agreement with the other projects selected 
from the RIA and IA topics of the large-scale research initiative. 

 
Expected impact : 

- Coordinating a large scale European research and innovation initiative on storage of renewable 
(solar) energies in chemical form involving all relevant stakeholders and linked with relevant 
international, national and local  programmes and initiatives;  
- Building and updating a long-term SUNERGY roadmap beyond the current CSA based on the 
SUNRISE and ENERGY-X roadmaps; 
- Facilitating cooperation and communication between the stakeholders of the initiative on cross-
cutting topics;  
- Developing the SUNERGY community with all relevant stakeholders (academia and RTOs, 
industry, NGOs and civil society) across EU;  
- To strengthen the engagement of the European industrial stakeholders in particular in view of 
engaging in a LSRI beyond the CSA; 
- Fostering the technological, economic and societal impact of the initiative and paving the way to 
industrial exploitation of the technologies in the field of energy, transport and climate; 
- Speeding-up and increasing the positive impacts of technologies on climate change and 
protection of environment; 
- Spreading of S&T excellence across Europe, increased awareness of European activities; 
- Addressing international cooperation in particular with other relevant actions (e.g. Mission 
Innovation); 
- Preparing a large-scale research and innovation initiative beyond the CSA, as a partnership or 
another instrument to be discussed and agreed together with the EC and the MS and AC.  

Integration and European added value:  Enhanced Europe´s competitiveness on the global 
scale, support the development of European competitive industries and SME in the field, 
fostering the development of new applications, products and decrease the dependency of 
Europe on external resources; 

 
Type of action:  Coordination and Support Actions 

 

Proposed starting year and duration: End of 2020 for 3-4 years 

 

Expected contribution from the EU: 3-4 M€ 
  

https://sunriseaction.com/
https://www.energy-x.eu/


D4.1.  

Page 41 of 42 

5.5 Proposal for a partnership around the SUNERGY vision and 
challenges. 

General information 

Preliminary title of the 

European Partnership 
Fossil Free Fuels, Chemicals and Materials for a circular economy  (3FCM) 

Short description of the 

partnership 

Solve the following 3 grand challenges: 

- Storage of renewable energies as liquid fuels;
- Production of basic chemicals for the industry and agriculture without

fossil resources;
- Negative CO2 emission technologies,

to be achieved by using abundant and ubiquitous molecules (H2O, N2, CO2) as 

feedstock, renewable energy sources (e.g. sunlight, wind) and an overarching 

circular economy approach. 

Services directly 

involved 

DG RTD 

DG ENER 

DG CLIMA 

DG MOVE 

DG ENV 

DG AGRI 

Context and problem 

definition 
 Climate change as a geopolitical, social and economic threat

 Europe’s high dependence on imports of climate-threatening fossil fuels as the
main form of energy storage to be delivered on demand.

 Limits of renewable electricity due to intermittency

 Storage of renewable energy fluxes as a key challenge for the ecological
transition

 Opportunity to foster new clean manufacturing industries, in the context of a
circular economy.

 Need to establish a new agricultural model, rooted in decentralized,
renewable based, production of inputs, in smart farming practice towards a
rebalanced nitrogen-related planetary boundary.

Objectives and 

expected impacts 

The overall goal of 3FCM is to provide in a clean and climate-friendly way all the 

value and services presently obtained from fossil resources which in addition are 

essentially imported from outside Europe. Although it will take at least 30 years to 

achieve a global ecological transition, 10 years will be sufficient to kick-start key 

technologies, and turn into attractive commercial activities the most advanced 

existing industrial processes. The 10-year objective of the 3FCM partnership is to 

enable the progressive displacement of fossil resources, using renewable energy to 

convert molecules from the environment (H2O, N2, CO2) into valuable products. 

This grand challenge will be realised by inventing, developing, improving, 

engineering, socially adapting and commercially deploying devices for the 

provision of fuels, commodity chemicals, base chemicals and monomers for the 

synthesis of fertilizers, plastics, and building materials. 

On the longer term, 10-30 years, the partnership will aim at the deployment of 

economically viable and energy efficient negative emission technologies. 

To replace fossil stocks, we will use the same primary resources as Nature did on 

geological times to produce coal seams as well as oil and gas fields. Thus, 3CFM 

aims at using solar energy for recycling atmospheric gases, especially CO2, the 

most voluminous waste of over 200 years of global economic development. The 

effective concentration of solar energy into chemical species may be accomplished 

by several conversion routes depending on location (latitude), targets (fuel, 

commodity chemicals, long-term storage of carbon) and technological maturity. 

Wind or PV electricity in temperate climates combined with electrochemistry and 
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advanced catalysis is an open route, whereas direct sunlight conversion can operate 

in regions with abundant sunshine employing photoelectrochemistry, bioinspired 

photocatalysis or biological (biohybrid) systems. Technologies to concentrate waste 

or atmospheric gases, mainly CO2 and H2O, are also part of most strategies to be 

developed. 

Three key performance indicators of the viability of these technologies will be:  

 sober use of abundant and cheap raw  materials in a circular economy
approach;

 maximization of the overall Energy Return On energy Invested (EROI);

 minimal use of land. About this 3
rd

 criterion, conservative estimates allow
optimistic projections on the use of mostly already artificialized areas, such as
industrial and commercial districts, or urban areas.

The technological benefits will be assessed quantitatively in a systemic approach 

including economic, social and environmental studies. Beyond the profit of avoided 

CO2 emissions, climate science will be involved in the partnership to guide the 

overall development of the technologies and avoid any unintended environmental 

consequence. 

The 3FCM partnership will have a tremendous impact on the society, economy and 

the environment. On the economical and industrial side, we foresee: 

 Enhanced investment in CO2-neutral energy technologies

 Decrease of the carbon footprint of heavy industrial emitters

 Opportunity of making economically attractive CO2 storing materials.
Necessity test: 

rationale for a 

European Partnership 

The two initiatives SUNRISE and ENERGY-X have been already funded as CSAs 

for future FET Flagships. As the Flagship instrument will not be replicated in 

Horizon Europe, the support to large scale research initiatives is at stake - the 

domain to be covered by the 3FCM partnership is presently scattered between 

various instruments (including partnerships such as FCH-JU, MCSA, FET and 

ERC) at the detriment of a coordination of efforts. No current partnership fully 

addresses the challenges and expected impacts as presented above. The two 

initiatives are already based on strong research-industry links - a partnership would 

enhance Europe´s competitiveness on the global scale, building on the excellence 

of research and leading role of Europe´s chemical industry. 

Relevant for the 

following  parts of 

Horizon Europe 

Pillar II 'Global Challenges and European Industrial Competitiveness' 

☒ Cluster Climate, Energy and Mobility

☒ Cluster Digital, Industry and Space

☒ Cluster food, bioeconomy, natural resources, agriculture and environment

Currently identified 

links with other 

partnership candidates 

/union programmes 

There are evident links with the following candidate partnerships: 

Climate, energy and mobility: 

- Clean Energy Transition
- Clean Hydrogen
- Clean Aviation
- Towards Zero-emission Road Transport
- Built Environment and Construction

Digital industry and space: 

- Circular and Climate Neutral Industry

Similarly, there are links with the future Missions of Horizon Europe: Mission area 

1 (Adaptation to climate change including societal transformation), 4 (Climate 

neutral and smart cities) and 5 (Soil health and food).  

Additionally, there are potential links with several of the Joint Programmes of 

EERA: Advanced Materials and Processes for Energy Applications (AMPEA), 

Bioenergy, Carbon Capture and Storage (CCS), Economic, environmental and 

social impacts (JP e3s), Energy Storage, Fuel Cells and Hydrogen, Photovoltaic 

Solar Energy, and Smart Cities At a global scale, there are links with three out the 

seven innovation challenges (ICs) of Mission Innovation, namely: Converting 

Sunlight IC5, Carbon Capture IC3; Sustainable Biofuels IC4, Clean Energy 

Materials IC6 
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Does the proposed 

partnership build on 

currently active ones? 

This partnership builds on two ongoing CSA actions for FET Flagships: 

- SUNRISE: Solar Energy for a Circular Economy (https://sunriseaction.com/) 

- ENERGY-X: https://www.energy-x.eu/ 

Expected type and 

composition of partners 

The partnership would gather academia, research organizations and industry 

stakeholders, based on the still growing community of the two currently active 

CSAs. These communities also include NGOs, governmental and local authorities. 

Overall, the partnership will have all the relevant stakeholders, including end-users, 

to address the whole value chain. 

Currently, the SUNRISE and ENERGY-X communities collectively gather over 

300 key players from academia, research, industry, national and European networks 

and alliances, funding bodies, NGOs and other stakeholders.  

Contributions and 

commitments expected 

from partners 

In-kind contributions (usage of research infrastructures and facilities, etc.) from 

academia, Research and Technology Organisations (RTOs) and industry. Industry 

will also participate in building exploitation strategies for securing early revenues. 

Currently envisaged 

implementation 

mode(s) 

☐ Co-programmed European Partnership  
 Co-funded European Partnership  
 Institutionalised European Partnership  

☐ Article 185  

☐ Article 187  

☐ EIT-KIC  
Justification of the 

implementation mode 

 

Proposed starting year 2021 

 

 

 

 
 

https://sunriseaction.com/
https://www.energy-x.eu/
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PREAMBLE 

 

Due to the termination of new Flagships in Horizon Europe, SUNRISE and the parallel CSA 

ENERGY-X merged in August 2019 and concertedly founded the SUNERGY initiative which was 

officially launched in February 2020. This was done in order to join forces towards the ambitious 

goals common for both CSAs. The particular embodiment and funding instrument(s) for the future 

SUNERGY Large Scale European Research and Innovation Initiative (LSERI) are under discussion 

at the time of writing of this document. Therefore, the proposed Terms of Reference for the future 

governance of SUNRISE / SUNERGY should be considered as provisional and need to be refined 

once the applicable boundary conditions are clarified. 

This deliverable was created in close alignment with ENERGY-X to avoid a duplication of efforts 

for developing the future governance scheme. Consequently, the described governance structures 

in this deliverable are conforming with the governance setup in the corresponding report of the 

ENERGY-X consortium (Deliverable D5.3: Proposal on the ENERGY-X Governance structure).  
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EXECUTIVE SUMMARY 

This report amends the previous deliverable D4.1 - “Proposal for the organisational structure and 

processes of the SUNRISE large scale initiative” by providing further details and Terms of 

Reference for the identified governance bodies, both for the transition phase between the end of the 

SUNRISE CSA and the beginning of the SUNERGY LSERI (i.e. for the period from 2020 – 2024, 

termed “transition phase” or synonymously “ramp-up phase” in the following), and for the future 

LSERI itself (i.e. from 2024 onwards).  

During the transition phase, the SUNERGY initiative will establish an interim governance structure 

based on a joint Executive Board (supported by a coordination office) and consultative Industrial 

& Scientific Boards to keep the stakeholder community actively involved and to continue the 

advocacy for a circular economy with sustainable fuels and chemicals. In order to fulfill those tasks, 

it is crucial to seamlessly implement the corresponding interim management bodies immediately 

after the end of the CSAs and maintain them until the boundary conditions and funding schemes for 

the future LSERI are clear. Funding of the transition phase will be accomplished on one side by 

collaborative research projects based on European calls and/or national instruments complemented 

by a CSA for the coordination activities. Before the start of the CSA (which is expected to start no 

earlier than 2021 with a dedicated call in  Horizon Europe Work Programmes currently under 

discussion), the coordination activities of the SUNERGY initiative will be supported by a voluntary 

membership fee of the SUNERGY supporters complemented by in-kind contribution from some of 

the organizations involved the coordination of the overall initiative and/or national instruments for 

coordination activities. 

For the long-term period, the temporary governance structures of the transition phase need to be 

amended and transformed into persistent bodies which can deal with the requirements of a LSERI. 

Based on the current assumption that the SUNERGY LSERI will be a co-programmed public-

private partnership (cf. D4.1), the core elements of its governance scheme will be a Programming 

Board (for dynamic roadmapping as well as quality and impact assurance), an Executive Directorate 

(for the administration and the operational implementation of the overall initiative) as well as a 

common advisory board (for scientific, industrial and societal aspects) and a Funding Board. 

For the Terms of Reference, a proper representation of all relevant stakeholders (e.g. from academia, 

industry, funding organizations) and – to the extent currently possible - compliance with the future 

HE framework was targeted. Nevertheless, further refinements of the governance structure and 

processes will be needed during the transition phase including well-defined mechanisms for joining 

or exiting the initiative.  
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List of acronyms and abbreviations 

AC - Associated Countries 

CSA - Coordination and Support Action 

DTU - Denmark Technical University 

EC - European Commission 

ESA - European Space Agency 

EU - European Union 

HE - Horizon Europe 

IA - Innovation Action 

LSERI - Large Scale European Research and Innovation Initiative 

MPG - Max-Planck-Gesellschaft 

MS - Member States 

MoU - Memorandum of understanding 

R&D - Research and Development 

RIA - Research Innovation Action 
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1. Introduction 

In the preceding deliverable D4.1, the governance structure of running Flagships and other 

European large scale initiatives was analysed and - after the decision to discontinue the Flagship 

instrument in the next Framework programme Horizon Europe (HE) – a tentative scenario for 

launching a SUNERGY Large Scale European Research and Innovation Initiative (LSERI) was 

explored based on other instruments and options (partnerships, missions) in the context of HE. That 

scenario formed the basis for the development of the Terms of References discussed in this 

deliverable.  

In particular, the proposed scenario in deliverable D4.1 comprises: 

- a short-to-mid-term transition and “ramp-up” phase (2020-2024) which will be used 

for i) implementing the blueprint, ii) strengthening and further developing the community 

including common coordinated activities according to the roadmaps and based on RIA & 

IA open calls complemented by national calls, and iii) the preparation of the subsequent 

LSERI. Since the conduction of those activities will not be possible without funding, a 

successor CSA project should be established with a duration of 3 years to bridge the time 

until the launch of the LSERI.   

- a long-term LSERI phase (after 2024) which corresponds to the start of a SUNERGY 

partnership “Fossil-free fuels, chemicals and materials for a circular economy”. Regarding 

the type of partnership, with both bottom-up (RIA) and programmatic (IA) components and 

the necessary flexibility in terms of composition of partners, objectives and activities, a co-

programmed European partnership (cPPP) appears as the most suitable option. Besides 

having both public and private partners, the cPPP instrument also allows to have MS 

involved via the signature of MoUs and hence, to align national priorities with the 

SUNERGY roadmap.   

The activities to develop the governance structures and processes for both the transition phase and 

the long-term phase were jointly performed between the ENERGY-X and SUNRISE consortia after 

the official announcement of the merger of the two CSAs in Aachen (Germany) on 20th August 

2019.  Two physical workshops and several electronic meetings were held between the teams 

dealing with governance definition to develop the joint proposal for the future organization of the 

SUNERGY initiative.  

Consequently, the deliverables D5.3 (“Proposal on the ENERGY-X Governance structure”) of 

ENERGY-X and the present SUNRISE deliverable D4.2 (“Terms of Reference for the governance 

of the SUNRISE Large Scale Research Initiative”) are a co-production of both CSAs and were 

hence shared between the two consortia to make sure that both deliverables are consistent. Each 

consortium provided the necessary resources and did not duplicate the work done by the other. 

This report hence uses the same figures and descriptions of the governance bodies as D5.3 of 

ENERGY-X, with minor updates (particularly regarding the Industrial Board) that emerged after 

the submission of ENERGY-X’s report. 
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2. Terms of Reference during the transition phase (2020-2024) 

The proposed Governance structure for the transition phase with its respective bodies and 

instruments is schematically shown in Figure 1 and further described in the following paragraphs: 

 

Figure 1. Scheme of the Governance structure for the transition “ramp-up” project phase, starting 

at the end of both CSAs until 2024. 

Executive Board 

Mandate of the Executive Board: The tasks and responsibilities of the Executive Board are the 

operational running of the SUNERGY initiative in the intermediate period with members having 

different roles and tasks which can be delegated upon need, e.g.:  

• Development of a joint Manifesto,  

• Outreach to EC/advocacy,  

• Decision-making,  

• Steering of transition phase, 

• Finalization and implementation of the governance structure for the LSERI. 

Composition of the Executive Board: So far, the two CSAs ENERGY-X and SUNRISE have 

mutually decided on the implementation of an active SUNERGY Executive Board for the transition 
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phase with 8 members: The Coordinator, Deputy Coordinator and 3 additional members of each 

consortium.  

Coordinator:  Prof. Bert Weckhuysen  (ENERGY-X, Utrecht University, NL) 

Deputy Coordinator:  Dr. Frédéric Chandezon  (SUNRISE, CEA, FR)  

The other members of the Executive Board are: 

ENERGY-X:  Prof. Gabriele Centi (University of Medina, IT) 

Prof. Jens Nørskov (DTU, DK) 

Prof. Robert Schlögl (MPG, DE),  

SUNRISE:  Prof. Huub de Groot (Leiden University, NL) 

Prof. Joanna Kargul (Warsaw University, PL) 

Dr. Carina Faber  (Université Catholique de Louvain, FR) 

Coordination Office 

Mandate of the Coordination Office: The interim coordination and management office is situated 

at Utrecht University providing administrative support and liaising with the EC and the SUNERGY 

community. All participating partners will be asked to financially support the initiative by paying a 

voluntary membership fee which will be utilized for management and coordination of the initiative 

and for communication activities. This membership fee will be maintained at least until other 

support for coordination activities is obtained, e.g. with another CSA.  

Composition of the Coordination Office: The Coordination Office will be staffed with a Programme 

Coordinator who will be involved in developing, coordinating and implementing the strategic plan 

of the SUNERGY consortium, and who will function as the administrative right hand of the 

SUNERGY Coordinator and Deputy Coordinator. 

Industrial Board 

Mandate of the Industrial Board: The main role of the Industrial Board is to provide the views of 

industry on the overall development and strategy of SUNERGY. General coordinating tasks of the 

industrial board include: 

• Alignment of the R&D program in SUNERGY with the industrial/economic needs (on

short- to long-term time scale);

• Giving credibility to the need for the SUNERGY initiative and mobilization of industrial

participation;

• Generation of proposals for the implementation projects (e.g. Innovation Actions).

Fulfilling these objectives include the following activities: 

• Investigation of the market needs and forecasts as input to steer the scientific developments

and joint R&I actions;
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• Provide input on pricing of synthetic molecules, expected quantities and economic needs,

Capex/Opex/Efficiencies;

• Work on the desired value chain including handover points of molecules and needs for

purification (and its costs) between the stakeholder. Define respective products and evaluate

how the different industrial sectors can collaborate on industrialization;

• Work on modelling of the European energy system; provide input on energy storage needs;

• Align a European perspective on the circular economy with the worldwide view (e.g., what

to harvest in Europe; future role of international energy exports etc.);

• Review the content of proposed research projects in view of market needs, time to market

and acceptance of project outcomes for industrial and societal acceptance, focus to IA,

accompany RIA;

• Monitor ongoing R&D activities (also on other frameworks) to avoid activities redundancy;

• Work with investors to help in making the output of the research bankable, which will

provide the basis for an uptake of the research results in our future economy;

• Clearly communicate the economic value of the developments to national and trans-national

funding agencies.

The industrial board will be actively involved in the discussion of the status and the developments 

of the SUNERGY research activities and technologies. Regular electronic meetings and yearly 

personal meetings (with the participants who can make themselves available) are going to ensure 

the communication and information sharing amongst the members of the Industrial Board. A copy 

of the meeting minutes will be shared with the Executive Board and the Scientific Board.   

Composition of the Industrial Board: The composition of the Industrial Board should include all 

industrial fields of the SUNERGY value chain starting from the conversion of resources using 

system processes to base chemicals and fuels and their end use. The Industrial Board comprises 9 

members including the chair. The members are proposed by the chair of the Industrial Board and 

validated by the Executive Board, and the composition can evolve after proposition from the chair 

validated by the Executive Board. The Chair of the Industrial Board is also member of the 

Coordination Office. The current composition of the Industrial Board is given below: 

Chair: Maximilian Fleischer (Siemens Energy, DE) 

Members: Christoph Gürtler  (Covestro, DE)  

Marie-Godard Pithon (VICAT, FR) 

Poul Georg Moses (Haldor Topsøe, DK) 

Jan Mertens  (Engie, FR) 

Anastasios Perimenis (CO2 Value Europe) 

Philippe Jacques (EMIRI) 

Andreas Förster (DECHEMA, DE) 

Alex van der Made (Shell, NL) 
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Scientific Board 

Mandate of the Scientific Board: Analogous to the Industrial Board, the Scientific Board shall 

provide inputs from the academia regarding the directions and future course of action of the 

SUNERGY initiative. This includes, amongst others, strategic advice on basic research priorities 

for the overall SUNERGY roadmap, identification of collaboration opportunities, and coordination 

activities concerning the generation of proposals for the relevant Research Innovation Actions.  

Composition of the Scientific Board: The Scientific Board will contain members of the Member 

States (MS). They will join upon invitation from the Executive Board. All the SUNERGY relevant 

scientific fields, from fundamental to applied research, are going to be represented by various 

academic partners from all over the EU MS.  

Task Force 

Mandate of the Task Force: For active involvement of the Industrial Board and the Scientific Board 

a task force will be implemented. The Task Force will provide input and specific expertise for calls, 

assist in writing the research roadmap of the SUNERGY initiative and generally provide advice that 

aids the forthcoming of the project. The Task Force will report on the fulfillment of its 

responsibilities to the Executive Board. 

Composition of the Task Force: The size and the setup of the task force will be decided by the 

Executive Board and can be revised on an as-needed basis.  

SUNERGY Community 

The SUNERGY initiative is additionally supported by a large group of stakeholders and supporters 

currently counting more than 300 institutions, companies, associations, governmental and local 

authorities, NGOs etc. SUNERGY will set up a community-building and networking platform for 

stakeholders to enlarge and strengthen the scientific, societal and industrial commitment. The 

SUNERGY community is always open for new members to get actively involved.  

In order to support SUNERGY in terms of lobbying, networking and visibility enhancement 

activities, a small contribution in the form of a voluntary membership fee will be requested. The 

terms and regulations for participation are yet to be defined. 

The Community will meet during an annual event/general assembly during which, the Coordinator, 

Deputy and members of the Executive and Industrial Boards will present and discuss the 

achievements and the general strategy to the community of stakeholders and supporters. Similarly, 

events will be organized at the national level gathering the national SUNERGY communities with 

participation of governmental representatives and whenever possible, the members of the 

SUNERGY boards.  
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Implementation of the SUNERGY Roadmap 

The SUNERGY roadmap will be implemented by merging the two existing roadmap documents 

from SUNRISE and ENERGY-X into a single document. The research objectives and activities 

defined therein can be complemented by RIA/IA calls at the European level plus calls at the national 

level based upon the content of the SUNERGY roadmap. The framework and conditions for the 

calls will be determined by Horizon Europe (or H2020 if there are possibilities for adding 

SUNERGY topics based on the remaining budget). 

All the granted projects should conclude a written collaboration agreement with the SUNERGY 

CSA and the other selected RIA and IA projects, and both the midterm review and the end 

evaluation of these projects shall be performed by the SUNERGY Executive Board operating under 

a mandate from the MS/AC and EC to prevent separation of authority from responsibility. Keeping 

the authority over the end result with the MS/AC and EC will ensure that both the RIA bottom-up 

components and the IA programmatic components contribute to the activities of the SUNERGY 

initiative. 

Furthermore, for the communication and information sharing between the SUNERGY partners and 

for interested entities outside the initiative a comprehensive dissemination strategy plan for the joint 

SUNERGY initiative has been prepared together with the ENERGY-X communication partners.  
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3. Indicative Terms of Reference for the future SUNERGY LSERI (from 2024 onwards) 

For the long-term period, the SUNERGY initiative plans to form an LSERI. The co-programmed 

public-private partnership was identified as one suitable instrument in the frame of Horizon Europe 

but could not start earlier than 2024. Due to the funding uncertainty, as discussions are still ongoing 

with EC and MS, all of the following considerations and descriptions of governance bodies are only 

indicative building blocks of the future SUNERGY LSERI governance structure. They need further 

detailing regarding the specific arrangements, processes and legal setup during the transition phase 

(2020-2024) by the Executive Board.  

The proposed governance model of the future SUNERGY partnership is derived from the ESA 

structure. A schematic overview (cf. Figure 2) and a short, general description of its bodies and 

mandates are given below.  

 

Figure 2. Tentative scheme of the Governance structure for the SUNERGY Large Scale European 

Research Initiative, starting in 2024  

Funding Board 

The Funding Board consists of the main public funders of SUNERGY, namely representatives from 

the MS/AC of Horizon Europe and the Commission. The main role of the Funding Board is to 

discuss and possibly plan the financial support to SUNERGY for the whole duration of the 
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partnership. The Funding Board is open to all MS/AC that are interested in SUNERGY, irrespective 

of whether they have SUNERGY-related policies and programs or not. Key objectives include: 

• Exchanging information on the overall direction and strategy of SUNERGY;

• Linking SUNERGY roadmaps and blueprints to innovation policies at national and

European level;

• Fostering synergies between SUNERGY and related activities funded at national, regional

or transnational levels;

• Fostering international collaboration.

Programming Board 

The Programming Board is central and acts as the main liaison body with the funding board, the 

SUNERGY community, the coordination body (i.e. the Executive Directorate) and the 

implementation part. It associates mandated expert members of the public and private stakeholders 

to plan the work and performs scouting in the community for new ideas worth to be developed 

further. The Programming Board steers the implementation towards its higher goals based on a 

mandated program with large-scale efforts (at higher cost) that need to be executed on time, and a 

bottom-up program that is bringing in the new developments. In order to have a balanced view, the 

Programming Board consists of representatives from EC and MS/AC, from academia and from 

industry (either via associations or single companies). As far as the latter, two stakeholder groups 

are concerned whose representatives can be chosen via an election process through the SUNERGY 

community for a temporary term.  

Key objectives of the programming board are: 

• Updating the overall roadmap and blueprint of SUNERGY based on the overall results

obtained on the implementation part;

• Quality and impact monitoring, which includes selection of calls, review of proposals,

evaluation of project progress incl. go/no-go decisions, and coherence monitoring;

• Securing of engagement and funding from the private sector.

Advisory Board 

The Advisory Board could emerge from the Scientific and Industrial boards launched during the 

transition “ramp-up” period and should be complemented by a societal component. Such a board 

would have an advisory role both to the SUNERGY coordination and to the EC and MS. In addition, 

it would support and counsel the Programming Board regarding scientific, industrial and societal 

aspects. It consists of high-level independent experts and opinion leaders from academia, industry 

and NGOs and provides strategic advice and recommendations to the Programming Board. This 

includes the independent assessment of the SUNERGY progress and the review of the overall 

SUNERGY roadmap. The Advisory Board is open to participants from non-EU countries to enable 

global benchmarking of SUNERGY versus relevant activities outside the EU. The maximum 
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number of non-EU participants is limited to less than half of the overall size of the Advisory Board 

for keeping focus on EU priorities.  

Executive Directorate 

The Executive Directorate, headed by the Executive Director, is the coordination body of 

SUNERGY and acts as an intermediary between the SUNERGY community and the Programming 

Board. All administrative efforts regarding SUNERGY are handled via the Executive Directorate. 

This includes:  

• Coordination, collection and processing of strategy input from the community via an open,

transparent process;

• Regular communication and dissemination activities toward the SUNERGY community and

the general public;

• Methodical support for the Programming Board;

• Holding of elections;

• Fostering networking and community building, for example via organization of an annual

general assembly of the whole SUNERGY community.

The Executive Director will be supported by operational management staff (executive office). As 

operational day-to-day management of a LSERI is expected to be complex, it is likely that the 

executive office will run under an independent legal entity yet to be founded. 

SUNERGY community 

The SUNERGY community consists of scientific, industrial and societal stakeholders of 

SUNERGY’s vision and mission. The community is always open for new members to get involved. 

In order to enter the community and take advantage of the benefits of SUNERGY in terms of 

lobbying, networking and visibility, applicants must sign a Memorandum of Understanding to 

confirm that they comprehend and acknowledge the principles of the partnership. The 

Memorandum of Understanding particularly stipulates common rules and criteria for the 

membership, e.g. regarding consortium formation, branding, information exchange, involvement 

and supporting of the Programming Board or resigning from the community. The SUNERGY 

community members contribute to the implementation of the overall SUNERGY LSERI roadmap 

and blueprint via participating in RIA and IA European calls or via national/local funding 

opportunities.  
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Executive Summary 

This document, D5.1 Mid-term Evaluation Report, is a deliverable of the SUNRISE Project, which is funded 

by the European Union’s H2020 Programme under Grant Agreement No. 816336.  

Members of the Scientific Advisory Board were invited by the SUNRISE consortium to review the work 

produced within the first six months of operation, materialised in several deliverables, with a focus on the 

SUNRISE Roadmap, defining the research needs for the development of solar-based products on short, 

medium and long term. The mid-term evaluation had two components: a remote, written evaluation and an 

in-depth discussion with the SUNRISE consortium during the SUNRISE Consortium meeting organised in 

Brussels on 9-11 October 2019.  The discussion was documented, and the outputs presented further in this 

document.  

The following main recommendations resulted from the mid-term review sessions on the 9th October and the 

joint Roadmapping session with Mission Innovation MI IC5 on the following day: 

 Enhance the cohesion between the three technology approaches, which is currently less obvious in 

the roadmap. 

 (for Approach 1) Consider other primary energy sources, apart from solar power 

 Inform the policy makers at an early stage that SUNRISE can in 10 years deliver the technology for 

direct conversion of solar energy to fuels and chemicals. 

 Give sufficient attention to the economic impact, and ensure the technology proposed is affordable 

for the end-user by developing high efficiency PEC   

 To differentiate among various technology platforms in the European landscape, SUNRISE should 

emphasise the highly novel aspect of the Direct Atmospheric Carbon Capture (DACC) technology. 

 Relative to the more established methods in approach 1, where the principle hurdle is CAPEX, stress 

the importance of breakthroughs in PEC for high efficiency and Biological/biohybrid for diverse 

products 

 Continue the dialogue with Energy-X, essential in order to cover the entire technology readiness 

spectrum and develop disruptive technologies from concepts to full scale in a very challenging  

timeframe.  

The parallel sessions during the joint event with Mission Innovation IC5 led to very specific feedback, which 

is listed in the Annexes 5-7 and will be incorporated in the final version of the SUNRISE Roadmap. Since 

the roadmap is globally competitive, it is recommended that the consortium participates with its roadmap in 

global agenda setting and policy making. 

The recommendations resulted from the mid-term review are also summarised in section 3. The overall 

conclusion was that SUNRISE has pioneered the transition towards a new energy system, based on abundant 

raw materials and solar energy as the sole energy source.  

To ensure the success of the future large-scale research initiative and address the entire TRL spectrum, the 

SUNRISE consortium was strongly encouraged to continue collaboration with Energy-X and involve at an 

early stage political and industrial stakeholders. 

1. The mid-term evaluation process 

The following members of the SUNRISE Scientific Advisory Board (SAB) were invited by the SUNRISE 

consortium to review the SUNRISE deliverables: 

 Prof. Harry Atwater (Caltech); 

 Prof. Walter Leitner (Max-Planck Institute for Chemical Energy Conversion); 
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 Prof. Geert-Jan Kramer (Utrecht University);

 Dr. Gaël Giraud (Agence française de développement);

 Prof. Roberta Croce (Vrije Universiteit Amsterdam); and

 Prof. Jean-Pierre Sauvage, Nobel Prize Laureate for Chemistry in 2016.

The former three agreed to contribute remotely to the mid-term evaluation, whereas the latter three had to 

decline due to prior commitments or health issues. In addition, Prof. Daniel Nocera (Harvard) reviewed the 

consolidated vision in June, at the occasion of the Stakeholders Workshop. 

The documentation was provided on the shared workspace (Plaza) hosted by M2i, and included: 

1. SUNRISE deliverables:

 SUNRISE Consolidated vision (deliverable D1.1);

 Roadmap (Deliverable D1.2), accompanied by its technical appendix;

 Innovation process (Deliverable 2.1);

 Dissemination plan (Deliverable 3.1);

 Data management plan (Deliverable 3.4, draft);

 First outline for governance, in the form of a Joint Partnership Proposal on Fossil-Free Industry,

proposed jointly with Energy-X.

2. SUNRISE proposal, as background information against which the deliverables could have been

evaluated.

The core document for the mid-term review was the SUNRISE Roadmap, paving the route towards achieving 

commercial maturity level (TRL 9) for sunlight-based fuels and chemicals and at least demonstration level 

(TRL 7) for CO2 removal, via three technological approaches: 

1. Electrochemical conversion using renewables as energy source,

2. Direct photoelectrochemical conversion – and

3. Direct conversion via biological and biohybrid systems.

The selected SAB members were asked to provide a written evaluation of the SUNRISE deliverables, 

with a focus on the SUNRISE Roadmap. The evaluation should be provided as a two-page document with a 

structure of choice, before or during the mid-term evaluation sessions in Brussels, on the 9th and 10th of 

October. 

Following the evaluation by the SUNRISE SAB members, on the 11th October, the Roadmap was debated 

with the experts of the Mission Innovation IC5 “Converting sunlight”, listed as follows:  

 Julius Scholz, NOW-GmbH;

 Peter Vach, German Federal Ministry for Economic Affairs and Energy;

 Winifred Leibl, Commissariat à l'énergie atomique et aux énergies alternatives;

 Pau Farras, National University of Ireland Galway;

 Mehdi Jafarian, University of Adelaide;

 Roel van de Krol, The Helmholtz Association of German Research Centres;

 Philippe Schild, European Commission;

 Nigel Taylor, European Commission/ Joint Research Center.
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2. Mid-term evaluation meeting: inputs and discussion

The mid-term evaluation meeting was organised in the frame of the SUNRISE Consortium meeting. The 

event was scheduled over three days, starting on the 9th October at noon and ending on the 11th October at 

noon, at EERA in Brussels, 72 rue de Namur. Remote web-based sessions were organised with Prof. W. 

Leitner on the 9th of October and with Prof. Geert-Jan Kramer on the 10th of October. 

Prof. Harry Atwater declined participation to a remote session, nevertheless had discussed during a prior 

meeting with Prof. A. Vlcek (Heyrovsky Institute, member of the SUNRISE consortium) the status and 

perspectives of SUNRISE. A brief account is presented further below, along with the other relevant sections 

of the event minutes. 

Furthermore, another SAB member, Prof. Daniel Nocera, discussed his findings during a working dinner on 

June 18th, following the Stakeholders Workshop (“ramp-up meeting”). Prof. Nocera recommended to engage 

with private partners to concentrate on the long-term impact, as the private sector can only justify 

participation in low TRL research when the expected long-term impact is high. In particular, he suggested 

to keep a sharp focus on the business opportunities, as stated in the proposal: 

 Targeting 10% of global crude oil and gas production, the total of which represents a value of €250

billion per annum in the upstream sector, even at the current low-price level;

 Targeting 10% of global investment costs in traditional refineries for upgrading existing plants and

building new ones that transform SUNRISE products into certified fuels amounts to an estimated

€17 billion per annum for Europe, based on a 10% reinvestment rate per year.

Day-1: Wednesday, October 9th 

Opening words by Huub de Groot (LU, coordinator SUNRISE CSA). 

The SUNRISE coordinator Huub de Groot (UL) presents briefly the status of the SUNRISE deliverables. 

The following deliverables have been produced and submitted: D1.1 Consolidated vision, D2.1 Innovation 

process, D3.1 Dissemination plan. Three other pending deliverables (D1.2 Roadmap, D2.2 Innovation 

structure and D3.2 Data management plan) are currently being drafted, the Roadmap and the Data 

management plan having in the meantime been finalised. 

Midterm review – session 1 

Debrief Mid-term review 

Huub de Groot informs the consortium that several members of our Scientific Advisory Board were 

contacted to perform a mid-term review of the SUNRISE deliverables, primarily the Roadmap. Three 

members of the SAB reacted positively to this invitation: Prof. Walter Leitner (Max Planck Institute), Prof. 

Geert Jan Kramer (Copernicus Institute, Utrecht University) and Prof. Harry Atwater (Caltech/JCAP) but 

eventually only the former two could participate during live, remote sessions. Harry Atwater had a discussion 

with Prof. A. Vlcek (Heyrovsky) in the US, who also gave a short account via email: 

“Harry Atwater was interested in the latest status of SUNRISE, merger with ENERGY-X, etc. I made 

it clear that, while the merger is going on, the two CSAs are separate and will follow their respective 

plans until March. Interestingly, he told me that the US Senate agreed that DoE will fund largely 

fundamental research in solar fuels by 20M USD per year for a period of five years. The emphasis 

will be on liquid solar fuels, that is CO2 to methanol, ethanol, propanol, possibly dimethylether, 

liquid hydrocarbons and N2 to liquid ammonia. DoE stresses direct conversion 

(photoelectrochemistry), saying that the science behind electrocatalytic conversion (like ENERGY-

X) is largely known. Long-term stability of materials (photoelectrodes) and dual-function materials 

(a photoelectrode that would also have catalytic activity) are stressed as priority topics. Other 

aspects of direct conversion ("soft" bioinspired and biohybrid) systems are considered as well. 

This new DoE funding will be awarded based on an open competition. Caltech will compete, as a 

possible continuation of JCAP, which will finish in September 2020. If they get it, they would be 

interested in collaborating with us.” 



D5.1.  Mid-term Evaluation Report  

6 

Two skype sessions were planned in the afternoon and the morning of the next day, respectively. At the 

beginning of the review session, Huub de Groot proposed several questions to guide the discussion with the 

external reviewers: 

• Is there a risk that “the level goes down”, as this is a risk related to any emerging funding

opportunity?

• Considering the limited availability of the few experts on artificial photosynthesis for roadmapping

processes, is there a risk that “non-experts take the lead”?

• “White spots”, such as for example insufficiently covered priority research directions (e.g. direct

conversion of CO2) or ex-ante impact evaluation.

After this introduction, the SUNRISE WP leaders gave individual presentations on the status of their 

respective work packages. 

Summary of WP status by WP leaders 

WP 1 Strategy and Structuring: Nicola Armaroli (CNR) 

The first major deliverable, “SUNRISE Consolidated vision”, was an extension of the vision from the 

proposal. The work was initiated by CNR (Dr. Nicola Armaroli and Dr. Andrea Barbieri) and further 

developed by CEA (Dr. Hervé Bercegol and Dr. Vincent Artero). The next step was to develop the SUNRISE 

Roadmap, which has the solar-driven circular economy as target for mid-century, with several milestones. 

The roadmapping required an impressive amount of work, coordinated by Dr. Carina Faber (UCL), whom 

Nicola thanked on behalf of the consortium. 

Q W. Leitner: How did you involve the representatives of large companies (Siemens, Johnson 

Matthey) – and was that performed at the level of technical people or was the upper level of the 

hierarchy involved? 

A. N. Armaroli: The companies were deeply involved in the discussion and provided important input. 

A. Huub: When working with companies, it is important to have a deeply committed individual inside

the company, a so-called champion – not necessarily from the upper management. We have

identified such champions in Engie and Siemens, hence we selected them for the proposal. We also

have many industrial supporters.

WP 2 Innovation and exploitation: Arne Roth (Fraunhofer) 

The first deliverable, SUNRISE Innovation Process (SIP), introduced the concept of the 

“SUNRISE valleys”, i.e. “collaborative forums for all partners and stakeholders to meet and set priorities 

for addressing short-, medium- and long-term challenges for transitioning to a circular economy”.  

A first Innovation workshop was organized during the Stakeholders Workshop (Brussels, 17-18 June), which 

led to the identification of the following steps for an innovation process: 

1. Trend analysis: high-level targets, drivers and societal needs; create & analyse scenarios;

2. Idea generation: ways to generate interesting ideas; some stakeholders expressed concerns regarding

the protection of IP;

3. Idea evaluation: system-level performance assessment; evaluation of the economic potential;

advisory committees and/or external evaluation;

4. Experimentation: use of computational tools, suitable funding, market potential and social

acceptance;

5. Commercialization: regulatory issues; compliance with standards – potentially blocking innovation.

Arne presented a SWOT analysis of the SUNRISE Valleys concept. The following weaknesses were 

mentioned: exclusive (“what about the rest?”); imbalance (too many scientists); internal competition; lack 

of impact on policymaking due to limited geographical scope. As threats: lack of financial/political support, 

unstable legislative situation, lack of social acceptance (“not in my backyard” attitude). The upcoming 

deliverable is the development of the S2S and S2B exploitation plans (due by Month 6, still pending, 

responsible CEA & JM). Arne suggests the creation of an Innovation team to complete this work. The team 

would mainly involve the partners involved in WP 2. 
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Q Leif Hammarström (UU):  there was a comment on the lack of a clear path towards the SUNRISE 

Valleys, the plan towards creating them still needs to be worked out. 

Comment W. Leitner: The SUNRISE roadmap aims at TRL 9 in 10 years, this definitely requires 

industry support and industry needs should be involved early-on. It seems that Energy-X plans to 

involve industry at a later stage. Industry support does not seem to be fully aligned in both initiatives. 

The industry needs to plan the implementation justifying the research. Organizing funding 

commitment for the next 10 years is a challenge. Politicians will need to be convinced that industry 

commits itself to bring the technology to market. Reaction C. Faber (UCL): TRL 9 comes from the 

industry partners. Our industry partners (Engie, Siemens) are confident they can reach it within 10 

years. Comment Huub: even at TRL 9, there is still innovation/optimization to be performed. 

W. Leitner: Your industrial partners are not necessarily experienced in the production processes for

the envisaged chemicals (e.g. ammonia synthesis). Reaction L. Baraton (Engie): yes, but we are

building this knowledge, Engie has recently invested in expertise on Haber-Bosch and started a pilot

project in Australia. There is industrial commitment to go fast towards TRL 9. Reaction E. Simon

(Siemens): Indeed, Siemens is not ammonia producer, but we are interested in the conversion of

solar energy (production of electrolysers). We are exchanging with specialized partners along the

value chain and agree these partners are very important.

W. Leitner: it is important define the products (“X”) you are targeting, and use their specifications

for a specific market to drive the innovation. For this, it is crucial to involve end-users, otherwise

the science cannot make it to the market. Other demonstrators can be considered, even without

subsidies, for example local production of formic acid (from CO2 and H2) locally, at small scale –

“the lighthouse project”, as proposed in the written review – action Arne Roth to explore this idea.

W. Leitner also recommends to pursue the original idea of the jet fuels, building on the momentum

of pressing regulatory demands for aviation. European air carriers (e.g. Lufthansa) are under

pressure to reduce emissions and to introduce significant shares of renewable jet fuel. A. Roth

(Fraunhofer) indicates that the Aviation Initiative for Renewable Energy in Germany (aireg) aims

at reaching a share of 10% renewable jet fuel in the Germany jet fuel mix by 20251. Arne comments

such a target is unrealistic, since only bio jet fuel is presently available as sustainable fuel

alternative for aviation. Such public commitments will most probably trigger a fast development of

alternative fuels. Several airports (Dusseldorf, Amsterdam Schiphol and Rotterdam) expressed

interest in getting involved in pilot projects for alternative fuels. W.  Leitner advises to pursue the

idea of an airport demonstrator originally proposed in Energy-X.  Action: discuss it with J. Nørskov

or B. Weckhuysen (action Huub).

WP 3 Dissemination, communication and education: Laura Lopez (ICIQ) 

Dr. Laura Lopez (ICIQ) presents the results of the dissemination tools created and deployed so far. There 

has been a massive dissemination effort in the scientific community, supported by the partners at national 

levels. From now onwards, the strategy will slightly shift towards reaching the public and the policy makers. 

Its goals were presented as follows: 

 Strengthen the SUNRISE community

Actions: continue and improve running actions with stakeholders; release video interviews with

partners (a first one already launched, with Nicola Armaroli, on circular economy); sharing

publication highlights from partners on the blog, increase online presence through contests, events

etc.

 Increase involvement of policymakers and citizens

Actions: social media campaigns, features in general media (on roadmap and manifesto), national

stakeholders meetings, facts&figures infographics, translation of official video in several EU

languages.

 Inclusive plan to reach younger generation

Actions: visits to schools/ universities etc.

1 https://aireg.de/en/topics/current-projects/the-goals-of-aireg-until-2025/ 

https://aireg.de/en/topics/current-projects/the-goals-of-aireg-until-2025/
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 Joint communication actions with Energy-X 

Laura Lopez also presented a web statistic, showing good outreach: the SUNRISE community now counts 

1.650 members. 

Comment W. Leitner: The general public can be very difficult to address without a concrete 

 output that they are able to judge.  

 

WP 4 Governance: Frédéric Chandezon (CEA) 

A public debate was organized with representatives from EU and national governments on the 17th June at 

the Stakeholders Workshop in Brussels. The key take-away messages were: 

 Join efforts with ENERGY-X (in the meantime materialised in a joint initiative prospectively named 

SUN-ERGY); 

 Build visibility through a SUNRISE brand, with wide dissemination;  

 Involve associate NGOs and general public; 

 Involve industry right from the start and clarify the IP management; 

 Activate member states and national communities. There were national SUNRISE events, organized 

in Italy, Poland, Switzerland, France. SUNRISE was also presented in third- and associated 

countries, during events in South Africa and Turkey (as per information from Artur Braun, EMPA). 

Upcoming national events: Netherlands, November 6th; Finland, December 8th. 

 

Status of the SUN-ERGY initiative: 

The two consortia (SUNRISE and Energy-X) put forward a Joint Partnership Proposal “3FCM: Fossil 

Free Fuels, Chemicals and Materials for a circular economy”. The outcome of the previous consultations 

held at the EC level was that no room is left for a new partnership in the 2021 round, leaving the following 

alternatives: 

1. Join existing partnerships: this option was discussed during the first SUN-ERGY board meeting 

in Aachen on 20 August. Both consortia (SUNRISE and Energy-X) agreed that joining the existing 

programmes would lead to fragmentation of R&I efforts and therefore, this option was dismissed. 

2. Promote a single initiative during the second round of call for partnerships (2024) – the option 

agreed by all. There are co-programmed, co-funded and institutionalised partnerships. SUNRISE 

is considering the latter two options, with a preference for institutionalised partnerships. 

 

WP 5 Management (CSA): Huub de Groot (UL)  

The coordinator Huub de Groot states that the consortium is now in a “living strategy” mode. The final and 

critical step is “bridging into action”. In this context, it is important that representatives of both consortia 

submit proposals to the relevant, currently open calls organised by the EC, such as the FET Proactive call 

“Emerging paradigms and communities” (FETPROACT-EIC-05-2019), closing on the 13th November. Joint 

teams SUNRISE/Energy-X should be setup to organise proposals for such calls, to show the interest of the 

community. The next steps for “bridging into action”: 

 Comprehensive description of the future plan (blueprint of a large-scale research initiative), with a 

manifesto covering the six documents; 

 Mission Innovation connects to the Blueprint; 

 Governance connects to Energy-X; 

 Develop a joint innovation plan, to cover the full spectrum of technology readiness, from TRL 0 to 

TRL 9. 

A final event (symposium) should be organised in February 2020, across a few days, and include a working 

session, as well as a larger event for the SUNRISE community, at a prestigious location.  

 

Midterm review – session 2 with Walter Leitner 
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Prof. Walter Leitner congratulated the consortium for the work delivered in such a short period of time. The 

Roadmap requires further work, based on further discussion with Energy-X. With regard to the roadmap 

content, it is important to couple “Power-to-X” to the needs of each sector, whereby the challenges are very 

different: Electricity, 2018: 647 TWh (38% renewable), Mobility & Transport, 2017: 663TWh (5% 

renewables); Chemical industry, 2016: 20 Mt raw materials (13% renewables). For aviation, only 

hydrocarbons can be considered (Fischer-Tropsch) – see Annex 1 and Annex 2. 

For the future large-scale initiative, it is important to engage the society and gain its acceptance at an early 

stage. This is crucial not so much for the scientific developments, but for the upscaling and implementation: 

Q H. Bercegol: One of the arguments in the roadmap is to increase the efficiency of converting the 

solar input, which translates into a productivity increase per unit of land area and unit of time. How 

can we integrate other sources (different from direct solar) in the productivity indicator? 

W. Leitner: we need to identify the areas where we have sufficient solar influx and for a sufficiently

long period of time - this is the case for any conversion process. Hybrid/combined solutions should

also be considered (and actually are, to a certain extent) in the roadmap.

Comment N. Armaroli: we need renewable electricity in each country, based on the sources that are 

available in those particular countries. Our deployment targets in 10 years (1.000 ha) are an 

extremely bold claim, considering we start from very small devices. PV took decades to progress 

from cm to m. Even if we are now in a different technology area – scaling up to the scale we promised 

is still a very hard challenge. 

Q. W. Leitner: do you aim at large scale or decentralised operations? Or both? Huub: We will scale 

up operations gradually: in 10 years we want to demonstrate that it is possible to fly a plane. And 

achieve 80% of circularity for the target molecules.  

Q. Hervé: You were not convinced about DACC (Direct Air Capture & Conversion of CO2) and its

link with rest of the project. Carbon capture activity was integrated later in the proposal in a system

view of CCUS and due to the important energy loss encountered in DAC (Direct Air Capture of

CO2). Then it appeared that a major gain could come from the merging of the two steps: capture

and conversion. Is your analysis different? A. W. Leitner: You have three major technology

approaches, centred around conversion, and carbon capture seemed as a separate point, not

influenced by/coming out of the other approaches. Hervé: DAC has not been optimised yet, as it has

only been developed to provide CO2 gas for CCS. We need to know in what form (chemical) the

product will be it come; indeed, we will need to adapt CC for the technological approaches.

Day-2: Thursday, October 10th 

Wrap-up of previous day 

H. Bercegol (CEA) gave a brief account of the discussions from the previous day, followed by a discussion

in the consortium on how those points are/can be addressed in the roadmap:

H. de Groot (UL): In his written review, W. Leitner also conveyed a very important point, that we

should not consider a single renewable energy source (wind). Synergies should be sought, we should

think of our position towards wind. S. Baumann (Jülich): There is no conflict between the two

approaches, as there will never be too much electricity for the foreseeable time horizon. J. Kargul

(Warsaw): the key is in the dichotomy direct and indirect power generation. A. Magnuson (UU): our

roadmap refers to renewable electricity and artificial photosynthesis, therefore we do not exclude

wind. We can also stress that wind+electrolysis is an available technology, it can be our starting

point for a new energy market. H. Bercegol (CEA): We could also emphasise that our approach

intends to maximise the photon conversion. E. Simon (Siemens): In some regions there is a lot of

wind and not so much sun, the implementation routes should then consider the geographical hot

spots for each type of renewable. Other comments of W. Leitner referred to centralised vs.

decentralised and biomass: we will adopt a decentralised approach and not include biomass in the

roadmap.

https://cec.mpg.de/en/research/molecular-catalysis/prof-dr-walter-leitner/
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Midterm review – session 2 – Prof. Geert-Jan Kramer (Utrecht University), see Annex 3. 

Prof. Gert Jan Kramer commends the effort of the SUNRISE team to create a roadmap for solar fuels and 

chemicals, as this is a critical topic for the coming decades. Aware of the intention to merge with Energy-X, 

he thinks synergy can lead to a stronger impact, allowing to build on the strengths of both communities and 

remove the existing overlap. However, there seems to be an excessive optimism on the speed of progressing 

through the TRL towards commercial maturity. About a 100 billion $ are needed to get to the bottom line of 

a new energy technology and 1.000 billion $ for it to achieve “materiality2. It is useful to consider the year 

2000 as reference year, as the past two decades are characterised by a fantastic pace of change. Clean tech 

is now a 300 billion $ industry, but there is still significantly untapped potential to scale up this market to a 

trillion $. 

Regarding the shift to market, the estimated affordable cost is 200 $ per barrel of solar fuel, as shown in a 

recent paper from Joule3. The SUNRISE roadmap targets the production of fuels from solar energy alone. 

The challenge is to realistically estimate the timeline needed to scale up this technology, which is ultimately 

based on the “artificial leaf” concept. At the same time, there are technologies like electrolysis that are 

already available for the production of “solar fuels”.  

Questions from G. J. Kramer for the SUNRISE consortium: 

1. Will SUNRISE be developing a new technology platform? Or will you be feeding into existing 

technology platforms? Recommendation: the latter, however the roadmap seems to be written as if 

for the former. This needs to be clarified in order to build the most suitable consortium for a future 

large-scale research programme on solar fuels. The notable exception is Direct Atmospheric Carbon 

Capture (DACC), for which a TRL jump from 1-2 to 5-7 in 10 years seems unrealistic in the opinion 

of G. J. Kramer4. 

C. Faber (UCL): yes, we will develop a new technology platform, this was the purpose of the flagship 

initiative. Our approach was inspired from the Quantum technology platform, which also deals with a large 

spectrum of TRL levels. Reaction G. J. Kramer: You are framing this programme in the landscape of the EU 

projects, whereas I framed my question from a business perspective. Your intention then relies on the support 

of the industry to reach the higher TRL levels you are envisioning. There is then a significant risk of 

overpromising. As technology agnostic, nothing is more frustrating than seeing change around the corner 

and still not happening. It is important to inform the policy makers that we have the technology to make 

significant progress in the coming decades. Looking at the numbers from electrolysis section, 1.000 euro/kW 

is mentioned, but this might not be attractive for industry (which is already at 250 euro/kW). If you are 

aiming for a completely new technology platform, you need to consider the technology trends and the likely 

situation in 10 years from now. 

H. de Groot (UL): It will be indeed critical to produce solar fuels at an affordable cost (as indicated by our 

industrial partners). Prof. John Mathews looked at the energy transition from China, which exceeds the most 

optimistic predictions5. Reaction G. J. Kramer: there has been progress on new technologies which in some 

cases overtook the old ones. However, the price must be affordable. 

L. Hammarström (UU): Our roadmap was based on a timeline of 10 years and a funding of 1 billion euro. 

Perhaps we need to move away from these boundaries and focus on realistic time and budget scales.  

2. How do you plan to handle within a single programme, technology development at such 

different TRL levels? 

H. Bercegol (CEA): Should DACC be a new technology platform, and how would you see it developing 

within SUNRISE? A. G. J. Kramer: I am insufficiently aware of the boundary conditions in the EU funding 

landscape. However, the DACC is the truly open challenge, where breakthroughs are needed. This only 

justifies the emergence of a new technology platform, whereas the others can be fed into existing technology 

platforms.  

                                                 
2 G.J. Kramer and M. Haigh, “No quick switch to low-carbon energy”, Nature volume 462, pages 568–569 (2009). 
3 Kraan et al., “An Energy Transition That Relies Only on Technology Leads to a Bet on Solar Fuels”, Joule (2019), 
https://doi.org/10.1016/j.joule.2019.07.029. 
4 Nevertheless, the Swiss company Climeworks has already reached demonstration level (TRL 6), with several plants 
already operational. This technology has the potential to reach commercial application within the next 10 years. 
5 John Mathews, “Global Green Shift: Where Ceres meets Gaia”, 2017.  

https://www.uu.nl/staff/gjkramer
https://researchers.mq.edu.au/en/persons/john-mathews
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Reactions industrial representatives: Dr. E. Simon (Siemens): Once the technology reaches efficiency levels 

comparable with existing ones, it will become an interesting investment. Then, once technology reaches 

higher TRL, the industry can definitely take over. Dr. L. Baraton (Engie): We can invest in electrolysis to 

produce hydrogen, and this can kick-start the development of artificial photosynthesis.  

3. Which synergies do you see?

H. de Groot (UL): We are committed to merging with Energy-X. SUNRISE is transitioning from an initial 
club of enthusiasts into an inclusive community, where economic and social sciences are also represented.

Session with Mission Innovation IC5: SUNRISE roadmap review and feedback 

The IC5 members were given access to the draft of the Roadmap document, and following a plenary session, 

the group split up in breakout sessions to prepare recommendations for improving the roadmap.  

Carina Faber - Presentation SUNRISE Roadmap (see Annex 4). 

Some background was given on how the SUNRISE Vision and Priority Research Directions have been 

defined. As a logical next step, the SUNRISE Roadmap will provide a guideline on how to reach the Vision 

goals when starting from the current state.  

As a starting point, major milestones have been defined for the three classes of SUNRISE products, i.e. 
hydrogen, ammonia and carbon-based chemicals & jet fuels. The milestones are defined for 2025 – 2030 –

2050.  Secondly, major technological targets related to the major milestones have been defined. A number 
of Key Enabling Technologies needed to accomplish the milestones have been listed and will need to be 
further developed within SUNRISE. Further information is found in Carina’s presentation in the appendix.

Next, the group split in three break-out sessions and collect input to revise the milestones and the technical 

appendices to the draft Roadmap. 

Plenary Questions and Feedback 

Question Prof. Roel van der Krol (Helmholtz): One of the Roadmap scenarios refers to “less energy use by 

2050”, which is unrealistic. Although future process efficiencies will be higher and at the same time people 

consume less (at least in Europe), you need to avoid the impression that a lower energy consumption is 

needed to reach the SUNRISE goals. This should be rephrased in the Roadmap. Laura Lopez (ICIQ) 

answered that the roadmap did not develop scenarios, but that the mentioned scenario stems from the EC's 

2050 long-term strategy and that she will add more information about this scenario through a footnote in 

the roadmap.    

Question Dr. Peter Vach (BMBF): When reading the document, one could get the impression that SUNRISE 

is building an entirely new platform to reach a carbon-free future. Huub de Groot replies that we should 

indeed be careful how to profile ourselves. This is in line with Geert-Jan Kramer’s remark; “don’t try to 

cover it all”. 

Question Prof. James Durrant (Imperial College): Should we pay more attention to transportation of solar 

fuels between different global regions, for instance from sunnier to less sunnier areas? Hervé Bercegol 

replies that this aspect has not been included in the Roadmap because radiation differences are typically not 

that large, for instance ‘only’ a factor of two between South and North Europe. Huub adds that we should 

aim at local production in highly efficient economic areas. China has attempted land grabbing in Africa but 

eventually decided to focus on its own territory. Roel v.d. Krol does not agree. A factor two is a significant 

difference and therefore transportation of solar fuels should be taken in account. As an example, the EC is 

currently looking into options for hydrogen production in North-Africa. Huub de Groot (UL) questions if 

North-African countries are willing to support this. Artur Braun (EMPA) would expect such countries to be 

happy to get involved. The consortium will further explore opportunities for solar fuel production on other 

continents. If possible, SUNRISE could make stronger links to existing, smaller, European consortia already 

working on similar topics. Huub agrees that these groups should be included in further consultations. 

Dr. Ann Magnuson (UU) comments that sustainability goals have not been clearly described in the Roadmap 

(to be reviewed). Dr. Nicola Armaroli (CNR): Overall, it is difficult to get highly accurate numbers on e.g. 

electrification, hydrogen use, etc. to enable a precise comparison between, for instance, specific regions and 

the entire globe. 

huub de groot
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Dr. Peter Vach (BMBF): The 2050 goals in the Roadmap seem to be less ambitious compared with other 

documents. For instance, if in 2050 a few thousand households will be equipped with SUNRISE technology, 

politicians will not be impressed. Huub replies that these numbers apply for low TRL technologies developed 

in Approach 2 and 3. They will be part of the end game, but high TRL technologies described Approach 1 

will be deployed on a much larger scale. Peter Vach replies that although we need to be realistic, we do 

need to communicate very clearly that SUNRISE will contribute to the Energy Transition. The consortium 

will therefore perform a critical review of target numbers mentioned in the Roadmap. 

Breakout sessions followed, on specific chemical targets in SUNRISE roadmap, with the goal to collect 10 

concrete recommendations on each topic listed below for revisions of the Roadmap. 

1. Hydrogen: short presentation by Prof. Leif Hammarström (UU), see Annex 5. 

Discussion: Roel v.d. Krol advises that the goals should be in the triangle Efficiency-Stability-Upscaling. 

Leif Hammarström agrees that we should describe the goals in these areas. The, goals must be both realistic 

and ambitious. The Roadmap milestones should be once more reviewed against the SUNRISE Vision. The 

target price of 4 €/kg might be too high, as others already mention lower prices. Carina Faber (UCL) states 

this is just a rough estimate. Engie and Siemens agreed to the number, but the range is very broad; a footnote 

should be added to the Roadmap for clarification. The condition “product stability >1 year” may be 

confusing and should also be reviewed. 

2. Ammonia: short presentation by Dr. Vincent Artero (CEA), see Annex 6. 

Discussion: Additional LCA input is needed – action from Stefano Cucurachi (UL) 

3. Carbon-based chemicals and (jet) fuels: short presentation by Dr. Hervé Bercegol (CEA), see Annex 

7. 

Discussion: Need more consistency on units used in the Roadmap; the goals must be expressed in units that 

are understandable for policy makers and chemical industry. 

4. General context, governance, lobbying: short presentation by Dr. Frédéric Chandezon, see Annex 8. 

Discussion: The dissemination of the roadmap should be discussed during the next MB meeting (scheduled 

on November 7th, 2019). By that time, all suggested changes will be implemented, so that the roadmap could 

be shared with the supporters the following week. Consultations can be done via the website. National 

“Roadmap dissemination events” need to be organized on short term. The executive summary will be 

distributed to the EC through Philippe Schild. 

 

3. Conclusions  

The overall conclusion was that SUNRISE undertook a very important, pioneering task, with the future 

challenge of getting industrial and political support to reposition the European economy on a circular 

trajectory. SUNRISE not only addressed the European level, but through cooperation with the Mission 

Innovation IC5 “Converting sunlight”, took the initiative to drive global roadmapping efforts for artificial 

photosynthesis. 

The partnership with Energy-X was seen as a crucial step to engage all stakeholders of the solar-to-

products community in generating a future large-scale research initiative that would cover the full 

spectrum of the technology readiness levels.  

The support of the industry will be paramount to materialise the transition to a solar-based economy 

by 2050. The consortium should seek ways to engage with the industry along the entire value chain. 

At the end of the SUNRISE CSA, the Roadmap will be presented to the EC and will provide input 

to the Calls in Horizon Europe, as well as lay the foundations of an institutionalized partnership as 

of 2024. We will need to perform an effective lobbying on both national and European levels, in 

order to ensure the implementation of the Roadmap by means of funded research projects. 
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Annexes 

1.  Written evaluation input from Prof. dr. W. Leitner, Max-Planck Institute for 

Chemical Energy Conversion 

2.  Presentation for the Mid-term Evaluation session by Prof. dr. W. Leitner, Max-Planck 

Institute for Chemical Energy Conversion 

3.  Presentation for the Mid-term Evaluation session by Prof. dr. G.-J. Kramer, Utrecht 

University 

4.  Presentation on SUNRISE Roadmap by Dr. C. Faber, Université Catholique de 

Louvain  

5.  Short presentation on the Hydrogen section of the Roadmap by Prof. Leif 

Hammarström, Uppsala University 

6.  Short presentation on the Ammonia section of the Roadmap by Dr. Vincent Artero, 

CEA 

7.  Short presentation on the Carbon-based chemicals and (jet) fuels section of the 

Roadmap by Dr. Hervé Bercegol, CEA 

8.  Short presentation on the general context, governance and lobbying by Dr. Frédéric 

Chandezon, CEA 
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Mülheim an der Ruhr, der 1. November 2019 
 

Mid-term review; 
 
Dear Ms Degeratu: 

With E-Mail from September 13, you have requested an assessment of the activities of the SUNRISE 

consortium with respect to the deliverables for the mid-term assessment. I am very happy to follow 

this request as I have been very impressed by the initiative and its development in the recent 

months. In particular, I will focus my assessment on the Roadmap Document (D1.2), the 

“Consolidated Vision” (deliverable D1.1), and the first outline for governance, in the form of a Joint 

Partnership Proposal on Fossil-Free Industry, proposed jointly with Energy-X. I consider these 

deliverables the central outcome and action plan for the future development of SUNRISE. 

 

With kind regards,  

 

(Prof. Dr. Walter Leitner) 

 

  

Prof. Dr. Walter Leitner 
Department of Molecular Catalysis 
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General: 

The SUNRISE consortium was formed as a Coordination & Support Action (CSA) to identify 

research needs and innovation targets to facilitate the transition to a circular economy and 

a carbon-neutral society. The ultimate goal is a sustainable CO2 cycle, where the 

concentration in the atmosphere is decreased and then maintained at a level compatible 

with climate stability and sustainable use of natural resources and land. Towards this vision, 

SUNRISE aims at competitive production pathways to hydrogen, ammonia and light carbon-

bearing molecules from atmospheric water, nitrogen and carbon dioxide. A major focus lies 

on technology concepts often referred to as “artificial photosynthesis”.  On a short term, this 

can be achieved by utilization of hydrogen produced from non-fossil resources exploiting 

renewable energy via photovoltaics and electrochemical processes. On a longer term, the 

development of photoelectrochemical, biological and biohybrid systems is envisaged in 

SUNRISE. An associated important strategic development is the transition from a 

centralized production to a more decentralized approach favouring the development of a 

circular economy at a local scale. With this approach, SUNRISE aims to contribute to a fully 

CO2-free electricity system, a CO2-neutral circular economy, net climate neutral mobility for 

people and goods as well as affordable negative emissions technologies at a significant 

scale. 

A major deliverable for the first period was the generation of a SUNRISE Roadmap to define 

technology options and strategic action points (D1.2) for the “Consolidated Vision” 

(deliverable D1.1).  Furthermore, a first outline for governance, in the form of a Joint 

Partnership Proposal on Fossil-Free Industry, proposed jointly with Energy-X was also to be 

delivered. The present assessment will focus on these three deliverables as they represent 

the core for all other actions and milestones of the CSA. 

mailto:walter.leitner@cec.mpg.de
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Consolidated Vision: 

The consolidated vision reflected in the Executive Summary of the Roadmap and highlighted 

above has been derived from consultations with various stakeholders and intensive internal 

discussions. It provides a bold and ambitious target of crucial importance to a sustainable 

future in Europe. It is highly appreciated that science and innovation are clearly aimed at the 

three dimensions of sustainability, ecological welfare, economic benefits, and societal 

needs. To engage the scientific community, industrial stakeholders, and NGOs in this 

process arriving at a common vision is a major achievement. 

 

Roadmap: 

In the draft of the Roadmap, the overarching goals are translated into “technological 

approaches”, “technology milestones”. For the latter, “technology targets” are discussed in 

detail. Again, the input of the scientific community was gathered extensively through 

consultation and workshops. In particular, this comprises the SUNRISE stakeholder event 

with more than 170 participants held June 17.-18 2019 at  Brussels. This was followed by a 

three days (17.-19. July 2019) roadmapping workshop of the project team in the EERA 

premises in Brussels. The results of these workshops, as outlined in detail in the Roadmap 

and the Technical Annex, were discussed intensively with the Energy-X consortium, and the 

initiatives jointly engaged in an open forum at the EuropaCat conference in August in 

Aachen, attracting some 350 participants. 

 

In its draft version of September 2019, the SUNRISE Roadmap has identified three major 

technological approaches (TA) defined as: 

TA-1: Electrochemical conversion with solar power 

TA-2: Direct conversion via photoelectrochemical cells 

TA-3: Direct conversion via biological and biohybrid systems 
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An increasing level of integration between energy harvest and (bio-)chemical conversion is 

inherent in this list. For the energy harvest, direct use of sunlight, largely via photovoltaics 

and related technologies is envisaged, inspired by the concept of “artificial photosynthesis”. 

 

Based on this concept, “technology milestones (TM)” are defined that translate roughly into 

the potential for implementation of the three approaches in specifically targeted applications. 

These milestones are: 

TM-1: Sustainable hydrogen production 

TM-2: Sustainable ammonia production 

TM-3: Sustainable carbon capture  

TM-4: Sustainable production of commodity chemicals and (jet) fuels 

TM-5: Long-lasting carbon-based materials 

Each “technology milestone” is broken down further into “technology targets”, for which 

timelines, technology readiness level (TRL, current and target), and action points for 

research and development are presented. 

The five “technology milestones” are clearly addressing major challenges and crucial pillars 

to reach the SUNRISE vision. They are central elements in the transition towards a 

defossilized industrial future. The direct connection to the three major “technological 

approaches” remains at this stage somewhat less obvious, however. In particular TM-3 

“Sustainable carbon capture” will not be influenced significantly by progress in the three TAs. 

Furthermore, the upfront definition of photovoltaics as the direct exploitation of sunlight 

inherently defines concrete system boundaries for the implementation strategies in the TM 

applications. While this may well be necessary to provide a common framework within the 

consortium actions, it needs to be assessed more clearly on a systems level. This seems in 

particular relevant in view of the goal to provide decentralised, regional solutions. While 

direct use of sunlight may be the preferred option in parts of Europe that have major influx 
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form direct solar power, other parts that are rich in wind, geothermal or even bio-based 

energy sources may benefit more from other technologies to harvest the primary energy. It 

is currently not yet obvious from the roadmap, whether SUNRISE proposes the approach to 

utilize photovoltaics as ultimate and single entry point universally or under a defined set of 

boundary conditions. 

Joint Partnership Proposal on Fossil-Free Industry: 

The documents for the mid-term review contain also an outline for a partnership with the 

working title “Fossil Free Industry: Fossil-free Fuels, Chemicals and Materials for a 
Circular Economy”. The concept results from the intensive interaction between the two 

CSAs “SUNRISE” and “ENERGY-X”. Both initiatives share the common goal to provide 

technological solutions for the grand challenges originating from the re-design of the 

energy/chemistry-nexus and thus turn them into major opportunities for European societies. 

The consolidated vision of SUNRISE is reflected perfectly in the short description of the 

proposed partnership. While there are of course differences between the technological 

approaches and detailed technology targets between the two CSAs, they are 

complementary and in many ways synergistic, rather than competing. With the urgent need 

to develop disruptive technologies from concepts to full scale in a very challenging short 

timeframe, the joint discussion is therefore evaluated extremely positive.  

Among the achievements of both CSAs in the initial phase, three main aspects are 

particularly impressive: mobilisation of scientific creativity, participation of global industrial 

players along the value chains, and engagement of societal stakeholders through NGOs. 

The SUNRISE consortium is strongly encouraged to continue in direction of the joint 

partnership.      
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The “Fossil Age”
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Closing the Carbon Cycle
Power-To-X and Sector Coupling



“Power-to-X”: The Challenges

A. Bardow, W. Leitner, et al., Chem. Rev. 2018, 118, 434–504.
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Electrolysis Catalysis

J. Klankermayer, W. Leitner, et al., Angew. Chem. Int. Ed. 2016, 55, 7296 –7343.L.G.J. de Haart, R.-A. Eichel, et al. Angew. Chem. Int. Ed. 2017, 56, 5402 –5406.



• Electricity, 2018:
647 TWh @ 38% renewable 1

• Mobility & Transport, 2017: 
663 TWh @ 5% renewable 2

• Chemical Industry, 2016: 
20 Mio t raw materials @ 13% renewable 3

1) Bundesumweltamt
2) Bundesministerium für Wirtschaft und Energie, „Erneuerbare Energie in Zahlen“
3) VCI, Daten und Fakten, 2017.

Electricity from Renewables
„Energiewende“ oder „Stromwende“?

Mobility with Renewables

En
er

gi
ev

er
br

au
ch

 in
 M

illi
ar

de
n 

Ki
lo

w
at

ts
tu

nd
en



Topaz Solar Farm
California/USAFluctuating Supply and Demand 

1 TWh (550 MW rated capacity)
→ ca. 40.000 t fuel

0,24 TWh (60 MW rated capacity)
→ ca. 10.000 t fuel

alpha ventus
North Sea (near Borkum)

„Überschussstrom“ „Sweet Spots“

25 TWh (2030)
→ ca. 1 Mio t fuel

„Import“ of Energy will remain essential for the Mobility Sector

Fotos: Deutsche Offshore-Testfeld und Infrastruktur GmbH & Co. KG Oldenburg; NASA 

Dechema Whitepaper: E-Fuels – Mehr als eine Option, 08/2017
https://www.agora-energiewende.de/service/agorameter



Some data for Germany

N. Assen, L. Müller, P. Voll, A. Bardow, Environ. Sci. Technol. 2016, 50, 3, 1093–1101.



Challenges and opportunities for sector coupling

 Dynamic deployment of cost-effective renewable electricity, 
but energy will remain a valuable resource

 The chemical value chain may be “de-fossilized”, 
but cannot be “de-carbonized”

 Carbon resources will be abundantly available also in post-fossil energy scenarios, 
but sources are distributed and diverse

 “Harvesting” renewable energy in chemicals and fuels 
requires fundamental research and innovation in catalysis



“Power-to-Liquid”

CO2

H2O CO / H2
syngas

-CH2-
hydro-

carbons
Fischer-Tropsch

Process

http://nordicbluecrude.no

Nordic Blue Crude

Nordic Blue; Herøya, Norway
from 2020: 10 Mio L a-1

F. Fischer H.Tropsch

http://ineratec.de

INERATEC; Karlsruhe, Germany
Decentralized module

Diesel,Gasoline,
Naphta

Hydrotreating

Source: Sasol, SA

natural gas as feed

Oryx; Qatar
since 2006: 1800 Mio L a-1

https://www.oryxgtl.com.qa

Gründerpreis 2018



CO2

H2O CO2
CO
H2

CH3OH
Methanol

Methanol 
Synthesis

Chemicals 
and Fules

„Power-to-Methanol“

Carbon2Chem
ThyssenKrupp Stahlwerk Duisburg

2020, 27 t a-1

www.carbonrecycling.is

Carbon Recyling International
Stravensgi, Island, since 2016, 4 kt a-1

China: 2021, 100 kt a-1

Source: AirLiquide

natural gas as feed

Lurgi MegaMethanol Technology
1 MT a-1

www.engineering-airliquide.com/
de/lurgi-megamethanol

www.thyssenkrupp.com/de/carbon2chem/technikum
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Green Chemistry with CO2/H2

J. Klankermayer, W. Leitner, Science 2015, 350, 629-630.
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Chemistry
& Mobility

CO2

„Power-To-X:“ CO2 Enables Sector Coupling

A. Bardow, W. Leitner, et al., Chem. Rev. 2018, 118, 434–504.



Listen: High-temperature
co-electrolysis is making great
progress in terms of process

efficiencey

Nop… The factor
of 7 for the need
of primary energy
sounds too much

for me

Zivilgesellschaftlicher
Beirat

P2X: Roadmap Prozess

https://www.kopernikus-projekte.de/projekte/power-to-x



Copernicus Institute of Sustainable Development

Copernicus Institute of Sustainable Development

SUNRISE review – framing thoughts

Prof. dr. Gert Jan Kramer
10 October 2019

To note: this is the SUN
Sol Iustitia Illustra Nos
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The Big Picture (i)

G.J. Kramer and M. Haigh, No Quick Switch to Low Carbon Energy, Nature, 462, 568 (2009) 

1 trillion$ investment        .

100 million$ investment        .
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The Big Picture (i)

Based on G.J. Kramer and M. Haigh, No Quick Switch to Low Carbon Energy, Nature, 462, 568 (2009) 

1970s to 2000 – Creating the Technologies Ca. 2000 to 2030 – Technologies to scale

Dealing with fuels and irreplaceable carbon

Post 2025 – Making the RE system work
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Copernicus Institute of Sustainable Development

Clean Tech is a 300 billion $ industry

Bloomberg New Energy Finance, Clean Energy Investment Trends, 2018 (2019)

SUNRISE Roadmap, p. 7:

“Technologies for the transition 
to a low-emission society are not 
available on a large scale today.”

That’s not true
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Today’s energy system:
580 EJ/yr
80% fossil

The Choice on Carbon Management and Future Fuels

progress by market-led implementation of new technologies
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The energy system 2040 (?):
~750 EJ/yr
~50% fossil

Solar Fuels

The post-2050 energy system
~1000 EJ/yr
~ 55% electricity; 45% fuel

Renewable electricity;
Electrification; efficiency

reality(?): a mix

Kraan, Kramer, Haigh and Laurens, An Energy Transition that Relies only on Technology  leads to a Bet on Solar Fuels, Joule 3, 1-4 (Oct, 16, 2019)
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The competitive landscape of ‘solar fuels’
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Solar Fuels

R. Purchase et al, Semi-Synthetic Responsive Matrices for Artificial Photosynthesis, in Bioinspired Chemistry (2019)

http://www.google.be/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiY3uzZ_8vZAhWHOhQKHUM4C1QQjRx6BAgAEAY&url=http://isdrs.org/institutional-members/&psig=AOvVaw171uyg15H3bzX4sbrZ7k2b&ust=1520023691749071


Copernicus Institute of Sustainable Development

The benchmark

c
ro

p
s

1
s
t
G

e
n
 p

ro
c
e
s
s

3
rd

G
e
n
 p

ro
c
e
s
s

a
lg

a
e
, 

G
M

O
,…

 

4
th

G
e
n
 p

ro
c
e
s
s

s
y
n
th

e
ti
c
 b

io
lo

g
y

re
n
e
w

a
b
le

 e
le

c
tr

ic
it
y

TRL scale

biofuels synthetic carbon-neutral hydrocarbons

2
n
d

G
e
n
 p

ro
c
e
s
s

b
io

m
a
s
s

g
a
s
if
ic

a
ti
o
n

biohydrogen hydrogen

power

a
d
v
a
n
c
e
d
/n

o
v
e
l 
s
y
n
th

e
s
is

h
y
d
ro

c
a
rb

o
n
 s

y
n
th

e
s
is

C
O

2
a
ir

 c
a
p
tu

re

C
O

2
c
a
p
tu

re

C
O

2
a
c
ti
v
a
ti
o
n

b
io

m
im

ic
ry

T
h
e
 a

rt
if
ic

ia
l 
le

a
f

n
a
n
o
te

c
h
n
o
lo

g
y

e
le

c
tr

o
ly

s
is

p
h
o
to

e
le

c
tr

o
ly

s
is

th
e
rm

o
ly

s
is

c
ro

p
s

1
s
t
G

e
n
 p

ro
c
e
s
s

3
rd

G
e
n
 p

ro
c
e
s
s

a
lg

a
e
, 

G
M

O
,…

 

4
th

G
e
n
 p

ro
c
e
s
s

s
y
n
th

e
ti
c
 b

io
lo

g
y

re
n
e
w

a
b
le

 e
le

c
tr

ic
it
y

TRL scale

biofuels synthetic carbon-neutral hydrocarbons

2
n
d

G
e
n
 p

ro
c
e
s
s

b
io

m
a
s
s

g
a
s
if
ic

a
ti
o
n

biohydrogen hydrogen

power

a
d
v
a
n
c
e
d
/n

o
v
e
l 
s
y
n
th

e
s
is

h
y
d
ro

c
a
rb

o
n
 s

y
n
th

e
s
is

C
O

2
a
ir

 c
a
p
tu

re

C
O

2
c
a
p
tu

re

C
O

2
a
c
ti
v
a
ti
o
n

b
io

m
im

ic
ry

T
h
e
 a

rt
if
ic

ia
l 
le

a
f

n
a
n
o
te

c
h
n
o
lo

g
y

e
le

c
tr

o
ly

s
is

p
h
o
to

e
le

c
tr

o
ly

s
is

th
e
rm

o
ly

s
is

R. Purchase et al, Semi-Synthetic Responsive Matrices for Artificial Photosynthesis, in Bioinspired Chemistry (2019)
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Synthetic Solar Fuels: back-of-the-envelope cost

Solar field

Air capture

FT plant

200 $/barrel – affordable?

Kraan, Kramer, Haigh and Laurens, An Energy Transition that Relies only on Technology  leads to a Bet on Solar Fuels, Joule 3, 1-4 (Oct, 16, 2019)
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My Bottom-line Questions to SUNRISE

Will you be developing a new technology ‘platform’?
Or will you be feeding into existing technology platforms?

I think it is (and should be) often the latter, but the roadmap seems to 
be written as if it is the former.

(Clarity on this is critical when shaping the consortium.)

The notable exception is Direct Atmospheric CO2 Capture & Conversion 
(DACC). 

(A TRL jump from 1-2 to 5-7 in 10 years seems unrealistic)

How do you plan to handle within one Programme technology 
development at such different TRL levels? 

What synergies do you see?
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SUNRISE
Solar energy for a circular economy

Technological Roadmap

Carina Faber |  Université Catholique de Louvain, Belgium
carina.faber@uclouvain.be

Draft





Context: What does the world look like today?

- A roadmap is not an abstract object standing on its own: its purpose comes with its 
actual implementation and the solution it brings to real-world challenges

- It is crucial to analyze the specific context in which it will have to persist;
- Even though it is a technology roadmap, strongly dependent on non-technological 

enablers such as financing mechanisms, political support and social commitment
- Some of the trends will accelerate the development of the proposed solar-driven SUNRISE 

technologies, others will hamper them.
- The latter have to be anticipated and, if possible, circumvented.



What are today’s drivers? And Challenges?
Ecological drivers

- Today’s energy production system strongly depends on fossil-based energy sources 
and raw materials

- Their intensive use over the last decades not only depleted the Earth’s reservoirs, but also 
caused a significant increase of the carbon dioxide concentration in the atmosphere

- Latest reports point out the tremendous consequences of the ongoing warming on 
ecosystems, resources and accordingly society in general

- In EU, energy and transport sectors generate the major part of GHG emissions (54% 
and 24% in 2016)

- Chemical industry, one of the largest industrial GHG emitters in Europe

Already in 2050, burning of fossil fuels should no longer be the rule but the exception in  
technologically well-developed countries

Technologies for the transition to a low-emission society not available on a large-scale today.

Context: What does the world look like today?



Scenarios: What will the world look like in 2050?



Scenarios: What will the world look like in 2050?
- SUNRISE envisions the sustainable production of chemicals and fuels using 

solar energy and raw materials abundantly available in the atmosphere
- Due to high number of considered products (ranging from hydrogen to jet fuel) and 

broad scope of proposed technologies with different degrees of maturity, beyond the 
scope of this roadmap to model future scenarios based on current data

- Future needs of chemicals and fuels estimated by analyzing different scenarios 
described in the current literature: 
→ “2050 long-term strategy climate-neutral Europe” (EC 2018)
→Recent reports of the International Panel on Climate Change

These scenarios set frame for the goals to be achieved by the proposed 
technologies.



Scenarios: What will the world look like in 2050?

2050 long-term strategy climate-neutral Europe

- confirms Europe's commitment as a leader in global climate action
- presents a vision for achieving net-zero greenhouse gas emissions by 2050 
- socially fair transition 
- Decoupling economic growth from depletion of natural resources
- Eight economy-wide scenarios, divided in three different categories depending on 

their levels of emission reductions (from 80% to 100%)
- The scenarios cover the potential range of required reductions for the EU to 

contribute its share to the Paris Agreement's temperature objectives (“well below 2°
C” and “1.5°C temperature change”). 

IPCC Special Report Global Warming of 1.5ºC

- discusses impacts of global warming of 1.5 ºC above pre-industrial levels and four 
illustrative global model greenhouse gas emission pathways

- In pathways for limiting global warming to 1.5ºC, CO2 emissions are reduced globally 
to net zero around 2050

- All pathways examined use Carbon Dioxide Removal (CDR), but in different amounts



Scenarios: What will the world look like in 2050?

Implications for SUNRISE

- energy system transition is underway
- highest ambition level can only be achieved if all mitigation options are exploited: 

electrification, hydrogen, bio-based feedstocks and substitution
- SUNRISE technologies with low technological readiness are not included in the 

described scenarios, but their great impact (projected as 2 TW for Europe alone), will 
determine the electricity demand and the decentralization for industry 
decarbonization

- some scenarios, such as the fourth illustrative pathway in the IPCC report mentioned 
above, largely rely on the deployment of a BECCS model, where biomass 
becomes an important energy carrier. For this pathway, the needed land area for 
bioenergy is expected to amount to 7.2 million km2, globally, by 2050: land use, 
biodiversity!

The development of technologies included in the SUNRISE portfolio alleviate the needs for land 
use, water and nutrients consumption, since they are based on decoupling of economic growth 
from depletion of resources, while high solar-to-fuel yields are targeted



Vision: How to get the future we want?

The vision of SUNRISE is to enable a circular economy of renewable fuels and 
chemicals on a global scale using abundant molecules as feedstocks 
(e.g. water, carbon dioxide, nitrogen) and, in the long term, sunlight as the 
sole energy source.

- SUNRISE wants to develop artificial photosynthesis technologies in a broad sense
- aiming at solar-to-products yields tenfold to hundredfold higher than current biomass

practice
- Using the smallest possible land area is a key objective in order to propose technologies

compatible with other essential goals (sustainable food production system, preservation of
biodiversity)

- based on ubiquitous resources - thus enabling a purely decentralized and
import-independent production system

- SUNRISE will create substantial added value for all European countries by providing
tailored solutions for each European region to achieve the best utilization of solar
irradiance and site-specific resources





Vision: How to get the future we want?

The sustainable large-scale production of solar fuels and chemicals is key to enable the 
SUNRISE vision. It is based on both point and distributed sources of carbon dioxide, the 
ultimate goal being the extraction of carbon dioxide from the atmosphere and its long-term 
storage in long-lasting carbon materials.

- Given the vast variety of possible solar fuels and chemicals, SUNRISE has to limit its efforts 
to special classes of products to ensure efficiency of a joint large-scale research effort

- fuels and chemical commodities, which are needed and produced in large volumes today 
(millions of tons per year or more on a global scale) and sold at a small price (range of 1€ 
per liter)

- market is a major challenge, calling for very efficient, simplified and durable processes
- Ubiquitous low-energy species extracted from environment and upgraded with abundant 

renewables
- High-value molecules (e.g. pharmaceuticals) are low volume markets; exception: fuels, fatty 

acids, biodegradable plastics 





The SUNRISE roadmap is structured around the products we can provide to society, 
not the technologies.



Vision: How to get the future we want?

Example: Hydrogen

- highly important energy vector
- Especially wrt transport sector, already well-covered topic: existing European large-scale 

structures such as the private public partnership Fuel Cells and Hydrogen Joint 
Undertaking (FCH JU) and their recently released Hydrogen Europe Roadmap

- Sustainable, large-scale hydrogen production is central to the SUNRISE vision
- Hydrogen represents an enabling molecule in the production of ammonia and 

carbon-based fuels and chemicals
- not only electricity-based hydrogen technologies with a high technology-readiness-level 

(TRL) are considered; less mature methods based on the direct conversion of sunlight to 
hydrogen have a prominent place

- A significant increase of the solar-to-hydrogen yield, high demands on sustainability 
and circularity in the systems and an economically-viable production of solar 
hydrogen are key drivers.



SUNRISE Roadmap: how to go from the current 
state to the vision?



SUNRISE Roadmap: how to go from the current 
state to the vision?

Total participation

SUNRISE: Solar energy for a circular economy

Vision
The sustainable production of fuels and commodity chemicals at 
affordable costs of materials and Earth surface using solar energy

Three main technological approaches

→ mimick natural photosynthesis to store solar energy in chemical compounds

→ energy from light, water and carbon dioxide transformed into solar fuels
    (hydrogen and carbon-based fuels)

→ multitude of different technologies, three main areas:
    solar-driven electrochemical conversion, photo(electro)chemical and 
biological/bio-hybrid approaches



SUNRISE Roadmap: how to go from the current 
state to the vision?

Electrochemical conversion with solar power

Direct conversion via photo(electro)chemical systems

Direct conversion via 
photo(electro)chemical systems

living photosynthetic cell factories
includes biohybrid systems: living microbes 
wired to inorganic components

combine everything necessary to go 
directly from sunlight to the final 
chemical product
includes biomolecular systems: 
biological molecules extracted from 
living cells  wired to inorganic 
components



SUNRISE Roadmap: how to go from the current 
state to the vision?

Technological milestones to be achieved

- Carbon, hydrogen, oxygen and nitrogen are the main atomic building blocks
- Molecular hydrogen, H2 are key in the reduction of carbon dioxide and nitrogen



SUNRISE Roadmap: how to go from the current 
state to the vision?

Sustainable Hydrogen production
The SUNRISE vision is to produce green hydrogen in a fully sustainable way, exclusively using 
solar energy and abundantly available materials and resources



SUNRISE Roadmap: how to go from the current 
state to the vision?

Major milestones



SUNRISE Roadmap: how to go from the current 
state to the vision?

Major technological targets



SUNRISE key enabling technologies

The future deployment of SUNRISE technologies at scale, providing net global GHG 
reductions, necessitates enabling resources, technologies and analyses.

Upscaling, i.e. bringing novel technological solutions from the lab to a global industrial scale, is a 
significant challenge for mature SUNRISE technologies. The overall sustainability, the availability of 
needed resources on a large scale and economic viability have to be ensured.  

Novel materials will allow cost-competitive, efficient and durable solutions across the three proposed 
technological SUNRISE approaches.

Product separation, i.e. the conversion of a mixture of chemical substances into distinct products, is a 
crucial step once the desired solar fuel or chemical is produced by the artificial photosynthesis device; in 
most of today’s devices product separation, purification and collection represent one of the major 
bottlenecks due to the energy consumed for production and operation. 

The SUNRISE tool-box comprises computational materials modelling, quantitative sustainability 
assessment, synthetic biology and emerging concepts.



Needed resources beyond the scope of SUNRISE

Social and environmental impact

Land use and freshwater demand
The deployment of any new technology should carefully consider the additional land use 
and freshwater demands in this context.

Today global 
production a  [Mt / 

y]

Production 
potential b

[tons ha-1 y-1]

Land use
[km2]

Freshwater use c
[Mt / y]

Hydrogen 70 52 - 130 13 500 - 5 400 630

Formic Acid < 1 1 182 - 2 956 8 - 3 < 0.5

Formaldehyde 52 386 - 964 1 350 - 540 30

Methanol 75 274 - 686 2 700 - 1 100 85

Ethanol 95 197 - 494 4 800 - 1 900 110

Ammonia 176 308 - 772 5 700 - 2 300 280

Impact of SUNRISE technology on the environmental resources



Technical Appendix: technologies and milestones
on the “call level” of future work programmes

Sustainable hydrogen production
1. Large-Scale hydrogen production using PEM electrolysis
2. Hydrogen-production using photoelectrochemical cell devices

...

Sustainable ammonia production
1. Renewable Haber-Bosch process
2. Electrochemical ammonia synthesis

...

Sustainable carbon-based chemicals and (jet)fuel production
1. Dark electrochemical reduction of CO2 to C1/C2/C3 products
2. Electrochemical production of hydrocarbon fuels

... 

Carbon capture technologies
1. Amine-based carbon capture
2. Low-Temperature Direct Air Capture

...

Enabling technologies
...

https://docs.google.com/document/d/1R_iUke35epR-rHoy334QX2NTfJ3Iz7SgQC6Y7PNx2YU/edit#heading=h.ycax69vliqu1
https://docs.google.com/document/d/1R_iUke35epR-rHoy334QX2NTfJ3Iz7SgQC6Y7PNx2YU/edit#heading=h.thsfdri9plfi
https://docs.google.com/document/d/1R_iUke35epR-rHoy334QX2NTfJ3Iz7SgQC6Y7PNx2YU/edit#heading=h.8r20jorqq259
https://docs.google.com/document/d/1R_iUke35epR-rHoy334QX2NTfJ3Iz7SgQC6Y7PNx2YU/edit#heading=h.t7gcjho73hjq
https://docs.google.com/document/d/1R_iUke35epR-rHoy334QX2NTfJ3Iz7SgQC6Y7PNx2YU/edit#heading=h.jlvf2572m5fg


A great team work with excellent researchers from all-over Europe:
Yagut Allahverdiyeva-Rinne (University of Turku), Vincent Artero (CEA), Laurent Baraton (Engie), Andrea Barbieri (CNR), Hervé 
Bercegol (CEA), Maximilian Fleischer (Siemens), Han Huynhthi (Engie), Joanna Kargul (Warsaw University), Hélène Lepaumier 
(Engie), Laura Lopez (ICIQ), Ann Magnuson (Uppsala University), Arne Roth (Fraunhofer)



SUNRISE Roadmap: Next steps

Content:

- revise milestones, extend technical appendix forms, etc.

→ this afternoon: split into discussion groups
(H2, NH3, carbon-based fuels, technical appendix)

- extend to international level (tomorrow)

Lobbying:

- decide for publication state
- disseminate draft roadmap to national and European contacts, 

colleagues
- present roadmap to EC (e.g. lunchtime meeting DG energy)

→ this afternoon: group discussing about possible strategies 

A roadmap takes its only purpose from being implemented!



www.sunriseaction.eu

Carina Faber |  Université Catholique de Louvain, Belgium
carina.faber@uclouvain.be



Recommendations
• Couple to use/cleaning of less-clean water? (connect to SDG ”clean water”)

• State that this is a tech development, not a business case development map (we don’t point out where businesses can be 
made).

• Point out knowledge transfer between the different approaches and targets (e.g. H2 vs CO2)

• Explain how targets on efficiency and scale have been set.

• IPCEI on Hydrogen. Check their goals for large scale projects (100 MW to several GW before 2028). 

• Write that SUNRISE will analyse all technologies with respect to scalability, sustainability, environmental footprint.Add to the schemes goals in terms of scalability and sustainability (replace IrOx with earth abundant, etc.).

• P 31: 4 Euro/kg in 2025 is probably too high (Milestone in Scheme).

• P31 should not goals rather be “X% of EU fuel provided by solar H2”, that specifying the size of one plant?

• P31 it looks like PEC can never be large scale, but only decentralized – is this intentional?

• References to how projected costs have been calculated.

• Note on the use of units (kg-1, kWh-1 etc.) + how STH efficiencies were calculated.

• P. 32 add to key enabling technologies: “cat + membranes that can operate at different conditions (pH, waste water...)”

• Are “visions for 2050” aligned with those from the vision document – check!

• P. 34: The scheme looks wrong. “Now” looks like “Goals”, while >1 year stability may be 2025-2030, but finally must be >10 years



Recommendations
• P 21 Clarify that it is production of H2 is the focus.

• Couple to use/cleaning of less-clean water? (connect to SDG ”clean water”)

• References to how projected costs have been calculated.

• Note on the use of units (kg-1, kWh-1 etc.) + how STH efficiencies were calculated.

• State that this is a tech development, not a business case development map. (we don’t point out where businesses can 

be made).

• Point out knowledge transfer between the different approaches and targets (e.g. H2 vs CO2)

• Explain how targets on efficiency and scale have been set.

• IPCEI on Hydrogen. Check their goals for large scale projects (100 MW to several GW before 2028).

• Write that SUNRISE will analyse all technologies with respect to scalability, sustainability, environmental footprint.

• P 31 ff: add to the schemes goals in terms of scalability and sustainability (replace IrOx with earth abundant, etc.)

• P 31: 4 Euro/kg in 2025 is probably too high (Milestone in Scheme). The cost estimates in the test below lack references.

• P. 31: clarify in the text that the milestone 2025 is not just for SOE. In addition, ion exchange electrolyzers should be 

mentioned (“ENAPTER” – company that started).

• P31 should not goals rather be “X% of EU fuel provided by solar H2”, that specifying the size of one plant?

• P31 it looks like PEC can never be large scale, but only decentralized – is this intentional? 



MI IC5/ Sunrise roadmapping workshop :  Break-out session AmmoniaModerator:
Vincent Artero (CEA)
Participants:
Roel van de Krol (HZB)
Tony Vlcek (Heyrovsky Institute)
Rita Toth (EMPA)
Medhi Jafarian (Univ Adelaide)

Recommendations:
1. Consider NH3 as a energy (H2) carrier/fuels? (add a arrow to fuels and electricity in scheme page 29
2. Concerns about safety?
3. Photocatalytic N2 fixation (including molecular systems)  should be included, with same caution as for    
electrocatalytic systems. Relevant in the N2 + water production scheme ( right on the scheme p 37)
4. Introduce explicitely SOE for NH3 production (https://arpa-e.energy.gov/?q=slick-sheet-project/solid-
state-alkaline-electrolyzer-ammonia-synthesis).
5. The sentence « catalysis research with ab-initio modelling and high-throughput
screening, in-operando analytical tools, multi-scale modelling, systems engineering, life-cycle cost 
Analysis » is also valid for electro and photo(electro)chemical N2 fixation
6. N2 capture, concentration and separation from O2 in matrices deposited on (photo)electrodes or 
photocatalysts.
7. Develop biohybrid systems (see Nocera PNAS 2017)
8. Life-cycle & environmental footprint (indicated in the enabler box) should be developed in the text

https://arpa-e.energy.gov/?q=slick-sheet-project/solid-state-alkaline-electrolyzer-ammonia-synthesis


Solar Energy for a Circular Economy
- A Coordination and Support Action (CSA) -

www.sunriseaction.eu

Meeting between SUNRISE and Mission Innovation IC5

Breakout session : Carbon-based molecules
James, Arne, Hélène, Hervé, Huub, Julio, Nicola, Thomas, Winfried



10 recommendations
1. Bioeconomy should be mentioned

a) Synergies on CO2 reduction.
b) Link with 200 platform chemicals of biomass (photo)conversion
c) Mention existing pathways of production

2. Express goals in units understandable by policy makers, and adapted to the chemical
industry (compared to volume of chemical products)

a) Products not specified
b) Find data

3. Why not limit to H2 + thermochemical processes ?
a) Like Dan Nocera suggested to us in June
b) Present TRL= 6 (not 4, correction needed).
c) Include solar thermochemical as solar-assisted thermochemical conversion.
d) Also addition of H2 (from renewables) to improve thermochemical system.
e) Put this story first, before electroreduction of CO2

4. Justification of CO2 electroreduction vs High Temp steps could be improved and
detailed
a) Selectivity, not well defined, not enough focused onto.

5. Advantages and disadvantages of high or low current densities : avoid contradiction
and paradoxes
a. Relate electroduction of CO2 to concentrated sources;

2



6. Energy-efficiency of product purification
7. Need of a section on catalysis: there we need energy-X.

a) Low current density catalysis. Catalysis for PEC should be highlighted in the main document
(supposing it is enough described in the Appendix).

8. PEC  for CO2
a) TRL = 1-3 (NOT 3-4)
b) Decentralized AND CO are not compatible. Focus on a realistic product for decentralized

deployment (= at the level of users)
c) Blue graphic on p. 51 should have more technical details

9. biocatalytic
a) “Novel strategies to avoid contaminations of production cells from foreign strains” should be

solved before pilot stage (by 2025)

10. Availability of CO2 questionable – even though abundance is certain
a) What is the thermodynamic limit of CO2 capture?
b) System thinking, as in section 10 of Energy-X Research Needs

3



Thank You
“The worls has enough for everyone’s 
need.... but not enough for everyone’s 
greed."

Mahatma Gandhi



Topics discussed

 Suggestions for contents, context, scenarios, vision
 Suggestions for impact towards the community, EC and

members states (Lobbying)
Members of the group:
 Joanna Kargul, Yagut Allahverdiyeva, Amelia Ochoa,

Stefan Baumann, Laura Lopez, Philippe Schild, Carina
Faber, Frédéric Chandezon (moderator)



Contents, context, scenarios, vision
 The roadmapping team should reconsider the

thermochemical processes to be integrated (or not) in the
roadmap and/or a how document
 Stefan leader

 Context:
 Add footnotes for clarification for energy consumption
 Specify in the introduction that we analyzed scenarios
and not made ours



General impact

 Get official version of the roadmap ready with green
light of the SUNRISE management board to
disseminate it

 Making awareness of this roadmap at different levels:
community (to strengthen it), the MS, EC and beyond



Impact towards the community
 Inform via the newsletter the supporters that the roadmap is

available and what feedback is expected from them
→ Roadmap is available for download on web page
→ Technical appendix downloadable (≈ 170 pages) and is

splitted in sections so that supporters can download the
section they are most interested in

→ Feedback needed not on the wording but on the how
documents: specifications, milestones, mapping the gaps
in the how documents (mapping and gapping



Impact towards the member states

 Public dissemination of the roadmap (executive summary) in
national roadmap dedicated events
 Organize ASAP roadmap-events targetting high level, policy

makers, representatives of industry and national funding
agencies, media
 Coordinated meetings with a standardized communication

material (presentation)
 SUNRISE national nodes should convey the message at

those events
Remark: a roadmap event is not a “standard” stakeholder
workshop



Impact towards the EC

Remark: we are not yet that visible at the european level !
 Executive summary of the roadmap can be distributed

by the commission
 Roadmap events lunches with representatives of

different DGs (separate events à priori)



Impact beyond EC
 Mission innovation is the right frame for that !
 An alternative is to make contact with IC via colleagues

from SUNRISE and ENERGY-X having contacts
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1. Executive summary 
 
This document, D5.2 Symposium Report, is a deliverable of the SUNRISE CSA, which 
is funded by the European Union’s H2020 Programme under Grant Agreement No. 
816336.  
 
On February 3rd – 7th, 2020, a series of meetings were organized in Brussels by the 
SUNRISE consortium, partly in collaboration with Energy-X and the Representation 
of the State of Hessen to the EU. The week started on February 3rd – 4th with a 
closed consortium meeting at EERA to finalize the work on the SUNRISE 
deliverables. On February 5th – 6th, the formal kick-off of SUNERGY took place, the 
follow-up initiative of the CSAs SUNRISE and Energy-X. At this event over 100 
stakeholders of both CSAs gathered for a series of public sessions on February 5th 
and 6th following a high-level lunch event at the European Parliament on February 
5th and ending February 6th noon. February 6th pm and 7th am were spent on public 
SUNRISE meetings at EERA to collect input for the SUNRISE blueprint, deliverable 
D1.3. 
 
During the sessions on February 3rd – 4th, the SUNRISE deliverables were reviewed 
by the consortium as well as the planning of remaining efforts needed to conclude 
pending deliverables. The discussion was documented and the outcome is 
presented in this document. The public SUNRISE sessions on February 6th pm and 
7th am were used to discuss the programming of future consortia and investment 
scenarios to realize (parts of) the SUNRISE roadmap. This discussion is also 
presented in this document. 
 
During the public kick-off meetings on February 5th – 6th, the CSAs SUNRISE and 
ENERGY-X presented their achievements throughout the past year, and proposed 
their joint vision on providing sustainable and competitive alternatives to fossil 
fuels by 2050. Keynote speakers like Peter Dröll (Director Prosperity, Directorate 
General Research & Innovation) highlighted the strong support of the European 
institutions towards R&I to achieve the ambitions of the European Green Deal. The 
session on February 6th am was focused on upcoming funding opportunities and 
recently awarded projects relevant for SUNERGY. 
 
The public meetings brought together a broad representation of academia, policy, 
and industrial actors together with NGOs, consumer associations, citizens, 
students, and press correspondents to mobilize the critical mass needed to 
implement the future large-scale research initiative SUNERGY.  
 

 
 
 
 
 



2. Agenda of the meetings 

A. SUNRISE Final Consortium Meetings 

Session 1: Deliverables 
 
Monday, 3 February 2020  
  
13:30 – 13:45 Opening words by Huub de Groot (LU, SUNRISE CSA coordinator). 
 
13:45 – 15:45 Deliverables WP 1 Strategy and structuring  
D1.1 Consolidated vision (Nicola Armaroli, CNR) 
D1.2 Roadmap (Hervé Bercegol, CEA) 
D1.3 Blueprint (Ann Magnuson, UU) 
Revision, integration (all) 
 
15:45 – 16:00  Coffee break  
 
16:00 – 17.00 WP 2: Innovation and Exploitation (I) 
 D2.1 Innovation process (Arne Roth, Fraunhofer)  
 D2.2 Innovation structure (Peter Ellis, Johnson Matthey) 
   
17:00 End of Day 1 
 
 
Tuesday, 4 February 2020  
 
9:00 – 10:45 WP 2: Innovation and Exploitation (II) 
D2.3 Innovation and exploitation plan (Max Fleischer, Siemens) 
Revision, integration (all) 
 
10:45 – 11:00  Coffee break  

11:00 – 12:00  WP 3: Dissemination, Communication and Education  
D3.1 Dissemination Plan 
D3.2 Website & App 
D3.3 Resources 
D3.4 Data Management Plan 
Revision, integration (all) 
 
12:00 – 13:00 Lunch 
 
13:00 – 14:00 D4.1 Governance Plan (Frédéric Chandezon, CEA) 
Discussion next steps, all 
 
14:00 – 14:15  Coffee break  
 



14:15 – 17:00 D4.2 Terms of Reference (Max Fleischer, Siemens) 
Revision, integration with D1.3 Blueprint (all) 
 
17:00 End of the meeting  
 
Session 2: Programming future consortia 
 
Thursday, 6 February 2020 PM, 13.00 - 17.00 

Blueprint - 100% scenario. 

Aim: Collect input from SUNRISE consortium members and invited Energy-X 
stakeholders on the structuring of future research calls and investment needs to 
fulfil the entire SUNRISE Roadmap by 2030. 
 
Friday, 7  February 2020 PM, 9.00 - 13.00 

Blueprint – “compromise” scenario 

Aim: Collect input from SUNRISE consortium members and invited Energy-X 
stakeholders on the structuring of future research calls and investment needs to 
fulfil prioritized parts of the SUNRISE Roadmap by 2030. 
 

B. Public meetings / SUNERGY kick-off 
 
Part 1 : SUN-ERGY policy lunch event at the European Parliament  
‘Decarbonising Europe: How large-scale R&I initiatives on fossil-free fuels 
and chemicals can contribute to the European Green Deal’ 
 
5 February 13.00 – 14.30  
European Parliament I Brussels (by invitation only), Moderator: Joanna Kargul, 
University of Warsaw, SUNERGY Executive Board   
 
13.00 – 13.10  

 
Opening statements - Morten Helveg Petersen, MEP, 
Denmark  

13.10 – 13.40  Keynote: Helene Chraye and Mark van Stiphout, the 
European Commission  

13.40 – 13.55  SUNERGY, the way forward - Bert Weckhuysen, SUNERGY 
coordinator, Utrecht University  

13.55 – 14.10  The industry perspective - Maximilian Fleischer, Chair 
SUNERGY Industrial Board, Siemens AG  

14.10 – 14.25  Questions from the audience  
14.25 – 14.30  Closing remarks - Morten Helveg Petersen, MEP, Denmark  
 
 
Part 2: SUNERGY public kick-off event 
‘Fossil-free fuels and chemicals for a climate-neutral Europe’ 



February 5, 16.00 – 18.00 
TownHall Europe, Square de Meeus, Brussels 

15.30 – 16.00 Registration and coffee 
16.00 – 16.10 Welcome (Bert Weckhuysen, SUNERGY coordinator, Utrecht 
University) 
16.10 – 16.30 SUNERGY (Frédéric Chandezon, SUNERGY deputy coordinator, 
CEA) 
16.30 – 17.00 Perspective from industry (Jan Mertens, ENGIE) 
17.00 – 17.30  Perspective from European Commission (Peter Dröll, Director 

Prosperity, DG RTD) 
17.30 – 17.55 Q&A 
17.55 – 18.00 Wrap-up 
18.00 – 20.00 Networking reception 

February 6, 9.00 – 14.00 
The Representation of the State of Hessen to the EU, Brussels, 21 Rue Montoyer, 
Brussels 

9.00 – 9.30 Registration and coffee 
9.30 – 9.40  Opening Address (Johannes Bade, Head of Unit Higher Education, 

Research and the Arts, Representation of the State of Hessen to 
the EU) 

9.40 – 10.00  SUN-ERGY Vision (Bert Weckhuysen, SUNERGY coordinator, 
Utrecht University) 

10.00 – 11.00 SUN-ERGY Implementation approach 
- Ramp-up phase leading to a large-scale initiative (Gabriele Centi, ERIC)
- Starting point of implementation: key elements of SUNRISE and ENERGY-X roadmaps
(Hervé Bercegol, CEA)
- Q&A
11.00 – 11.30 Coffee Break 
11.30 – 11.50 Presentation Photo-contest winner (Amedeo Agosti, University 
of Bologna)
11.50 – 13.00  Short presentations by recently awarded projects in the area 

followed by a round table discussion (Moderator: Joanna Kargul, 
Warsaw University): 

- CE-NMBP-25-2019: Photocatalytic synthesis, awarded project ‘DistributEd Chemicals And fuels 
production from CO2 in photoelectrocatalytic Devices’ (Siglinda Perathoner, ERIC)
- LC-SC3-RES-29-2019: Converting Sunlight to storable chemical energy, awarded project ‘Novel 
photo-assisted systems for direct Solar-driven redUctioN of CO2 to energy rich CHEMicals’ (Huub de 
Groot, Leiden University)
- ITN-2019: Awarded project ‘Training the next generation of scientists in solar chemicals for a 
sustainable Europe by hybrid molecule/semiconductor devices’ (Pau Farràs, NUI Galway)
- ITN-2016: Awarded project ‘Electrochemical Conversion of Renewable Electricity into Fuels and 
Chemicals’ (Petr Krtil, J. Heyrovsky Institute of Physical Chemistry) 



- LC-SC3-CC-1-2018: Social Sciences and Humanities (SSH) aspects of the Clean-Energy Transition, 
awarded project ‘COllective action Models for Energy Transition and Social Innovation’ (Merce Almuni, 
VITO-Energyville) 
 
13.00 – 14.00   Lunch 
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Minutes 

Session 1: Deliverables 
 

 
Monday, 3 February 2020  
  
Opening words by Huub de Groot (LU, SUNRISE CSA coordinator) 
Huub de Groot/ UL congratulates the consortium for the autonomous attitude in 
organizing the work and delivering the results. Huub informs the consortium about an 
open session for an amendment to the Grant Agreement, including a two-month-extension 
to SUNRISE. Frédéric Chandezon (CEA) thinks the extension offers some flexibility but 
should not delay in working on the future initiative SUNERGY. All agree the work should 
continue as planned, following the original schedule. The due dates of the three 
deliverables are shifted to 30 April 2020: D2.3 the fully developed innovation and 
exploitation plan, D4.2 terms of reference, and D5.3 the final report.   
One of the key outputs of SUNRISE is the roadmap. A scientific narrative would be 
needed for the industrial companies to consider investing. During the sessions on 
Thursday and Friday, we will also look at the investment scenarios that can cover (parts 
of) the roadmap. Investing in low TRL can only be justified for technologies with a very 
high market potential, which is the case of the SUNRISE technologies. Huub reminds the 
consortium that at the DG ENER meeting on 24 October 2019, EC officials suggested the 
consortium to come up with two investment scenarios: a compromise scenario covering 
priorities of the Roadmap – and a full-scale scenario, covering the entire roadmap.  
Announcement Max Fleischer: Siemens Energy has been created under the Siemens 
holding, Max is now part of this new company. Due to complex and lengthy formalities 
to change the representation in SUNRISE, it was decided that Max, together with Thomas 
Soller will continue to work on SUNRISE. 
 
Deliverables WP 1 Strategy and structuring  

D1.2 Roadmap (Hervé Bercegol, CEA) 



The work on the Roadmap finished last November. Since then, corrections and comments 
were received from various partners (CEA, Empa, Helmholtz, Leiden University, 
Siemens Netherlands and Turku University) and the supporters community (among others 
Climeworks TU Delft, TNO, TU Berlin, Univ. of Paris). The main document was 
corrected and the appendices were changed/expanded.  
The Roadmap includes three approaches with very different maturity levels, which posed 
challenges in terms of alignment. Some of the Roadmap goals are included in the 
manifesto. The goals, as presented in the manifesto, are discussed further. 

Discussion: 
• The goal for 2025 is to make (liquid) fuel from CO2 and sunlight on a house roof.

This goal appears realistic and there is no efficiency target associated to it.
• 2030: run a mid-sized airport (Copenhagen) and its flights entirely fossil-free.

There seem to be on-going discussions in Energy-X between DTU and the
Copenhagen airport. Action point Frédéric/CEA: ask Energy-X about the status
of the discussions.
Huub/UL: There are similar on-going discussions in The Netherlands, at Schiphol,
with TU Delft. The impetus to bring this technology to maturity is very strong,
2025 may be even more realistic. Joanna Kargul (UW): There are existing private
partnerships in place, e.g. airport of Rotterdam aiming at a consumption of 1000
L renewable jet fuel/day by 2021.

• 2050: use artificial photosynthesis and renewable energy to produce carbon-
neutral fuels and chemicals across Europe. Hervé shows a calculation for the
production of Jet fuels with PV + electrolysis, assuming: CO2 capture at 9 GJ/t
CO2. At a solar-to-electric efficiency of 15% (conservative figure for today) and
electric-to-fuel efficiency of 40%, CO2 capture eats up 1/5 of the harvested solar
energy, giving a final total yield of 5% Solar-to-fuel. The efficiency of CO2
capture must increase in parallel with the improvement of conversion processes.
If electric-to-fuel efficiency reaches 55% in 2030, with PV panels delivering 30%
Solar-to-electric, an energy consumption of CO2 capture decreased to 5 GJ/t CO2
would keep its energy demand below 1/5 of the total (then the solar-to-fuel
efficiency would eventually reach 14%. Huub/UL criticizes this methodology,
because efficiencies are misleading and photon-to-product yields are the correct
approach to avoid beginners’ mistakes with ergodicity. Moreover, according to
Huub, incremental approaches are not sufficiently disruptive for a flagship or
similar large-scale initiative. For formic acid, the inappropriate approach leads to
assumed (fixed) efficiencies that are 40% solar (PV) to electric and 64% electric-
to-product (25% solar-to-product) and 5 GJ/t CO2 captured. Huub observes that
this implies connecting two Carnot cycles, which is what
SUNRISE aims to avoid. In the end what makes the
difference is the rate at which the conversion takes place.
At thermodynamic equilibrium there is no conversion of
CO2 and no concentration energy required. The higher the
rate, the more free energy will be needed for the
concentration of CO2. A slower process over a large area 
(via decentralized devices) thus offers a more favourable 
balance between energy stored and energy wasted than the 
current processes with electric concentration to high 
density, albeit at a higher materials cost. Avoiding two 

Figure 1. In ergodic systems the time average is the 
same as the spatial average and energy is required 
(selfassembly, adsorption, condensation) to localize 
particles in space. Also it is impossible to catch 
particles like in a fly catcher, without an energy 
gradient, and the faster particles are catched 
(stored), the more free energy is required and  the 
more entropy is produced. Figure from 
https://en.wikipedia.org/wiki/Ergodic_hypothesis 



separate Carnot stages would require a new class of materials that can act as both 
absorber and catalyst. Max/Siemens agrees the currently available way to convert 
solar to products with PV – electric concentration – Electrolysis – 
Thermocatalysis is doable  albeit very limited in energetic conversion efficiency 
(due to the need for high CO2 concentration as well), whereas the new approaches 
looking at the direct solar-to-product conversion promise more efficient 
conversion, by circumventing some Carnot limits with nonadiabatic strategies that 
allow for intermediate steps with near-unity yield at very low energy loss. 

Frédéric reminds the consortium that the SUNRISE roadmap was highly praised by the 
EC officials, as well as by the Energy-X representatives. The future SUNERGY roadmap 
should follow a similar approach and format. 

D1.3 Blueprint (Leif Hammarström, UU) 
Leif presents the draft Blueprint document (also on the Plaza under Library 
Deliverables  D.1.3 Blueprint). 
Action all partners: review the document, especially on the competences listed – and 
complete if necessary.  
Huub: There are also scientific “trends”, such as in the case for Electrochemistry. To 
avoid over- or underrepresentation for a specific competence, we should refer to the 
European competitive edge and mention the most representative organizations.  Action 
Stefan/Helmholtz, to review the list together with Leif and make it open for further 
inclusion.  
Suggestions from partners: 

• Refer to EIT InnoEnergy
• Mention ESFRI = European Strategy Forum on Research Infrastructures,

(https://www.esfri.eu/).
• ICIQ and ISE-Fraunhofer should also be mentioned, as test centers on solar fuels,
• Investigate if EERA or AMPEA have an overview of all relevant infrastructures

for solar fuels Action Frédéric/CEA and Anita/EERA to investigate.
• Policy-making and legislative aspects. The challenge is to mobilize the investors

and governments (via e.g. Green bonds) –  action Huub/UL to provide text input.
Remark Max/Siemens: the document looks rather conservative. We may need to mention 
the  more progressive, emerging competences that are needed for the development of 
slow, low-concentration processes for C capture, to overcome the thermodynamic limits. 
Huub/UL agrees we need to refer to the competences needed to develop materials that 
can capture CO2 from atmosphere and catalyze its conversion directly  Action 
Huub/UL to provide input to Leif (and Ann Magnuson) on far-reaching competences for 
direct C capture and conversion.  
On the same line: some wording is rather soft, such as the evaluation of a possibility to 
set-up a strategic advisory board. Action Frédéric/CEA to strengthen the wording of this 
paragraph. 
Section 5 (currently “Business models”) could be renamed “Investment scenarios”. 
According to Huub, the idea of this section is to provide a short narrative for the investors, 
highlighting the main scientific hurdles, where they are positioned in the roadmap in 
terms of TRL and timelines, as well as the associated investment needs. To progress on 

https://www.innoenergy.com/
https://www.esfri.eu/


this, we will need the input of Peter Ellis/JM and Philippe Jacques/EMIRI during the 
workshops on 6-7/02/20. 
Other comments: 

• The pictures in section 5 were taken from the Roadmap, but lack a timeline axis,
this must be put back. Action Huub to provide a text on the innovation pipeline.

• Hervé/CEA observes that also in case of bio (algae) conversion, half of the energy
is used by the microorganisms, so that must also be accounted for. Leif/UU: if the
CO2 concentration is not limiting concentrating CO2 by microorganism is
basically cost-free.1

D1.1 Consolidated vision (Nicola Armaroli, CNR) 
The vision of SUNRISE has not changed since the beginning of the project. The three 
targets of SUNRISE are: 1. Solar fuels (H2, ethanol); 2. Solar chemicals (e.g. N-based 
fertilizers) and 3. Removing and recycling CO2 from the atmosphere (long-term, 2050). 
Nicola expresses concern that the direct conversion is now out of the text of the large-
scale IA call. Frédéric mentions an RIA call, open for the entire spectrum of SUNRISE 
technologies (to be discussed in the WP 4 Governance session).  

WP 2: Innovation and Exploitation (I) 
D2.1 Innovation process (Arne Roth, Fraunhofer)  

Transition to a circular economy is beyond the normal commercial context. Challenges: 
• Long (> 10 years) innovation cycles in the chemical industry
• High investments required
• Renewables are generally more costly than fossil-based technologies
• High risks

A SUNRISE Innovation process (SIP) was designed to provide a framework that could 
maximize the prospects of solar-to-products technologies – in the form of “valleys” 
(following the model of the Silicon valley) as local nodes to support innovation and foster 
a business-friendly environment. The innovation team must be part of the governance 
structure. The Innovation process includes: idea generation, evaluation & selection, 
experimentation, commercialization, and implementation. The last step is often the most 
challenging, as it requires the highest investment (e.g. to build pilot plants) and lengthy 
timelines. Next steps:  

• Creation of a SIP team
• Selection of topics/content of webinars/forums
• Selection of SUNRISE nodes
• Information flow and IP matters (D2.2. and D2.3)

D2.2 Innovation structure (Arne Roth on behalf of Peter Ellis, JM) 

1 If CO2 concentration is slow, its costs are low, but it is not cost free, unless ergodicity is broken by e.g. 
selfassembly, adsorption or condensation, in which case one has to pay for it at a later stage. 



The current status: IPR guidelines were drafted, consistent with the practices used in 
H2020. The benefits of information sharing must be balanced with the needs to generate 
commercial partnerships. 
The deliverable D2.2 is an interim report leading to D2.3, and is currently available in a 
draft form. A working meeting follows on Wednesday 5/02, with all involved partners, 
to refine and consolidate the document.  
An open innovation structure implies that IP is shared by all members of the consortium. 
Huub/UL proposes a step-wise methodology to share IP with the priority to the 
consortium members, by allowing private partners to buy IP within a project, where after 
it is offered to other projects and then to the outside world. According to Peter (JM) this 
would lead to highly constrained grant agreements, which is, according to industry, 
probably not worth the trouble. Huub emphasizes that we may nevertheless transfer from 
an economy of scale IP model with highly protected synergistic patent portfolios to a 
farming IP model with extensive licensing. To allow for this, IP should be transferred to 
distributors licenses. Those are not necessarily in the project (RIA or IA) that generated 
the IP. 
Several challenges were identified for the exploitation. The innovation protocols change 
during product lifecycles, from low to high TRLs. In terms of science-to-business 
exploitation, no one-size fits all requirements for business, this depends on the market. 

Discussion: 
Thomas Soller/Siemens suggests to address the product development cycle too. Arne 
agrees, Thomas will be involved in the workshop planned on Wed 5/02. 
Green bonds: not yet addressed in the innovation deliverables (D2.2 mentions de-risking). 
Hervé: even when the technology progresses to high TRL, you need basic science to 
optimize the devices. Special mechanisms must be created in order to allow for systematic 
innovation. Arne agrees, but thinks this is already addressed in the document.  
IA (Innovation Action) call: Frédéric reminds the partners that the IA call and other calls 
to be released are still competitive calls, and other consortia can also apply.  
Frédéric indicates that SUNERGY has to be an umbrella to share results (also failures, 
as pointed out by Hervé), and provide a good forum to advance the field. Agreements 
among different projects might be made. 
Finally, Huub acknowledges the contributions of all attendees and closes the session. 
Anita gives indications for dinner. 
End of day 1. 
 
 
Tuesday, 4 February 2020  
 
WP 2: Innovation and Exploitation (II) 

D2.3 Innovation and exploitation plan (Thomas Soller, Siemens) 
Thomas Soller presents the plans for the writing of the deliverable D2.3. Exploitation 
depends on regulatory and market boundary conditions. There are three main scenarios 
for market deployment, debated at the 13th Forum Energiewende, 20 January 2020:2 

• “Modern jazz” Market developing freely and the most efficient solution 
naturally emerges; 

                                                 
2 Background document on the Plaza, under Meetings  2020  Consortium_3-4Feb20_Bruss. 



• “Unfinished symphony” – when policy or legislations guide the market
development through economic incentives;

• “Hard rock scenario” – green technologies driven by individual state policies
(not preferred).

Siemens was encouraged by the German policy makers to define a scenario for green 
energy technology development, choosing between the two considered scenarios (the first 
two above). This approach may also be useful for SUNRISE. 
According to these scenarios, global energy emissions are estimated by the World Energy 
Council to lead to a global temperature increase with ca 2,5 °C, unfinished symphony: 2-
2,3 °C, whereas the last scenario can lead to a temperature increase of more than 3 °C. 

Discussion: 
Huub/UL suggests to start from the SUNRISE vision and assess which scenario can lead 
to a certain percent of circularity. We need to look at the opportunities offered by the 
European context: cities as support for the deployment of new technologies, availability 
and willingness to pay for it with the European citizens. 
Frédéric/CEA: it seems we favour a small-scale approach for circularity when you 
consider cities.  
Leif/UU: We are living in a globalized world, any exchange at regional levels is in fact 
global, we cannot neglect exchanges with other regions. Defining local circularity can 
only be done in a global context. 
Huub/UL: we need to decouple economic growth from the use of resources. The DG 
ENER representatives asked us to propose scenarios for our technology and insisted to 
refer to the current policy documents, such as the SET Plan. Nevertheless, the views of 
the World Energy Council are more inclusive and representative, as compared to e.g. the 
International Energy Agency (IEA) that may be considered biased towards the oil 
industry (Nicola/CNR agrees). Max/Siemens: indeed, the discussion with the 
representatives of the World Energy Council was meant to provide us with an open 
perspective free from individual national interests. 
Frédéric/CEA: Since we are compelled to come up with a governance scheme with strong 
industrial participation, the instruments need to be properly structured: we are doing this 
in consultation with Energy-X. 
Huub/UL: exploration puts a limit on how fast fossil resources can be exploited. We are 
proposing a paradigm shift, from exploration to manufacturing change, and PV was the 
first technology to achieve this. Energy transitions are assumed to take 30 years. If we 
manage to circumvent the thermodynamical limits of the current state of the art practices 
in CO2 conversion and find a way to manufacture devices to directly absorb and convert 
CO2 to products, we can significantly accelerate the energy transition.  
Further, Thomas presents an overview of the IP-related concepts addressed in D2.2 and 
the need to work them out in D2.3. For example: 

• The IP Management Committee (IPMC) may need further detailing.
• Defining IPR building blocks for the SUNRISE consortium may need to refine

the ownership strategies for joint results, set-up joint ownership rules according
to state-of-the art models such as DESCA, MCARD etc.

• Define the role of the consortium in the alignment of various IP strategies and
facilitation of innovation exchange among projects. Should this be part of the
Governance?

https://www.worldenergy.org/
https://www.worldenergy.org/
https://ec.europa.eu/energy/en/topics/technology-and-innovation/strategic-energy-technology-plan
http://www.iae.org/


Discussion: 
Max/Siemens: Who will pay for the investment related to maintaining the relevant 
patents? We can propose a structural instrument, such as a European patent pool or 
database that can maintain EU patents relevant to the circular economy. This can be 
funded with EC support for the first period, before generating benefits (via licensing) to 
self-sustain itself. Artur Braun/Empa: This may entail changing IP protection legislation. 
Hervé/CEA: Patent laws should however not hinder the development of green 
technologies. Huub/UL: the research organizations developing the technologies take on 
the patenting cost for the first stage, and sell the patents to the interested industrial parties. 
A revolving fund can ensure the mechanism to commercialize the technologies. We may 
also define procedures to screen the publications for IP by the Partnership, in an open 
innovation ecosystem. However, this may make small companies reluctant to participate. 
The complexity of joint ownership situations may slow down the cooperation within the 
Partnership (remark Leif/UU). 
Action point: Max/Siemens and Huub/UL to discuss with the EC officials (such as 
Philippe Schild) possible options to ensure long-term funding for SUNRISE innovations. 
Finally, effective exploitation strategies are discussed. The failure to commercialize 
technology ventures is largely related to a poor understanding of the market. We may 
need to: 

• Define a baseline/metrics for all projects; 
• Clarify and visualize the link between technology and product development, 

including involved stakeholders (from TRL 1 to 9), according to different market 
scenarios. These scenarios however do not account for disruptive developments. 

Joanna/UW proposes to look at very disruptive examples, such as Apple. We can 
definitely capitalize on the societal need to address climate change and secure a future for 
the future generation. This need was less prevalent 10 years ago, now the momentum is 
there, and time can favor a disruptive approach. Comment Artur/Empa: but what about 
the others who have never made it? 
Huub/UL: the energy market is very large, and the level of investments there are far 
beyond our comprehension. Scientific advisory board member Dan Nocera from Harvard 
suggested that private stakeholders in those sectors we are aiming to provide substitute 
technologies for will continuously inquire about the market potential of the SUNRISE 
technologies as their principle due diligence process, to decide if they should step in at 
low TRL levels in what may convert their existing infrastructure and business models to 
adopt with disruptive technologies: 

• Replacement of fossil fuels; 
• Replacement of fossil-based chemicals; 
• Manufacturing equipment (refineries etc.). 

Huub/UL: Assuming a hypothetical budget of 1 B€ and two major demonstrator targets 
such as the high TRL airport and the lower TRL roof, also assuming redundancy (several 
projects working on the same goal), one can define the needs for a number of RIA and IA 
addressing the targets, aligned across TRLs within the considered budget boundaries. Our 
challenge is to present a credible plan to achieve it.  
Philippe Jacques (EMIRI): It may be interesting to have a discussion with EIT 
InnoEnergy, which is coaching project teams in order to build their business case, in such 
a way that details can be worked out later, at the project level.  

https://www.innoenergy.com/
https://www.innoenergy.com/


WP 3: Dissemination, Communication and Education (Laura Lopez, ICIQ) 
D3.1 Dissemination Plan 

The project has reached a large number of supporters. The SUNRISE community 
(including newsletter subscribers and social media followers) counts 2.125 members. 
However, reaching further the general public and the policy makers remains challenging. 
The main dissemination and communication tools were deployed with the involvement 
of the consortium partners.  
Communication highlights for the last months include: Lunch meeting at DG ENER (24 
October 2019), Public poll for the SUNERGY name, the national stakeholder meetings, 
participation stand at the SET Plan conference and COP 25, SUNERGY photo contest 
and SUNERGY kick-off meeting.  

D3.2 Website & App 
The SUNRISE website is the main online tool for communication, supplemented by 
social media channels. A test app version was developed by Tobias Gärtner for scientific 
information exchange. However, this tool may need to be re-purposed. 

Next actions, discussion: 
Laura mentions that there will be efforts to maintain the communication on SUNRISE, 
however the extent of that depends on the resources allocated. A new budget must be 
drafted to cover the follow-up communication and dissemination actions, related to 
SUNERGY (discussion on-going with Energy-X, Bert Weckhuysen). Frédéric indicates 
that funding may come via a new CSA, however plans are currently unclear. 
Web traffic: 1600 average monthly sessions, of 5 pages and 4 minutes/session, on 
average. Events such as the participation to COP25 led to a significant increase of visits 
on the website. Visits come primarily from the US, France and Germany. There is also 
intense activity from the US on twitter. There is an issue with Facebook: first, it requires 
payment. Also, after a few months of running, the SUNRISE page was labeled as a page 
with socially-relevant (politically sensitive) content, which subjects it to content reviews 
and censorship. Based on the current discussions on the dissemination and 
communication plan, focusing on Instagram for SUNERGY instead of Facebook appears 
the best option. The SUNERGY Instagram account is already open, as it was used for the 
photo contest. 

D3.3 Resources 
Communications resources were developed to support the dissemination efforts: mugs, 
posters, roll-ups, leaflets, infographics and videos. 

D3.4 Data Management Plan 
A Data Management Plan was drafted, describing the SUNRISE strategy and practices 
regarding the open access to scientific publications etc. The project outputs (project 
reports and publications, dissemination and outreach materials, deliverables) will all be 
made publicly available on the public repository ZENODO, in line with the Open access 
dissemination strategy.  
Next actions:  

• Set main objectives and actions for the Dissemination and Communication plan; 
• Update the SUNRISE app with recent publications and make a final survey on its 

future development among consortium members; 
• Upload all output materials to Plaza and ZENODO; 



• Facts and figures infographics; 
• Digital story: a wrap-up about the full project. 

Action Laura to follow-up with the consortium. 
 

WP 4 Governance  
Anita Schneider/EERA presented a briefing for the policy-makers, based on the 
manifesto, to be printed out and distributed to the participants from the EP event on 
February 5th.  

D4.1 Governance Plan (Frédéric Chandezon, CEA) 
Frédéric/CEA presents “the path to SUNERGY”, the succession of steps and events 
leading up to the merging of the two CSA initiatives.  The present governance structure 
of the SUNERGY initiative involves a Scientific Executive Board and an Industrial Board 
(under definition and chaired by Maximilian Fleischer from Siemens), supported by 
ICIQ, EERA and DTU. There is no Strategic Advisory Board in SUNERGY. 
Comments partners: 

• Artur Braun/Empa: There was a lack of democratic vote and selection for example 
when assigning members to Boards.  

• Philippe Jacques/EMIRI: It only makes sense to discuss the organization once 
funding is guaranteed.  

The D4.1 document presents a scenario, a timeline and an organizational structure of a 
SUNERGY European large-scale research and innovation initiative. Main developments 
are presented: 

• A key document was “Orientations towards the first Strategic Plan for Horizon 
Europe”. In this document, only the old flagships are acknowledged. At page 22, 
it is stated: “Preparatory actions supported under the FET Flagships part of 
Horizon 2020 will also e.g. inform the work on missions, co-funded/co-
programmed partnerships and regular calls for proposals”. The reference to co-
funded partnerships may be related to the Clean Energy Transition (CET).  

• Five missions were launched for Horizon Europe. While not ignoring them, 
Frédéric/CEA thinks we should not target missions, the way they are supposed to 
operate is not clear either. Getting involved in the current missions as they are 
defined can lead to fragmentation. Huub mentions there is a large budget 
associated to missions. Philippe Jacques/EMIRI shares Frédéric’s opinion, it 
seems missions will likely act as “debating clubs”. Nevertheless, should there be 
a call for new missions, SUNERGY will submit a proposal. 

• A joint (SUNRISE & Energy-X) proposition for a Partnership (FCM: Fossil Free 
Fuels, Chemicals and Materials for a Circular Economy) was submitted to the 
various rounds of consultations on Partnerships, and raised awareness among the 
national and European stakeholders. Although dismissed for 2020, there is the 
possibility for a Partnership as of 2024. The three forms of partnerships (co-
programmed, co-funded or institutionalized) are presented, with their particular 
features. Co-programmed and institutionalized partnerships allow public-private 
partnerships. Institutionalized partnerships receive budget from the European 
Commission, who commissions the decision-making to the partnership 
consortium, whereas co-programmed partnerships work with the mandated 
representatives of the consortium to decide on the priorities for the open calls. 



Institutionalized partnerships are not very flexible instruments adapted for 
established communities and with legally binding agreements. Revising roadmap 
and objectives and entering new partners is thus quite difficult and requires 
amendments. According to Frédéric, a co-programmed partnership (such as the 
current contractual Public-Private Partnerships, cPPPs, e.g. SPIRE) seems to be 
the most suitable option for SUNERGY. There are some changes in Horizon 
Europe with respect to the organization of the cPPPs. Comment Philippe Jacques: 
the co-funded partnerships allow for additional budget from the Member States. 
Huub points out the difficulty of obtaining commitment from Industry and the 
Member States. SUNRISE has promised a credible path towards getting this 
commitment. Frédéric indicates that it is possible to have both industry and MS 
in a co-programmed partnership but following information obtained by Philippe 
Jacques from EC contacts, it is not yet clear how at the moment. 

The plan proposed by the Governance team: 
• Short-term (February – December 2020): coordination and community building; 

implement the blueprint and prepare the ramp-up phase 
• “Ramp-up” phase (2021 – end 2023): roadmapping, monitoring, implement the 

SUNERGY roadmap 
• Long-term (as of 2024): co-programmed public-private partnership 

Discussion: 
• Stefan/FZJ mentions that sources from the German NCP indicate that a second 

round of partnerships cannot be taken for granted. The willingness to fully reopen 
the procedure seems to be limited. Therefore, the future proposal needs to be 
extremely convincing. 

• Artur/Empa expresses concern that the supporters cannot understand the 
governance mechanisms They need clear topic areas to work on. To achieve 
critical mass, Leif/UU points out the importance of providing coordinated inputs 
to the EC (at MS levels, but also with AMPEA, Mission Innovation). 

• Huub/UL urges the current SUNRISE consortium not to underestimate the 
importance of producing a high-level output, with funding from the on-going 
SUNRISE CSA. It is very important to proactively promote topics into the EU-
launched calls. 

• Joanna/UW stresses that the consortium must become active in formulating the 
calls not only giving feedback to the content of calls. Frédéric/CEA suggests 
organizing writing clubs (also joint with Energy-X) – action Frédéric.  

• Philippe Jacques/EMIRI: The goals for 2030 are supposed to be realized by the 
industrial community, however the governance structure proposed seems to be 
driven by the research community. In order to obtain commitment from the EC, 
the governance structure should allow for industrial participation.  

A governance structure is proposed for the “ramp-up” phase of SUNERGY, aligning 
coordination via CSA, ERA-NET and implementation (RIA, IA, including a large IA 
project). 

• Huub/UL: An ERA-NET may be a step backwards, as it leads to fragmentation. 
Laura shares this opinion. The idea about incorporating running projects in the 
emerging SUNERGY initiative (as per suggestion Laurent Baraton/ Engie) 
prompts Huub with the idea of a scheme evaluating the outputs of running EU-
funded projects (on a voluntary basis), as a way of claiming authority in the field 



with a self-invented Quality and Impact Assurance structure.  EU can demand the 
newly-funded projects to enter a cooperation agreement, as is done already with 
e.g. Batteries.  

• Frédéric/CEA: Although some things seemed to have been decided before we had 
the chance to act (such as the first round of partnerships), the EC is in the process 
of shaping Horizon Europe, so opportunities may arise even before 2024. Philippe 
Jacques/EMIRI: there are discussions on the Batteries partnership (decided two 
years ago), already for more than one year, to define the priorities. 

• Leif/UU: We should then align the targets for SUNERGY so that they are in line 
with the start of Partnership of 2024, for example amend the dates in the Manifesto 
to “start+1 year”, +5 years, +10 years. 

• Hervé/CEA: Apart from the dichotomy between the compromise scenario and the 
“all-in/all-out” scenario, there may also be an opportunistic/realistic scenario. 
Although the compromise scenario is largely based on the plans for the second 
round of partnerships, there may be new opportunities offered by the Green Deal, 
targeting 2030, which is unlikely to be postponed.  

• Nicola/CNR: We were not successful so far with the Partnerships and Missions. 
Perhaps we are missing a more direct path towards securing a large-scale 
initiative. Stefan/FZJ: The Flagships stemmed from DG Connect because this is 
how it has been developed at the EC level, diverting budgets originally devoted 
for IT-related topics to energy and other topics.  

• Huub/UL: the EC operates via the member states, there is no decision made in 
Brussels. To succeed, we must make our plan and using the instruments available 
at EU level.   

• Hervé/CEA: asks what are the right actions to take to engage with politicians? 
Huub/UL: come up with a full-throttle scenario that makes sense and present to 
politicians. We should also have a compromise scenario, and make clear why the 
better plan is the preferred one. Frédéric/CEA: we must also align our goals with 
Energy-X, to be one voice towards the European decision-makers.  

 
A follow-up CSA “Breakthrough zero-emissions energy generation for full 
decarbonization” was proposed in the FET programme on Dec. 19/Jan. 20, coupled to a 
RIA topic. 
According to Frédéric/CEA, the CSA was dropped by the EC, where the final answer 
from DG Connect was that they cannot support the CSA initiative, motivating that one 
CSA cannot receive special treatment over the others selected at the same call for new 
FET Flagships. Nevertheless, the RIA plan is still valid, for low-TRL technologies 
(budget for three projects, at 4-4,5 Meuro/project). The call will be published in March, 
and close on June 23rd, most likely single-stage. Huub/UL advises to organize joint 
consortia with Energy-X. 
Action point Frédéric/CEA and Laura/ICIQ: circulate information about the coming 
RIA call among the supporters community. 
 
Another CSA topic was discussed by Energy-X with DG RTD, “Creation of an 
innovation community for solar fuels and chemicals”. Status to be checked with 
Gabriele Centi (Energy-X), Action point Frédéric/CEA.  

Discussion: 



• Max/Siemens suggests to label upcoming initiatives “SUNERGY”, this may 
increase visibility and increase chances of success (assuming excellent proposals 
are submitted). 

• Philippe Jacques/EMIRI informs the consortium that 1 Billion euro will be 
allocated to 8-12 calls (IA) under H2020, closing June.3 This is the case for the 
IA call under discussion with Energy-X. 

• An action point Frédéric/CEA is to investigate other opportunities from the 
Green Deal.  

Innovation Action call for a Large-scale initiative: 
The tentative call deadline is on August 2020, TRL 4-7. The topic needs final approval 
from Member States via NMBP/Strategic Programme Committee. 

• Max/Siemens: these calls are targeting device demonstration at several tons/year. 
Very interesting for Siemens, Shell, Total. Nevertheless, the funding effort is very 
significant (10-30 Meuro per proposal).  

• Huub/UL: an IA call is appropriate for current technologies, mainly those coming 
out of Energy-X. The direct conversion technologies would benefit from a series 
of RIA calls. On direct conversion, the algae conversion would be suitable for 
upscaling.  

There was a request from Energy-X to assign a member from SUNRISE to the writing 
team for this IA call. The name of Vincent Artero/CEA was proposed. Leif Hammarström 
and Ann Magnuson/UU were considered, they declined.  All agree that Vincent Artero 
(CEA) should be included in this team.  
Stefan/FZJ: perhaps we can consider platform-like calls with smaller-scale projects on 
lower TRL technologies, addressing topics aligned with the core IA topics and giving the 
opportunity to utilize the large scale infrastructure built by the IA-demonstrator (e.g. 
testing a bench-top pilot at the demo-site).  
Nicola/CNR: As per info from Gabriele Centi, there will be a single IA call, large (100 
Million euro) and it is considered that some of this budget is dedicated to low-TRL 
research. Nevertheless, there will not be multiple calls. The call is indeed oriented towards 
large industrial demonstrators.  
Next Governance event: meeting on SUNERGY Governance, on 19 February, from 
10.30-16.00, at DECHEMA (Governance leader in Energy-X) - in Frankfurt. The 
participation of representative Energy-X members is again uncertain, this remains a 
challenge. 
 

D4.2 Terms of Reference (Max Fleischer, Siemens) 
Why does the industry need an orchestrated R&D initiative? 
There is an overall agreement that the Energy System is going to change. Cooperation 
will emerge form traditionally separated sectors, towards a cyclic energy and carbon 
system. Opportunities: 

• Unprecedented markets for industries (already showed for PV and wind) 
• Industry needs an orchestrated link with academia 

                                                 
3 This refers to the special Green Deal call. According to the latest information (February 2020) the due 
date will be shifted to early 2021, but the call will still be part of the H2020 framework. 



• The European industry should lead on the manufacturing of the components and
assembly of the systems.

Max shows a comparison to the US initiative JCAP, funded by the Department of Energy. 
The focus of JCAP is the direct conversion. JCAP is organized with a governance board 
(nine persons with management functions, from the participating institutions), a scientific 
advisory board (seven persons from non-contributing academic institutions + one 
industrial partner) and a strategic advisory board (eight persons from renowned 
institutions, not necessarily scientists). Max joined the strategic advisory board, which 
only gives advice to the scientific board. The structure of JCAP provided inspiration in 
the set-up of the Industrial Board of SUNERGY. 
General tasks of the Industrial Board: 

• Align the R&D programme with the industrial/economic needs on short- and
long-term;

• Give credibility to the SUNERGY initiative, and mobilize industrial participation;
• Generate proposals for implementation.

The industrial board will work on market needs and forecasts, in order to steer scientific 
developments. It will also provide inputs on pricing for synthetic molecules, expected 
quantities and economic needs (CAPEX, OPEX, efficiencies). It will also work with the 
investors on making the output of the research bankable. Also proposed: reviewing the 
content of the proposed research projects, from the market perspective (time to market 
and acceptance). Frédéric/CEA thinks such a review function should rather take place 
upstream, at call level. 
The composition of the Industrial Board (chaired by Max Fleischer, Chief expert energy 
at Siemens Energy) is also presented. The following are considered as members (the 
confirmed ones in bold letters): Covestro, VICAT, Haldor Topsee (from the Energy-X 
network), Engie, CO2 Value, EMIRI (from SUNRISE). Other propositions: 
petrochemical company (Total, Shell,  Repsol). DECHEMA, SMEs such as Ineratec, 
Avantium or Photanol. 

• Proposed by partners (Joanna/UW and Yagut/Turku): Nestle.
• Proposed by Philippe Jacques/EMIRI: identify and involve companies from

Eastern European countries.
• Other propositions: Austrian oil company OMV, ArcelorMittal.

Action partners: propose companies and send contacts to Max. 

End of the meeting 

PART 2: Minutes Blueprint meetings 

SUNRISE Blueprint Meetings 

Minutes 

Sessions: Feb. 6 - 15:00 – 18:00: “Full Scenario” 
Feb. 7 -  9:30 – 12:30:  “Compromise Scenario” 



 
Participants: 
Huub de Groot (UL, chair) (both days) 
Harald Kerp (M2i, minutes) (both days) 
Vincent Artero (CEA) (Feb. 6, first hour) 
Frédéric Chandezon (CEA) (both days) 
Hervé Bercegol (CEA) (both days) 
Max Fleischer (Siemens) (both days) 
Hélène Lepaumier (Engie) (both days) 
Peter Ellis (Johnson Matthey) (Feb. 6, first hour)  
Artur Braun (EMPA) (Feb. 6 + Feb. 7, first hour) 
Joanna Kargul (UW) (both days) 
Matthias Meier (FZ) (both days) 
Stefan Baumann (FZ) (both days) 
Laura Lopez (ICIQ) (Feb. 7) 
Julio Lloret (ICIQ) (both days) 
Fernando Fresno (IMDEA) (both days) 
Henrik Koch (NTNU) (both days) 
Nicola Armaroli (CNR) (both days) 
Yagut Allahverdiyeva-Rinne (UTU) (both days)  
Arne Roth (Fraunh) (both days) 
Walter Leitner (Max Planck) (Feb. 7) 
Alexis Bazzanella (DECHEMA) (Feb. 7) 
 
 
Introduction and background - Huub de Groot (LU, SUNRISE CSA coordinator) 

Some background is provided on the exercise that is needed to complete the SUNRISE 
Blueprint document, deliverable 1.3, with investment scenarios. The idea of this section 
is to provide a short narrative for the private investors, highlighting the main scientific 
hurdles and technological challenges, where they are positioned in the roadmap in 
terms of TRL and timelines, as well as the associated investment needs, both public and 
private. To progress on this, we will need the input of Siemens, Johnson Matthey, Engie, 
EMIRI, and possibly from selected Energy-X partners who were also invited for the 
workshop. 

The D 1.3 draft document contains a table with an overview of the SUNRISE technologies 
and TRL goals for 2030, that can be used to collect input on the investment needs and 
that can serve as a starting point for the session of today. We basically need estimate 
ranges for both public and private investments needed to push SUNRISE technologies to 
the targeted TRL levels. The table also includes a preliminary list of companies 
associated with the different technologies copied from the Technical Appendices of the 
Roadmap. 

 

Huub proposes the following work flow: 

1. For each SUNRISE technology, the number of IA and RIA proposals are estimated 
needed to reach the targeted TRL goals. 



2. Three types of calls will be considered, taking into account the following 
tentative budgets: 

- Large IA call: 100 M€ 

- IA demonstrator: 10 M€ 

- RIA call: 5 M€ 

3. For each call the percentage of private and public contributions are estimated, 
leading to total financial ranges for private and public contributions. 

4. Additional costs, such as external infrastructural costs and overall management 
costs, as well as additional funding resources, e.g. the European innovation fund 
coming from the carbon tax 2020-2030, are also taken into account. 

5. Industry indicates the prioritizing criteria, e.g. by outlining the most promising 
(clusters of) technologies that can be brought to the market by 2030. 

 
The result is a “full scenario” needed to realize the full SUNRISE Vision and “compromise 
scenario” to realize prioritized parts of the SUNRISE roadmap. 
 
During the sessions, the blueprint D 1.3 draft text was used as a living document in which 
the earlier mentioned table was continuously updated while important comments were 
added into the text for elaboration afterwards. Apart from the various comments added 
to this document a selection of additional remarks, taken from the discussions, are listed 
below. 

 

February 6 – “Full scenario” session – additional comments: 

- Table 1a-1b: Max (Siemens) comments that 4000t of hydrogen supply (for an 
airport) is a huge quantity given the low mass density. Huub (UL) replies that 
according to Gabriele Centi, the current focus for the prospective IA is on 
methanol. Max indicates that first RIA’s are needed for the feasibility, as part 
of, or followed by an IA. 

- Table 1c: ExxonMobil appears to be pushing these ‘green convertors’. Advice 
is to start again with RIA’s for feasibility, followed by an IA. 

- General comment/question by Huub: Shouldn’t we have multiple IA’s in 
parallel to have various technology options to choose from? The problem 
arises that probably there aren’t enough EU companies for separate IA’s. Max 
replies that within the IA’s there should be room for multiple technologies in 
parallel. Huub agrees that risk mitigation should be within the IA’s. In 
addition, having parallel tracks provides optimal cross-fertilization for 
maximum synergy benefits, and delivers de facto an open innovation 
environment with respect to founding and transferring IP. 

Max provides an example that in a power-to-ethanol demonstrator plant it is 
possible to exchange different electrolyzers. In addition, one should aim for 
‘distributed demos’, e.g. plants distributed over countries with low/high solar 
irradiation intensity. 



- Table 4a: The question is asked if new fuel components will encounter issues
with regards to the certification of jet fuels, that are very strict? Arne Roth
(Fraunhofer) replies that there are standard specs in place for synthetic jet
fuel components. The certification process takes many years and costs a
couple of M€.

- Table 4b: A couple of demos are already out in the field. However, since these
are relatively small-scale, we will aim for “upscaler demo plants”.

- General comment by Huub: In this exercise we develop a “call scheme” over
the course of 10 years. We will not add a detailed timeline, we will just show
the number of calls needed to reach the SUNRISE goals and identify critical
paths to demonstrate the value chain source to final product as the single
prioritizing criterion in three priority research directions as indicated below.

- After submitting our blueprint as part of a comprehensive design and
description (a.k.a. business plan) the process will be ‘out of our hands’. Next
steps will be that DG Connect will review the outcome and engage in rounds
of consultations with EU member states.

- Regarding CO2, Hervé notes that negative emissions technologies are not
detailed in the roadmap. Their importance is stated, technical possibilities
are discussed, mainly related to construction materials, but we lacked expert
views to back-up a technological timeline. However this theme is high on the
agenda of CO2 value Europe.

Max states that CO2 taxes will have an effect on fossil fuel prices.

- Central management of the projects will need to be steered by a CSA:
Assuming a total project portfolio of 1 B€, 1% (10 M€) is assumed to be
sufficient to run the CSA (1 M€/year).

- For regional SUNRISE valleys, it is proposed that they could line up with
hydrogen valleys. Pillar 3 in Horizon Europe, “Innovative Europe”, could be
sourced for the demonstrators when they end successfully. This will be equity
financed, i.e. not in our budget. In this case, central management will move
out as they will operate on their own, central management will only monitor.

- Arne (Fraunhofer) states that an independent group of experts might be
needed that accompany, support and connect individual projects with
respect to their techno-economic (TEA) and environmental (LCA)
assessments. These studies are usually very different and consequently not
consistent/comparable. There should be an independent group making sure
that methods pursued in TEA/LCA are to a certain extent consistent.  Huub
refers to our mid-term review and QIA processes, which however do not fully
cover the effort proposed here.

- The session is closed with the remark that the full list of calls discussed today
corresponds to the “full scenario” for a large-scale research initiative under
HE, i.e. equivalent to a “full Flagship” under H2020.

February 7 – “Compromise scenario” session – additional comments: 



- The session starts with the observation that under HE “private investments”
not only contain corporate investments but also investments made by
financial institutions in the various member states, like BlackRock.

- Walter Leitner (Max Planck) states that we need to make a distinction
between ‘small demonstrators’ (i.e. working devices in operating conditions)
and ‘full demonstrators’ (i.e. large pilot plants), the latter being far more
important for companies.

- Laura Lopez (ICIQ) comments that in IA calls companies costs are not fully
reimbursed (only up to 70%) which means that actual corporate costs are
higher. This has to be taken into account when making the split between
private and public investments.

- Leitner comments on CO2 capture: This is already being done at large scale.
We should team up with ongoing efforts and focus on e.g. capture +
integrated conversion, as proposed in the roadmap.

- Overall the discussion focused on the structuring of the IA / RIA /
demonstrator calls, how the technology pipelines feed into the pilot scale
demonstrators that are foreseen, and the prioritization of technologies as
demanded by industry (see D 1.3 document).

- Since a significant part of the work is focusing on high TRL, we expect to get
access to another billion in pillar 3. Hélène Lepaumier (Engie) remarks that
we should try to access in addition to the innovation fund related to public
money coming from the ETS and carbon tax 2020-2030. However, it must be
noted that SUNRISE / SUNERGY will only control specific technology
developments, such as PEC, and the rest we feed into.

As an end note: As mentioned before the overall plans are being elaborated in a 
structured way in the draft blueprint document (D 1.3) on the SUNRISE Plaza. The 
current version of the table and tentative textual notes as drafted during the work 
sessions are given at the following pages. 



4 https://gasforclimate2050.eu/gas-for-climate 

SUNRISE technology Current 
TRL 

TRL 
target 
2030 

Companies involved Private 
investments 
(estimate) 

Public 
investments 
(estimate) 

Comments 

1. Sustainable hydrogen production
1a. PV-driven 
electrolysis of water 

4-6 9 Siemens (DE) 
Nel (N) 
ITM (UK) 
Hydrogenics (US, BE) 
Areva H2Gen (F) 
Air Liquide (F) 

40% C 

FI p.m. 

30% EU 
30% MS 

IA 
Demo 2 

1b. 
Photoelectrochemical 
devices 

2-4 5-8 Engie (F) 
Siemens (DE) 
SABIC (NL) 

20% IA 
100% RIA 
(MS) 
80%IA (MS) 
100% DD 

RIA 
IA 
Distributed 
demo 

Transparent baggie 
systems 
(microorganisms and 
photocatalytic systems) 

3-4 6-8 40% IA 100% RIA+D 
60% IA 

RIA lab 
demo 
(g/ng)IA 

2. Sustainable ammonia production
2a. Low-emission 
Haber-Bosch 

5-6 9 Yara (N) 
Casale (CH) 
Thyssenkrupp (DE) 
Haldor Topsøes (DK) 
Siemens (DE) 

40% 30% EU 
30% MS 

IA demo 

2b. Electrochemical and 
plasma-assisted 
ammonia synthesis 

1-2 4-5 n.a. 100% RIA 
(MS) 
100% DP 
(MS) 

2 RIA 
1 Demo 
project 

2c. 
Photoelectrochemical 
devices 

1-2 4-5 n.a. 100% RIA 
(MS) 
100% DP 

2 RIA  1 
Demoproject 

Microorganisms for 
direct fertilizer 
production 

1-2 4-6 100% RIA 
(MS) 
100% DP 

2 RIA  1 
Demoproject 

3. Sustainable carbon capture
3a. CO2 capture from 
concentrated sources 
(concentrate on local 
value creation) co-
adaptation of capture 
and catalytic conversion 
into long term storage of 
Carbon/CO2, targeting 
Negative Emissions  

6-7 9 ENGIE (F) (orchestrate) 
Gas for Climate 
consortium4

Fluor (VS) Mitsubishi (J) 
Siemens (DE) 
Aker solutions (N) 
Shell (NL) 
Solvay (BE) 
MTR (US) 
RWE (DE) 
BASF (DE) 
LINDE Engineering (IRL-
DE-US) 
LafargeHolcim (F, CH) 

30% IA 
cluster 
Pipeline will 
feed into 
larger 
DEMOs 

70% cluster IA Demo 
upscaling 
link to 4.1 
and 4.2 
TEAM up 
with 
Separate Big 
300 ME 
demo in pillar 
3 

3b. Direct CO2 Capture 
from the atmosphere 

6 8-9 Climeworks (CH) 
Antecy (NL) 
Global Thermostat (US) 
Carbon Engineering 
(Canada) 
Ineratec (DE) 

30% IA 
cluster 
Pipeline will 
feed into 
ongoing 
large demo 

70% IA 
cluster 

IA including 
RIA and 
Demo 
(Don’t forget 
low exergy 
energy) link 
to 4.1 and 
4.2 
Don’t forget 
negative 
emission 
(1MW scale) 

Direct Atmospheric CO2 
Capture & Conversion 
including PEC  

1-2 5-7 40% IA 100% (MS) 
30% IA 
30% MS IA 

10 RIA 3 
Demoproject 
g/ng IA 

https://gasforclimate2050.eu/gas-for-climate


The demonstrators should all contribute to the decoupling of economic growth from utilization of 
resources. 
All the high efficiency effort should aim for low investment cost and halving the product price compared 
to fossil resources 

IA calls will need very strict programming criteria, RIA are open calls 

Another billion in pillar 3, and in addition from the innovation fund (public money coming from the carbon 
tax 2020-2030), for the highest TRL: 
Several pipelines feed into pilot scale production of Jet fuel, 300-500 million revolving fund with airlines 
Several pipelines feed into pilot scale production for CO2 capture from concentrated sources, and CO2 
from the atmospheric capture  

Why is this good for Europe/the best for Europe 
- Decarbonization of the energy sector paves the way for the other sectors (the supply side

argument)
- Why us: we are broad, application oriented, try to develop technology, and we have vertical

integration, science - technology - industry over the entire knowledge chain
- Many national projects, now it is time to go European and broaden from photovoltaics (and wind)
- If we don’t follow this pathway for defossilization we will lose the primary industry in Europe in

what is by far the biggest market
- Priority: demonstrate the value chain source to final product (prioritizing criterion)
- By providing a new paradigm we create room for interpretation for other scientific disciplines

and for socio-economic stakeholders

Priority: demonstrate the value chain source to final product (prioritizing criterion) 
- Combine water electrolysis with CO2 capture, this gives the fully integrated value chain.
- Does integration of steps gives better processes (efficiency selectivity/purity, concentration) over 

the value chain (PV+electrolysis vs PEC vs molecular vs biological)?
- How do we get all the hydrogen to decarbonize - existing - value chains (parliament) 

Define groups (Frédéric, with mutual triggering) 

(don’t forget 
low exergy 
energy) 

4. Sustainable production of commodity chemicals and (jet) fuels
4a-1. Electrochemical 
water splitting and 
thermocatalytic 
conversion of CO2 

6 9 Airline Global Alliance 
Powerfuels 
Aireg (DE) 
Sunfire (DE) 
Ineratec (DE) 
Velocys (US) 
BASF (DE)  
Casale (CH) 
Total (F) 
Synhelion (CH) 
Toyota (J, BE) 
Abengoa (ES) 
Brightsource (Isr) 
Helpe (Gr) 

30% 70% 2 IA clusters 
FT and 
methanol) 
feeding into  
Demo plant 

4a-2. Direct 
electroreduction of CO2 

3 6 100% (MS) 4-5 RIA
feeding into
2 demo

4b. Direct solar-
thermochemical 
conversion of water and 
CO2 

4-5 6 40% IA 100% (MS) 
RIA 
30% EU IA 
30% MS IA 

RIA demo 
g/ng IA 
upscaler 
demo plant 

4c. Biocatalytic 
production of carbon-
based solar fuels and 
chemicals 

1-6 4-9 Photanol (NL) 
Ecoduna (AU) 
Synthetic Genomics (US) 
Euglena (J) 
Total (F) 
Neste (FI) 

40% IA 100% RIA 
(MS) 
100% RIA 
(MS) 
30% EU (IA) 
30% MS(IA) 

8 RIA and 3 
demo and 1 
small IA 
Demo plant 
100 kt/yr 



Call on house roof (decentralized) 
Call on centralized 
 
The tentative budgets for the hree types of calls considered are: 

- Large IA call: 100 M€ 
- IA demonstrator: 10 M€ 
- RIA call: 5 M€ 

 
Management: central management/governance/programming/monitoring takes 1% -> CSA 
 
Sunrise valleys: makers join hydrogen valleys, Pillar 3 for the demonstrators when they end successfully. 
This will be equity financed, not in the budget, central management will move out, they will operate on 
their own, central management will monitor 
 
Infrastructures: Research infrastructure costs can be charged to projects.  
 
Specification and testing: Bids are called for from centers that will be qualified to do this. Budget: 1M€/yr 
, 10 M€ total for 1-3 centers associated with PV centers or hydrogen valleys depending on the costs. 
 
Quantitative sustainability analysis is mandatory for every project with go/nogo decisions from the QIA 
team and program board 
 
Dissemination is in every project, in addition there is global dissemination at the partnership level with 
the management 
 
Education is part of the central CSA. 
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Annex 3: Press release SUNERGY Kick-off 
 

Kick-off of the SUNERGY initiative 

Over 100 stakeholders of the Coordination and Support Actions (CSAs) SUNRISE and 
ENERGY-X gathered on February 5-6, 2020 in Brussels for the kick-off meeting of 
SUNERGY, a large-scale research and innovation (R&I) initiative in the area of fossil-free 
fuels and chemicals. Renewable energy experts from academia, industry and policy 
addressed the current opportunities and challenges towards decarbonizing the European 
industry and society over the next 30 years. 
 
The launch event was organized in two sessions: a high-level lunch discussion at the European 
Parliament (EP) on February 5, and a public two-day conference. The TownHall Europe hosted 
the afternoon session on February 5, while the morning session on February 6 was hosted by 
the Representation of the State of Hessen to the EU.  
 
Large-scale R&I initiatives to decarbonize Europe 
 
MEP Morten Helveg Petersen hosted the high-level lunch discussion at the EP. Representatives 
from both initiatives debated on how large-scale R&I initiatives in the area of fossil-free fuels 
and chemicals can contribute to meeting the targets of the Paris Agreement. Keynote speakers 
were Cristian Silviu Bușoi (ITRE Committee Chair), Hélène Chraye (Directorate Clean Planet of 
Directorate General Research & Innovation), Mark van Stiphout (Directorate General Energy), 
Bert Weckhuysen (SUNERGY coordinator), and Maximillian Fleischer (Siemens). 
 
SUNERGY coordinator Bert Weckhuysen: The SUNERGY initiative comes at a time when 
greater attention to climate and energy issues and on-going developments at European level 
offer the right framework for action and a great opportunity to join efforts towards reversing 
climate change. 
 
A common vision to close the carbon and nitrogen cycles  
 
During the public kick-off meeting, the CSAs SUNRISE and ENERGY-X presented their 
achievements throughout the past year, and proposed their joint vision on providing 
sustainable and competitive alternatives to fossil fuels by 2050. Keynote speakers like Peter 
Dröll (Director Prosperity, Directorate General Research & Innovation) highlighted the strong 
support of the European institutions towards R&I to achieve the ambitions of the European 
Green Deal. 
 
SUNERGY deputy coordinator Frédéric Chandezon: This kick-off meeting has served as a key 
step towards unifying the SUNRISE and ENERGY-X research communities and defining 
directions for large-scale initiatives within the new European R&I framework Horizon Europe.  
 
Background 
 
SUNRISE and ENERGY-X are two out of the six CSA projects that were selected for the Horizon 
2020 call “FETFLAG-01-2018” within the research area of Energy, Environment and Climate 
Change. Both initiatives received €1 million from the European Commission to develop a 
detailed proposal for a large-scale research initiative during one year, from March 2019 to 
February 2020. 



 
Both SUNRISE and ENERGY-X aim to develop sustainable approaches for the storage of 
renewable energy (solar and wind) through its conversion to fuels and commodity chemicals 
using abundant molecules such as carbon dioxide, water and nitrogen. The two projects bring 
together 30 committed organisations, backed by an initial supporting community of approx. 
300 stakeholders from academia, industry, and society.  

 

 
 
 
 
 
Media contacts: 
SUNRISE Communication Team 
contact@sunriseaction.eu   
www.sunriseaction.eu 
 

ENERGY-X Communication Team 
contact@energy-x.eu  
www.energy-x.eu 

 
 
 
 

mailto:contact@sunriseaction.eu
http://www.sunriseaction.eu/
mailto:contact@energy-x.eu
http://www.energy-x.eu/
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