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The overall vision of ENCLUDE is to help the EU to fulfil its promise of a just and inclusive decarbon-
ization pathway through sharing and co-creating new knowledge and practices that maximize the num-
ber and diversity of citizens who are willing and able to contribute to the energy transition. Motivated
by achieving an equitable and sustainable future and the fulfilment of individual potential, ENCLUDE
will contribute to the upcoming transformation of energy use by: (1). Assembling, aligning, and adapting
disparate energy citizenship concepts for diverse communities of citizens and for different scales of
policy making, lowering the barrier for action. (2). Operationalizing the energy citizenship concept at
all scales of policy making for decarbonization. (3). Catalyzing a chain reaction of decarbonization ac-

tions across the EU.
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The only deviation from the amended Grant Agreement is the extension of Deliverable 5.3 by 10 days
as its due date coincided with the national holidays of the Orthodox Easter, and, thus, it was extended
in agreement with the Project Coordinator.

Given the interdisciplinary nature of Deliverable 5.3, this short extension allowed for additional reviews
from ENCLUDE partners with a background in social science and humanities with a view to further
improving its quality and the implications derived.

This deviation impacts neither the objectives nor the successful implementation of other Tasks and WPs.

This report may easily be used both within and outside of the project, by researchers interested in the
fields of energy system modeling and energy citizenship. Hence, this report will be disseminated through
the usual social media channels to communicate and promote key findings and insights in an easily
digestible manner. Also, it is envisaged that it will be uploaded to open research platforms (e.g., Zenodo)
to reach a broader research audience.

This report is the third (3') one out of five (5) deliverables under Work Package 5 of the ENCLUDE
project and builds on the work done previously in Deliverable 5.1 and Deliverable 5.2, namely the “peo-
ple-centered” storylines and the “future-world” narratives.

In this deliverable, we enhanced the ENCLUDE modeling ensemble and employed it to extract insights
regarding the decarbonization potential of energy citizenship at the local level. Specifically, to simulate
the different scenarios, two (2) models were employed, namely: ANIMO (grAssroot innovatioN diffu-
sion MOdel) and DREEM (Dynamic high-Resolution dEmand-sidE Management).

More specifically, under the “Power to the People” storyline, we analyzed the profitability of small-
scale PV systems under various policy schemes active in different Member States, and estimated their
decarbonization potential, to provide incentives for citizens to actively participate in the energy transi-
tion as “prosumers”.

Under the “Band Together” storyline, we tested the workings underlying the growth of Collective En-
ergy Initiatives and their diffusion to populations with different cultural and perceptual backgrounds to
project their future growth and decarbonization potential, showcasing the environmental benefits asso-
ciated with collective expressions of energy citizenship.

Finally, under a combined “Power to the People” and “Habitual Creatures” storyline, we explored a
“green” rebranding of the Coal and Carbon Intensive Region of Megalopolis in Greece into a city of the
people, by the people, for the people, via a citizen-led transition that is based on energy efficiency in-
vestments and behavioral and lifestyle changes, towards a fair and inclusive energy transition.

This report serves as evidence of accomplishment.
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Executive Summary

Efforts to address the contemporary climate and energy-related challenges towards a green, inclusive,
and fair transition by 2050, require the empowerment and engagement of citizens and other societal
actors, as has been duly acknowledged within the recent European Union’s strategic and legislative
frameworks. Citizens are anticipated to expand their role as self-consumers and contributors within en-
ergy communities, actively shaping alterations in the energy landscape, impacting both demand and
supply.

As a result, in recent years the concept of energy citizenship has emerged and gained considerable at-
tention due to its potential to bridge the gap between energy transition policies and social participation,
by placing emphasis on the importance of participatory and democratic processes in decision-making
and underlining the need for a more inclusive and equitable energy system.

In this context, the Horizon 2020 ENCLUDE project aims at operationalizing the concept of energy
citizenship across all scales in the European Union. Within the project, Work Package 5 (WP5) has
aimed to understand the multi-scale relationship between energy citizenship and decarbonization path-
ways across diverse contexts, with a view to provide appropriate decision-support through the applica-
tion of appropriate modeling frameworks.

Building on the work done previously in WP5, in this deliverable we expand and employ different mod-
eling frameworks of the ENCLUDE modeling ensemble to extract insights regarding the decarboniza-
tion potential of energy citizenship at the local level.
More specifically, in past deliverables a comprehensive set of “people-centered” storylines based on
identified trends and patterns of energy citizenship was designed, highlighting citizens’ perspective, and
bringing them to the forefront of the energy transition:

~/ “Power to the People” (Active participation in the energy market).

< “Band Together” (Collective initiatives and expressions of energy citizenship).

</ “Habitual Creatures” (Individual behavioral and lifestyle changes).

</ “People to the Streets” (Political activities).
Additionally, a set of three (3) “future world” narratives was developed, describing future systemic
changes of society and economy, providing a context of potential future world evolutions that may be
inhabited by citizens, namely:

~/ “A Familiar World”.

~/ “A Unified World”.

~ “A Fragmented World”.
Set to explore the decarbonization potential of energy citizenship expressions mainly manifested at the
local level, in this deliverable, we focus on three (3) of the four (4) outlined “people-centered” story-
lines, namely the “Power to the People” storyline, the “Band Together” storyline, and the “Habitual
Creatures” storyline, and, combined with the “future-world” narratives, a scenario space to study case-
specific decarbonization pathways, acknowledging the depth of complexity and diversity of the Euro-
pean landscape was created.
In this endeavor, we harnessed the power of existing models comprising the ENCLUDE modeling en-
semble, as well as expanded it by developing a new modeling framework (i.e., ANIMO) to study the
diffusion of social and grassroot innovations related to energy citizenship, like Collective Energy Initi-
atives.
Specifically, to simulate the different scenarios, two (2) of the five (5) models were employed, namely:

~/ ANIMO (grAssroot innovatioN diffusion MOdel).

~ DREEM (Dynamic high-Resolution dEmand-sidE Management).

vi
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A brief description of the key findings for each people-centered storyline is provided below:

Under this storyline we examined whether a people-powered transition based on citizen investments in
small-scale PV systems can support a green transition by 2050 in the European Union’s residential sec-
tor. To this end we used the DREEM model to project the annual electricity demand and electricity
production from rooftop PV systems across eleven (11) cities in five (5) Member States. We then ana-
lyzed the profitability of such investments under the various policy schemes active in the countries of
interest, as well as estimated their decarbonization potential in an attempt to provide incentives for citi-
zens to actively participate in the energy transition as “prosumers”.

Through the study of three (3) Collective Energy Initiatives set in very different contexts, we strived to
explore and understand the workings underlying their growth and diffusion to a larger population. Our
modeling results showed that population density and social connectivity are key drivers of growth of
Collective Energy Initiatives, like energy communities and ecovillages. Findings also clearly demon-
strated the cascade effect of mass participation that is encouraged by densely populated areas, highlight-
ing a "ripple effect" that can significantly accelerate the energy transition. On top of this, making use of
ANIMO, we made projections on the future growth of the collective energy initiatives under study,
based on which their emission reduction potential was estimated, showcasing the decarbonization po-
tential associated with collective expressions of energy citizenship.

Focusing on the Coal and Carbon Intensive Region of Megalopolis, in Greece, we tested whether a
citizen-led transition based on energy efficiency investments and lifestyle and behavioral changes can
lead to a just and inclusive transition. In this regard, we sought to find the post-lignite development
trajectory of a people-powered transition in the residential sector of Megalopolis, which does not rely
on traditional fossil fuels, i.e., oil and natural gas. To this end, using the DREEM modeling framework,
we explored three (3) investment strategies to initiate the transition in the region according to the “fu-
ture-world” narratives under study, and estimated the potential economic benefits for citizens. Lastly,
aside from financial aspects, we assessed the related environmental benefits, as we quantified the po-
tential for emission reduction that a reconsideration of lifestyle and behaviors along with citizen invest-
ments in energy efficiency actions in the residential sector of Megalopolis possesses.

Vii
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1. Introduction

During the last two decades, the European Union (EU) has been a global leader in fighting climate
change through its ambitious policies (Oberthiir, 2011; Wurzel et al., 2016), since 1991, when the first
Community Strategy was launched with the goal of reducing carbon dioxide (CO2) emissions and in-
creasing energy efficiency. Efforts to mitigate global warming have thus been ongoing for several years,
driven not only by the EU’s priorities, but also by the need to fulfill the EU's international commitments
under the United Nations Framework Convention on Climate Change (UNFCCC), the Kyoto Protocol,
and, more recently, the Paris Agreement (Stavrakas et al., 2018).

The “European Climate Change Program (ECCP)”, implemented in 2000, acted as a direct strategic
initiative, resulting in a combination of diverse climate change mitigation strategies. As a result, relevant
EU legislation was introduced, which had to be transcribed and executed at the Member States’ level.
Climate and energy policies were combined in a single package of objectives for decreasing greenhouse
gas (GHG) emissions, as well as measures for the further deployment of renewable energy sources
(RES) and energy efficiency improvements, in the 2020 climate and energy package, enacted in 2009.

This framework is mostly preserved in the EU's 2030 package. The European Commission (EC) pre-
sented the "Winter Package" in November 2016, which covered all aspects of the energy system and
shaped the policy framework for the post-2020 era (Michas et al., 2019a; Rosenow et al., 2017).

In late 2019, the EU introduced the European "Green Deal", a comprehensive strategy with the ambi-
tious goal to attain climate neutrality by 2050, addressing the urgent challenge of climate change while
fostering economic growth and safeguarding well-being (European Commission, 2019b). This initiative
not only outlines the aim of achieving zero GHG emissions by 2050 but also sets an even more ambitious
target of reducing GHG emissions by at least 55% by 2030 compared to the 1990 levels.

Additionally, in line with the European "Green Deal" objectives, the “Clean energy for all Europeans
package” was adopted in 2019, to further support decarbonization efforts across the EU (European Com-
mission, 2019) and yield substantial advantages for consumers, the environment, and the economy.
Through the coordination of these modifications at the EU level, the legislation further reinforces the
EU's role as a leader in addressing global warming, making a significant contribution to the goal of
achieving carbon neutrality by 2050.

Further adding to its pledge, in March 2023, a stronger legislation to increase RES capacity was agreed,
by raising its binding target to a minimum of 42.5% by 2030, up from the current 32%, with the ambition
to reach 45%, doubling the existing share of renewable energy in the EU. In addition, given the fact that
reducing energy consumption is crucial to bring down both emissions and energy costs for consumers
and industry, a new binding was established to improve energy efficiency by 11.7% by 2030 (European
Commission, 2023).

Finally, the 2022 Russia’s invasion of Ukraine and the ensuing energy crisis in Europe brought about
the issue of energy security of the common European energy system. Evoking the energy crises of the
1970s and late 2000s, when measures to enhance the liquidity of fossil fuel markets were perceived as
the cure to these crises (Natorski & Herranz Surrallés, 2008), the current unprecedented situation calls
for a different answer. The security of supply, widely understood under its geopolitical aspect, is now
tightly correlated with the notion of affordability of energy, and therefore a more inclusive decarboni-
zation strategy seems to be comprehended as the most viable long-term solution (Osi¢ka & Cernoch,
20223).

To this end, the EC presented in March of 2022 the “REPowerEU” plan, a joint European action to
accelerate the clean energy transition and increase Europe's energy independence from unreliable sup-
pliers and volatile fossil fuels (European Commission, 2022b). To achieve the goals, actions on the
following areas are outlined:
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< Energy savings.

< Diversifying energy imports.

~ Substituting fossil fuels and accelerating Europe’s clean energy transition.
~ Smart investments.

Thus, even though the diversification of gas supply and the short-term regression to the plans regarding
the phase out of coal in Member States are inevitable short-term measures, energy efficiency and RES
will be the main assets not only for mitigating climate change or moving to more sustainable lifestyles,
but also fundamental assets to assure national and European security (Ositka & Cernoch, 2022b).

To move towards this direction even if the future is unclear, rapid action must be taken to put society on
track for energy systems dominated by renewables by the middle of the century. This might take on a
variety of forms, such as developing policies for the deployment of new generation assets, integrating
various sector policies, and balancing the interests of the many actors. Therefore, a shift from fossil fuels
to renewables is planned and partially underway.

So far, emphasis in the field of climate change mitigation has been put on the technical and infrastruc-
tural aspects of the energy transition. However, while technological innovations are undoubtedly needed
and our understanding of them is rich, technology alone cannot stop climate change as the complex
societal systems are the initial causes of the problem (Matschoss et al., 2022); how society and citizens
change is less certain, as behaviors and lifestyle are constantly changing and are expected to change
substantially in the future. Yet, anticipating or imagining how these will change is a challenge and gen-
erally unexplored in the field of climate change mitigation.

To help realize the vision of a green, inclusive, and fair transition by 2050, the role of citizens and other
societal actors as well as their empowerment and involvement is of utmost importance and has been
acknowledged within the EU’s recent strategic and legislative frameworks. A better understanding of
social change, thus, is required to investigate potential future evolutions of the energy transition.

The actions proposed by the “Green Deal” and the “REPowerEU” plan, aiming at raising the EU's cli-
mate ambition and energy independence, are projected to result in a full transformation of the present
energy system by investing in practical and creative technological choices, as well as empowering citi-
zens and involving them in the energy transition.

Furthermore, the EU's Energy Union policy emphasizes the significance of putting "people at the center"
of the energy transition and envisions a Union where “citizens take ownership of the energy transition,
benefit from new technologies to reduce their bills, actively participate in the market, and where vul-
nerable consumers are protected” (European Commission, 2021).

In this context, citizens are expected to play a much larger role as self-consumers and participants in
energy communities (EU, 2018) and drive changes in the energy system, influencing both demand and
supply. As a result, transitions that are not just technologically feasible, or economically possible, but
also socially and politically acceptable, are required, also considering individual preferences, ac-
ceptance, and behavioral and lifestyle changes (Cherp et al., 2018). As a result of the expected increas-
ingly participatory role of citizens and other societal actors in the future energy systems, the new concept
of “energy citizenship” has emerged during recent years.

Energy citizenship is a term that describes how citizens are constantly engaging with the energy transi-
tion, from an economic, political, and social perspective (Campos & Marin-Gonzalez, 2020) and con-
ceives citizens and societies as active rather than passive stakeholders in the evolution of the energy
system (Laakso et al., 2023). In particular, according to Campos & Marin-Gonzalez (2020), energy
citizenship can be broadly defined as “a view of the public that emphasizes awareness of responsibility
for climate change, equity, and justice (...), and the potential for (collective) energy actions”.
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This broad definition lends itself to be linked to various other emerging trends and patterns that can
relate to: (i). the active participation of citizens to the energy market, such as through the concept of
“prosumerism”, the further diffusion of energy efficiency and smart technologies and solutions, etc.,
(it). behavioral aspects of citizens and lifestyle changes in the daily lives of citizens, (iii). collective
initiatives and expressions of energy citizenship, such as the formation of energy communities, co-op-
eratives, eco-villages, or collective decision-making, such as housing association boards, etc., and (iv).
political activities, such as participation in social movements and civil society initiatives advancing
democratic visions of energy transition and/ or policymaking taking the form of participation in energy
sector planning and decision-making, including through co-design initiatives, public consultation, and
participatory design of potential future energy landscapes.

By participating in various energy-related activities and by taking an active role in the shift toward
cleaner and more sustainable energy systems, citizens can collectively and individually contribute mean-
ingfully to the fight against climate change.

Making decisions on climate and energy policies to achieve the desired future energy paradigms is a
difficult and complicated process due to a number of internal and external variables (such as technical
advancements, societal changes, behavioral aspects, economic developments, etc.) that impact the dy-
namics of the energy system (Haasnoot et al., 2013). Decision-makers may experience confusion or
incapacity while attempting to develop strong policies, frequently as a result of a lack of information
regarding the uncertainties they must take into account (Forni et al., 2016).

Policymaking under deep uncertainty, especially under long-term projections, implies that policymakers
will encounter difficulties when asked to design and implement a new policy, and/ or how a particular
policy instrument affects various sectors. Predicting the future and deciding on the most probable evo-
lution before applying a policy has proven to be a difficult undertaking.

Various challenges and the way they are addressed are crucial in shaping future transition pathways in
meeting the Paris Agreement “well-below 2 degrees Celsius, while pursuing efforts to limit the increase
to 1.5 degrees Celsius” target. Five key energy sector challenges, to support basic human needs, devel-
opment, and well-being are (i). energy demand growth and its coupling with demographic and economic
drivers, (ii). phasing out of traditional forms of energy use and improving energy access and moderni-
zation of energy use in the context of structural economic changes, (iii). the expansion of primary energy
supplies, (iv). the future of existing, and the build-up of, new energy infrastructure and innovative tech-
nological solutions, and (v). GHG emissions and other pollutants and their reduction. These challenges
are related to key scientific debates on global and long-term developments in the energy sector.

In addition, the complex decisions concerning mitigation portfolios for limiting warming to 1.5°C can
have both a positive and negative impact on the achievement of other societal objectives, such as sus-
tainable development. For example, demand-side and energy efficiency measures, and lifestyle choices
that limit energy, resource, and GHG-intensive food demand support sustainable development. The cou-
pling between socioeconomic development patterns and energy demand has been identified as a funda-
mental issue for understanding the scale and structure of energy demand (Csereklyei & Stern, 2015;
Grubler et al., 2012; Jakob et al., 2012; Schéfer, 2005).

The International Panel on Climate Change (IPCC) report indicates that on a global scale, demand-side
measures are key to 1.5°C pathways. Scenarios focused on demand-side measures demonstrate the po-
tential to reduce global GHG emissions in end-use sectors by 40-70% by 2050 compared to baseline
scenarios (Calvin et al., 2023a). Demand-side mitigation encompasses changes in infrastructure use,
end-use technology adoption, and sociocultural and behavioral change. Such changes can be for example
the use of smart grids, the deployment and adoption of technological and social innovations, such as
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information and communication technologies (ICT), and the formation of energy communities, as well
as habitual changes as reducing food waste or shifting to sustainable and healthy diets.

In addition, limiting global warming to 1.5°C must also be accomplished in tandem with poverty reduc-
tion and better energy security, and it can deliver significant public health benefits through improved air
quality, averting millions of premature deaths. On the other hand, some transition pathways, such as
bioenergy, may result in trade-offs that must be considered.

As a response to the uncertainty surrounding the different potential evolutions of the future energy sys-
tem and the different pathways that could be follow to attain a green, inclusive, and fair socioeconomic
system, researchers utilize the concept of “scenario-based analysis” to present various future develop-
ment trajectories and climate-/ energy-related trends, which describe different transition pathways to a
decarbonized energy system, without implying probabilities on the actual implementation of each sce-
nario (Levesque et al., 2018a).

Such scenario-based analyses often aim to explore conditions leading to long-term objectives (e.g.,
1.5°C global warming) (O’Neill et al., 2017), while providing an outline of qualitative trends and quan-
titative projections regarding emissions, societal futures, economic implications, and climate impacts
including the evaluation of the implicit uncertainty introduced. Especially long-term global scenarios
have become of particular importance to climate research and climate policy planning, since the “Special
Report on Emission Scenarios” (Nakicenovic & Swart, 2000).

For more than two decades, long-term global scenarios have been critical in climate change analysis
(Nakicenovic & Swart, 2000; Raskin et al., 2005; van Vuuren et al., 2012). While there are other meth-
ods for characterizing the future (Lempert et al., 2004; Webster et al., 2003), alternative scenarios are
an important tool for exploring uncertainty in future conditions of the society and climate (Jones et al.,
2014). Societal development scenarios frequently include both qualitative and quantitative components
(Ash et al., 2010; Raskin et al., 2005; Rothman et al., 2007; van Vuuren et al., 2012).

Qualitative narratives (or storylines) describe the evolution of societal aspects that are difficult to quan-
tify (such as the quality of institutions, political stability, environmental awareness, etc.), and provide a
basis for further elaboration of the scenarios by users. Quantitative components define common assump-
tions for elements like population and economic growth, or rates of technological shifts that can be
meaningfully quantified and used as inputs to models for modeling energy and land use, emissions, and
other outcomes.

In this context, the concept of “Shared Socioeconomic Pathways (SSPS)” has been proposed as a new
set of scenarios to be used as a basis of future climate research and present alternative futures of societal
development till the end of the 21% century (O’Neill et al., 2017; O’Neill et al., 2014; van Vuuren et al.,
2014). The SSPs form a set of five (5) possible future development pathways that result in fundamentally
different states of human society; each SSP builds on a unique narrative and articulates the challenges
on mitigation efforts and adaptation to climate change that come along with each narrative.

Despite their global scale in their original form, SSPs have been interpreted in quantitative scenarios in
multiple studies, serving as the basis for long-term projections concerning different contexts, sectors,
and scales to facilitate effective mitigation and adaptation planning in areas of interest.

The SSPs can also be used in combination with additional climate-specific assumptions to explore the
effects, both positive and negative, of climate policies in different contexts, or to assess the overall
implications of climate change. For example, SSPs have been used to account for socioeconomic uncer-
tainties associated with changes in the world’s population, economic growth, technological develop-
ment, urbanization, and education from 2020 through 2100. They have also been used recently to predict
long-term useful energy and final energy demands in buildings (Chakraborty et al., 2021; Levesque et
al., 2018a).
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By examining prospective energy futures, the need for a fair and inclusive energy transition and the
advancing role of citizens in the future energy regime, are core aspects of alternative sociotechnical
pathways that could lead to the vision of decarbonization, especially in the EU, which has been a front-
runner in policies that foster the transition to a carbon-neutral socioeconomic environment. In this con-
text, case-specific decarbonization pathways are typically created to accomplish a single predetermined
climate target.

Reduced mitigation expenditures, rather than climate-related harm or long-term development impacts,
are commonly used as the base for these paths to the desired climate target. Interactions between miti-
gation and other Sustainable Development Goals (SDGs), on the other hand, present both barriers and
opportunities for climate policy (UN DESA., 2023). Consequently, substantial efforts are being under-
taken to assess the effects of various mitigation pathways on long-term development.

There are attempts to integrate climate change mitigation as one of multiple objectives that, broadly,
better reflect societal concerns and may provide benefits at a lower cost than concurrent single-objective
policies (e.g., (Clarke et al., 2014)). For example, carefully chosen policies can achieve universal energy
access while simultaneously diminishing air pollution and mitigating climate change (International En-
ergy Agency, 2017; McCollum et al., 2011; Riahi et al., 2012).

It becomes apparent, thus, that the concept of “energy citizenship” fits well with, and possesses a sig-
nificant role in, scenario-based analyses that aim to develop transition pathways to be studied towards
the envisioned energy futures and the target of decarbonization.

However, the development of such scenarios and pathways, solely, is not enough, as policymakers need
decision and support tools, which are able to explore the interplay of economic decision-making and
behavioral heterogeneity in, for example, households’ energy choices when testing common climate
mitigation policies (e.g., carbon pricing), socioeconomic alternatives in a world with changing climate,
etc.

Energy system models have been a valuable tool towards well-informed decision- and policymaking
processes in Europe over the past few decades: they have simulated multiple energy transition scenarios
and pathways and have reflected on different possible evolutions of the energy systems (Siisser, Ceglarz,
etal., 2021).

Energy system models are purposeful mathematical simplifications of reality- “smaller, less detailed,
less complex, or all together”, but they are also shaped by, and potentially shaping, the social world, in
which they are embedded (Van Egmond & Zeiss, 2010). The same holds true for the modelers them-
selves, who define the model’s nature-based theories, empirics, and also their ideas and mental models,
respectively (Ellenbeck & Lilliestam, 2019). Thus, computer and mental models are mutually depend-
ent.

In this regard, models can function as “discursive”, or “negotiation” spaces, bringing together different
social worlds- such as represented by scientists and policymakers- and enabling these worlds to create
a shared understanding, work together, and negotiate knowledge and policy (Evans, 2000; Star &
Griesemer, 1989). Hence, energy system models can support governmental decision-making processes
(Lopion et al., 2018); however, they cannot be a “final decision for the policy process to [be] simply
implement[ed]” (Gilbert et al., 2018).

According to Pfenninger et al. (2014) “energy system models are not only a tool for the definition of
scenarios and long-term planning strategies, but also for the expression of the semantics used to formal-
ize the “scattered knowledge” about the complex interactions of the energy sector". In this context, the
field of energy system modeling is prolific, and many models have been and are currently being devel-
oped using different methodologies and working approaches. Linking social science and the concept of
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“energy citizenship” to modeling tools is an important topic because it can broaden the perspective on,
and understanding of, the complex subject of the energy transition, the diffusion of the technological

and social innovations required, and the interactions between key characteristics of citizens’ behavior
affecting investment decisions.

Considering the wide spectrum of activities that the concept of “energy citizenship” encompasses and
its multi-dimensional approach to tackling climate change, it has become increasingly evident that the
transition of the energy system, i.e., the established ways of producing, distributing and consuming en-
ergy in the present societies towards carbon neutrality, involves more than substituting fossil fuels with
renewable energy. Instead, it implies a transformation in collective, shared practices of governing and
managing the energy system and the emergence of new social roles (e.g., Bjerkan et al., 2021), and this
requires the consolidation of the “energy citizenship” concept.

For example, when it comes to the EU, the shift to a more decentralized vision of a low-carbon energy
system, where citizens take ownership of the transition, benefit from new technologies to lower their
bills, and actively participate in the market, part of the required infrastructure will only be developed if
citizens are willing to invest in and pursue the technological capabilities required.

However, given that it is unlikely that they will invest in new technological options with the primary
goal of supporting the energy system (e.g., flexibility), it is reasonable to assume that they will only
invest according to a value derived from a higher proportion of self-produced energy consumed.

In that regard, while technological infrastructure is already in place, new and innovative business models
and legal frameworks are required to maximize the value of technological capabilities and to commer-
cialize them in order to recompense citizens (Li et al., 2019; Tzani et al., 2022). Nevertheless, due to
conflicts between citizens' and market actors' interests, the existing European legislative framework
leads to situations where business models do not fully use demand-side capabilities, even when they
exist (Wolisz et al., 2016).

Given that in modern energy systems technological innovation will continuously pose new challenges
to existing regulatory frameworks, innovations in regulation should be as important as regulating inno-
vations (Rubino, 2018). As a result, efficient policymaking around Europe should explore “game
changer” business models that incentivize both citizens and other market actors to incorporate demand
flexibility into the markets that can valorize it.

In this context, relying on demand-side modeling methods that consider citizens' behavioral character-
istics is critical to determining future profile patterns of the future transformation, but it has been mis-
used thus far. However, scientific support for climate action entails not just judging feasibility and de-
sirability in terms of "what" as in policy and outcome, but also "when", "where", and, most importantly,
"whom".

Without the essential behavioral and cultural changes, the world's response to the climate crisis will be
insufficient. This might be due to a lack of adoption of low-carbon technology, the continuation of high-
carbon lifestyles, or broader economic rebound effects (Nikas et al., 2020).

However, despite the increasing importance and use of energy system models, the above aspects are
currently underrepresented in these models. In particular, most models take a technoeconomic and/ or
cost optimization approach, which limits their ability for including social aspects and dynamics, such as
policy preferences, or social acceptance (Chatterjee, Stavrakas, Oreggioni, Suisser, Staffell, Lilliestam,
Molnar, et al., 2022). What is noteworthy is that social aspects can also play a significant role in accel-
erating or impeding processes within the energy transition, while there is a growing awareness of the
importance of these dynamics.

These factors are important for the development of energy system models because societies can have a
significant impact on driving or limiting the energy transition: citizens, for example, can develop and
participate in community energy projects while also opposing local energy infrastructure development.
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Current models tend to treat the social dimension of the energy transition as an added layer of analysis,
i.e., they consider society as a larger social context, and, as a result, they overlook interactions between

societal factors and other factors such as technology, economy, and even the environment (Siisser, Pick-
ering, et al., 2021).

In this context, facilitating the energy transition towards climate neutrality in Europe by 2050 requires
us to develop a new set of energy modeling tools, or further adjust the existing ones and match them
with existing needs, to simulate and analyze the drivers and barriers to complete decarbonization, in-
cluding decentralization, a large-scale deployment of variable RES, resulting in a greatly increased de-
mand for system-side flexibility, sector-coupling, including electrification of transportation and heating,
and the effects of alternative market designs on the behavior of different energy sector players.

According to recent literature “there is a risk of diluting the ambition at the national level, a persistent
lack of coordination of national energy policies” and a serious “need to strengthen common financing,
policy coordination, and governance tools” (Defard, 2023). This calls for a variety of actions by a wide
range of actors at different levels of influence and for improved governance structures and collaboration
across different policymaking levels (e.g., administrative levels within countries) (Intergovernmental
Panel on Climate Change (IPCC), 2022; Wang et al., 2024).

Therefore, breaking transition lock-ins is inherently a political endeavor, as transition pathways are in-
tricately linked with political decisions and policies that foster, modify, and enable changes at different
policy levels, which, however, are mostly taken at the national level. This is particularly important as
regional and local authorities are given more responsibility and importance in implementing climate and
energy transitions (European & Regions, 2018; Kleanthis et al., 2022); when it comes to policymaking
at strategic levels, though, their contribution is not always considered, and legislation does not always
support the regional and/ or the local level (Aruta et al., 2023; Brandoni & Polonara, 2012).

This is not in line with Art.11 of the European Regulation on the Governance of the Energy Union and
Climate Action 2018/ 1999, which states that Member States shall establish a multilevel climate and
energy dialogue to deliver on the vision of climate neutrality by 2050 (European Parliament & Council
of the European Union, 2018). As of now, though, the EC’s assessment of National Energy and Climate
Progress Reports (NECPRS), submitted in March 2023, attached to the 2023 State of the Energy Union
shows that the maturity of these multilevel governance structures is currently not at the ideal level (EU-
ROPEAN COMMISSION, 2023).

Drawing from the above, actively participating in the energy system has a range of impacts at the local
level and can aid in achieving net-zero emissions. Scientific literature so far has extensively focused on
ways to motivate citizens to support the concept of “prosumerism”. For example, Egert et al. (2021)
presented several theoretical frameworks and approaches, drawn from multiple disciplines (e.g., peda-
gogy, behavioral economics, and psychology), for motivating users to choose certain options for action
or to show specific behaviors concerning their behavior in the energy system (Egert et al., 2021).

Prosumerism typically refers to RES generation at the local level, such as through rooftop photovoltaic
(PV) systems, or small wind turbines, while it aids in reducing dependence on the central energy system
and therefore enhances resilience by providing back-up power during outages (Egert et al., 2021).

This in turn reduces the need for grid expansion and lowers electricity costs for residents and businesses
while relieving grid congestion. It can also help reduce energy needs and require less energy from tra-
ditional power plants, which can, in turn, help reduce GHG emissions and other pollutants, causing less
environmental harm (Ruggeri, 2021).
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Another study pointed out the economic benefits prosumers enjoy, as producing one’s own energy stim-

ulates local economies and creates jobs, since prosumers can provide excess electricity back to the grid
(or even sell it in some cases), generating savings, or even income for households (Gautier et al., 2017).

In addition, collective expressions of energy citizenship at the local level, as energy communities, are
already widely spread, with over 3,500 active energy communities throughout Europe currently (Cara-
mizaru et al., 2020). Gjorgievski et al. (2021) reviewed scientific works on the multifaceted impacts of
energy communities and identified indicators to evaluate their economic, environmental, technical, and
social benefits. They found that positive influence was noted across the different indicators when sce-
narios with local collective energy projects were compared to scenarios in which no energy communities
were formed.

Since energy communities have been considered as a significant tool against climate change, besides
their impacts research has also focused on the specific circumstances that favor and promote citizen
participation. Systematic literature reviews have identified trust, environmental awareness, community
identity, and social norms as deciding factors that facilitate the creation of local energy communities
(Soeiro & Ferreira Dias, 2020; Young & Brans, 2017; Seebauer et al., 2022).

In a study by Fina & Monsberger (2023), energy communities in Austria were investigated to specify
gaps that hinder their diffusion on a large scale. To close these gaps, ideas, and measures to help their
uptake and full integration were discussed and business model approaches as well as policy recommen-
dations were developed.

Finally, extensive research has also been conducted in the field of citizen behavior and lifestyle changes
and its impact on decarbonization pathways. In a study using an integrated assessment model (IAM), it
was found that lifestyle changes can potentially achieve about 13% of emission reduction by 2030 (van
Sluisveld et al., 2016).

Williamson et al. (2018) formed a set of 30 measures for citizens or households, which were based on
altering patterns of human consumption, spanning from the food sector to the transportation and energy
sector. They found that a GHG emission reduction in the range of 19.9-36.8% is to be expected when
these measures are implemented, confirming the fact that individual actions and lifestyle choices play a
crucial role in addressing decarbonization and climate change mitigation.

Yet, there remains a significant gap in understanding the enablers and success factors of energy-related
behavior change initiatives (Feola & Nunes, 2014; Steg et al., 2015). Axon et al. (2018) addressed this
gap by identifying and characterizing a sample of 50 cases of energy-related behavior change initiatives,
selected across five European countries, and provided insight into the success factors and commonly
encountered barriers to energy-related behavior change initiatives.

Since energy citizenship has such a large variety of expressions, it is obvious that it can greatly influence
decarbonization processes on multiple fronts and scales. Especially at the local scale, though, it is crucial
to better understand how the impacts of the different aspects of energy citizenship have been studied so
far.

A recurring challenge noticed in recent literature is the lack of using quantitative methods, such as en-
ergy system models; most research is based on either field studies or surveys and interviews. Such meth-
ods, while they do offer benefits and can pave the way for further research on the subject, can only
derive general trends and implications that may not be adequate for policymaking.

ENCLUDE addresses this gap by using the strengths of energy system and integrated assessment mod-
els, aiming at a more holistic modeling of the different aspects of energy citizenship, exploring the multi-
scale relationship between its various forms and the decarbonization of the energy system. As part of
this deliverable (“D5.3: Report on the impact of energy citizenship at the local level”), the ENCLUDE
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modeling suite, including two (2) agent-based models (ABMs), a demand-side management (DSM)
model, an energy planning optimization and capacity expansion model (CEM), and an integrated as-

sessment model (IAM), adds a quantitative dimension to the research on the matter of energy citizenship
and its expressions at the local level.

More specifically, our work builds on the previous ENCLUDE work under “WP5: The impact of energy
citizenship in decarbonization pathways”, namely: Deliverable 5.1 (“D5.1: Report on models’ adjust-
ments and modifications to match emerging energy citizenship trends and patterns™) and Deliverable
5.2 (“D5.2: Report on the development of decarbonization pathways based on social innovations of
energy citizenship”), as follows:

“D5.1: Report on models’ adjustments and modifications to match emerging energy citizenship trends
and patterns” in a nutshell (Tsopelas et al., 2022):

In this deliverable, different aspects of energy citizenship were identified and articulated through desk
research, which were then categorized in distinct patterns and trends, each one describing a key aspect
of energy citizenship, as follows:

~ Active participation in the energy market.
' Actions towards energy efficiency.

~ Behavioral aspects.

' Collective expressions of energy citizenship.
< Political activities.

The ENCLUDE modeling ensemble and its capabilities were also presented.

“D5.2: Report on the development of decarbonization pathways based on social innovations of energy
citizenship” in a nutshell (Tsopelas et al., 2023):

As part of the ENCLUDE Deliverable 5.2, the identified trends and patterns of energy citizenship served
as guidelines for the development of four (4) “people-centered” storylines, a short description of which
is provided below:

“Power to the People”: This storyline explores a decentralized energy system where citizens become
more actively participating in the energy transition, investing in relevant green infrastructure as
small-scale PV systems (prosumerism) and energy efficiency and smart technologies.

“Band Together”: This storyline focuses on citizens' collective actions in the energy system, such as
the formation of energy communities, where optimized and localized energy production and re-
source utilization can take place.

“Habitual Creatures”: This storyline revolves around daily habits of citizens and how small changes
in everyday life and their lifestyle can impact the energy transition and contribute to the decarbon-
ization of the energy system.

“People to the Streets”: This storyline emphasizes political activism surrounding climate change and
citizen participation in social movements and civil society initiatives advancing democratic visions
of energy transition.

In addition, and by expanding the concept of SSPs, as presented above, a set of three (3) “future-world”
narratives referring to different potential evolutions of the future in terms of external systemic factors
that are related to institutions and organizations were also formulated- a short description is presented
below:
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“A Familiar World”: This narrative simulates the future-world evolution in its present state, with the

current rates of decarbonization and the baseline scenario specifications as foreseen by current
policy documents, relevant announcements, and political decisions made at the EU level.

“A Unified World”: This narrative simulates a future-world evolution in which society, governments,
and nations around the EU, but also at the global level, come together and unite against climate
change, as the biggest crisis of our age. Policymaking processes all around the world promote
acceleration of decarbonization through transnational collaboration and investments in green so-
lutions as soon as possible.

“A Fragmented World”: This narrative simulates potential future-world evolutions of undesired so-
cieties, which tend more and more to “dystopia” in the sense of extreme or even exaggerated worst-
case scenarios, e.g., more totalitarian regimes arise, more social inequalities, more control over
people through the usage of propaganda, censoring of information or denial of free thought, the
gradual loss of individuality, enforcement of conformity, rise of individualism and anti-collectiv-
ism, more (war) conflicts at the regional and transnational level. This narrative assumes that poli-
cymaking processes emphasize more regional and national security rather than combating the cli-
mate crisis.

By combining the work conducted under the previous WP5 deliverables, and by following the overarch-
ing design of WP5, in this report we proceed with the next step; designing transition scenarios and
decarbonization pathways in different real-world case studies, as selected from the extensive and well-
detailed case study pool developed as part of the work conducted under the ENCLUDE Work Package
3 (WP3) (Brenner-Fliesser et al., 2023).

For example, recognizing the importance of the “Power to the People” storyline, we appraise the poten-
tial impacts of prosumerism at the local level, towards greener futures, while we also assess the decar-
bonization potential of investing in energy efficiency solutions and adopting energy-related lifestyle
changes at the local level of municipalities and the value of collective citizen activities in contributing
to meaningful changes over time.

To do so, the ENCLUDE modeling ensemble ( ) is employed to provide quantified results on the
decarbonization potential of these different variations of energy citizenship at the local level. To adjust
our work and match it to the case-specific characteristics of the analyzed case studies and to the needs
of the patterns and trends of energy citizenship identified, the previously modeling ensemble, as pre-
sented in the context of Deliverable 5.1, is further expanded with two (2) new additions.

In this report, we introduce one of these new entries, the ANIMO modeling framework, a new modeling
framework further enhancing the ENCLUDE modeling ensemble’s capabilities towards a broader and,
at the same time, deeper (more holistic) exploration of the different energy citizenship expressions.

Case studies across different geographical contexts and socioeconomic environments are modeled, with
our aim being, eventually, and combining the work under this deliverable, with the work that will be
presented in the next WPS5 deliverable (*

), a sound understanding of the multi-scale relationship
between the different energy citizenship expressions and decarbonization pathways, not only theoreti-
cally, but also through real-life practical implementations. In this deliverable we focus on the local level.

Furthermore, more information on the workings and capabilities of the models is provided. As such, this
report may easily be used both within and outside of the project, by policymakers and other relevant
end-users from the field of policy and practice using our findings to derive interesting and policy-rele-
vant implications and recommendations, and by researchers and other end-users from the field of aca-
demia that are interested in the ways that different patterns and trends of energy citizenship at the local
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level can be integrated into the design of decarbonization pathways and simulated through the use of
energy system models.

Based on the specifications of the case studies and the capabilities of each modeling tool (i.e., local
spatial resolution), in this deliverable we present results from the application of the DREEM and the

ANIMO

models.

Table 1. The enhanced ENCLUDE modeling ensemble.

Modeling framework

Description

grAssroot iNnovation

dIffusion

(

)

del

is an agent-based model capable of simulating the diffu-
sion of social innovations, such as the creation of, and participation
in, energy community projects, and investigating how envisioned
social improvements are embraced by, and distributed throughout,
households and individuals with various socioeconomic, behav-
ioral, and lifestyle profiles.

gent-based Technology

adOption

(

odel

)

is an agent-based model, which based on the plausibility
of its results compared to historical data and observations, simu-
lates the expected effectiveness of various policy schemes on tech-
nology adoption (e.g., small-scale solar PV, battery energy storage
systems, heat pumps, electric vehicles, etc.) in the residential sec-
tor, for the geographical and socioeconomic context under study.
Apart from exploring the expected effectiveness of technology
adoption under policy schemes of interest, the model allows us to
consider and explicitly quantify the uncertainties that are related to
agents’ preferences and decision-making criteria (i.e., behavioral
uncertainty). As agents in the model, we refer to citizens and house-
holds.

ynamic high-Resolution d

mand-sid

(

anagement

)

is a fully-integrated energy demand and demand-side
management simulation model, focusing on the building sector,
which expands the computational capabilities of existing Building
Energy System and demand-side models, by not only calculating
energy demand, but by also assessing the benefits and limitations
of demand flexibility, primarily for the main end-users (consumers/
citizens), and, then for other energy system actors involved (e.g.,
suppliers, retailers).

ntegrated

odel to Assess the

lobal Environment

(

)

is an integrated assessment model (IAM) suited to large
scale and long-term assessments of interactions between human de-
velopment and the natural environment, and integrates a range of
sectors, ecosystems, and indicators. The model identifies socioec-
onomic pathways and projects the implications for energy, land,
water, and other natural resources, subject to resource availability
and quality.

pen-Source energy

S
(

tem for

deling
eece

)

is an energy system optimization and capacity expan-
sion model generator that follows a dynamic, deterministic, tech-
nology-rich, bottom-up, linear-programming approach for me-
dium-to-long-term energy planning. It is utilized to determine the
most economically efficient pathway by minimizing the discounted
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cost of the system and by optimizing the capacity and electricity

generation of each technology to meet the predefined final energy
demand.

is a country-specific implementation of
0SeMOSYS that has been developed as part of the ENCLUDE
modeling ensemble and adjusted to accurately model the unique
characteristics of the Greek power system for the period 2021-
2050.

The remainder of this deliverable is structured as follows:
< Section 2 includes an overview of the working approach followed.

< Section 3 match the identified patterns and trends of energy citizenship to the individual modeling
tools of the ENCLUDE ensemble, based on their capabilities.

' Section 4 provides a description of the modeling tools’ limitations and capabilities as well as the
further modifications and adjustments that took place for model application.

~ Section 5 presents an overview of the final scenario space designed and to be modeled by the
ENCLUDE modeling ensemble, based on the “people-centered” storylines and the “future-world”
narratives developed.

< Section 6 presents the specification of the analyzed case studies, along with respective parameters
that were used, the data collection and treatment process followed, etc.

' Section 7 presents the results of the model application to the case studies.

~ Section 8 provides conclusions and recommendations of our work, summarizes limitations, and
highlights next steps and further research topics.
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2. Working approach

We follow a multi-method approach, coupling the strengths of energy system modeling with qualitative
and semi-quantitative techniques. As depicted in , our working approach consists of five (5)
methodological steps to reach from the initial set of the patterns and trends of energy citizenship (as
derived in 1y and the ENCLUDE “people-centered” storylines and “future-world” nar-
ratives (as derived in 2), to the final ENCLUDE scenario space and the case-specific
decarbonization pathways to be modeled in the context of the real-life applications presented in this
report.

As part of the ENCLUDE Deliverable 5.1 (Tsopelas et al., 2022), desk research on patterns and trends
of energy citizenship was conducted, also based on insights and preliminary findings on typologies of
energy citizenship that were developed as part of the work conducted in the context of the ENCLUDE
WP2 (Dunphy et al., 2023).

In parallel, a detailed documentation of the ENCLUDE modeling ensemble took place, entailing the
current state of the models, their capabilities and limitations, their input and output variables, and their
technical characteristics, e.g., spatial, temporal, and sectoral coverage and resolution. A data collection
process enabled us to also develop a matching matrix, optimizing the connections between the models
and their ability to address the identified patterns and trends of energy citizenship. Moreover, various
interface protocols for the soft linkage of the models, where necessary, were developed, concerning data
transfer and model communication and interoperability. Based on this work, we summarized the “status-
quo” of the ENCLUDE modeling ensemble.

The above allowed us to cluster the identified patterns and trends of energy citizenship in a matching
matriX, optimizing the connections between the ENCLUDE modeling ensemble and their ability to ad-
dress the different aspects of energy citizenship. More specifically, during the period March-June 2023,
the identified patterns and trends were mapped again onto the ENCLUDE models to redefine the model
capacities for addressing various aspects of energy citizenship both at the individual and collective level
and potential model developments, modifications, and adjustments required.

After matching the identified patterns and trends of energy citizenship to the ENCLUDE modeling en-
semble, two (2) inter-WP online workshops were organized, during the period September-October 2023,
to discuss model capacities in terms of addressing the different aspects of energy citizenship. During
these internal ENCLUDE workshops, partners discussed required model inputs and expected outcomes
as well as the selection of potential case studies. Partners also provided feedback on the consideration
of important variables and assumptions and the acquisition of data necessary for the calibration and the
parameterization of the modeling ensemble.

This gap analysis highlighted specific patterns and trends of energy citizenship that were not adequately
addressed by the ENCLUDE modeling ensemble. This allowed further model developments, modifica-
tions, and adjustments required so that the modeling ensemble is able to simulate the decarbonization
pathways developed as part of the work under this deliverable. In this context, a new modeling frame-
work, ANIMO, was developed, while the original modeling framework of DREEM was modified. Fur-
thermore, the models’ documentation was also updated.

1 https://doi.org/10.5281/zen0d0.7094196
2 hitps://zenodo.org/records/7638854
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Figure 1. Multi-method working approach as followed in the context of the ENCLUDE WP5 to quantify the
decarbonization impact of energy citizenship at the local level.

This next step aimed at the design of the initial scenario space inside of which case study-specific de-
carbonization pathways, are, eventually, developed. Starting point for the initial design of the scenario
space was the work implemented in the context of the ENCLUDE Deliverable 5.2 (Tsopelas et al., 2023)
and the desk research on scenario-based analysis around the concept of energy citizenship, focusing on
the IPCC’s SR1.5 and the accompanying database (IPCC SR1.5 Scenario Explorer)(Masson-Delmotte
et al., 2019; Daniel Huppmann et al., 2019)

To ensure that the final set of the decarbonization pathways developed for the ENCLUDE applications
are based on the most up-to-date and policy-relevant evidence on the contribution of energy citizenship
in contributing to the visions of decarbonization and climate neutrality, we also used as a basis of our
desk research the IPCC Special Report 6 (Calvin et al., 2023b).

In parallel, we expanded the work under Step 1 by further elaborating on the categories of the energy
citizenship patterns and trends identified under Deliverable 5.1 (Tsopelas et al., 2022) to produce a set
of “people-centered” storylines that best describe the different citizen-specific aspects of energy citizen-
ship in terms of citizens’ active participation to the energy transition. This work has also been presented
as part of Deliverable 5.2.

By combining the insights of our desk research on scenario-based analysis around the concept of energy
citizenship with the final set of the ENCLUDE “people-centered” storylines, our next goal was to fur-
ther expand our scenario space with alternative scenarios that explore uncertainty in future conditions
of the society and climate and describe the evolution of societal aspects that are difficult to quantify
(such as the quality of institutions, political stability, environmental awareness, etc.), and provide a basis
for further elaboration of the scenarios by users.

This allowed us to also capture the effect of the different types of “environments” that could potentially
surround citizens and citizen-specific expressions of energy citizenship, as external systemic changes
that can potentially occur in future developments regarding governmental institutions, organizations,
and nation-wide societal changes, etc.

To do so, we built on the concept of SSPs, which are a collection of five (5) qualitative descriptions of
future changes in demographics, human development, economy and lifestyle, policies and institutions,
technology, and environment and natural resources (Liu et al., 2024). The conceptual framework for the
design and use of SSPs typically calls for the creation of global pathways that describe the future evo-
lution of key societal aspects.

As part of Deliverable 5.2, we further expanded and adjusted this set of qualitative descriptions to de-
velop a set of three (3) qualitative descriptions, the ENCLUDE “future-world” narratives, that could
supplement the “people-centered” storylines in developing the ENCLUDE scenario typology.

As part of this report, our focus was to design the scenario space, based on the work already conducted
under WP5, so that we can apply it to the different case studies, to which the ENCLUDE modeling
ensemble would be applied to. The initial design of the scenario space started with the combination of
the “people-centered” storylines with the “future-world” narratives and the design of the ENCLUDE
scenario typology ( ).
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Figure 2. The ENCLUDE scenario typology showcasing all the potential combinations of the ENCLUDE “people-
centered” storylines and “future-world” narratives towards the development of the ENCLUDE scenario space.

2.4. Step 4: Case study specification and decarbonization pathways

As Carlsen et al. (2016) pointed out, a broad and balanced scenario space is typically needed in order to
implement scenario-based research correctly and effectively. By crafting diverse sets of storylines and
narratives that encompass varying degrees of climate- and energy-related actions, technological ad-
vancements, societal shifts, and behavior adoption rates, a better coverage of future possibilities is at-
tained. This offers a nuanced perspective on what the future may hold and aids in not only preparing for
potential challenges but also illuminates the pathways toward sustainable and resilient solutions.

On the contrary, creating a limited and ill-defined scenario space may lead to failing to anticipate certain
developments or underestimating the complexities of societal transitions which in turn can result in the
implementation of insufficient or misguided policies and biased decision-making. For instance, an
overly optimistic scenario that neglects the challenges of transitioning to RES and assumes rapid global
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cooperation without accounting for geopolitical challenges could result in delayed or ineffective policy
responses. By anchoring decisions solely on best-case scenarios, a misleading perception of security and
a failure to adequately prepare for contingencies can be created. Similarly, an excessively conservative
scenario space- one that underestimates the pace of technological advancements, policy changes, or
societal shifts- can stifle innovation and hinder progress.

If policymakers are on the side of caution, overly conservative scenario space may perpetuate reliance
on outdated technologies and impede the transition to more sustainable practices. For example, envi-
sioning a future where the status quo prevails without accounting for breakthroughs in renewable energy
or shifts in citizens’ behavior might discourage investments in cutting-edge technologies.

This can lead to missed opportunities for transformative change and result in inadequate preparations
for a rapidly evolving climate landscape. All things considered, in both cases, the potential ripple effects
of oversights and misjudges extend to economic repercussions, social disruptions, and exacerbation of
climate-related vulnerabilities.

It is imperative, thus, to design a scenario space which encompasses a broad spectrum of possible fu-
tures, acknowledging uncertainties and embracing the depth of complexity of the European landscape,
at the local, the national, and the transnational level.

Considering these literature insights, the ENCLUDE scenario typology is the starting point for the de-
velopment of the ENCLUDE scenario space ( ), which, applied to specific case studies, will
lead to the final ENCLUDE transition matrix and real-life decarbonization pathways of energy citizen-

ship.
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Figure 3. The ENCLUDE scenario space to be applied to specific case studies for the development of real-life
decarbonization pathways.

As a next step thus, we selected a set of case studies, which the enhanced ENCLUDE modeling ensemble
will be applied to. To do so, we explored diverse cases across Europe to illuminate the full range of
differences and demonstrate cross-cutting themes. Geographical dimension adds an important value to
quantifying the impact of energy citizenship, in terms of the decarbonization potential of its various
expressions, at the local level and to better understanding the several important implications of geogra-
phies in the EU’s policymaking landscape.

Our selection focused on the spatial variation across contexts and the emphasis on cross-case differences
of political, social, cultural, economic, demographic, and technological particularities of energy systems.
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The main source of information and data for the selection and specification of the case studies was the
case study pool developed and maintained in WP3 (Brenner-Fliesser et al., 2023). This way, we were
able to collect data provided in the questionnaire developed by WP3 and filter the case studies to select
those that we would delve deeper into based on their policy relevance and according to enhanced capa-
bilities of the ENCLUDE modeling ensemble.

By applying the ENCLUDE scenario space to each case study, and by considering case-specific char-
acteristics and citizen-specific data, the ENCLUDE three-dimension transition matrix is produced for
each one of the case studies, comprising a final case-specific set of decarbonization pathways (
).

To further supplement our work and ensure that the ENCLUDE transition matrix is designed in a policy-
relevant way, we also made sure to include insights and specifications form the most recent policy doc-
uments, in accordance with the emission caps of the updated mitigation targets by 2030 and 2050 in the
context of the “Fit for 55” package and the European Green Deal strategy. Based on the latter, an indic-
ative modeling time horizon, i.e., reference year (simulation start year), interim milestone years (where
and if necessary), and the target year (simulation end year), were specified, to be adjusted, though, each
time, based on the case-specific characteristics of the application under study.

Finally, to also make sure that the ENCLUDE transition matrix is not only policy relevant, but also
helpful and supportive of the different potential end-users’ needs, relevant stakeholders’ and practition-
ers’ feedback (in close coordination with the work conducted as part of WP6 and the ENCLUDE Acad-
emy) was also considered to diversify and expand the decarbonization pathways developed, and even-
tually account for possible uncertainties and different potential evolutions of the future energy system
(Pearce et al., 2022).

Based on stakeholders’ feedback, our scenario space and transition matrix were further populated with
the evolution of different exogenous variables, e.g., emission factors, evolution of relevant energy prices
and costs, technological costs and relevant updated configurations, benefits for citizens and/ or other
power actors involved, always in accordance with the specifications of the “people-centered” storylines
and “future-world” narratives.
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Figure 4. The ENCLUDE three-dimension transition matrix to develop case-specific decarbonization pathways
in each application under study.

As a final step, we used the enhanced ENCLUDE modeling ensemble to simulate the matrix of the case-
specific decarbonization pathways derived, for the time horizon (e.g., 2030, 2040, 2050) and the time
interval (e.g., one hour, one year, five years) of interest in each application at hand. Modeling results
were further analyzed, presented to the rest of the ENCLUDE partners, and discussed to co-create robust
recommendations for citizens, end-users from the fields of policy and practice, and other relevant stake-
holders, to trigger actions at the local level.
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3. Matching “people-centered” storylines to the ENCLUDE modeling
ensemble

A preliminary matching of the identified patterns and trends of energy citizenship to the ENCLUDE
modeling ensemble, based on the detailed documentation of its “status-quo”, capabilities, limitations,
input and output variables, and technical characteristics, e.g., spatial, temporal, and sectoral coverage
and resolution, took place as part of Deliverable 5.1 (Tsopelas et al., 2022).

A data collection process also enabled us to develop a matching matrix, optimizing the connections
between the models and their ability to address the identified patterns and trends. Moreover, various
interface protocols for the soft linkage of the models, where necessary, were developed, concerning data
transfer and model communication and interoperability.

As part of the work presented in this deliverable, and in view of the application of the ENCLUDE
modeling ensemble to the case-specific decarbonization pathways developed at the micro scale (local
level), an updated gap analysis was conducted to identify new patterns and trends of energy citizenship
that were not still addressed by the ENCLUDE modeling ensemble, considering the new directions de-
rived from the development of the “people-centered” storylines and the “future-world” narratives, the
insights from the work conducted under WP3 and WP6 (and the ENCLUDE Academy), and relevant
end-users’ and other stakeholders’ feedback.

This allowed not only the identification of further model developments, modifications, and adjustments
required, but also a holistic understanding of the multi-scale relationship between patterns and trends of
energy citizenship (both at the individual and the collective level), transition pathways towards decar-
bonization, and the ENCLUDE modeling ensemble. Based on this work, we revised and further updated

the “status-quo” of the ENCLUDE modeling ensemble ( and ).
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Figure 5. Updated “status-quo” of the ENCLUDE modeling ensemble: Mapping of the patterns and trends of
energy citizenship that each model has been designed and further developed and modified to address.
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Figure 6. Summary of the “people-centered” storylines that the enhanced ENCLUDE modeling ensemble is ca-
pable to address post further developments, modifications, and adjustments.

Since an important issue to address in the context of this work is “scale” there was a need to capture
nuances of energy citizenship at the local level. Starting from the micro scale, our work recognizes the
need to enhance comprehension of both individual and collective factors that are relevant to the decision-
making processes underlying the emergence of energy citizenship.

This entails an exploration of the particular social innovations and technological capabilities that engage
citizens and encourage changes at both the household (individual) and the community (collective) level.

showcases the multi-scale relationship of the ENCLUDE modeling ensemble, also indicating
the scale of analysis in which the individual models will be utilized.

To that end, we further expanded the architecture of the ATOM model- whose original scale of analysis
is at the national level (meso scale), as presented under Deliverable 5.1- to develop a new modeling
framework, ANIMO, which aims at an exploration of the methods through which envisaged social in-
novations of energy citizenship and respective technological infrastructure can be embraced and dif-
fused within households and communities of different profiles, and in different contexts, as a basis for
supporting better-informed decision-making (Stavrakas et al., 2019a). In this deliverable, since the focus
of our work is on the decarbonization potential of energy citizenship at the micro scale (local level), the
ANIMO and DREEM models are employed.
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Figure 7. Different scales of analysis of the decarbonization potential of the identified patterns and trends of energy
citizenship based on the current “status-quo” of the ENCLUDE modeling ensemble.

The grAssroot iNnovation dlffusion del ( ) is a new modeling framework designed and
developed in the context of the ENCLUDE project to simulate the spread of social and grassroot inno-
vations, including the establishment and involvement in energy community projects. It delves into how
envisaged social advancements are adopted and disseminated among a network of individuals, with
diverse socioeconomic, behavioral, and lifestyle profiles.

ANIMO was explicitly developed to address the "Band Together" storyline ( ) by delving into
the dynamics of citizens’ decisions within a structured social system, concerning the decision to join, or
abstain from participating, in an energy community (or a similar structure like an ecovillage). Addition-
ally, it aims to explore inter-community collective decision-making processes and how these processes
potentially impact the community's external perception and, to some extent, interactions between current
and prospective community members.

The main premise behind the model’s development is that the main ways that grassroot innovations as
energy communities and/ or ecovillages tend to typically influence larger society are through (1). repli-
cation, (2). growth in scale, and (3). translation (Boyer, 2018a).

Our ambition is that ANIMO is further developed to the point that it can address all these three (3) ways;
addressing “replication” as the growth of the number of energy communities, “growth in scale” as,
either the growth of specific communities, or the growth of their influence through partnerships and
funding programs, and “translation” as the adoption of community-relevant policies and practices by
mainstream society and institutions.

With the aim of performing socially well-informed modeling activities, an extensive database is required
so that the model can accurately represent and simulate the adoption of social innovations of energy
citizenship, also considering specifications on the energy communities’ structure and their context under
study. Therefore, the ANIMO framework is also supplemented with a complete framework for
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parameter estimation as well as quantification of the uncertainty that governs its ability to replicate real-
life processes and make future projections. Leveraging data gathered from the ENCLUDE case studies,

ANIMO is enhanced to analyze the decision-making processes of distinct citizen profiles, a crucial as-
pect in the effective development and execution of socio-technically informed modeling exercises.
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Figure 8. “People-centered” storylines that the ANIMO modeling framework was developed to address in the
context of the real-life applications under study at the local level.

The Dynamic high-Resolution dEmand-sid anagement ( ) model is a fully-integrated en-
ergy demand and demand-side management simulation model, focusing on the building sector, which
expands the computational capabilities of existing Building Energy System and demand-side models,
by not only calculating energy demand, but by also assessing the benefits and limitations of demand
flexibility, primarily for citizens, and, then for other energy system actors involved (e.g., suppliers, re-
tailers, distribution system operators) (Stavrakas & Flamos, 2020).

The main premise behind the development and the use of the DREEM model has been that in order for
citizens to have a more active and positive participation to the energy transition, they first need to be-
come more aware of the benefits from investing in new energy products and services.

In this context, the novelty of the model lies in its potential to be used in a wide range of applications,
not only to assess the existing technological infrastructure, but also to support the development of busi-
ness models and regulatory innovations, which maximize the value of energy products and services, and
monetize them, to fairly compensate citizens and other relevant energy market actors.

In the context of the work presented in this report, the DREEM model will be employed to quantify the
decarbonization potential of the “Power to the People” and the “Habitual Creatures” storylines by sim-
ulating case-specific transition pathways that envision patterns and trends of energy citizenship as citi-
zens’ active participation to the energy market and actions towards increasing energy autonomy and
achieving energy savings ( ).
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Figure 9. “People-centered” storylines that the DREEM modeling framework was further developed, modified,
and adjusted to address in the context of the real-life applications under study at the local level.

For the “Power to the People” and the “Habitual Creatures” storylines, the DREEM model will be
utilized to address multiple facets of prosumerism within the EU’s residential sector. It will assess po-
tential costs and benefits at the household (individual) level, while examining regulatory schemes and
business models that could encourage citizens to invest in the necessary technological infrastructure
(i.e., small-scale PV and residential storage systems), enabling them to actively participate to the energy
market.

In addition, by scaling up from the individual to the collective level and by modeling a group of house-
holds making investments and actively participating to the energy transition, the DREEM model will be
employed to quantify the benefits of a citizen-centered energy transition by 2050 with investments in
energy efficiency actions, also considering behavioral and lifestyle changes and the adoption of sustain-
able daily habits in terms of energy consumption. Numerous daily activities, such as the use of house-
hold appliances, heating, and washing, play a crucial role in determining a household's energy consump-
tion levels and are fundamental aspects of being an energy citizen.

In this context, the DREEM model will also address specific rebound effects resulting from specific
behavioral consumption patterns; for instance, the direct rebound effects associated with the transition
from incandescent or halogen bulbs to more energy efficient compact fluorescent lamps or light-emitting
diodes, will also be considered. These changes in lighting technologies represent external outcomes
influenced by the internal behavioral characteristics that define the energy behavior of citizens. This can
be of value since the heightened awareness of one's own energy consumption can lead to individual
energy conservation measures, contributing to a reduction in energy usage and significant energy sav-
ings.

Finally, in the context of the “Band Together” storyline, the DREEM will be employed to demonstrate
the energy autonomy and the energy saving potential (and respective benefits for citizens) of collective
actions. Energy communities and various other collective energy initiatives, including energy collec-
tives, cooperatives, and eco-villages that focus on communal and localized energy production and re-
source optimization, will be modeled using DREEM.

This modeling exercise will illustrate the substantial decarbonization potential associated with energy
communities. Such insights can prove valuable to stakeholders, including policymakers, as they can
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inform the development of appropriate legislation that encourages the establishment of energy projects
and increased participation.

Since an important aspect of ENCLUDE is the combination of citizen and policymaker engagement
with research analysis and modeling iterations, this last application of the DREEM model will specifi-
cally be designed to provide relevant end-users with useful insights regarding the conditions and the
contexts within which collective actions of energy citizenship can lead to decarbonization, through sev-
eral “what if” scenarios. To this end, the model will also feed in strategic citizen clusters developed
under the work conducted in the context of the ENCLUDE WP4.

Results from this application will be thus presented in the context of the final WP5 deliverable (“D5.5
Report on the decarbonization potential of strategic energy citizens’ clusters”).

Finally, an important gap highlighted in the context of updating and further enhancing the ENCLUDE
modeling ensemble to address the ENCLUDE “people-centered” storylines, is current computational
tools’, and existing energy system models’ capabilities to particularly address the “People to the Streets”
storyline. Political activism and citizen participation in sociopolitical movements in favor or against
green transitions is a cornerstone of civic engagement, which empowers individuals and collectives to
voice their concerns, advocate for (or against) sustainable policies, and contribute to the collective effort
to combat (or not) climate change and protect the environment for future generations.

Nonetheless, the majority of the existing energy system models predominantly concentrate on evaluat-
ing the technoeconomic facets of the energy transition, often overlooking the intrinsic social, cultural,
and sociopolitical dimensions. Addressing such a nuanced aspect of energy citizenship led to the devel-
opment of the OSEMOSY S-GR modeling framework.
The addition of the OSEMOSYS-GR framework signals the completion of the ENCLUDE modeling
ensemble, which is now capable of exploring the complex relationship between the various forms of
energy citizenship and their impact on the decarbonization of the energy system at different scales of
analysis.
However, the perspective of the OSEMOSY S-GR framework concerns the meso-scale of analysis (

) which will be subject of study in the follow-up WP5 deliverable (“D5.4 Report on the decarbon-
ization potential of energy citizenship at national, regional, and EU level”).
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4. Further model developments, modifications, and adjustments of the
ENCLUDE modeling ensemble

After matching the ENCLUDE “people-centered” storylines to the ENCLUDE modeling ensemble, fur-
ther model developments, modifications, and adjustments took place so that the ANIMO and the
DREEM models are able to simulate the case-specific decarbonization pathways developed as part of
the work under this deliverable.

In this section we present these model advancements, which will also be used to update earlier versions
of the models’ documentation in the ENCLUDE Policy Interactive Policy Platform (as part of the word
conducted in the context of the ENCLUDE )

The grAssroot iNnovation dIffusion del ( ) is a new modeling framework designed and
developed in the context of the ENCLUDE project to simulate the spread of social and grassroot inno-
vations, including the establishment and involvement in energy community projects. It delves into how
envisaged social advancements are adopted and disseminated among a network of individuals, with
diverse socioeconomic, behavioral, and lifestyle profiles.

The ANIMO framework was explicitly developed to address the "Band Together" storyline by delving
into the dynamics of citizens’ decisions within a structured social system, concerning the decision to
join, or abstain from participating, in an energy community (or a similar structure like an ecovillage).
Additionally, it aims to explore inter-community collective decision-making processes and how these
processes potentially impact the community's external perception and, to some extent, interactions be-
tween current and prospective community members.

The main premise behind the model’s development is that the main ways that grassroot innovations as
energy communities and/ or ecovillages tend to typically influence larger society are through (1). repli-
cation, (2). growth in scale, and (3). translation (Boyer, 2018b).

Our ambition is that ANIMO is further developed to the point that it can address all these three (3) ways;
addressing “replication” as the growth of the number of energy communities, “growth in scale” as,
either the growth of specific communities, or the growth of their influence through partnerships and
funding programs, and “translation” as the adoption of community-relevant policies and practices by
mainstream society and institutions.

The origin of ANIMO can be traced back to a notable shortcoming that was identified during the match-
ing exercise in the original modeling architecture (as has already been presented in Deliverable 5.1) of
ATOM (Michas et al., 2020; Stavrakas et al., 2019). ATOM was found to be insufficient when it came
to simulating the diffusion of social and grassroot innovations; this limitation emerged because ATOM
primarily focuses on simulating the dynamics of technological innovation diffusion among citizens and
various types of agencies, including collective actions like citizen communities, eco-village structures,
etc.

Originating from ATOM, the ANIMO modeling framework exhibits certain resemblances to its prede-
cessor; ANIMO still remains an ABM, possessing the respective advantages. As such, it has the ability
to simulate the decision-making process of the members of a heterogeneous society and to comprehend
a system as a collection of independent decision-making entities, the so-called “agents”.

ABM is a flexible modeling method as it can describe the micro-level behavior/ behavioral tendencies
and the individual preferences of citizens, and their interaction within a social network (Ringler et al.,
2016; MacAl & North, 2010), while it allows the inclusion of considerable detail and nuance about their
decision-making process, capturing real-world complexity more accurately compared to traditional an-
alytical or statistical models.
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The versatility of ABMs is evident by their use in various fields including, social influence and opinion
formation (Més et al., 2010), group dynamics (Bradshaw et al., 2003), social cooperation (Bowles &

Gintis, 2004), urban and regional development (Stephan et al., 2010), and collective intelligence (Bona-
beau et al., 2000).

In general ABM possesses a significant advantage as far the exploration of emergent and self-organized
phenomena is concerned, as it provides a dynamic and realistic way to explore complex systems, un-
cover unexpected patterns, and gain insights into how simple agent-level interactions can lead to com-
plex and surprising system-level behaviors (Helbing, 2012). In the intersection of the above-mentioned
fields is where the development of grassroot innovations lies, such as emergence and expansion of Col-
lective Energy Initiatives (CEISs).

However, there are also distinctions between the two (2) models that needed to be addressed during the
transition from ATOM to ANIMO. Firstly, ATOM is used for assessing technology adoption rates and
impacts that different policy schemes attain when it comes to projections of technology diffusion. This
essentially acts as an input which outlines a set of rules and directives for the agents in the model to
operate within. Each of the policy schemes analyzed in ATOM provides distinct incentives for adopting
a certain technology and influence agents in a variety of manners.

Nevertheless, such a type of influence is usually absent when it comes to modeling of social and grass-
root innovations. This divergence arises because in the case of social and grassroot innovations, the
approach is fundamentally different from the government-directed policies and the market driven incen-
tives. On the contrary, social and grassroot innovations generate novel bottom-up solutions that respond
to the context, interests, and values of the involved communities (Dana et al., 2021).

Social transformations and grassroot initiatives are typically centered on the complex interaction be-
tween various categories of stakeholders including citizens, local community members, committed ac-
tivists, practitioners, and researchers, experimenting with social innovations. The absence of policy and
governmental regulations, and the lack of market incentives, significantly alters the interaction dynamics
among agents, presenting a dimension of the simulation process that ATOM was not capable of effec-
tively handling.

Conversely, ANIMO is better suited to explore such self-organization processes and novel behaviors.
By adjusting agents’ rules, parameters, or initial conditions, the ANIMO framework is able to investigate
a wide range of scenarios to discover emergent patterns and understand how they might evolve over
time.

Furthermore, ATOM primarily focuses on the dynamics of technology diffusion, such as solar PV and
residential battery energy storage systems, which essentially represent investments in equipment, prod-
ucts, and infrastructure. Therefore, economic factors play a crucial role in each agent's ultimate decision,
encompassing considerations such as resistance to investing, associated risks, investment costs, pay-off
period, and household income. While economic considerations are also integrated in the ANIMO model
and partly influence whether an individual will participate in a citizen collective action, in this case, the
issue is considerably more intricate.

This complexity arises from the presence of additional and somewhat different factors that intertwine
with social values, orientations, and perspectives. These factors include sensitivity to, and perception of
environmental and climate issues, preferences regarding being an independent (autonomous) energy
producer (i.e., prosumer), or a traditional grid user, and most importantly, the level of cooperation and
altruism inherent in the individuals within a particular area.

To address this complexity, ANIMO introduces a set of new agent-related parameters, thus, to capture
these attributes. Note that these attributes are each time case specific, as they depend on the nature and
the structure of the real-life application under study, as the process of selecting and designing these
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agent-related parameters, as well as informing them based on real-life data can very much affect the
plausibility and the accuracy of the modeling results derived.

Lastly, a difference in the scale of operation exists between ATOM and ANIMO. While ATOM pre-
dominantly functions at the national level, providing insights and policy recommendations on a meso
scale, the establishment of CEls represents a grassroot social phenomenon primarily occurring at the
local level. Consequently, ANIMO emerges as a tailored solution, designed to address the intricacies
and dynamics inherent to local community engagement in energy initiatives.

This localized focus allows ANIMO to delve deeper into the nuanced interactions and dynamics within
communities, providing a platform for modeling and understanding the complexities of energy citizen-
ship at the grassroot level. By complementing the macro-level perspective offered by ATOM with a
micro-level analysis provided by ANIMO, a more comprehensive understanding of energy citizenship
can be attained, facilitating the formulation of effective policies and strategies that resonate with diverse
community contexts and scales.

presents the modeling architecture and methodological flowchart followed to develop the
ANIMO framework. The modeling architecture of ANIMO is based on the adapted combination of two
opinion diffusion models, namely the Independent Cascade Model and Linear Threshold Model (Sha-
karian et al., 2015).

However, these models are limited in terms of their approach in the depiction of social networks, sim-
plifying them to a mere sum of nodes and edges (Rychtar, 2008). Following a logic-programming ap-
proach, which was first introduced by P. Shakarian et al., (2010), for this particular instance of infor-
mation diffusion process in the energy communities under study, we developed a richer, more realistic
model.

Moving past these limitations, in ANIMO there are assigned labeled attributes, that endow agents and
their interactions with meaningful and natural properties. This approach aligns with other diffusion mod-
els employed across diverse fields including business (Jackson & Yariv, 2006), economics (Zhang &
Marbach, 2012), and epidemiology (Shakarian et al., 2013), where such models have been utilized to
capture the dynamics of adoption, spread, and diffusion of innovations, behaviors, or diseases.

By not only adhering to, but also expanding established principles and methodologies within diffusion
modeling, ANIMO contributes to a broader framework of interdisciplinary research aimed at under-
standing and predicting complex social phenomena across different contexts and disciplines. In this
preliminary version of ANIMO, designed to address the ENCLUDE “Band Together” storyline, the
model is structured around three (3) layers: (1). “agent classes”, (2). “spatial & demographic consider-
ations” (e.g., population), and (3). “time dimension” (temporal resolution).
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Figure 10. Current modeling architecture and methodological flowchart of the ANIMO framework as it has been
developed in the context of the ENCLUDE project.

There are two agent classes in ANIMO, “ ” and “ ”.

“Members” (m) refer to the current members of the CEI under study, while “Prospects” (p) refer to the
population in the area surrounding the CEI under study that are yet to join, i.e., prospective members.
Similarly to the Independent Cascade Model, “Members” are assigned a probability factor, By, ,, , that
reflects their ability to positively influence a “Prospect”, convincing them to join the community. Typ-
ically, this probability is assigned based on data such as frequency of interactions, geographic proximity,
or historical infection traces, depending each time on the specific application.

However, in the case of ANIMO, the probability distribution for “Members” is informed by the values
of the agent-related parameters that characterize all agents of the class, which are informed by survey/
census data available. This probability varies for every agent, and therefore, certain “Members” possess
greater influence than others, reflecting the inherent diversity in individuals' capacity to persuade. In
addition, “Members” also possess an attribute describing their “reach” related to the number of “Pro-
spects” upon which they can exert influence.

The “reach” attribute ranges for all “Members”, representing various profiles of individuals, from high
influential “Members” with expansive social networks capable of disseminating information through
“word-of-mouth”, to more low profile “Members”, avoiding attention and opting for a more isolated
lifestyle with limited social interactions.

What differs from the original Independent Cascade Model is the fact that the “reach” attribute of
“Members” in the ANIMO model, changes dynamically as the simulation time progresses. This means
that not only the number of connections to “Prospects” but also the specific “Prospects” to whom the
community member connects to, are subject to change during the simulation period.

This represents real-life processes more accurately as social connections are either temporary and tend
to fade away with time passing, or new ones are established. This constitutes an expansion of the Inde-
pendent Cascade Model, where the degree of connectedness (i.e. number of connections) as well the
specific connections among agents, remain constant. Lastly, it is noteworthy to mention that the “reach”
attribute can be adjusted to reflect different societal trends and evolutions, according to each “world”
narrative that will be explored.

On the other hand, “Prospects” are characterized by a different set of agent-related parameters. More
specifically, in the beginning of the simulation they are assigned an “adopter group” to which they
belong to. The different “adopter groups” are drawn from Diffusion of Innovations theory, conceived
by sociologist Everett M. Rogers (Rogers, 1983) . This theory provides a framework for comprehending
the dissemination and adoption of novel ideas, technologies, and practices within societies and has found
wide application across various disciplines.

The highlight of the study is the notion of the adoption curve, which is a graphical representation of the
process of innovation adoption across distinct groups within a social system, each characterized by var-
ying levels of readiness to embrace new innovations.

More specifically, the curve, provided in , identifies five (5) different adopter groups/ catego-

ries in which individuals fall into and describe their attitude towards adopting new technologies or be-
haviors, namely:

e Innovators are risk takers who have the resources and desire to try new things, even if they fail.

e Early Adopters are selective about which innovations they adopt. They are considered the “one to
check in with" for new information and reduce others' uncertainty about a new innovation by
adopting it.
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e Early Majority take their time before adopting a new idea. They are willing to embrace a new

technology as long as they understand how it fits with their lives.

e | ate Majority adopt in reaction to peer pressure, emerging norms, or economic necessity. Most of
the uncertainty around an idea must be resolved before adoption.

e Laggards are traditional and make decisions based on past experience. They are often economi-
cally unable to take risks on new ideas.

Innovators
(2.5%)

Early
Adopters Early Majority Late Majority Laggards
(13.5%) (34%) (34%) (16%)

Figure 11. Adoption of innovation curve (Rogers, 1983).

Similarly to the probability factor that characterizes “Members”, the receptivity towards innovations is
incorporated into ANIMO as a probability P,, the value of which depends on the group that the “Pro-
spect” belongs to. Consequently, “Innovators” are the easiest to mobilize while “Laggards” pose the
greatest resistance, with all other groups occupying intermediate positions.

The probability B, of “Prospects” is combined along with the probability factor P, ,, of “Members”, to
create the final probability to join, P;,;,, Which takes into account both the influencing capabilities of
existing community “Members”, as well as the preferences and attitudes of prospective community
members (i.e. “Prospects”). Concluding, through this process, the probability that a “Prospect” will

join the community and become “Member” at an interaction between agents of the two classes is cal-
culated as:

Pioin = Pnp X Py
To further refine the model's representation of influencing, social pressure phenomena are also incorpo-
rated. Similarly to the “reach” attribute of “Members”, each “Prospect” is respectively endowed with a
social circle, denoted as n(p), the size of which varies, portraying both well socially connected as well

as isolated individuals. As the simulation time (t) progresses, certain “Prospects” are more likely to be
deciding in favor of joining the CEI under study and transitioning into the role of a “Member”.

The set of “Prospects” that have turned into “Members” in earlier time than the current time t of the
simulation is symbolized as H,_4. This phenomenon is tracked by the model, thereby influencing “Pro-
spects ™ subsequent decisions regarding joining the CEI under study.

For this reason, inspired by dynamics of the Linear Threshold Model, “Prospects” are lastly character-
ized by a threshold 6,, in the interval [0,1], representative of the percentage of individuals within their
social circle that need to become “Members”, in order for the “Prospects” in question to consider join-
ing.

As expected, there exists inherent variability in threshold values for each “Prospect”, reflecting differ-
ences in susceptibility to peer pressure and adding an additional layer of sophistication and realism to
the model.
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However, in contrast to the Linear Threshold Model, where the threshold 6,, is selected uniformly at
random due to lack of knowledge of the tendency of agents to adopt an idea or innovation, the approach
in ANIMO differs, since we can further inform the threshold values, by having “Prospects” categorized
into the adopter groups mentioned earlier. Therefore, 6, values are assigned through distinct normal
distributions, for each of the adopter groups.

Furthermore, the mean and median of each of the distributions can be modified to create skewed distri-
butions, allowing for the model dynamics to be appropriately adapted, with a view to adding further
nuance when simulating and exploring various “world” narratives and scenarios. In general, a “Pro-
spect” (p;) becomes a “Member” at time t of the simulation if:

ZP Enlp) NHey =0,

Achieving realistic modeling representations necessitates informing the model about different spatial
and demographic considerations of the social group under study. It is important to know, for example,
the population density of the area in which the CEI under study exists. This serves two primary purposes:
firstly, it is evident that the potential for growth of a CEl is constrained by the population residing in the
area.

By incorporating population density data sourced from real-life region-specific data and determining
the size of the geographical scope that will be taken into consideration, the total number of “Prospects”
can be derived. Secondly, densely populated areas facilitate increased social interactions, thereby en-
hancing the likelihood of information dissemination and propagation of influence.

Thus, by considering the population density, the model can better capture the dynamics of social inter-
action and its impact on the spread of information within and without the community under study. In
addition, another demographic consideration that was integrated into ANIMO is the rate of population
growth, based on which the population of agents can be updated, depending also on the time horizon of
the simulation, further enhancing the model’s realism by capturing real-world trends and potential fluc-
tuations in population over time.

Moreover, agents from both agent classes in the model possess a geographical attribute, pertaining to
their spatial positions within the simulated environment. Therefore, "Members" are typically clustered
in proximity to one another to emulate a cohesive community, while "Prospects” are situated in sur-
rounding areas.

However, ANIMO further expands upon the traditional Linear Threshold and Independent Cascade
models by incorporating the possibility for both *Members™ and "Prospects™ to reposition themselves
within the simulation environment.

Consequently, they can rewire their social connections, altering existing ties and establishing new ones
with agents that are now in proximity. This added modeling aspect is important to capturing the dynam-
ics of community formation and is thought to enhance the model's sophistication and realism by more
accurately reflecting real-life processes of spatial mobility and social network formation.

Lastly, similar to the variability observed in the “reach™ attribute, where "Prospects” exhibit differing
degrees of sociability, the propensity for movement in ANIMO also spans a spectrum, in order to capture
the diverse range of mobility patterns observed in real-world contexts. As a result, some agents may
prefer to remain stationary or limit their movements to their immediate vicinity, while others may exhibit
a higher degree of mobility, traversing larger distances within the simulated world.

As far as the time dimension of the model is concerned, the simulation progresses in discreet time steps
t. In each time step, the processes outlined previously unfold, potentially leading to a subset of
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“Prospects” transitioning into “Members”. In this stage, in order to fully utilize the output of ANIMO’s

application, it is important to calibrate the model's time step duration to match the observed real-world
phenomena.

This means establishing a meaningful correlation between simulation time and the actual temporal dy-
namics observed in the growth of energy communities. Therefore, in the context of this particular appli-
cation of the model, we turned to sourcing empirical data pertaining to the evolution of CEls. By inquir-
ing into the growth patterns exhibited by CEls, insights can be extracted regarding the growth rate and
trajectory of community development over a time frame.

Such insights can be used to inform the calibration of the model's time scale and validate the ANIMO
framework against historical data, allowing for a more accurate representation of the target system.
However, in the case of CEls, growth data has been scarce. Nonetheless, this may not pose a consider-
able limiting factor, as in some cases, and particularly within the scope of our work, where we delve
into the exploration of speculative “future world” narratives, it has been argued that strict validation
with external data may not be necessary (Heppenstall et al., 2021).

Besides, the interdependencies and interactions between agent classes and their environments coupled
with the emergence of phenomena at different spatial and temporal scales mean that many aspects of
the model are impossible to observe in reality, and even if it were possible to observe certain aspects of
the simulated system, it is unlikely that detailed, granular spatiotemporal data would be available to
validate the behaviors of the agents directly (Batty & Torrens, 2005).

Lastly, it is also important to emphasize that ANIMO belongs to a category of models often described
as "progressive” or "monotonic". This means that once a “Prospect” becomes a “Member” during the
simulation, there is no provision for reverting to their initial state, differentiating it from other non-
progressive models.

Moving forward with ANIMO’s specific application in ENCLUDE, with the aim of performing socially
well-informed modeling activities, an extensive database is required so that the model can accurately
represent and simulate the adoption of social and grassroot innovations, also considering specifications
on the communities’ structures and their context under study.

Therefore, the ANIMO framework is also supplemented with a complete framework for parameter es-
timation as well as quantification of the uncertainty that governs its ability to replicate real-life processes
and make future projections. Leveraging data gathered from the ENCLUDE case studies, ANIMO is
enhanced to analyze the decision-making processes of distinct citizen profiles, a crucial aspect in the
effective development and execution of socio-technically informed modeling exercises.

In this context, and after careful evaluation and communication with the ENCLUDE WP3, the best
documented and data-rich case studies were selected; in the surveys conducted by WP3, questionnaires
providing information about key aspects of the community members’ life situation, such as income,
education, and environmental awareness, were answered (Brenner-Fliesser et al., 2023).

Based on that, insights concerning the key beliefs of the members were extracted, and a profiling of the
population was created. This is provided as input into ANIMO, calibrating each time the case-specific
agent-related parameters, which were designed and selected to capture the main drivers of human be-
havior and decision-making concerning the decision to join an energy community.

Having defined the geographic and socioeconomic contexts, the application of the ANIMO framework
will simulate the expansion of specific energy community projects, projecting the anticipated growth
rate of the community over a predetermined time frame. This process holds significant importance since
it allows for a comparison of growth rates across various communities, essentially examining different
populations.
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This analysis can shed light on and pinpoint social values and beliefs that are more likely to result in
favorable decisions; in this case supporting the further expansion of energy communities. These insights

can, in turn, assist policymakers in designing tailored legislation aimed at enhancing the incentives that
are genuinely impactful and propel such social and grassroot innovations forward.

Finally, the ANIMO framework is part of the Technoeconomics of Energy Systems laboratory
(TEESIab®) Modeling suite (TEEM). All of the model’s modules have been developed in Python source
code. Supporting efforts around Europe towards open model development, ANIMO will become open-
access and publicly available for all the relevant end-users.

To increase transparency, associate source code, datasets, and detailed documentations, along with suit-
able open licenses (where possible) to enable the models’ use, modification, and republication, will be
uploaded on the TEESlab UPRC’s GitHub page*, while case study results will be made available on the
ENCLUDE Interactive Policy Platform (as developed in the context of the ENCLUDE WP7).

The Dynamic high-Resolution dEmand-sid anagement ( ) model is a fully-integrated en-
ergy demand and demand-side management simulation model, focusing on the building sector, which
expands the computational capabilities of existing Building Energy System and demand-side models,
by not only calculating energy demand, but by also assessing the benefits and limitations of demand
flexibility, primarily for the main end-users (consumers/ citizens), and, then for other energy system
actors involved (e.g., suppliers, retailers, distribution system operators) (Stavrakas & Flamos, 2020).

The main premise behind the development and the use of the DREEM model has been that in order for
citizens to have a more active and positive participation to the energy transition, they first need to be-
come more aware of the benefits from investing in new energy products and services.

In this context, the novelty of the model lies in its potential to be used in a wide range of applications,
not only to assess the existing technological infrastructure, but also to support the development of busi-
ness models and regulatory innovations, which maximize the value of energy products and services, and
monetize them, to fairly compensate citizens and other relevant energy market actors. Overall, the
DREEM model:

< Embodies key features towards the simulation of renewable energy, energy efficiency, and other
demand-flexibility actions, like demand response, in the building sector.

~ Builds on the concept of modularity consisting of multiple components, each of which is com-
posed of additional modules, allowing for more flexibility in terms of possible system config-
urations and computational efficiency (high time resolution and quick simulations) towards a
wide range of scenarios, to study different aspects of end-use and energy transition ( ).

~ Provides the ability to incorporate technological breakthroughs in a detailed manner, such as
the inclusion of heat pumps, or electric vehicles, in view of energy transitions envisioning the
full electrification of the heating and transport sectors.

~ Produces outputs for a group of buildings, for example a neighborhood, a district, a municipal-
ity, or an energy community.

< Serves as a basis for modeling energy demand in the building sector, within the broader field of
local, regional, and national energy systems, in different geographical/ climate and socioeco-
nomic contexts of interest.

3 https://teeslab.unipi.qgr/
4 https://github.com/TEESIab-UPRC
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Figure 12. The original architecture of the DREEM model as presented by Stavrakas & Flamos (2020).

All the model’s modules have been developed using the “Buildings” library, an open-source, freely
available Modelica library for building energy and control systems (Wetter, 2011; Biinning et al., 2017);
Zuo et al., 2016). Alongside the Modelica models, Python scripts have been developed to model parts
of the model’s components and to enable the interface with the Dymola simulation environment.
DREEM is also part of the TEEM; the model is open access® under the “GNU Affero General Public
License”.

The updated ENCLUDE version of the model, including associate source code, datasets, and detailed
documentations to enable the models’ use, modification, and republication, will be distributed through
the TEESIab UPRC’s GitHub page, while case study results will be made available in the ENCLUDE
Interactive Policy Platform (as developed in the context of the ENCLUDE WP7).

To address the modeling needs of the work presented in this report and in order for the model to become
capable of quantifying the decarbonization potential of the “Power to the People” and the “Habitual
Creatures” storylines and simulating case-specific transition pathways that envision patterns and trends
of energy citizenship as citizens’ active participation to the energy market and actions towards increas-
ing energy autonomy and achieving energy savings, the model’s original architecture and capacities, as
originally introduced by Stavrakas & Flamos (2020), have been expanded.

The updated modeling structure of DREEM is presented in . Below, we provide a description
of the new components and respective modules that have been developed and integrated to the original
model’s structure, along with the components and modules that have been used for the application at
hand, based on

5 https://github.com/TEESlab-UPRC/DREEM
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Figure 13. Expanded architecture of the DREEM model as further developed, modified, and adjusted in the con-
text of the ENCLUDE project.

Table 2. Hierarchical structure of the expanded version of the DREEM model as used in this study: Short descrip-
tion of the main components and modules.

Components

Modules

Description

Developed

C1: Weather/
Climate data

This single-module component is responsible
for generating climatic boundary conditions.
It reads weather data from the respective files
and then provides them to the other compo-
nents, where and when necessary.

Modelica

C2: Building
envelope

This single-module component models dif-
ferent building typologies with the corre-
sponding characteristics, properties, and heat
conduction elements.

Modelica

Python

Cs: Energy
demand

CsM;y: Occupancy

CsMz: Appliances

CsMs: Heating, ventila-
tion, and air conditioning

This module defines and sets the parameters
for the behavior and the activities of the oc-
cupants by generating and storing default pat-
terns.

This module is responsible for generating en-
ergy demand profiles from appliances, using
statistics describing their mean total daily en-
ergy demand and associated power use char-
acteristics, including steady-state consump-
tion, or typical use cycles, based on occu-
pancy patterns.

This module is responsible for heating, ven-
tilation, and air conditioning inside the build-

ing.

Modelica
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v

Cs: Thermal
comfort

This single-module component is responsible
for determining, based on international stand-
ards, appropriate conditions and temperature
ranges that result in occupants’ thermal satis-
faction.

Modelica

Python

Cs: Flexibility
management

CsMs: PV installation

CsMaz: Energy storage

CsMs: (Smart) Thermostat

This module contains information about the
orientation of the roof to determine the PV
generation based on the position of the sun
and recorded irradiation data for the location
of interest.

This module contains models that represent
different energy storages. It takes as an input
the power that should be stored in/ extracted
from the storage. The “C7: Control strate-
gies” component is responsible so that only a
reasonable amount of power is exchanged,
and that the state of charge remains between
the appropriate ranges.

This module is responsible for the operation
of the HVAC control system. By receiving
the indoor temperature as a measured signal
and based on the difference of set and meas-
ured temperature, it sends signals to the
“CsMs: Heating, ventilation, and air condi-
tioning” module to yield the heat and ventila-
tion flows inside the building.

Modelica

Cs: Demand-
Response

This single module component simulates De-
mand-Response mechanisms that motivate
citizens to respond to real-time price signals.

Python

C7: Control
strategies

Cs/M;: Momentary
Control Algorithm

This single module component is responsible
for the energy management supervision strat-
egy that, given the time-shifting events of de-
mand and the citizen occupancy signals re-
ceived, aims at achieving energy savings and
cost effectiveness.

Modelica

Python

Cs: Multilevel
upscaling

This new single-module component is re-
sponsible for applying an upscaling approach
to compute cumulative energy consumption
patterns in the building sector, at the scale of
interest, using parameters and statistics ob-
tained from survey and/ or census data. It re-
ceives inputs from the “C,: Building enve-
lope” and the “Cs: Energy demand” compo-
nents.

Python
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This module is responsible for designing the

scenario space (in terms of the transition

pathways and the respective exogenous vari-

CoMj: Scenario space ables) inside of which the transition matrix is

initiated and updated, based on relevant pol-

icy documents’ specifications and practical
Co: TranISItlon experts’ feedback. Python
matrix
This module is responsible for initializing the
transition matrix and updating it at each time
interval (i.e., iteration), following the sce-
nario space’s specifications (i.e., targets and
constraints) derived from the “CoM;: Sce-
nario space” module.

CoM,: Matrix iteration

Seasonal variability to reflect the changing level of demand between winter and summer is an important
aspect, which is often omitted or addressed in an oversimplified manner by existing demand-side models
in the field. In the DREEM model we address this issue through the inclusion of a single module com-
ponent dedicated to generating accurate climatic boundary conditions based on historical weather data.

To do so, the component uses Typical Meteorological Year (TMY) weather data format, and particularly
the TMY3 format, while it is then configured to provide a common set of irradiance and temperature
data for the geography under study, with the respective irradiance and temperature profiles having ap-
propriate time-diversity to enable higher resolution (Cebecauer & Suri, 2015; Wilcox & Marion, 2008).

The DREEM model builds on the concept of “reduced (low)-order” thermal network modeling, which
represents a thermal zone by thermal resistances and capacities (RC-network), using the electrical circuit
analogy, in which voltage is analogous to temperature and current is analogous to convective and radi-
ative heat transfer (McKenna & Thomson, 2016; Harish & Kumar, 2016). The respective module rep-
resents all main thermal masses of the building under study as four elements, accompanied with sup-
portive features for consideration of solar radiation (as visualized by Stavrakas & Flamos, 2020)).

The parameters for heat transfer coefficients, and thermal resistances and capacities, are determined
using historical data and standards for the geographical context of interest. In this work, we present the
detailed mathematical representation and equations used to further develop the RC-network methodol-
ogy in DREEM.

Thermal network models generally focus on one-dimensional heat transfer calculations. A geometrically
correct representation of all the walls of a thermal zone is thus not possible. To reduce simulation effort,
it is, thus, reasonable to aggregate walls to represent elements with similar thermal behavior. The num-
ber of a wall’s elements depends on the thermal properties of the walls and their excitation (e.g., through
solar radiation), on the excitation frequencies.

The same applies for the number of RC-elements per wall. There is the option between models with one
to four wall elements, and to define the number of RC-elements per wall for each wall. The latter can
be done by setting nk, which is the length of the vectors for resistances Ry and capacities Cx. Each wall
element uses reduced-order models to describe heat conduction and storage within the wall, depending
on if the wall contributes to heat transfer to the outdoor environment (exterior walls), or it can be con-
sidered as simple heat storage elements (interior walls). All the exterior walls and windows provide a
heat port to the outside. All the wall elements (exterior walls, windows, and interior walls) are connected.
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This component’s modeling architecture is defined in the German Guideline VDI 6007 Part 1, which
describes a dynamic thermal building model for calculations of indoor air temperatures and heat-

ing/cooling power (German Association of Engineers, 2012). The important modeling parameters that
are used to parameterize the “C,: Building envelope” component in the DREEM model are as follows:

e n... defines the length of chain of RC-elements per wall.

e R...[n] is the vector of resistances for the wall element. It moves from indoor to outdoor.

e C...[n] is the vector of capacities for the wall element. It moves from indoor to outdoor.

e R...rem IS the remaining resistance between C[end] and outdoor surface of the wall element. This
resistance can be used to ensure that the sum of all the resistances and coefficients of heat transfer
is equal to the U-value. It represents the part of the wall that cannot be activated and thus does not
take part at heat storage.

The thermal behavior of a homogeneous wall layer v of arbitrary thickness s, for one-dimensional heat
flow and periodic case problem, is illustrated by the following matrix notation ( ):

<Q(x=0)) 4 _(Q(x))
qx=0)/, " \a/,

where x is the coordination towards the normal wall.

o—I R/ @ R, —e— R; —oO

C, —— Co ——

O @ @ O

Figure 14. Graphical representation of the thermodynamic model used in DREEM for one wall element.

The chain matrix Ay for a wall layer can be written:

Rea,; Ima,; Rea,, Ima,,
A, = ”@11 ‘112” _||7Ima,, Rea;; -—Ima,, Rea,,
V= lla a - v
=21 =221y Rea,, Ima,, Rea,, Ima,,
—Ima Rea —Ima Rea

21 21 22 22

while the elements of the chain matrix for a wall of layer v are obtained as:

’1 ’1

Rea,, = Rea,, = cosh EwBTRC " CoS Ea)BTRC
|1 |1

Ima,, = Ima,, = sinh EwBTRC - sin Ea)BTRC
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/1

f 1 o1 _ ,1 ,1
Rea,, =R- ZwBTRC. cosh\/ wpTRC - sm\]szTRC + sinh E(uBTRC * COS E(uBTRC>
1 o1 _ 1 1
Ima,, =R- ZwBTRC' cosh a)BTRC - sin EwBTRC — sinh E(‘)BTRC ' coS E(‘)BTRC
-1 |1 1 o1 _ 1 1
Rea,, = = EwBTRC- cosh EwBTRC - sin EwBTRC — sinh E(uBTRC " cos E(uBTRC
-1 |1 1 1 . 1 1
Ima,, = = EwBTRC- cosh EwBTRC - sin EwBTRC + sinh EwBTRC * COS EwBTRC

where:

\

. . . . 2K .
e R is the thermal resistance of the wall’s layer per unit area in mT withR = %,

e C isthe heat capacity of the wall’s

m2-K' !
2T
86,400°T’
e T is the period of the fundamental in days. For the calculations we select a period time of T=7
days, based on ISO 13786 - Thermal performance of building components - Dynamic thermal
characteristics - Calculation methods,

e s is the thickness of the wall’s layer in m,

. .1
e ® istheangular frequency in 0=

e A is the thermal conductivity of the wall’s layer in mWK,

e - pisthe heat storage capacity of the wall layer in =X

The chain matrix Ay, of the total wall is calculated by multiplying the matrices A, of the individual
wall’s layers (v =1,..., n). as:

Al,n = A1 'A2 'A3 - ...'An_1 'An

Based on the chain matrix As,, of the total wall, the resistances and capacities of the replacement model
are estimated as:

B l (Rea,, — 1) - Rea,, + Ima,, - Ima,,

T A (ReQZZ - 1)2 + Iquzz
1 (Rea,, —1)' Reas; + Ima,, * Ima,,
2 A (Regll - 1)2 + Im@llz
1 Rea,, — 1)2 + Ima,.?
C1 =4 - ( ©£22 ) 222

WpT . Reay; - Imay; — (Rea,, — 1)+ Imay,

1 (Reay; — 1)* + Ima,,”
wpr Rea;; - Imay; — (Rea,, — 1) Imay,

C2=A'

Where A is the total area of the wall in m?2. The resistance R is then calculated as the difference between
the total heat transfer resistance of the wall and the sum of the equivalent model resistors R, and R,
as:
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The model can now be reduced to a simplified model ( ) that comprises of a total resistance R,
and heat capacity C; xo.r. FOr one-sided thermal stress, the replacement model simplifies the case of
thermal load accordingly. The total resistance R,, is equal to:

RW: R3+ R2+ R1:RREM + Rll
while the corrected heat storage capacity Cj yorr IS €qual to:

1 RW - Rea12 : Reazz - Ima12 " Imazz

Cikorr =4 - ’
eorr R1 " wBT Reazz " Ima12 - Rea12 " Imazz

An external window is a special case of the replacement model and in this case, the heat storage capacity
C1 xorr Should practically be set to zero.

o—I R, e R, R, ——oO

O @ O

Figure 15. Graphical representation of a simplified model for the thermal behavior of components under asym-
metrical loading.

The DREEM model aims to generate accurate and realistic energy demand profiles, avoiding unneces-
sary computational complexity, by building on the concept of stochastic modeling and providing simu-
lated data about households’ energy demand, with statistics suitable for the task at hand. This component
uses a bottom-up approach to simulate energy consumption considering households’ occupancy, use of
appliances, and heating, cooling, and ventilation options.

The component’s individual modules use many simplified assumptions to simulate various aspects of
energy demand (occupancy and citizens’ activity/ behavior profiles, sharing of appliances, etc.) and
focuses on parameters and statistics obtained from survey and/ or census data.

The model focuses on addressing the- often overlooked by other models in the field- aspect of occupants’
thermal comfort, by utilizing an individual component that aligns with international standards (DIN EN
ISO 7730, ASHRAE 55, EN 15251). Built upon the Fanger approach, it employs the characteristic Pre-
dicted Mean Vote (PMV) and Predicted Percentage of Dissatisfaction (PPD) indices (P.O. Fanger,
1970).

To determine optimal indoor thermal conditions for occupants, DREEM calculates PMV and PPD, by
considering weather and other parameters, such as dynamic metabolic rates and clothing insulation,
adjusted based on seasonal variations. By doing so, it offers a comprehensive approach to accurately
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model thermal comfort and fill existing gaps. The acceptable ranges of the PMV and PPD indices are
presented in

Table 3. Expectation levels of the PMV and PPD indices according to the EN 15251 standard (Indoor Environ-
mental Input Parameters for Design and Assessment of Energy Performance of Buildings-Addressing Indoor Air
Quality, Thermal Environment, Lighting and Acoustics, 2006).

PPD (%) PMV Description

Increased expectation level: recommended for spaces in-
<6 -0.2<PMV<+0.2 habited by highly vulnerable individuals with specific
needs, like sick children, elderly persons, etc.

<10 -05<PMV<+0.5 Standard expectation level: new and renovated buildings.

<15 07 <PMV <407 Moderate expectation level (acceptable range): existing

buildings.
<20 1 <PMV <41 I\./Ilr.umum expectation levels: values acceptable only for
limited parts of the day.
Unacceptable expectation levels: values deviating accepta-
>20 PMV <-lorPMV >+1 ble criteria, deemed tolerable only for a very limited part of

the year.

This component uses a bottom-up approach that initially specifies for each building under study the
available flexible devices and technologies, synchronizing their operation with the configurations of the
occupants, where necessary, as obtained from the “CzM;: Occupancy” module. The “C3sM:: Occupancy”
module is used to create consistent profiles for the devices, meaning that devices requiring user interac-
tion can only change their state when a person is at home.

For flexible devices the usage patterns are generated using the household configuration and it is guar-
anteed that the start/ end times are synchronized with the occupancy profiles. This updated version of
the DREEM model focuses on the inclusion of technologies such as small-scale PV installations and
electricity storage (i.e., batteries), and smart devices, as smart thermostats, etc.

This newly developed single-module component allows the DREEM model to serve as a modeling tool
of accurate energy demand profiles in the building sector, within the broader field of local, regional, and
national energy systems, in different geographical/ climate and socioeconomic contexts of interest. It
uses an upscaling approach, building on parameters and statistics obtained from survey and/ or census
data, to calculate cumulative energy consumption in the building sector, at the local, the regional, or the
national level, according to the needs of each application at hand.

After having specified the individual building typologies of interest under the “C>: Building envelope”
component and simulating their individual energy consumption patterns, based on the specifications and
the parameterization of the “Cs: Energy demand” component, this component computes cumulative en-
ergy consumption patterns at the scale under study as the product of each individual building typology’s
energy consumption and the number of the respective households per typology and number of citizens
(as extracted by the available statistical data).

The DREEM model has been developed to allow for producing outputs at a high resolution (i.e., one
minute), also accounting for seasonal variability to reflect the changing level of demand between winter
and summer, while its modular structure provides the necessary computational efficiency to simulate
large numbers of buildings for the long-term transition with the appropriate demand diversity and
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accuracy (due to its bottom-up structure), also reducing the simulation complexity owing to the multi-
disciplinary nature of energy demand models and their input data requirements (Siisser et al., 2022;
Chatterjee et al., 2022).

In this context, this newly developed component creates a scenario space, based on the policy specifi-
cations of each application at hand, which is further updated based on the evolution of exogenous vari-
ables (e.g., costs, prices, technological specifications) and is stored in a matrix to provide detailed infor-
mation on the energy transition in the building sector for the time horizon (e.g., 2030, 2040, 2050) and
the time interval (e.g., one hour, one year, five years) of interest.
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5. The ENCLUDE scenario space and transition matrix at the local level

Considering all the insights from the sections above, the ENCLUDE scenario space to be applied to the
selected set of case studies is presented in
Note that since the present deliverable addresses the impact of energy citizenship at the local level and

based on the capabilities of the ENCLUDE modeling ensemble and their scale of analysis the “People
to the Streets” storyline is not part of the final scenario space.

— —
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Figure 16. The final ENCLUDE scenario space to be applied to specific case studies for the development of real-
life decarbonization pathways at the local level.

As we progress and finalize the scenario space, this will play a pivotal role in facilitating the subsequent
phases related to the formulation of the different transition pathways to be simulated in the selected case
studies.

The ENCLUDE scenario space to be employed in the real-life case studies will help to address a variety
of questions, spanning from the decarbonization potential of the different aspects of energy citizenship
at the local level to how to optimally realize and introduce to the public the relevant social innovations
as well as the evaluation of specific policies and proposition of novel ones.

In the following sections, this scenario space is quantitatively transformed into the final ENCLUDE
transition matrix so that it can be fed into the individual tools of the ENCLUDE modeling ensemble.

The final ENCLUDE transition matrix ( ) is further populated with the evolution of different
exogenous variables, e.g., emission factors, evolution of relevant energy prices and costs, technological
costs and relevant updated configurations, benefits for citizens and/ or other power actors involved,
always in accordance with the specifications of the ENCLUDE “people-centered” storylines and “fu-
ture-world” narratives.
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Figure 17. The final ENCLUDE transition matrix for the development of real-life decarbonization pathways at
the local level.
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6. Decarbonization pathways in real-life case studies based on “people-
centered” storylines

In this section, we present the case studies selected for each one of the ENCLUDE storylines under
study to be analyzed by the ENCLUDE modeling ensemble and the rationale behind their selection. In
addition, we also present the case-specific scenario space and transition pathways that are integrated
into the modeling tools.

As mentioned above, the “People to the Streets” storyline is excluded, as it concerns an expression of
energy citizenship which is primarily considered to operate and have impacts on a macro scale. Conse-
quently, this particular storyline is subject for exploration in the in the follow-up WPS5 deliverable (“

’,).

Geographical dimension adds an important value to quantifying the impact of energy citizenship- in
terms of the decarbonization potential of its various expressions- at the local level and to better under-
standing the several important implications of geographies in the EU’s policymaking landscape. To this
end, we selected and explored a set of diverse case studies across Europe to illuminate the full range of
differences and demonstrate cross-cutting themes ( ).

The main source of information and data for the selection and specification of the case studies was the
case study pool developed and maintained in the context of WP3. Our selection focused on the spatial
variation across contexts and the emphasis on cross-case differences of political, social, cultural, eco-
nomic, demographic, and technological particularities of different energy systems across the EU.

Finally, we were able to collect data provided in the questionnaire developed by WP3 and filter the case
studies to select those that we would delve deeper into based on their policy relevance and according to
enhanced capabilities of the ENCLUDE modeling ensemble.

Table 4. List of the selected case studies to which the ENCLUDE modeling ensemble is applied.

Trend/ Pattern .
“People-centered” Scale of Sectoral coverage & Time
storyline analysis of energy Model Geograph Horizon
y y citizenship graphy
Building (Residential)
sector
Aalborg, Copenhagen
(Denmark)
« Marseille, Paris (France) 2023
Power to”the Household Prosumerism DREEM -
People Athens, Thessaloniki
2050
(Greece)
Lisbon, Porto (Portugal)
Bilbao, Madrid, Malaga
(Spain)
Collective Collective structures in the 2023
“Band Together” Community Energy Initia- ANIMO  Building (Residential) -
tives (CEls) sector 2030
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“Belica Energy
Community®”
(North Macedonia)

“Cloughjordan
Ecovillage™ (Ireland)

“EnergieC Midden-
Delfland®”
(The Netherlands)

“Power to the Energy effi- Building (Residential)
People” & ciency & Life- sector 2023
i Municipality style/ DREEM -
Habitual Behavioral Municipality of 2050
Creatures” changes Megalopolis® (Greece)

Our set of case studies comprises seven (7) EU member states and one (1) Western Balkan country,
which is currently in accession negotiations with the EU as a potential Member State. shows
the geographical diversity of our case studies, along with their variance in the local scale of analysis,
using the Nomenclature of territorial units for statistics “NUTS3” classification. In particular, the
NUTS3 codes selected in each country, representing the region of each case study, are:

e Denmark: Aalborg (“DK050”), Copenhagen (“DK011” and “DK012”).

e France: Marseille (“FRL04”), Paris (“FR101-FR108”).

o Greece: Athens (“EL301-EL306”), Municipality of Megalopolis (“EL651”), Thessaloniki
(“EL522”).

e Ireland: County Tipperary (“IE051”).

¢ North Macedonia: Municipality of Makedonski Brod (“MK003”).

e Portugal: Lisbon (“PT1B0”), Porto (“PT11A”).

e Spain: Bilbao (“ES213”), Madrid (“ES300”), Malaga (“ES617”).

In addition, our case study selection showcases a great diversity of climate conditions, from “Temper-
ate” (mesothermal climate, Koppen classification represented as “C”) to “Continental” (microthermal
climate, Koppen classification represented as “D”), and from “Oceanic” (Koppen classification repre-
sented as “Cfb”) to “Mediterranean” (Koppen classification represented as “Cs”) (Arnfield, 2023).

It also showcases a set of different cases when it comes to local and regional energy-related challenges
for the transition to a greener future, spanning from the issue of “just and inclusive” transition in Meg-
alopolis, the issue of prosumerism in Aalborg, the establishment of energy communities in the Northern
Macedonia to the difficulties posed by the rapid urbanization and the need for infrastructure develop-
ment as seen in cities such as Athens, Paris, Bilbao and Madrid.

The selected case studies also vary significantly in terms of their socioeconomic contexts. For instance,
case studies situated in nations such as North Macedonia, Greece, and Portugal, where instances of
energy poverty are more likely to occur, offer a unique opportunity to investigate the implications of
energy citizenship amidst socioeconomic disparities, (lower incomes, higher unemployment rates, etc.).

These considerations are pivotal in ensuring an equitable and inclusive transition towards sustainable
practices, with regard for vulnerable populations, including low-income households and marginalized
communities.

6 https://transitiongroups.org/group/green-commune-belica/
7 https://www.thevillage.ie/

8 https://www.energiecmiddendelfland.nl/

9 https://megalopoli.gov.gr/
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Finally, our case study selection spans across different policy landscapes concerning the frameworks in
place to address energy-related challenges, ranging from cases such as in North Macedonia, which may
face challenges in developing comprehensive energy policies due to its status as a transitioning econ-
omy, to Denmark, a global leader in renewable energy, possessing a robust and well-established policy
framework supporting the transition to clean energy.

-

B 'Power to the People”
B 'Band Together"
B 'Power to the People" & "Habitual Creatures”

Figure 18. Selected case studies to be modeled using the ENCLUDE modeling ensemble across Europe: Geo-

graphical diversity and variance in the local scale of analysis (visualization developed using the online map-mak-
ing tool “MapChart!®”).

Under the “Power to the People” narrative the notion of the citizens’ active participation in the energy
market is further explored. Citizens are increasingly becoming individual owners, thus, consuming their
own electricity, and playing a facilitating and supportive role in driving the energy transition (Krumm
et al., 2022; Trutnevyte et al., 2019).

“Prosumerism” is the concept that refers to the act of citizens investing in energy infrastructure that will
transform them from simple consumers of energy to producers and self-consumers of energy (or as the
term has been established in the relevant literature the past decade, “prosumers”) through small-scale
RES technologies installed in their residence, being able to provide flexibility to the grid by adjusting
their consumption patterns (Kiihnbach et al., 2022).

Considering the EU’s strategic visions towards climate neutrality by 2050, solar PV systems have been
considered a viable substitute for conventional energy sources (Koumparou et al., 2017). In this context,
PV self-consumption is becoming extremely important, especially in the residential sector, where con-
sumers take the role of prosumers, producing and consuming energy at the local (household) level. Typ-
ically, self-consumption encompasses the adoption and further diffusion of a wide range of technologies
and systems such as small-scale PV, battery storage, and smart-grid devices, which bring demand flex-
ibility into the market.

10 hitps://www.mapchart.net/
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A growing number of recent studies in the literature, though, have been assessing PV self-consumption
and its economics, focusing on systems that only use PV or on PV systems coupled with battery energy
storage systems (Stavrakas et al., 2019a). The findings show that if PV self-consumption at the residen-
tial level becomes economically competitive soon, citizens will be willing to self-consume electricity
instead of buying it from the grid. Such a massive and radical change could impact national power
systems around the world, especially if the necessary regulatory framework is not in place and influence
the interests of the electricity market stakeholders (Yu, 2018).

In addition, regulatory and financial challenges related to the need for novel market business models
and supporting mechanisms are the main obstacles to the sustained exponential growth of PV technology
(Michas et al., 2019a). Therefore, policymakers should focus on an optimal mix of PV power and other
RES technologies; they should also anticipate the risks and uncertainties related to further PV adoption.

Considering all the above, under the ENCLUDE “Power to the People” storyline, and in the context of
the modeling work presented in this report, we intend to explore transition pathways based on the con-
cept of prosumerism through the further citizen adoption of small-scale PV systems in the residential
sector of five (5) different Member States of different geographical and climate conditions and of diverse
socioeconomic contexts.

Since the scale of our analysis is the local level, we selected different cities to analyze transition path-
ways at the household level and explore the economic viability and the decarbonization potential of
prosumerism under different potential evolutions of the future, i.e., the three (3) ENCLUDE “future-
world” narratives. Below we provide a short policy background of prosumerism in the five (5) selected
countries’ residential sector.

Denmark stands out as a pioneering Member State in the integration of RES within its power sector. A
staggering 57.72% of Denmark's electricity generation is derived by wind energy, showcasing the na-
tion's remarkable commitment to harnessing this abundant and clean energy resource (Révekamp et al.,
2021; Statista, 2024a). Additionally, approximately 20.58% of the remaining electricity generation is
attributed to bioenergy, further underscoring Denmark's diversified approach to renewable energy utili-
zation (Statista, 2024a).

Despite its impressive achievements in wind energy, Denmark's adoption of solar energy remains in a
nascent stage since solar energy contributes only with 9.28% in the power generation at the national
level (Statista, 2024a). With a per capita solar energy generation of 340 kwh (Our World In Data,
2024a), Denmark currently ranks twelfth (12") among the 27 Member States in this regard.

In the residential sector, the total capacity of small-scale solar PV systems grew significantly from 39
MW to 526 MW with the most recent available relevant data spanning from 2012 to 2018 (IEA, 2018).
While Denmark leads the EU in wind energy per capita with 3,218 kWh (Our World In Data, 2024b),
there is significant room for growth and development in the solar energy sector. This presents an oppor-
tunity for Denmark to further diversify its renewable energy portfolio and strengthen its position as a
global leader in sustainable energy transition.

Hence, with regards to the potential role that the Danish residential sector could play towards the climate
visions at the national level, it is useful to make a deeper dive in the decentralization potential at the
local level through the utilization of small-scale solar PV systems (Hansen et al., 2022).

Denmark aims to promote the integration of solar energy in the residential sector mainly through net
metering, while prosumers are able to choose also to be remunerated through a feed-in tariff policy
scheme but with a significant low fixed price of around 62 €/ MWh (compared to the amount that citizens
are called to pay for the electricity consumption- around 381 €/ MWh including taxes, according to
Country Economy (2024a)), applicable for ten (10) years after the connection with the grid (Wikberg,
2019).
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It is noteworthy that Denmark aims to gradually abolish this fixed price remuneration scheme and keep
net metering as the main solar energy supporting policy scheme through the application of the legislative

framework “BEK no. 999 of 29/06/2016”, which allows every electricity production technology to par-
ticipate in the net metering policy scheme, apart from geothermal (Danish Government Gazette, 2016).

All residential solar PV installations (under or equal to 10 kW,) are exempted from the obligation to pay
the so-called Public Service Obligation tariff, while from 2012 and onwards the netting period changed
from annual-based to hourly-based (Hansen et al., 2022; Wikberg, 2019; Ziras et al., 2021). Finally,
according to Ziras et al. (2021), the application of a supportive hourly-based net metering policy scheme
in Denmark led from 2010 up to now, an important tax relief of Danish citizens.

In contrast with the other case studies of this deliverable, France is the leader globally in the share of
nuclear power in the electricity generation with 63.29% (Ritchie & Rosado, 2020) and has the second
(2" largest nuclear installed capacity in the world with 61.37 GW after the United States (Pata &
Samour, 2022). However, France is in a growing stage yet in terms of solar energy with only 310 kWh
of solar energy per capita which ranks France fourteenth (14™) among Member States, despite the high
potential it has for the integration of solar energy in the power sector.

More specifically, according to a relevant research conducted by Badis et al. (2019), France could be
able to cover around 28.5% of its final electricity consumption (around 441 TWh) with 125.58 TWh
produced by solar PV, if rooftop solar PV systems were to be installed in every rooftop available area
in the country (estimated around 1,346 km?), and moreover, in an economically feasible way, since it is
estimated that around 88.5 TWh from this potential electricity production would have Levelized Cost
of Electricity (LCOE)! in the range of 0.06-0.12 €/kWh (the rest 37 TWh would have LCOE in the
range of 0.12-0.15 €/kWh).

It is worthy to mention that numerous studies indicate that, although nuclear power is considered as a
“clean” technology, it involves serious environmental and security risks (Ayoub & Sornette, 2023; Lam-
natou et al., 2024; Zeraibi et al., 2023). Furthermore, in the context of harmonization with the European
Green Deal, France will have to improve its RES penetration in the power generation mix since only
around 28.5% of the electricity production comes from RES (Statista, 2024c).

In this regard, prosumerism in the residential sector could play a prominent role for the further penetra-
tion of solar energy in the energy mix of France. According to the most recent available data, the in-
stalled capacity of residential solar PV installations is estimated around 1,800 MW (IEA, 2022); France
aims to promote the diffusion of small-scale solar PV installations in the residential sector mainly
through the application of a feed-in tariff (FiT) scheme according to “Art. 14/Order of May 9 for so-
lar/2017” with a contract duration of 20 years (French Government Gazette, 2017). Today (2024), the
fixed price based on which prosumers are able to be remunerated is equal to 147.4 €/ MWh (Bellini,
2024). It is noted that net metering is not allowed in France (Froding & Gasne, 2024; Oriol, 2018).

Located in Southern Europe, Greece is a transcontinental country, strategically located at the crossroads
of Europe, Asia, and Africa, with a diverse geographical landscape and a large potential in RES (i.e.,
high solar irradiation levels), which makes it an attractive market choice for both small-scale PV owners
and suppliers (Michas et al., 2020). Furthermore, due to its numerous islands, electricity interconnection
of the islands with the mainland in Greece remains a continuous challenge, with the non-interconnected
islands depending mainly on conventional generation units. As a result, Greece makes a reasonable
selection for a decarbonized vision of a power sector, that relies also on decentralized generation and
storage.

1 Levelized Cost of Electricity (LCOE) is an economic measure used to compare the lifetime costs of generating electricity
across various generation technologies.
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More specifically, the average Global Horizontal Irradiation (GHI) of Greece is around 1,639 kWh/m?
(on an annual basis) which ranks Greece in the third (3') position among Member States (according to
data retrieved by Global Solar Atlas (Global Solar Atlas, 2024)). Greece used to traditionally depend on
lignite for power generation (IEA, 2023; Karamaneas et al., 2023) up to now where natural gas contrib-
utes with 31.73% in the electricity generation of the country (Statista, 2024b), while despite its abundant
solar potential, Greece has not utilized the full potential of solar power integration (Chatzisideris et al.,
2017) since solar energy contributes with only 18.93% in total power generation at the national level
(Statista, 2024b).

It is noteworthy that if rooftop solar PVs would be installed in every available rooftop area (estimated
around 128 km?), around 17 TWh could be generated on an annual base, which means that almost 32%
of the final electricity consumption (around 53.46 TWh/year) could be covered by small-scale solar PV
systems (Badis et al., 2019). The latter highlight the significant potential for Greece to leverage its enor-
mous solar resources and significantly enhance its contribution to RES, thus making progress towards a
more sustainable and resilient energy landscape in the context of the concept of energy citizenship.

Up to now, according to the most recent official available data, Greece’s rooftop solar PV installed
capacity (under or equal to 10 kW) is around 352 MW (DAPEEP SA, 2022). The largest rooftop solar
PV adoption was achieved from 2009 to 2013 when the most generous FiT policy scheme was opera-
tional with the fixed price ranged from 450 €/ MWh in 2009 to 294 €/ MWh in 2013 (Kérci et al., 2022;
Stavrakas & Flamos, 2022).

Today (2024), prosumers in Greece are able to choose how they will be remunerated between a FiT
policy scheme with a fixed price equal to 87€/MWh according to “Article 4/1..4414/2016.A°149”, and
a net metering policy scheme without remuneration for prosumers according to “Law 5037/2023.0FG
78/28.03.2023” with a four-month netting period (Greek Government Gazette, 2016) (Greek Govern-
ment Gazette, 2023). It is noted that the final settlement takes place after nine (9) four-month periods
and any excess energy that has not been remunerated until then is cleared.

Portugal is located in Southern Europe, more specifically in the Iberian Peninsula. According to data
retrieved by Global Solar Atlas, Portugal has an abundant solar potential with an average GHI equal to
1,551 kWh/m? annually, which ranks it fifth (5"") among the Member States (Global Solar Atlas, 2024).

Moreover, according to Bodis et al. (2019), who conducted research for geospatial assessment of rooftop
solar PV potential among the Member States, Portugal has a significant technical potential of 24,26
TWh/year if solar PV systems would be installed in every available rooftop area (for Portugal is esti-
mated around 170 km?). This technical potential could be able to cover 52.3% of the electricity con-
sumption at a national scale and in an economically feasible way since all the electricity that could be
generated would have a LCOE in the range of 0.06-0.12 €/kWh (Bddis et al., 2019).

However, Portugal is in a nascent stage yet about the deployment of solar PV systems. Its energy mix
of the power sector is mainly based on fossil fuels since 40.42% of the electricity production comes
from natural gas, oil, and coal, with natural gas being a dominator in the energy mix since it contributes
with 37.14% to the electricity production (3.15% for oil, and 0.13% for coal), according to data retrieved
from Our World In Data (2024).

Furthermore, the main renewable energy source for power generation of Portugal is wind energy. Wind
energy contributes with 28.3% to power generation, ranking Portugal seventh (7") among Member
States in terms of electricity produced by wind energy per capita with 1,293 kWh per capita (Our World
In Data, 2024b). The third (3') largest energy source for the electricity production of Portugal is hydro-
power with 16.17% and then bioenergy follows with 8.23%.

As a result, it becomes obvious that Portugal has not taken advantage of its solar potential since solar
energy contributes only with 6.5% to the power generation which ranks Portugal fifteenth (15") among
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Member States, far from the average electricity generation from solar energy per capita in the EU. More

accurately, the electricity generation from solar energy per capita of Portugal is 297 kWh per capita,
while the average in the EU is 463 kWh per capita (Our World In Data, 2024a).

Finally, Portugal aims to promote rooftop solar PV installations through a net billing policy scheme after
the abolition of the previous FiT policy scheme in 2022. According to Climate Action Network (2024),
the legislation applicable in Portugal for rooftop solar PV installations is Decree-Law 15/2022, which
defines that excess of electricity generation from the PV system is sold at the wholesale market price,
which wholesale market price is announced on a daily basis by OMIE (the nominated electricity market
operator for managing the Iberian Peninsula countries’ day-ahead and intraday electricity market (Por-
tuguese Government Gazette, 2022; Climate Action Network, 2024b)).

Bordering on Portugal, Spain is another Member State located in the Iberian Peninsula of Southern
Europe. Similar to Greece and Portugal, Spain has also a significant solar potential with an average
annual GHI equal to 1,588 kWh/m?.

This potential ranks Spain on the fourth (4™ position among Member States (between Greece and Por-
tugal). According to Badis et al. (2019), Spain has also a very high technical potential which is resulting
through its rooftop available area, as well as through its abovementioned solar potential. More specifi-
cally, Spain’s technical potential for electricity production through the utilization of rooftop solar PV
systems is equal to 65.24 TWh/year with rooftop available area estimated to be equal to 462 km?.

This technical potential could be able to cover approximately 28% of the total electricity consumption,
and moreover, around 55 TWh from the 65.24 TWh could be produced in an economically effective
way with a LCOE spanned from 0.06 €/kWh to 0.12 €/kWh, while the rest electricity (around 10 TWh)
would be produced with LCOE ranged from 0.12 €/kWh to 0.18 €/kWh (Bddis et al., 2019).

Spain is one of the leaders in solar PV deployment since it is ranked third (3') among Member States
in terms of electricity generation from solar energy per capita with 690 kWh per capita (behind from
Netherlands and Germany), according to Our World In Data (2024a). However, even if Spain is ranked
third in this metric, when diving into the energy mix of the power generation in Spain, we notice that
solar energy is ranked fourth among the energy sources for power generation since solar energy contrib-
utes with 11.51% to the electricity production (Our World In Data, 2024d).

Spain’s energy mix of power generation is mainly based on natural gas since it contributes with 30.56%
to the power generation, and after natural gas, wind, and nuclear energy come after with 21.71% and
20.53%, respectively. Hydropower, oil, coal, and bioenergy follow after solar energy with a contribution
equal to 6.59%, 4.04%, 2.67%, and 2.39%, respectively, according to data retrieved from Our World In
Data (2024d).

Lastly, through the implementation of the Royal Decree 244/2019 legislation introduced in 2019,
prosumers in Spain can be remunerated through a net billing policy scheme, which compensates them
for the excess electricity they inject into the grid according to the wholesale electricity price retrieved
from OMIE, similar to the case of Portugal (Spanish Government Gazette, 2019). This legislation was
a radical change compared to former policy schemes since now in Spain surpluses are compensated, but
they do not include any type of FiT or feed-in premium. Moreover, the incentives framework for col-
lective self-consumption in Spain is quite favorable with no grid fees or taxes attached to it.

Additionally, in November 2023, the Spanish government approved an addition of €500 million to en-
courage new self-consumption facilities through the Recovery, Transformation, and Resilience Plan
(Climate Action Network, 2024a).

Based on the case study specifications and the ENCLUDE scenario typology, we ask the following
Research Questions (RQs):
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“Can a people-powered transition based on citizen investments in small-scale PV systems
RQu1 | support the transition to climate neutrality by 2050 in the European Union’s residential sec-
tor?”

“What is the emission reduction (decarbonization) potential of different transition pathways

R
Quz under a “Power to the People” storyline at the local level across different Member States?”

“What are the potential benefits of prosumerism for European Union’s citizens under differ-

R . .
Qus ent potential evolutions of the future?”

In the context of the EU’s transition to a future greener energy system and achieving the vision of climate
neutrality by 2050, CEls as an important collective expression of the concept of energy citizenship are
expected to play a vital role. Over the past few years, more and more CEls and other relevant coopera-
tives have come to the surface.

The three (3) case studies selected in the context of the “Band Together” storyline to be analyzed with
the use of the ANIMO modeling framework are: (i). the “Cloughjordan Ecovillage” in Ireland, (ii). the
“EnergieC Midden-Delfland” in the Netherlands, and (iii). the “Belica Energy Community” in North
Macedonia. These cases were chosen following discussions with colleagues from and based on the “on-
the-ground” work conducted as part of WP3, considering their richness in data and comprehensive doc-
umentation.

In this context thus, a well-established CEI is the “Cloughjordan Ecovillage” in Ireland, the village with
the lowest carbon footprint in Ireland (Cloughjordan Ecovillage, 2023). When it comes to energy tran-
sition advancements, Ireland is a pioneer country in the EU since it is second in wind energy use, after
Denmark (Wind Europe, 2022). However, in terms of solar energy, Ireland is not in a leading position,
being 26™ in the EU’s solar PV installed capacity per capita ranking (Statista, 2022).

However, Cloughjordan Ecovillage is one of the few pioneers of solar energy in Ireland, since there are
500 m? of solar PV panels installed in the village (Kennedy & Buckley, 2021), which showcases the
potential that Ireland could also embody in the field of solar energy. The latter makes initiatives like the
Cloughjordan Ecovillage an excellent case study, when it comes to the “Band Together” storyline.

On the other hand, contrary to Ireland, Netherlands is a leading country in the field of solar energy and
the first EU’s solar PV installed capacity per capita ranking country, with (Solar Power Europe, 2023),
with more than 1.044 kW/cap of solar PV installed capacity per capita. In this context, initiatives like
the “EnergieC Midden-Delfland” energy cooperative, a CEI that paves the way for a green transition in
the Midden-Delfland municipality and in the Netherlands as a whole, can support the further diffusion
of such collective expressions of energy citizenship.

The “EnergieC Midden-Delfland” energy community aims to make the Midden-Delfland municipality
a sustainable energy producer (Energie C Midden-Delfland, 2023), and thus it serves as another excel-
lent case study to apply our ANIMO modeling framework.

Finally, the “Belica Energy Community” in North Macedonia is a case of a CEI still at the very early
stages of maturity (the project was expected to be operational by end of 2023), although relevant stake-
holders and representatives from the local community consider this case as an emerging one, serving as
the first CEI in North Macedonia.

The cooperative has recently joined the “European federation of citizen energy cooperatives
REScoop.eu*?”, while local actors are very eager to learn and replicate successful practices of growth to

12 hitps://www.rescoop.eu/network/all/sun
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make the “Belica Energy Community” a successful CEI project, as it could lay the foundations for more
similar projects in North Macedonia and in the Balkan area.

Overall, our selection of CEI case studies comprises of: a well-established ecovillage structure with high
potential in solar energy in a Member State that is an EU pioneer in wind energy, but is behind when it
comes to solar energy; a well-established energy community structure which strives to make the local
municipality autonomous and turn it into a sustainable energy producer in a Member State that is an EU
pioneer when it comes to solar energy; and an emerging energy community structure with high potential,
but still at early stages of implementation, in a country which is not yet an EU member state, but could
serve as a pioneer of CEls in the Balkan area.

The “Cloughjordan Ecovillage” was founded in 1999, through the establishment of a registered educa-
tional charity and national non-governmental organization of the Irish Environmental Network, Sustain-
able Projects Irelands Ltd (Muzzarelli et al., 2023). Cloughjordan Ecovillage’s official purpose state-
ment gives the description stating (Muzzarelli et al., 2023): “Cloughjordan Ecovillage is a response to
the greatest challenges facing humanity today: the growing impact of human activity on the planet and
how its people live and work together. The deeper purpose of the Ecovillage is to create a living example
of a healthy and harmonious future while treading more lightly on Planet Earth”.

This initiative aims to promote sustainable and innovative living through eco-friendly manners in dif-
ferent activities like energy consumption, heating, and crop production. The main target of the “Clough-
jordan Ecovillage” is to create a community that could live side by side with nature in a sustainable and
environmental-friendly way.

The “Cloughjordan Ecovillage” counts around 130 residents living in more than 50 buildings in the
village, which are considered as “low energy consumption” buildings (Kress et al., 2023; Muzzarelli et
al., 2023). Concerning the heating system, the ecovillage has a district heating system that is fueled by
biomass, contributing to make it the village with the lowest ecological footprint in Ireland (Kirby, 2020).

In terms of energy production, the residents of the village have also the opportunity to produce their
own electricity since 500 m? of solar PV systems have already been installed (Kress et al., 2023). The
residents of the village are also land workers since there are almost 200,000 m? (50 acres) available for
allotments, woodland, and farming. Finally, the “Cloughjordan Ecovillage” promotes the so called “vol-
untourism” since tourists from all over the world can be accommodated in the eco-friendly hotels of the
village and simultaneously perform volunteering activities (Kress et al., 2023).

The “EnergieC Midden-Delfland” energy cooperative in the Netherlands aims to become climate neutral
by producing sustainable energy that will be shared fairly between all the members of the local commu-
nity. The population of the Midden-Delfland municipality is around 19,500 inhabitants and the munici-
pality covers an area of 47.19 km? (StatLine, 2020). Midden-Delfland calls all the residents to be part of
this transition by financing a project through crowdfunding, and more specifically, through the purchase
of solar panels’ parts. The idea back from this, is to return back part of the profit from the electricity
generated from the project to the participants.

More specifically, the energy cooperative receives a subsidy from RVO (Netherlands Enterprise
Agency) and this subsidy is paid to participants based on the number of solar panels installed on the
buildings of the Midden-Delfland municipality (Energie C Midden-Delfland, 2023). Until today, the
number of the energy cooperative members is 122 (0.63% of the total municipality population) (Energie
C Midden-Delfland, 2023).

Another key activity of the cooperative is consultation to increase energy savings through local energy
coaching. The project aims to reduce energy consumption in the Midden-Delfland municipality
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households without downgrading their living standards. Other projects have also been completed in the
Midden-Delfland municipality of which include the total cover of four (4) roofs with a total installed

capacity of 200 kW, of solar PV system. The projects yielded 162,300 kWh of electricity in 2022 with
5,282 solar parts sold (Energie C Midden-Delfland, 2023).

The amount of electricity generated by the projects can effectively cover the energy consumption of 56
households in the municipality. Last but not least, another project has recently begun aiming to make
the municipality natural gas free, which is also a key target at the national level (Energie C Midden-
Delfland, 2023).

The Belica village is located at the Kicevo municipality in the southwestern region in North Macedonia.
Contrary to the cases of the “Cloughjordan Ecovillage” and the “EnergieC Midden-Delfland”, the “Bel-
ica” cooperative is not considered a fully developed energy community structure yet. More specifically,
the main objective of the initiative is to become the first energy community in North Macedonia. In a
demographic context, according to the most recent data (a census that took place in 2021), the population
of the village is 54 inhabitants, while 31 of them are overaged (+65 years old). Belica covers an area of
31.07 km? (City Population Official Webpage, 2023).

According to estimations (not official data) and based on local representatives’ feedback during an on
the ground visit of the village by the ENCLUDE consortium, there are around 100 households in the
village, with only 10-20 of them been used on a daily basis (most of them are being used during week-
ends and in the summer season.

In terms of energy consumption, the residents of the village use biomass (wood) as a fuel for heating. It
is noteworthy that a solar PV installation project is currently in process. The project will have 20 kW,
installed capacity and it will be installed on a community building of the village (a former school that is
now being used as a social and educational center). As a result, when the project is completed, the
installed capacity of solar PV per capita in the village will be 0.37 kW/cap.

The system is about to be operational by the end of 2023. Nevertheless, even if the target is to spread
more solar PV systems on the village households’ roofs, the expansion plans are at a very early stage up
to this point.

Based on the case study specifications and the ENCLUDE scenario typology, we ask the following

RQs:

“How can social and grassroot innovations, like Collective Energy Initiatives (CEls), around
RQ2.1 | Europe be further diffused and grow in the context of the short-term energy transition by
2030?”

“What are the key driving factors that could support the further growth of social and grass-

Qa2 root innovations, like Collective Energy Initiatives (CEISs), in Europe by 2030?”

“What is the emission reduction (decarbonization) potential of different transition pathways
RQ23 | under “Band Together” storylines around Europe under different potential future evolu-
tions?”

The energy transformation processes at the local and the regional level as supported by the EU’s strate-
gic visions and respective national policies have created a window of opportunity for the reconfiguration
of Coal and Carbon Intensive Regions (CCIRs) in a way that can be aligned with sustainable

70



D5.3 - Report on the impact of energy citizenship on the local level

/7 '
development goals. Such municipalities and regions have in recent decades been affected by an array of

negative trends, regarding loss of local jobs, population ageing, migration, lack of services as well as
poor environmental quality conditions.

In these socially complex contexts, systemic inertia, aversion to change and immobilism has often been
paramount. To overcome this, several factors that have to do with realizing the multiple dimensions that
affect deliberate and fast change need to be taken into account. These have to do not only with injecting
structural funds to trigger technology innovations, but also with many other more intangible, cultural,
and perceptual dimensions related with the collective construction of meaning and action and that affect
the willingness and the capacities of different local agents and communities to collaborate actively in
transformative governance processes.

Harmonized policies need to consider all these cultural, identity, inequality and perceptual dimensions
in order to foster the potential of local populations to contribute to systemic change in their own terms,
which may eventually be expressed in more diversified, inclusive, and resilient transition pathways.
Early gains in justice at the local and the regional level can create the necessary transformative condi-
tions for achieving positive tipping points at larger scales and may also help to trigger chains of positive
changes in other municipalities and regions.

Addressing inequalities and providing early mutual gains derived from tackling climate crisis are likely
to help local and regional authorities to support climate and energy policies, and function as demonstra-
tors for other municipalities and regions, showing that just and inclusive transformations are not only
possible but desirable.

Such a CCIR case of interest at the local level in Greece is the municipality of Megalopolis (Area: 722.6
km?, Population (2021): 8,791) (Hellenic Statistical Authority, 2022). Megalopolis retained a rural char-
acter until 1970, while since then, the Public Power Corporation started lignite exploitation in the Meg-
alopolis deposit, making lignite mining and lignite-based power generation the dominant activities in
the area, employing a remarkable percentage of the local workforce.

In 2019, with the publication of the first version of the Greek National Energy and Climate Plan (NECP),
the gradual phase out of lignite for power generation was put in place, setting the dates for the decom-
missioning of all existing lignite power plants in Greece by 2023. Megalopolis is one of the directly and
heavily affected areas since three (3) power plants have already been shut down, one (1) plant was
planned for shut down by 2023 (unofficially extended to 2025), and only one (1) power plant will keep
operating with natural gas (Ministry of the Environment and Energy, 2019).

However, the current transition plan of Megalopolis seems to be heading towards a new fossil fuel lock-
in. While the region phases out lignite, natural gas is used for (i). power generation, and (ii). direct
supply to households for space heating, through the already existing district heating network.

According to the existing national Just Transition Development Plan for post-lignite development, a gas
distribution network is under construction in the Megalopolis municipality, while its residents will be
exempted from connection fees. Furthermore, the cost of replacing existing heating boilers and relevant
equipment with natural gas ones will be subsidized (Ministry of the Environment and Energy, 2022).

However, due to the latest developments and amid an energy price crisis, the existing plan for the energy
transition in the Megalopolis’ residential sector may need to be revised, as the decision to invest in
natural gas infrastructure could cause a lock-in effect (negative tipping point), exposing households to
high energy costs and potential gas shortages for the next decades.

This comes in line with scientific literature, which mentions that the further expansion of natural gas
infrastructure and consumption exacerbates infrastructural and institutional lock in effects, which can
decelerate the energy transition, causing stranded assets and detainments in renewable energy and en-
ergy efficiency investments, entailed by harmful environmental and economic consequences (Kemfert
et al., 2022).
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The greatest challenge concerning the transition seems to be its timing, as the transformation of the
Megalopolis municipality, from a largely lignite-based economy to a more diversified and sustainable

one cannot apparently be accomplished by 2028, when the withdrawal of the lignite units will be com-
pleted (The Green Tank, 2020).

Based on the feedback we received during our interactions with local stakeholders, a post-lignite devel-
opment trajectory includes several opportunities for a just and inclusive transition, such as the establish-
ment of RES projects, tourism development (e.g., an international motocross ring, rafting, etc.), alterna-
tive forms of agriculture, the reconstruction of museums and educational institutions, the optimization
of the road network, and the construction of a business park to host the industries that plan to relocate.

Furthermore, stakeholders stated that establishing a secure, concrete legal and licensing framework for
RES, while providing a low-risk environment, are significant steps toward ensuring an appealing envi-
ronment for investments and that PV parks could be built by local small businesses to create job oppor-
tunities. Experts also emphasized the importance of energy efficiency, and the need to emphasize in the
Just Transition Master Plan the upgrading of the energy performance of existing buildings. They stated
that the NECP should be updated accordingly, and that natural gas will most likely not be eligible for
grants as a building heating option, emphasizing the importance of prioritizing energy efficiency invest-
ments.

During the discussion, experts also mentioned existing proposals for developing energy communities
while providing special tax exemptions to attract foreign investments. In this regard, they stated that
optimizing energy consumption by forming energy communities could solve the problem of building
heating and suggested that each affected municipality forms an energy community to provide cheap or
even free green power to those in the region suffering from energy poverty.

However, part of these strategic visions of local stakeholders towards a green transition in Megalopolis
will only be developed if citizens are willing to invest in the technological capabilities required. Before
citizens decide to proceed with investing in energy efficiency and/ or RES, they need to be aware of the
both the economic and the environmental value stemming their investments, as it is unlikely to invest in
new technological capabilities having only environmental or other ancillary benefits for the energy sys-
tem, e.g., demand-flexibility, grid stabilization, as their primary goals.

Thus, while technological infrastructure is already in place, exploratory analyses focusing on new and
innovative business models and legal frameworks are required to maximize the value of the technolog-
ical capabilities required to inform and convince citizens of the potential benefits.

In the context of the expected increasingly participatory role of citizens and other societal actors in the
combat against the climate crisis, driving changes in the energy system at both the demand and the
supply side, in this case study we use the DREEM model to analyze an alternative “green’ rebranding
of Megalopolis into a city OF the people, BY the people, FOR the People.

Based on the case study specifications and the ENCLUDE scenario typology, we ask the following

RQs:

“Can a citizen-led transition based on energy efficiency investments and lifestyle and behav-

Qas ioral changes lead to a just and inclusive transition in the municipality of Megalopolis?”

“What is the emission reduction (decarbonization) potential of different transition pathways
RQs.2 | under a combined “Power to the People” and “Habitual Creatures” storyline at the munic-
ipality level?”

“What is the post-lignite development trajectory and the potential benefits of a people-pow-
RQs3 | ered transition that does not rely on traditional fossil fuels in a European Coal and Carbon
Intensive Region?”
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In this segment, we delve into the specification process for the case studies described in the preceding
chapters. This entails a meticulous exploration of the specific steps taken to define and quantify the
variables involved in each case study, shedding light on the numerical parameters and assumptions that
form the basis of the analytical approach that was followed.

Based on the case studies’ specifications, as presented in , we employ the ENCLUDE sce-
nario space framework to showcase its applicability to three (3) different model applications looking
into diverse RQs, such as the potential benefits of prosumerism, the drivers that could support the further
growth of social and grassroot innovations, the decarbonization potential of different transition path-
ways, etc.

This ultimately allows us to create three (3) different scenario spaces consisting of transition matrices
with the evolution of different exogenous variables, e.g., emission factors, evolution of relevant energy
prices and costs, technological costs and relevant updated configurations, benefits for citizens and/ or
other power actors involved, according to the ENCLUDE scenario space.

Overall, our aim is to offer transparency and clarity regarding the methodologies employed, ensuring a
robust foundation for the subsequent analyses and conclusions drawn from the case studies.

The modeling analysis for Denmark is conducted for two (2) cities, one in the North and one in the
South; Aalborg and Copenhagen, respectively. The reference building in both cities represents a single-
family house, constructed between 1973 and 1978, while the reference floor area is 117 m2.

We apply the DREEM model to assess the potential benefits of a 3kW, solar PV installation on the
rooftop of the reference buildings under the two (2) available policy schemes for prosumers:

a. net metering with no direct remuneration, and
b. FiT with a fixed price for the remuneration of the prosumers, equal to 62 € per MWh (Wikberg, 2019).

The modeling analysis for France is conducted for two (2) cities, one in the South and one in the North;
Marseille and Paris, respectively. The reference building in both cities represents a single-family house,
constructed between 1975 and 1981, while the reference floor area is 130 m2.

Since in France, a net metering policy scheme is not allowed (Froding & Gasne, 2024; Oriol, 2018), we
apply the DREEM model to assess the potential benefits of a 3kW,, solar PV installation on the rooftop
of the reference buildings under the existing FiT scheme, with a fixed average price for the remunera-
tion, equal to 62 € per MWh (Bellini, 2024).

The modeling analysis for Greece is conducted for two (2) cities, one in the South and one in the North;
Athens and Thessaloniki, respectively. The reference building in both cities represents a single-family
house, constructed before 1980, while the reference floor area is 162 m? for Athens and 187 m? for
Thessaloniki.

We apply the DREEM model to assess the potential benefits of a 3kW, solar PV installation on the
rooftop of the reference buildings under the two (2) existing available policy schemes for prosumers:

a. net metering with no direct remuneration, and

b. FiT with a fixed price for the remuneration of the prosumers, equal to 87 € per MWh according to
Article 4/1..4414/2016.A'149.
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The modeling analysis for Portugal is conducted for two (2) cities, one in the South and one in the North;
Lisbon and Porto, respectively. The reference building in both cities represents a single-family house,
constructed between 1960 and 1979, while the reference floor area is 131 m?for Lisbon and 145 m?for
Porto.

We apply the DREEM model to assess the potential benefits of a 3kW, solar PV installation on the
rooftop of the reference buildings under the existing net billing scheme, in which the remuneration for
the excess electricity fed into the grid is based on the wholesale market price, namely 72.15 €/ MWh
(Climate Action Network, 2024a).

The modeling analysis for Spain is conducted for three (3) cities, one in the North, one in the central
part of the country and one in the South, Bilbao, Madrid, and Malaga, respectively. The reference build-
ing in all cities represents a single-family house, constructed between 1960 and 1979, while the reference
floor area is 135 m?for Bilbao, 152 m? for Madrid, and 171 m? for Malaga, respectively.

We apply the DREEM model to assess the potential benefits of a 3kW, solar PV installation on the
rooftop of the reference buildings under the existing net billing scheme, in which the remuneration for
the excess electricity fed into the grid is based on the wholesale market price, namely 72.17 € MWh.

Future retail electricity prices and emission factors of electricity for the analyzed case study countries
vary among the “future-world” narratives.

The 2024 values of the retail electricity price scenarios, which follow similar trends by 2050 are outlined
in

In the “Familiar World” narrative, future retail electricity prices for all the analyzed case studies are
consistent with those after the 2022 energy crisis. In the “Unified World” narrative, future retail elec-
tricity prices for all the analyzed case studies are consistent with those before the 2022 energy crisis. In
the “Fragmented World” narrative, future retail electricity prices for all the analyzed case studies are
consistent with those during the 2022 energy crisis.

Table 5. 2024 values on the future evolution of prices following similar trends by 2050 for different Member
States under the “future-world” narratives [Source: Country Economy (2024d, 2024c, 2024b, 2024a)].

Retail electricity price (€/MWh)

“Familiar World” “Unified World” “Fragmented World”
Denmark 392.7 281.9 587.1
France 227.5 195.8 259.1
Greece 232.5 175.2 295.2
Portugal 255.8 213.3 298.3
Spain 282.4 229.8 335.0

In order to measure the economic benefits for prosumers, the Net Present Value (NPV), and the dis-
counted payback period are calculated in for a 25-years life cycle investment, using the
following equations:

25

] Cash Flow,,
NPV = — Capital Cost + W
k=1
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Uncovered Amount

Di ted Payback Period =Y Until Break Point +
iscounted Payback Perio ears Until Breakeven Poin Recovery Year Cash Flow

The projections of the emission factors of electricity by 2050 are outlined in

In the “Familiar World” narrative, future power sector emission factors for all the analyzed case studies
evolve based on the current baseline for the power sector decarbonization in Europe. In the “Unified
World” narrative, future power sector emission factors for all the analyzed case studies evolve based on
a faster European power sector decarbonization trajectory compared to the baseline. In the “Fragmented
World” narrative, future power sector emission factors for all the analyzed case studies evolve based on
a slower European power sector decarbonization trajectory compared to the baseline.

Table 6. Projections of the emission factor of electricity until 2050 for different EU Member States for the “future-
world” narratives. Source: European Commission (2020).

Emission factors of electricity (kgCO2/kWh) - “Familiar World”

Year Denmark France Greece Portugal Spain
2024 0.0826 0.0386 0.2240 0.0780 0.0892
2050 0.0188 0.0281 0.0699 0.0066 0.0242

Emission factors of electricity (tnCO2/ktoe) - “Unified World”

Year Denmark France Greece Portugal Spain
2024 0.0826 0.0386 0.2240 0.0780 0.0892
2050 0.0093 0.0140 0.0350 0.0033 0.0121

Emission factors of electricity (tnCO2/ktoe) - “Fragmented World”

Year Denmark France Greece Portugal Spain
2024 0.0826 0.0386 0.2240 0.0780 0.0892
2050 0.0376 0.0561 0.1399 0.0132 0.0484

Considering the specifications of both the “people-centered” storylines and the “future-world” narra-
tives, we develop the scenario space for the “Power to the People” storyline through empowering
prosumerism ( )-

The scenario space is split into two (2) parts, i.e., policy scheme specifications that pertain to the “peo-
ple-centered” storyline and apply unchanged during all years of the analysis (i.e., until 2050), which are
depicted in the upper part of the figure and contextual factor specifications that are consistent with the
“future-world” narratives and vary by 2050, which are depicted in the lower part of the figure.

75



D5.3 - Report on the impact of energy citizenship on the local level

v

[ “Power to the People” through empowering prosumerism ]

2~ Available policy schemes for investment in 3kWp solar PV installation on the rooftop of the reference buildings
i+ Denmark: Net Metering with no direct remuneration, FiT with a fixed price for the remuneration of the prosumers, equal to 62 €MWh.
France: F1T with a fixed price for the remuneration of the prosumers, equal to 147.4 €/ MWh.
Greece: Net Metering with no direct remuneration, FiT with a fixed price for the remuneration of the prosumers. equal to 87 € MWh.
Portugal: Net Billing where the remuneration for the excess electricity fed into the gnd 1s based on the wholesale market price (72.15 €/MWh)
Spain: Net Billing where the remuneration for the excess electricity fed into the grid is based on the wholesale market price (72.17 € MWh).
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Figure 19. The ENCLUDE scenario space for the “Power to the People” storyline.

In order to understand how citizen behavior and lifestyle is shaped within a community, a systematic
process is followed, involving various steps that aim to realistically depict the development and growth
of an energy community. The first step of our modeling analysis, thus, entails processing community-
specific data that sheds light on crucial aspects of citizen behavior and lifestyle to eventually parame-
terize the ANIMO framework. The data on these energy communities was acquired through surveys
conducted in the context of the ENCLUDE WP3 (Brenner-Fliesser et al., 2023).

Community members participated in these surveys, responded to a questionnaire that delved into both
individual traits and collective aspects of life in the community. The questionnaire covered a wide range
of topics, including participants' income and education levels, and aimed to gauge their attitudes and
assess their knowledge related to environmental issues, transportation and lifestyle choices, their energy
consumption, and preferred methods of house heating as well as their sense of connectedness with fellow
community members.

To streamline the information, survey questions were categorized based on their influence on key attrib-
utes deemed significant in the decision-making process regarding participation to a CEIl. These key
“character attributes” have been integrated into the ANIMO model as agent-related parameters:

</ “Financial concern”: This parameter represents the worry that individuals experience regarding
their financial well-being. It can motivate individuals to join collective energy initiatives that offer
opportunities for cost savings but is also a metric of their risk aversion.

</ “Environmental awareness”: This parameter refers to the levels of awareness and interest that in-

dividuals have on environmental issues. Individuals with such concerns are often motivated to join
a collective citizen initiative that addresses environmental challenges.

~/ “Energy independence”: This parameter reflects the willingness of individuals to be self-sufficient
when it comes to their energy needs and to be independent from the traditional power grid.

~/ “Sense of community”: This parameter describes the feeling of belonging and connectedness
among individuals. A strong sense of community is considered to influence individuals' willingness
to join a collective energy initiative.
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To enhance precision, irrelevant survey questions were discarded, ensuring that the subsequent analysis

is focused on relevant aspects. presents list of the survey questions that were incorporated into
the parameterization of the ANIMO framework (Brenner-Fliesser et al., 2023).

Table 7. Survey questions used for the parameterization of the agent-related parameters in ANIMO in
the context of the three (3) case studies selected under the “Band Together” storyline.

. Agent-related
a/a | Question
parameter

“How would you describe your household income in comparison with

1 . “Financial concern”
average households in your country?”
“Have you ever had difficulties paying your bills for heating or elec- . .
2 - Y, paying y g “Financial concern”
tricity?
“During the last winter, did you perceive your home as comfortable in o . »
3 . Financial concern
terms of temperature?
“During the last summer, did you perceive your home as comfortable oras . "
4 . Financial concern
in terms of temperature?”
5 “Which of the following is your highest level of education?” “Environmental concern”
6 “Having a car is simply part of being an adult.” “Environmental concern”
7 | “Electric cars are no real alternative to fossil fueled cars.” “Environmental concern”
8 “Public transport is no real alternative to driving your own car.” “Environmental concern”
9 “Heating with fossil fuels is a good energy solution.” “Environmental concern”
“l have the impression that most people in my neighborhood alread .
10 . p. . P ”p ynelg y “Environmental concern”
take action against climate change.
11 | “Investing in energy efficiency is beneficial for my household.” “Environmental concern”
“Improving living conditions (e.g., thermal comfort) is as important for .
12 P g . g ( g_ S ) P “Environmental concern”
me as reducing energy consumption and bills.
“A vegetarian or vegan diet is sufficient for humans to have good o "
13 . Environmental concern
health.
14 || “Eating less meat would have a positive impact on the environment.” “Environmental concern”
15 | “We are human, and it is natural for us to eat meat every day.” “Environmental concern”
16 | “Which do you think are the causes of the rising world temperature?” “Environmental concern”
17 | “I'd rather depend on myself than others.” “Energy independence”
18 | “I rarely rely on others.” “Energy independence”
“A reliable supply of electricity to private households can only be pro- .
19 . PP y ” yiop ybep “Energy independence”
vided by companies.
20 | “I often do "my own thing".” “Sense of community”
21 | “Itis important that | do my job better than others.” “Sense of community”
22 | “Winning is everything.” “Sense of community”
23 | “Competition is the law of nature.” “Sense of community”
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24 | “If a co-worker would get a prize, | would feel proud.” “Sense of community”
25 | “The well-being of my co-workers is important to me.” “Sense of community”
26 | “To me, pleasure is spending time with others.” “Sense of community”
27 | “Parents and children must stay together as much as possible.” “Sense of community”

“It is my duty to take care of my family, even when | have to sacrifice

28 what | want.”

“Sense of community”

Given that responses to the survey questionnaire were provided either in a tailored Likert scale or a
multiple-choice method, questions were also categorized based on their Likert scale dimension, which
was adapted differently depending on the question. Therefore, the classification distinguished between
a five (5)-point, a three (3)-point, and a two (2)-point scale.

In order to assign numerical values to this process and to align this information with the requirements
of the ANIMO framework, questions with Likert scales of the same dimension were scored similarly
with certain weights. The weights’ values ranged from 0 to 1 with the number of increments in between
being the same as the scale’s dimension. Then the number of responses for a given answer were multi-
plied by the respective answer's weight. This multiplication resulted in a score for each question, reflec-
tive of the significance and prevalence of each response.

To standardize these values, all the scores were then divided by the total number of participants or the
number of total answers. This normalization process was essential for unbiased and meaningful com-
parisons. Following this, the average and standard deviation were calculated by grouping the scores of
guestions that share commonalities in terms of the agent-related parameters to which they correlate.

This step added depth to the interpretation of the data since it helped identify predominant values held
by the community as a whole, which have a significant impact on agents’ behavior. Agents, just like
society members, are influenced by the collective values and principles of the community, which in turn
guides their actions and decision-making, simulating social influence phenomena.

This process also allowed for a visual representation through a four (4)-point radar chart ( ),
where each point corresponds to one of the specific agent parameters of the ANIMO model presented
above. This chart provides a holistic view of the community's preferences and priorities as well as de-
picts the degree to which these attributes are prevalent within each community, offering a nuanced un-
derstanding of the key factors influencing each community members’ decision-making process.
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Community values compared
—Belica Energy Community —EnergieC Midden-Delfland —Cloughjordan ecovillage

Environmental awareness

Financial concern Sense of community

Energy independence

Figure 20. Radar chart depicting the prevalence of the agent-related parameters in each of the three (3) selected
case studies, as extracted from the survey questionnaire.

Based on the previous steps and deriving from the scoring process, agents are parameterized by assign-
ing values to the agent-related parameters. The assigning process is in accord with the statistical assess-
ment of the community data completed in the previous phase. The varying distributions for each of the
agent-related parameters translate into a plethora of different combinations of primary characteristics
for each agent.

The characteristics incorporate various levels of financial concerns, environmental awareness, desire
for energy independence, and sense of community, and as a result, agents are further categorized based
on their primary motivations for joining and operating within a community. This led to the creation of
“Personas” (archetypes) representing possible real-life incentives for participating to a CEl in the case
of existing community members, as well as the reasoning behind the decision to join a CEI for prospec-
tive members.

This approach is in agreement with relevant scientific literature on human-computer interaction and
human-centered design, in which a typical way to create models on users is the “Persona method”,
initially presented by Alan Cooper in the late 1990s (Cooper, 1999). The “Persona method” involves the
creation of character descriptions that are realistic and based on user research. Personas are designed to
represent the diversity of observed motivations, behaviors, and attitudes. Since its introduction, the use
of the method has been relatively wide, including important adjustments to its original form.

Inspired by the work conducted under the ENCLUDE’s sister project “GRETA™”, in our case, and
“Personas” are developed ( ) by emphasizing two (2) key agent-related parameters in each ty-
pology (project GRETA, 2023). These combinations offer a deeper understanding of individuals within
the energy community, while also helping design solutions and communicate them to stakeholders. Each
typology represents a unique perspective and therefore will allow for more targeted engagement and
communication strategies based on the specific motivations and priorities of community members.

13 https://projectgreta.eu/
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Table 8. Personas/ Archetypes at the collective level for existing and potential members of collective energy initiatives, as developed based on the further analysis of the survey

data to parameterize the ANIMO framework.

Personas/
Archetypes

“Financial
concern”
“Environmental
awareness”
“Energy
independence”
“Sense of
community”

Description

The

High

High

Environmentally  con-
scious individuals that
are financially savvy.
Joining an energy com-
munity is a way to re-
duce their carbon foot-
print while also saving
money on energy bills,
or even generating in-
come through participa-
tion in renewable en-
ergy production. Clear
demonstrations of cost
savings and potential fi-
nancial benefits associ-
ated with RES can sway
their decision.

The

High

High

Excited about the inno-
vative aspects of an en-
ergy community, they
value the potential for
smart home integration
and increased energy
independence through
community-managed
systems. Additionally,
they enjoy the sense of
community and collab-
oration that comes with
working towards
shared goals.

The

3 b

High

High

Driven by a desire for
self-sufficiency, these in-
dividuals prioritize both
energy independence and
financial savings. They
are interested in reducing
reliance on the traditional
grid and potentially gen-
erating their own energy
through community re-
newable sources. Lower
energy bills and shared
investment opportunities
further incentivize them
to join.
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The

High

High

These individuals are
drawn to the financial
benefits offered by an
energy  community.
They place value on a
strong sense of com-
munity and trust the
recommendations of
neighbors who have
already joined. Posi-
tive experiences
shared within the
community can con-
vince them of the fi-
nancial  advantages
and encourage them
to adopt this innova-
tive approach to en-
ergy management.

The

[ b2

High

High

Community-oriented in-
dividuals that value col-
lective action and believe
it is essential for address-
ing climate change. The
opportunity to contribute
to a larger environmental
movement alongside
like-minded neighbors is
a significant motivator.
Additionally, they appre-
ciate the community's fo-
cus on renewable energy
sources, which aligns
with their desire to reduce
their environmental im-
pact.

High

High

Environmentalists  that
prioritize both a sustaina-
ble lifestyle and achieving
energy independence.
They're deeply concerned
about the impact of tradi-
tional energy production
and actively seek ways to
reduce their carbon foot-
print. In addition, on-site
renewable energy genera-
tion and reduced reliance
on the grid align perfectly
with their desire for en-
ergy independence, em-
powering them to take
control of their energy
consumption.
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Leveraging the questionnaire data from WP3 and fully utilizing it through the application of the ANIMO
model, targeted outreach efforts, crucial for maximizing community adoption rates, can be prioritized.
By identifying the core motivations of potential members (environmental consciousness, financial con-
cerns, willingness to cooperate or to be independent from the grid), organizers and community leaders
are empowered to tailor their messaging to resonate with specific demographics.

Figure 21, Figure 22, and Figure 23 present the distribution of “Personas” at the collective level for
existing and potential members in the “Cloughjordan Ecovillage”, the “EnergieC Midden-Delfland”,
and the “Belica Energy Community”, respectively. As we see in the preceding charts, the prevailing
Personas in all the case studies are the “Eco-Collaborators”, the “Green Guardians”, and the “Tech
Trailblazers”. This is also in line with the survey findings under WP3 (Brenner-Fliesser et al., 2023).

"CLOUGHJORDAN ECOVILLAGE"

® The Eco-Collaborators B The Green Guardians u The Tech Trailblazers
The Self-Reliant Savers m The Eco-Conscious Savers ~ ® The Security-Minded Sceptics
S
<

13%

3%
5%

Figure 21. Distribution of Personas (Archetypes) at the collective level in “Cloughjordan Ecovillage”.
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"ENERGIEC MIDDEN-DELFLAND"

® The Eco-Collaborators ® The Green Guardians m The Tech Trailblazers
The Self-Reliant Savers m The Eco-Conscious Savers ~ m The Security-Minded Sceptics

Figure 22. Distribution of Personas (Archetypes) at the collective level in the “EnergieC Midden-Delfland” energy
community.

34%

31%

27%

6%

2%
2%

"BELICA ENERGY COMMUNITY"

m The Eco-Collaborators ®m The Green Guardians m The Tech Trailblazers

The Self-Reliant Savers m The Eco-Conscious Savers ~ ® The Security-Minded Sceptics

Figure 23. Distribution of Personas (Archetypes) at the collective level in the “Belica Energy Community”.

42%

26%
25%

4%
2%
2%

In summary, this systematic process was designed to collect, calibrate, and utilize the available data, to
simulate a pluralistic community of agents working together to shape energy behavior and lifestyle
within the community as well as disseminate it to non-members aiding in the growth of the community,
all while taking into consideration elements such as individual temperaments and community values.
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Having processed the data that are used as input into the ANIMO framework to calibrate the agent-
related parameters, we turn to specifying the remaining model’s parameters (as already described in

) affecting the design and structure of the social network of agents the frequency of interac-
tions among “Prospects” and “Members”, the threshold required for action, as well as the assignment
of adopter groups, drawing from the scenario space and the transition pathways developed, and the
descriptions of the “future-world” narratives, in particular, as follows:

</ “Adopter group assignment”

Naturally, the degree to which a social innovation is adopted by the public heavily correlates to the
contextual external circumstances of the social group under study. Therefore, following the work of
Everett Roger, we can assume the traditional adoption curve, (as presented in ) to simulate
baseline transition pathways under the “Familiar World” narrative, as this curve describes the typical
attitude of individuals towards innovation.

However, to portray the differences between the different “future-world” narratives, the scenario space
can be further informed and differentiated by incorporating various degrees of social acceptance and
behavior adoption related to the decision-making process of joining a CEI. Therefore, the adoption curve
may be adapted to the needs of each narrative, by assuming a skewed distribution of the adoption curve
and, thus, different percentages for the adopter groups.

As a result, two (2) new adoption curves are created ( 24) with the respective percentages for the
different adopter groups ( ); one (1) correlating to positive systemic changes (i.e. “Unified
World”), that drive cooperation forward and assumes widespread early adoption of sustainable practices,
and one describing a world in which growing disbelief is prevalent, which deters individuals from in-
corporating such practices into their lifestyle and in which adoption of innovations is delayed (i.e. “Frag-
mented World”).

By designing depictions of potential future narratives with adoption curves exhibiting both positive and
negative skewness, that represent the eagerness- or lack thereof- of the public to welcome social inno-
vations related to energy citizenship, such as the formation of new CEls, we manage to add an informed
quantitative aspect to our analysis.

“Fragmented World”

Positively skewed adoption
curve reflecting increased early
adoption of social innovations
(1.e. “Unified World”)

Negatively skewed adoption
curve indicating delayed
adoption of social innovations
(1.e. “Fragmented World™)

Figure 24. Skewed adoption curves representing the attitude towards social innovations under the “Unified World”
and the “Fragmented World” narratives.

Table 9. Adopter groups’ probabilities under the different “future-world” narratives as parameterized in the AN-
IMO modeling framework.

Adopter group “Familiar World” “Unified World” “Fragmented World”
“Innovators” 2.5% 6.5% 0.5%
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“Early Adopters” I 13.5% I 17.5% I 7.5%
“Early Majority” I 34% I 34% I 34%
“Late Majority” I 34% I 34% I 34%

“Laggards” 16% I 8% I 24%

/' “Prospects’ threshold to join (0,)”

Prospective members of CEls may exhibit varying degrees of receptivity to external influences by peers
in their social group. This implies that in certain contexts, prospective members may display heightened
responsiveness to new information and a lower resistance to taking action. Environments that are char-
acterized by positive external developments, strong social cohesion, and trust (i.e., “Unified World”),
facilitate the dissemination of positive attitudes and perceptions towards innovations, as individuals are
more likely to be influenced by the endorsements and experiences of their peers and social groups.

Conversely, in transition pathways under a “Fragmented World” narrative, individuals harbor more
skepticism and distrust towards influence from their social circle, rendering them less susceptible to
mobilization and motivation.

To account for this variability in the case studies’ scenario space, apart from the assignment of the
adopter groups, we can further inform the “future-world” narratives, by introducing normal distributions
that assign Prospects their threshold to join values for every adopter group (threshold 6,, value). To

further illustrate the implemented methodology, Figure 25 and Table 10 provide the mean and the var-
iance values of the applied distributions.

Figure 25. The multitude of normal distributions utilized for assigning probability values in the “threshold to join”
agent-related parameter for each adopter group.

Table 10. Mean and variance of the utilized normal distributions for assigning probability values in the “threshold
to join” agent-related parameter for each adopter group.

Adopter group Mean and variance of distributions for the threshold to join (8,,) values
“Innovators” u = 0.2, 6?2=0.05

“Early Adopters” u =04, 62=0.05

“Early Majority” u =06, d?2=0.05

“Late Majority” u = 0.75, a? = 0.05
“Laggards” u =09, ¢2=0.05
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/' “Prospects’ receptivity towards innovations (Pp)”

Similarly to the previous agent-related parameter, Prospects are also characterized by their receptivity
towards innovations, descriptive of the varying predispositions that shape their propensity to embrace
new ideas, technologies, or practices, when influenced from Members of the CEI under study.

As expected, the social context plays a pivotal role in shaping individuals' predispositions towards in-
novation adoption, since in transition pathways under a “Unified World” narrative, individuals may feel
more empowered to explore and embrace new ideas, technologies, and practices as well as engage in
experimentation and risk taking. This comes in contrast with transition pathways in the context of a
fragmented society, (i.e., "Fragmented World" narrative), where the perceived risks associated with in-
novation adoption are amplified.

The assignment of adopter groups to Prospects, informs the “receptivity towards innovations” agent-
related parameter, which is inserted in ANIMO as a probability denoted as B,. The values for the prob-
abilities are derived from an ensemble of normal distributions, similar, but not identical, to the ones
previously described.

This is done in order to capture the most diverse spectrum of receptivity towards innovations possible.
To further illustrate the implemented methodology, Figure 26 and Table 11 provide the mean and the
variance values of the applied distributions.

Figure 26. The multitude of normal distributions utilized for assigning probability values in the “receptivity to-
wards innovations” agent-related parameter for each adopter group.

Table 11. Mean and variance of the utilized normal distributions for assigning probability values in the “threshold
to join” agent-related parameter for each adopter group.

Adopter group Mean and variance of distributions for the threshold to join (6,,) values
“Innovators” p = 085, o =0.05

“Early Adopters” p = 0.7, 02=0.05

“Early Majority” u =05, o2 =0.05

“Late Majority” u = 03, 62=0.05
“Laggards” u = 0.15, o? = 0.05

</ “The “Reach” agent-related parameter”
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This parameter represents the ability of community Members to establish connections to Prospects

within the model over the simulation period. This parameter is dynamic and can be adjusted to reflect
positively or negatively evolving trends in the external environment.

For instance, in transition pathways under the “Unified World” narrative, characterized by heightened
cooperation and social cohesion, agents are inclined to form more connections, thereby simulating a
tightly knit society that facilitates the dissemination of information.

Conversely, in transition pathways under the “Fragmented World” narrative, where distrust and skepti-
cism prevail, individuals are reluctant to forge new connections, resulting in a decrease in the average
connectedness between the two (2) agent classes.

Additionally, in selecting the range for the “reach” parameter of “Members”, we took into consideration
the fact that, while individuals may engage daily with a wide array of individuals, particularly facilitated
by social media platforms, the sphere of influence regarding investment decisions tends to be confined
to a select subset within one's social network.

The assignment of value ranges for the "reach” agent-related parameter of the “Members” class is pro-
vided in

Table 12. Value ranges for the "reach” agent-related parameter in the ANIMO framework across the different
"future-world" narratives.

Values range “Familiar World” “Unified World” “Fragmented World”
5-7 33.3% 50% 20%
3-5 33.3% 30% 30%
0-3 33.3% 20% 50%

< “Geographical information”

Lastly, regarding the specification of the number of prospective members that will be incorporated as
input into the ANIMO model in the “Band Together” narrative, we turn to specific geographical infor-
mation for each of the selected case studies. We assume an area of a 3 km radius around the energy
community of interest, which equals an area of around 28.27 km?. We also draw from data the population
density for the particular region that the community of interest belongs to ( ).

Table 13. Population of prospective members for each case study under the “Band Together” storyline.

Collective Energy

Initiative (CEI) Municipality/ Region Population density Population

CE'E:\%TIJ;;""” Tipperary 39.5/kms 1,117
. dd'zrr:e;i'ﬁin - Midden-Delfland 410.7/km? 11,600

“Belica Energy Jugozapaden 5.3/km? 150

Community”

Considering the specifications of both the “people-centered” storylines and the “future-world” narra-
tives, we develop the ENCLUDE scenario space for the “Band Together” storyline in CEIs (

)-
The scenario space is split into (2) two parts, i.e., the specifications of the CEI members’ “Personas”
that remain the same across the transition pathways under study and are depicted in the upper part of the
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figure and the specifications of the factors that are related to the adoption of social innovations and the

attributes of the potential CEI members that are consistent with the “future-world” narratives and vary
across the transition pathways under study, which are depicted in the lower part of the figure.

[ “Band Together” in Collective Energy Initiatives (CEIs) ]
Distribution of “Personas” consisting of the CEI members’ core motivations
: *  Belica Energy Community: Eco-Collaborators (42%), Eco-Conscious Savers (2%), Green Guardians (26%), Security-Minded Sceptics (2%),

: Self-Reliant Savers (4%), Tech Trailblazers (25%).

*  Cloughjordan Ecovillage: Eco-Collaborators (16%), Eco-Conscious Savers (13%), Green Guardians (16%), Security-Minded Sceptics (5%),

: Self-Reliant Savers (3%), Tech Trailblazers (43%) :
*  EnergieC Midden-Delfland: Eco-Collaborators (27%), Eco-Conscious Savers (6%), Green Guardians (31%), Security-Minded Sceptics (2%),
k Self-Reliant Savers (2%), Tech Trailblazers (34%). ;

X X X
“A Familiar World” “A Unified World” A Fragmented
World”

_.-"- Social innovation adoption _:"- Social innovation adoption .:"- Social innovation adoption

1 » Traditional adoption curve describing the i 1 »  Positively skewed adoption curve i1 » Negatively skewed adoption cuive
typical attitude of individuals towards reflecting increased early adoption of indicating delayed adoption of social

: mnovation. : social mmnovations. innovations.

: - Potential CEI members’ attributes i - Potential CEI members’ attributes it - Potential CEI members’ attributes

»  Medium receptivity of potential CEI » High receptivity of potential CEI » Low receptivity of potential CEI members
members to influence by peers and : members to influence by peers and i to influence by peers and towards

: towards innovations. HH towards innovations. HH innovations.
Y »  Medium capacily to establish connections : 1 > High capacity to establish connections % » Low capacity to establish connections

with community members. with community members. with community members.

Figure 27. The ENCLUDE scenario space for the “Band Together” storyline.

The citizens of Megalopolis will have to endure the impact of the energy transition of the region after
the closing down of the lignite power plants, at least in the short term. This impact is going to be three-
fold: (i). potential loss of jobs, (ii). susceptibility to electricity price increases due to reliance on natural
gas, and (iii). uncertainty about the diverse heating options and their corresponding cost, which until
now was largely provided by the lignite-fueled, district heating system.

In this respect, Megalopolis could become a less attractive place to live, since not only the income of
the citizens will be at risk, but also the cost of living will increase at the same time.

In this study, we explore how investing in electrification affects the transition impacts of Megalopolis,
compared to using natural gas as a transition fuel. In other words, we compare the energy consumption
reduction, environmental footprint, and potential extra charge on households for residential heating.

We focus on the residential sector in Megalopolis, which numbers a total of 3,545 households, and we
explore three transition scenarios towards 2050, drawing from the descriptions of the “future-world”
narratives, simulated with the DREEM model.

To specify the context in which the modeling exercises will take place and provide a common point of
reference in order to extract meaningful insights from simulating the three (3) scenarios, certain model
inputs remain constant across all the narratives. The following specifications were made:

</ Energy mix

The existing energy mix for the heating systems in the residential sector in Megalopolis is presented in
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Table 14. Existing heating system energy mix in Megalopolis residential building stock (Hellenic Statistical Au-
thority (ELSTAT), 2020).

Existing heating system energy mix

Technology Number of households
Oil 1,514
Electric Heating System 1,407
Heat Pumps 23
Natural Gas 0
District Heating 432
Biomass 169

< Renovations

All the dwellings that have their heating technology substituted are also renovated through envelope/
window upgrades:

e In dwellings built before 1981: Exterior wall insulation & window replacements.
e In dwellings built during the period 1981-2000: Exterior wall insulation.
< Emissions Trading System (ETS) costs

Assuming the EU’s building sector, it is expected to be included in a parallel ETS by 2026. Therefore,
to realistically assess the financial viability of each transition pathway under study, beyond fuel and
renovation costs, we consider the costs resulting from the EU ETS, as buildings are among the sectors
that will be part of the newly introduced expanded coverage (Koasidis et al., 2022). presents
the considered trend (Trading Economics, 2024).

Table 15. Evolution of costs related to the expected inclusion of the European Union’s building sector to the
Emissions Trading System by 2026.

Period (2022-2025) (2026-2030) (2031-2050)

Carbon price (€/tn) 0 50 100

~ Technological costs

presents the cost evolution by 2050 for the technological infrastructure used in the different
transition pathways under study.

Table 16. Evolution of technological infrastructure costs by 2050 for the transition pathways under study.

Year 2022 2030 2050 Source(s)
Natural gas (€) 5,000 4,904 4,713
Heat pumps (€) 12,000 7,680 4,086 (De Vitae et al., 2018; Renewable

Heating Hub, 2021)
Building envelope and

window upgrades (€) 5,000 5,000 5,000

< Emission factors
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provides projections on the future emission factors for electricity, heating oil, natural gas, and

biomass, derived from the Greek “Long-Term Strategy towards 2050 (Hellenic Ministry of Environ-
ment and Energy, 2019).

Table 17. Projections on the future evolution of emission factors for electricity, heating oil, natural gas, and bio-
mass by 2050 in Greece for all the transition pathways under study.

Emission factors (thCO2/ktoe)

Year Electricity Heating oil Natural gas Biomass
“2023” 5,006
“2025” 4,476
“2030” 3,947
2,821 2,332 2,337
“2035” 3,418
“2040” 2,889
“2050” 2,360

Below we provide a qualitative account of each “future-world” narrative, describing the course of action
followed for the transition pathways analyzed in the residential sector of Megalopolis:

“A Familiar World”: Transition pathways developed under this narrative build on the baseline of the
existing national policymaking for the municipality of Megalopolis and draws from the plan of
substituting district heating and oil heating installations with natural gas by 2035. This means that
citizens follow the current rates of decarbonization efforts and decide to invest in the technological
solutions, as foreseen each time by current policymaking at the EU and the national level.

“A Unified World”: Transition pathways developed under this narrative build on the premise that
citizens come together united in the battle against climate change and decide to invest in green
solutions (energy renovation measures and heat pumps) as soon as possible, while they are also
willing to adopt behavioral and lifestyle changes when it comes to managing their energy con-
sumption patterns.

“A Fragmented World”: Transition pathways developed under this narrative build on a potential evo-
lution of the future in which individuals are characterized by distrust and skepticism and are mainly
concerned about their energy security and lower bills rather than combating climate crisis. Due to
the potential worldwide disparities and the resulting energy crises, people turn to conventional
sources of energy more and more, despite their increasing prices. The latter leads to the introduc-
tion of green solutions as heat pumps in 2040, at half the rate compared to the situation under the
“Familiar World” narrative.

provides projections on future price evolution by 2050 in Greece, as derived from the Greek
"Long-Term Strategy towards 2050" (Hellenic Ministry of Environment and Energy, 2019), along with
the trends for all the transition pathways under study.

Table 18. Projections on the future evolution of energy prices by 2050 in Greece for all the transition pathways
under study.

“Familiar World”

Energy carrier 2023 value Source(s)
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Heating oil (€/MWh) 114.6
Natural gas (€/MWh) 70.0 (Greece - Household Electricity Prices, 2023; Energy Press, 2024)
Electricity (€/MWh) 232.5
“Unified World”

Energy carrier 2023 value Source(s)
Heating oil (E/MWh) 76.3
Nt ey dnz (1O R0 ety o Bevtr 202
Electricity (€/MWh) 175.2

“Fragmented World”

Energy carrier 2023 value Source(s)
Heating oil (E/MWh) 123.2
N cntvy s (MY st 2, 2 s e
Electricity (€/MWh) 295.2

Considering the specifications for both the “people-centered” storylines and the “future-world” narra-
tives, the ENCLUDE scenario space for a joint “Power to the People” and “Habitual Creatures” story-
line is developed and depicted in

The scenario space is split into two (2) parts, i.e., the specifications of building stock, policies, and
technologies that provide a baseline across the transition pathways under study and are depicted in the
upper part of the figure, and the specifications of the fuels and the timing of technology implementation
that are consistent with the “future-world” narratives and vary across the transition pathways under
study, as depicted in the lower part of the figure.

[ Combined “Power to the People” with “Habitual Creatures” storylines towards just and inclusive transitions ]

.-"; Existing heating system energy mix in Megalopolis residential building stock: Oil (42.7%), Electric Heaters (39.7%), District Heating ’
: (12.2%), Biomass (4.8%), Heat Pumps (0.6%).
Dwellings renovation: All dwellings that have their heating technology substituted are also renovated through envelope/window upgrades.
O In dwellings built before 1981: exterior wall insulation & window replacements.
O In dwellings built during the period 1981-2000: exterior wall insulation.
The building sector will be included in a parallel Emissions Trading System (ETS) from 2026 onwards.

“A Fragmented

A Familiar World A Unified World World”

_."'- Energy (electricity, gas, oil) prices "~ Energy (electricity. gas. oil) prices _."'- Energy (electricity. gas, oil) prices

¢ » Future energy prices for all analyzed case » Future energy prices for all analyzed case :i > Future energy prices for all analyzed case :
studies are consistent with those before the 3% studies are consistent with those affer the studies are consistent with those during

: 2022 energy crisis. 2022 energy crisis. the 2022 energy crisis.

i - Course of technology implementation 3! - Course of technology implementation i -Course of technology implementation

t » Citizens follow the current rates of > Citizens unite against climate change and :: » Citizens are concerned about their energy

decarbonization efforts and decide to invest 3% decide to invest in green solutions as soon i3 security and bills rather than combating :
in the technological solutions, as foreseen as possible. They also adopt behavioral and climate crisis. Due to the resulting energy
each time by current policymaking at the 3 lifestyle changes to better manage their crises, people turn to conventional energy
EU and the national level. s, energy consumption patterns. sources, despite their increasing prices.

Figure 28. The ENCLUDE scenario space for a joint “Power to the People” and “Habitual Creatures” storyline.
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7. Model application and results

The model application section of this deliverable is a critical juncture in our exploration of the decar-
bonization potential of energy transition pathways inspired by “people-centered” storylines of energy
citizenship. In this section, the modeling exercises described in the previous chapters are taking place
and results from the ANIMO and the DREEM modeling frameworks are presented and further dis-
cussed.

In this section, we present results from the DREEM model on annual electricity demand and electricity
generation from rooftop PV profiles, for the five (5) countries and the respective cities under study.

The fundamental premise behind the development and deployment of the DREEM model is that, in
order for citizens to actively engage in the energy transition, they must first understand the financial
benefits of investing in new energy products and services. In this context, for each case under study we
present the accompanying benefits for prosumers in terms of Net Present Value (NPV) of their invest-
ment under the existing policy schemes in each Member State.

Finally, the emission reduction (decarbonization) potential of prosumerism in the cities under study by
2050 is also presented.

presents the electricity demand and generation from a small-scale PV system in the city of
Aalborg on an annual basis. Findings indicate notable distinctions emerge in electricity generation, with
the installed PV system capable of meeting electricity demand in April, May, and June.

Specifically, the electricity demand during this period is 432 kWh, 428 kWh, and 510 kWh, respectively,
while the electricity generation from the PV is 460 kWh, 498 kWh, and 526 kWh.

In addition, and as expected, electricity demand is peaking from July to September when temperatures
are higher. indicates the total electricity demand throughout the year for the reference building
in Aalborg, totaling 6,307 kWh. Of this total demand, 5,206 kWh is attributed to appliance usage, and
1,101 kWh to the electricity demand for cooling.

Alongside, the electricity generation from the 3 kW, solar PV system on the rooftop of the reference
building is able to cover around 56% of the electricity demand through the year since it is able to gen-
erate 3,518 kWh.
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Figure 29. Electricity demand and generation from a small-scale solar PV in the city of Aalborg on an annual
basis.
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Figure 30. Cumulative electricity demand and generation from a small-scale solar PV in the city of Aalborg on an
annual basis.

For the city of Copenhagen, presents the electricity demand and generation from a small-
scale PV system on an annual basis. Electricity demand peaks in September reaching 790 kWh, while
electricity generation peaks in June reaching 458 kwh.

Moreover, presents the cumulative curves of the electricity demand and generation from the
PV. The total annual electricity demand is equal to 6,187 kwh. Of this, 5,206 kWh are attributed to
appliance usage and 981 kWh to cooling needs. The total annual electricity generation is equal to 2,976
kWh, with the PV system capable of covering around 48% of the total electricity demand of the house-
hold under study.
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Figure 31. Electricity demand and generation from a small-scale solar PV in the city of Copenhagen on an annual
basis.
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Figure 32. Cumulative electricity demand and generation from a small-scale solar PV in the city of Copenhagen
on an annual basis.

Overall, modeling results on the economic viability of citizen investments in prosumerism in the case
of Denmark highlight the impact of the retail price of electricity on the profitability of the investment in
small-scale PV systems, since for small installations, where the majority of the generated electricity is
consumed on-site, the benefits are significantly greater, the higher electricity prices are ( ).

In particular, for a 3 kW, solar PV system connected to the grid under the existing net metering scheme
in Aalborg, assuming no subsidy on the capital cost of the investment, benefits for prosumers are calcu-
lated in terms of the NPV index.

By considering the retail price of electricity for the “Familiar World” narrative (0.3927 €/kWh) in Den-
mark (Country Economy, 2024a), we find that the NPV of this investment under the existing net
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metering scheme is approximately 12,520 € after a 25-year life cycle, while for the “Unified World” and
the “Fragmented World” narratives, the NPV after a 25-year life cycle is around 8,150 € and 20,190 €,
respectively.

Moreover, the discounted payback period of the investments under the existing net metering scheme in
Denmark, for the three (3) future-world narratives are: (i). “Familiar World”: 2.4 years, (ii). “Unified
World”: 3.4 years, and (iii). “Fragmented World”: 1.6 years (it is noted that the discounted payback
period on the figure is where the NPV curve intersects the x-axis).

This indicates the impact of retail electricity price on the profitability of the investment, since in a
“Fragmented World”, where the prices are very high, prosumers have a stronger incentive to invest in a
rooftop solar PV system, considering that they remain environmentally aware and eager to combat
against the climate crisis.
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Figure 33. Evolution of the Net Present VValue metric for a 3 kW, rooftop solar PV investment in Denmark under
the existing net metering and feed-in-tariff schemes and for the “future-world” narratives under study in the cases
of Aalborg and Copenhagen.

Furthermore, based on the existing FiT scheme in Denmark, where prosumers are paid a fixed price of
62 €/MWh for the excess electricity they supply into the grid, the NPV of investing in small-scale PV
prosumerism in Aalborg for the world narratives under study is estimated to be approximately:

(i). “Familiar World”: 4,140 €, (ii). “Unified World”: 2,600 €, and (iii). “Fragmented World”: 6,840 €,
during a 25-year life cycle, while the respective investments’ discounted payback period is calculated
as: (i). “Familiar World”: 5.9 years, (ii). “Unified World”: 8.1 years, and (iii). “Fragmented World”: 4.1
years.

By considering the retail price of electricity under the “Familiar World” narrative (0.3927 €/kWh) in
Denmark, the NPV for the future-world narratives under the existing net metering scheme in Copenha-
gen is calculated to be approximately:
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(i). “Familiar World™: 10,130 €, (ii). “Unified World”: 6,430 €, and (iii). “Fragmented World”: 16,620

€, after a 25-year life cycle, whereas the discounted payback period of the investments is: (i). “Familiar
World”: 2.9 years, (ii). “Unified World”: 4.3 years, and (iii). “Fragmented World”: 1.9 years.

As for the profitability of this investment under the existing FiT scheme with a fixed price equal to 62
€/MWh, assuming a 0.9% annual degradation rate of the PV system, the NPV of the investment in
Copenhagen for the future-world narratives under study is around:

(1). “Familiar World”: 3,400 €, (ii). “Unified World”: 1,980 €, and (iii). “Fragmented World”: 5,900 €,
over a 25-year life cycle. The respective discounted payback period under the FiT scheme is equal to:
(i). “Familiar World: 9.5 years, (ii). “Unified World”: 6.8 years, and (iii). “Fragmented World”: 4.5
years.

Finally, we also quantify the emission reduction (decarbonization) potential from investing in PV
prosumerism in the Danish residential sector, and in the cities of Aalborg and Copenhagen, in particular.

To do so, we estimate the carbon emission reduction resulting from the electricity generation capacity
of the small-scale PV systems under study in both Aalborg and Copenhagen, combined with data from
the EU Reference Scenario 2020.

Comparing results for the two (2) cities under study reveals differences in emission reduction (decar-
bonization) potential, influenced by factors such as solar PV output and the composition of Denmark's
electricity generation. Also, there is a big disparity under the different “future-world” narratives.

More specifically, in Aalborg, a 3 kWp rooftop solar PV system is estimated to reduce carbon emissions
by 2050 approximately ( ): (i). “Familiar World”: 3.04 tnCOzeq., (ii). “Unified World”: 1.52
tnCO-eq., and (iii). “Fragmented World”: 6.08 tnCO-eq.

Meanwhile, in Copenhagen, a 3 kWp rooftop solar PV system is projected to reduce carbon emissions
by approximately: (i). “Familiar World”: 2.57 tnCO2eq., (ii). “Unified World”: 1.29 tnCOeq., and (iii).
“Fragmented World”: 5.15 tnCO-eq. by 2050.
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Figure 34. Evolution of the cumulative levels of CO, emissions avoided (tnCOy) in the residential sector of Aal-
borg and Copenhagen by 2050, under a potential “Power to the People” storyline (household level) and for the
three (3) different “future-world” narratives under study.

presents the electricity demand and generation from a small-scale solar PV in the city of
Marseille on an annual basis. The highest electricity demand in Marseille is observed during the summer
months; specifically, the peak demand is recorded in July, reaching a value of 522 kWh. On the other
hand, electricity generation from the 3 kWp solar PV system reaches its highest point of 590 kWh in
July, exceeding electricity demand.
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Additionally, the cumulative curves of electricity demand and generation from the same PV system are
depicted in . The annual electricity demand has been tracked as 3,516 kWh, comprising 1,797
kWh allocated to appliance consumption and 1,719 kWh allocated to cooling needs. In terms of overall
electricity generation, the annual production is at 4,710 kwh. The 3 kW, solar PV system installed in
Marseille has the capability to surpass the building's electricity needs by around 134% of its total.
The latter implies that the significant electricity generation in Marseille plays a pivotal role in shaping
the decision-making process of potential prosumers. This is due to its ability to meet all the electricity
requirements of the reference building throughout the year, with the exception of September, when elec-
tricity demand amounts to 475 kWh, while output from the small-scale PV system is only 448 kWh.
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Figure 35. Electricity demand and generation from a small-scale solar PV in the city of Marseille on an annual
basis.
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Figure 36. Cumulative electricity demand and generation from a small-scale solar PV in the city of Marseille on
an annual basis.
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presents the electricity demand and generation from a small-scale solar PV in the city of Paris

on an annual basis. Electricity demand in Paris does not display a peak and maintains equilibrium
throughout the year, with an average monthly consumption of 323 kwh.

Furthermore, the cumulative curves of electricity demand and generation from the 3 kW, PV system are
depicted in , where the total annual electricity demand is equal to 3,879 kWh, which is mainly
attributed to appliance usage, as this reference building in Paris does not necessitate electricity demand
for cooling throughout the year.

In addition, the total PV electricity generation amounts to 3,793 kWh annually. Lastly, a 3 kW, solar
PV system installation on the rooftop of the Paris reference building has the capacity to meet nearly the
entire electricity demand of the building, accounting for approximately 98% of its total. This substantial
electricity generation may play a crucial role in influencing the decision-making process of potential
prosumers in Paris.

600
500
400

% o~ e S
200
100
0

y @@@o@@ w@& ?-Q& & ¢ @® @oﬁ} ﬁ@é"é o &602} . & D@&"é

of =
——TFlectricity Consumption Electricity Production from PV

Figure 37. Electricity demand and generation from a small-scale solar PV in the city of Paris on an annual basis.

97



D5.3 - Report on the impact of energy citizenship on the local level

v

4500
4000
3500
3000
2500
2000
1500
1000

500

kWh

SIS T A S S WP TR\ & & &
Fa& S TS s & &

=—Electricity Consumption Electricity Production from PV

Figure 38. Cumulative electricity demand and generation from a small-scale solar PV in the city of Paris on an
annual basis.

We also present modeling results on the economic viability of citizen investments in prosumerism in the
case of France ( ).

In particular, based on the existing FiT policy scheme, in which prosumers are paid a fixed price of
147.4 €/MWh for the excess electricity they supply into the grid, as well as on the retail electricity price
for the “Familiar World” narrative (0.2275 €/kWh) (Country Economy, 2024b), the NPV of investing
PV prosumerism, assuming a 0.9% annual degradation rate of the PV system, for the three (3) different
“future-world” narratives is around:

(i). “Familiar World: 10,810 €, (ii). “Unified World”: 10,245 €, and (iii). “Fragmented World: 11,370
€, over a 25-year life cycle. The respective discounted payback periods under the FiT scheme are equal
to: (i). “Familiar World”: 8.2 years, (ii). “Unified World”: 8.5 years, and (iii). “Fragmented World”: 7.9
years.

On the other hand, for the case of Paris, the NPV of investing PV prosumerism, assuming a 0.9% annual
degradation rate of the PV system, for the three (3) different “future-world” narratives is around: (i).
“Familiar World”: 7,860 €, (ii). “Unified World™: 7,260 €, and (iii). “Fragmented World”: 8,460 €,
during a 25-year life cycle, while the respective investments’ discounted payback period is calculated
to be: (i). “Familiar World”: 10.1 years, (ii). “Unified World”: 10.5 years, and (iii). “Fragmented
World”: 9.6 years.
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Figure 39. Evolution of the Net Present VValue metric for a 3 kW, rooftop solar PV investment in France under the
existing feed-in-tariff scheme and for the “future-world” narratives under study in the cases of Marseille and Paris.

Finally, we also quantify the emission reduction (decarbonization) potential from investing in PV
prosumerism in the French residential sector, and in the cities of Marseille and Paris, in particular (

).
To do so, we estimate the carbon emission reduction resulting from the electricity generation capacity
of the small-scale PV systems under study in both Marseille and Paris, combined with data from the EU
Reference Scenario 2020.
The analysis of modeling outcomes for the two (2) cities under study highlights differences in their
emission reduction (decarbonization) potential, which are shaped by factors like the productivity of solar
PV systems and France's power sector.

Furthermore, significant disparities exist across the different “future-world” narratives. Specifically, in
Marseille, a 3 KWp rooftop solar PV system is projected to reduce carbon emissions by approximately:
(i). “Familiar World”: 3.81 tnCO€q., (ii). “Unified World”: 1.90 tnCO.eq., and (iii). “Fragmented
World”: 7.63 tnCO2eq. by 2050, indicating the higher solar PV output of Marseille contrary to Paris,
which results to a higher emission reduction (decarbonization) potential.

Conversely, in Paris, a 3 kWp rooftop solar PV system is expected to lower carbon emissions by ap-
proximately: (7). “Familiar World”: 3.07 tnCOeq, (ii). “Unified World”: 1.54 tnCOeq, and (iii).
“Fragmented World”: 6.14 tnCO,eq by 2050.
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Figure 40. Evolution of the cumulative levels of CO, emissions avoided (thCOy) in the residential sector of Mar-
seille and Paris by 2050, under a potential “Power to the People” storyline (household level) and for the three (3)
different “future-world” narratives under study.

Expected electricity demand and generation from a 3 kW, solar PV system in the city of Athens on an
annual basis is presented in

Furthermore, illustrates the cumulative electricity demand and generation from a small-scale
solar PV in the city of Athens on an annual basis.

Overall, modeling results indicate that the total electricity consumption of the reference building over
the course of the year amounts to 5,911 kWh, from which 3,298 kWh is attributed to cooling and 2,613
kWh to appliance usage.

On the other hand, we notice that the total electricity generation of the 3 kW, solar PV installation is
5,643 kWh per year, covering around 95% of the total electricity demand on an annual basis, with peak
production occurring from May to August, as expected.

Moreover, a peak in electricity consumption is observed from June to September, corresponding to in-
creased cooling needs during these months.

It is noted that from January to June, the 3 kW, PV installation is capable of meeting the entire electricity
demand of the building, while from July to December the building needs to draw electricity from the
grid.
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Figure 41. Electricity demand and generation from a small-scale solar PV in the city of Athens on an annual basis.
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Figure 42. Cumulative electricity demand and generation from a small-scale solar PV in the city of Athens on an
annual basis.

On the hand, presents the electricity demand and generation from a small-scale solar PV in
the city of Thessaloniki on an annual basis.

Slight differences compared to the case of Athens can be observed, especially during the summer
months, where in Thessaloniki the need for cooling is slightly lower, likely due to the comparatively
lower temperatures experienced during the summer season compared to Athens. The same also applies
to the case of PV generation.

Furthermore, presents cumulative electricity demand and generation from a small-scale solar
PV in the city of Thessaloniki on an annual basis, indicating that a 3 kW, installed solar PV capacity
can cover around 85% of the total electricity demand on a yearly basis.

101



D5.3 - Report on the impact of energy citizenship on the local level

v
Such an installation, in the case of Thessaloniki, is able to fully cover the electricity needs of the refer-

ence building from March to June, while from July to December the building will have to supplement
electricity needs from the grid.

Total electricity demand is equal to 5,543 kWh per year, with 2,670 kWh attributed to cooling needs
and 2,872 kWh to appliance usage. Moreover, the solar PV installation is able to generate 4,693 kWh
on an annual basis.
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Figure 43. Electricity demand and generation from a small-scale solar PV in the city of Thessaloniki on an annual
basis.
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Figure 44. Cumulative electricity demand and generation from a small-scale solar PV in the city of Thessaloniki
on an annual basis.

We also present modeling results on the economic viability of citizen investments in prosumerism in the
case of Greece ( ).

102



D5.3 - Report on the impact of energy citizenship on the local level

A7
Considering the retail price of electricity paid by households in Greece- set at 0.2325 €/kWh according
to the recently introduced “Green Invoice for Households” (Public Power Corporation, 2024), including
all relevant regulated tariffs- modeling outcomes indicate that a net metering scheme with no remuner-
ation for the electricity fed into the grid is characterized by larger profitability (in terms of NPV) for
prosumers, with the estimated NPV for the “future world” narratives totaling approximately: (7). “Fa-
miliar World”: 10,380 €, (ii). “Unified World”: 6,750 €, and (iii). “Fragmented World”: 14,350 €, for
a 25-year life cycle.
Furthermore, the discounted payback period of the investment under the net metering scheme and the
“future-world” narratives is: (i). “Familiar World”': 3.9 years, (ii). “Unified World”: 5.5 years, and (iii).
“Fragmented World”: 3.0 years.
Furthermore, based on the existing FiT scheme, in which prosumers are paid a fixed price of 87 €/ MWh
for the excess electricity they supply to the grid, the NPV of investing in PV prosumerism in Athens for
the “future world” narratives is estimated approximately at:
(i). “Familiar World”: 4,190 €, (ii). “Unified World”’: 2,835 €, and (iii). “Fragmented World”: 5,680
€, for a 25-year life cycle, while the respective investment’s discounted payback period is estimated at:
(i). “Familiar World”: 7.4 years, (ii). “Unified World”: 9.2 years, and (iii). “Fragmented World”: 5.8
years.
The analysis for the city of Thessaloniki mirrors the conducted for Athens; we consider the same policy
schemes in place, i.e., a net metering with no direct remuneration for the prosumers and a FiT scheme
with a fixed price set at 87 € per MWh.

In this case, modeling results indicate that, an investment in solar PV prosumerism in Thessaloniki yields
an NPV, for the “future-world” narratives, of: (i). “Familiar World”: 7,900 €, (ii). “Unified World":
4,890 €, and (iii). “Fragmented World”: 11,200 €, for a 25-year life cycle, whereas the discounted
payback period of the investment is: (i). “Familiar World”: 4.6 years, (ii). “Unified World”: 6.7 years,
and (iii). “Fragmented World”: 3.5 years.

As for the profitability of the investment under the existing FiT scheme in the case of Thessaloniki,
assuming a 0.9% annual degradation rate of the PV system, the NPV for the different “future-world”
narratives is estimated at: (i). “Familiar World”: 2,320 €, (ii). “Unified World”: 3,580 €, and (iii).
“Fragmented World”: 4,955 €, over a 25-year life cycle.

The respective discounted payback period, under the FiT scheme, is equal to: (i). “Familiar World”:
8.0 years, (ii). “Unified World”: 10.4 years, and (iii). “Fragmented World”: 6.5 years.

Results on the economic viability of investing in solar PV prosumerism in the cities of Athens and
Thessaloniki indicate that the existing FiT scheme in Greece offers greater profitability to prosumers
when the installed capacity of the PV system is significantly larger.

On the other hand, when prosumers choose to install smaller capacities, such as in the analyzed case (3
kW), the existing net metering scheme seems to be more attractive in terms of its profitability.
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Figure 45. Evolution of the Net Present Value metric for a 3 kW, rooftop solar PV investment in Greece under
the existing net metering and feed-in-tariff schemes and for the “future-world” narratives under study in the cases
of Athens and Thessaloniki.

Finally, we also quantify the emission reduction (decarbonization) potential from investing in PV
prosumerism in the Greek residential sector, and in the cities of Athens and Thessaloniki, in particular
( ).

More specifically, in the case of Athens, modeling results show a higher level of emission reduction
(decarbonization) potential under the three (3) “future-world” narratives, as a 3 kWp rooftop solar PV
system could lower carbon emissions by approximately: (i). “Familiar World”: 14.44 tnCO-eq., (ii).
“Unified World”: 7.22 tnCO-€eq., and (iii). “Fragmented World”: 28.88 tnCOeq. by 2050.

Conversely, in Thessaloniki, a similar solar PV system could reduce carbon emissions by approximately:
(i). “Familiar World”: 12 tnCO.€Q., (ii). “Unified World”: 6.2 tnCO-eq., and (iii). “Fragmented
World”: 24.1 tnCO2eq. by 2050.
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Figure 46. Evolution of the cumulative levels of CO; emissions avoided (tnCOy) in the residential sector of Athens
and Thessaloniki by 2050, under a potential “Power to the People” storyline (household level) and for the three
(3) different “future-world” narratives under study.

Electricity demand and generation from a 3 kW, solar PV system in the city of Lisbon on an annual
basis are depicted in

The electricity demand in this case presents its peak during the months characterized by elevated tem-
peratures, specifically from May to September. During this period, electricity demand averages 383
kWh on a monthly basis, indicating increased cooling needs.

Furthermore, the solar PV generation consistently exceeds electricity consumption on a monthly basis,
reaching its highest potential in July, at 614 kWh.

Concerning the cumulative electricity demand and generation from a small-scale solar PV in the city of
Lisbon on an annual basis, illustrated in , itis observed that the aggregated electricity demand
on an annual basis amounts to 2,827 kWh, while the annual electricity generation is 5,499 kWh.

Finally, the 3 kW, solar PV system on the rooftop of the Lisbon reference building possesses the capa-
bility to significantly surpass the electricity demand. This system achieves a coverage rate of approxi-
mately 195%, indicating that the solar PV output is nearly double the amount of electricity consumption.
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Figure 47. Electricity demand and generation from a small-scale solar PV in the city of Lisbon on an annual basis.
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Figure 48. Cumulative electricity demand and generation from a small-scale solar PV in the city of Lisbon on an
annual basis.

On the other hand, the electricity demand and generation from a small-scale solar PV in the city of Porto
on an annual basis, is presented in

The electricity demand for the reference building in Porto is 19.53% lower even than the electricity
demand of the reference building in Lisbon, while it presents its highest electricity demand during
months with high temperatures, notably from May to September, where the needs for cooling are ele-
vated.

During this time, the average monthly electricity demand amounts to 295 kWh, while solar PV genera-
tion constantly surpasses monthly electricity demand on a monthly basis, peaking in July, when solar
PV generation reaches 592 kWh.

Overall, total electricity generation from the PV system under study amounts to 5,153 kWh on an annual
basis ( ).

Conversely, total annual electricity demand amounts to 2,275 kWh, with 964 kWh attributed to cooling
and 1,311 kWh to appliance usage.

The 3 kW, solar PV system has the capacity to exceed the electricity demand for the full year and it
demonstrates a coverage rate of around 226%, signifying that the solar PV output surpasses the electric-
ity demand by more than twofold.
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Figure 49. Electricity demand and generation from a small-scale solar PV in the city of Porto on an annual basis.
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Figure 50. Cumulative electricity demand and generation from a small-scale solar PV in the city of Porto on an
annual basis.

We also present modeling results on the economic viability of citizen investments in prosumerism in the
case of Portugal ( ) for the existing net billing scheme.

Considering capital costs as well as the retail price of electricity in Portugal, we provide a post analysis
on the economic viability for prosumers. With a retail price of electricity equal to 0.2558 €/kWh (Coun-
try Economy, 2024c), the calculated NPV for the “future-world” narratives under study stands at: (i).
“Familiar World”: 2,850 €, (ii). “Unified World”: 2,490 €, and (iii). “Fragmented World”: 3,200 €.
Furthermore, the discounted payback period of the investment is: (i). “Familiar World”: 8.3 years, (ii).
“Unified World”: 9.2 years, and (iii). “Fragmented World”: 7.8 years.
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By considering the retail price of electricity under the “Familiar World” narrative in Portugal, as men-
tioned before, the NPV for the “future-world” narratives under the existing net billing scheme in Porto
is estimated to be approximately:
(i). “Familiar World”: 2,380 €, (ii). “Unified World”: 2,065 €, and (iii). “Fragmented World”: 2,690
€, for a 25-year life cycle, whereas the discounted payback period of the investment is: (i). “Familiar
World”: 9.4 years, (ii). “Unified World”: 10.2 years, and (iii). “Fragmented World”: 8.7 years.
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Figure 51. Evolution of the Net Present VValue metric for a 3 kWp rooftop solar PV investment in Portugal under
the existing net billing scheme and for the “future-world” narratives under study in the cases of Lisbon and Porto.

Finally, we also quantify the emission reduction (decarbonization) potential from investing in PV
prosumerism in the Portuguese residential sector, and in the cities of Lisbon and Port, in particular (

).
Analyzing the outcomes for the two (2) cities reveals differences in their potential for emission reduction
(decarbonization), influenced by factors such as solar PV output and the structure of Portugal's electric-
ity generation. Additionally, there are significant variations across different future scenarios.
In Lisbon, a 3 kWp rooftop solar PV system is expected to reduce carbon emissions for the “future-
world” narratives by approximately: (i). “Familiar World”: 2.87 tnCO2€q., (ii). “Unified World”: 1.44
tnCO2eq., and (iii). “Fragmented World”: 5.75 tnCO2eq. by 2050.
Subsequently, in Porto, a similar solar PV system is projected to decrease carbon emissions by around:
(i). “Familiar World”: 2.69 tnCO€eq., (ii). “Unified World”: 1.35 tnCOzeq., and (iii). “Fragmented
World”: 5.38 tnCO.eq. by 2050.
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Figure 52. Evolution of the cumulative levels of CO; emissions avoided (tnCOy) in the residential sector of Lisbon

and Porto by 2050, under a potential “Power to the People” storyline (household level) and for the three (3) dif-
ferent “future-world” narratives.

Electricity demand and generation from a 3 kW, solar PV system in the city of Bilbao on an annual basis
are depicted in . Electricity demand peaks from June to September, with an average consump-
tion of 690 kWh during these months. The highest solar PV output is observed from April to August,
averaging 475 kWh during these five (5) months, while excess electricity is produced only in April and
May.

Moreover, shows the cumulative electricity demand and generation from a small-scale solar
PV in the city of Bilbao on an annual basis. Only 16.43% of this demand is attributed to cooling needs,
while 83.57% is attributed to appliance usage.

The total annual electricity generation is 4,316 kWh, meaning that the 3 kW, solar PV system installed
can cover around 69% of the total electricity demand of the household under study in the city of Bilbao.
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Figure 53. Electricity demand and generation from a small-scale solar PV in the city of Bilbao on an annual basis.
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Figure 54. Cumulative electricity demand and generation from a small-scale solar PV in the city of Bilbao on an
annual basis.

Electricity demand and generation from a 3 kW, solar PV system in the city of Madrid on an annual
basis are depicted in

The results indicate a very high electricity demand, exceeding 400 kWh over the course of the year.
Peaks in electricity demand are observed in July, August, and September, with 1,021 kWh, 999 kWh,
and 801 kWh, respectively.

Regarding the electricity generated from the 3 kW, solar PV system placed on the rooftop of the Madrid
reference household, it peaks between April and August, with solar PV outputs ranging from 505 kWh
(in April) to 588 kWh (in August).

As for the cumulative electricity demand and generation from a small-scale solar PV in the city of Ma-
drid on an annual basis, illustrated in , it is observed that total annual electricity demand
amounts to 6,851 kWh while annual PV electricity generation is equal to 5,319 kWh.

Lastly, such a PV system possesses the capability to cover 78% of the total electricity demand for the
household under study in the city of Madrid, indicating that larger PV systems are needed to cover the
full electricity demand.
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Figure 55. Electricity demand and generation from a small-scale solar PV in the city of Madrid on an annual basis.
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Figure 56. Cumulative electricity demand and generation from a small-scale solar PV in the city of Madrid on an
annual basis.

Finally, presents the electricity demand and generation from a small-scale solar PV in the
city of Malaga on an annual basis.

Electricity consumption in Malaga reaches its highest point during the months of July, August, and
September, with notable values of 1,138 kWh, 1,122 kWh, and 979 kWh, respectively. The average
electricity generation for the period spanning from April to September amounts to 555 kWh.
Moreover, illustrates the cumulative electricity demand and generation from a small-scale
solar PV in the city of Malaga on an annual basis.

The total annual electricity demand amounts to 7,274 kWh, while the electricity need for cooling
amounts to 28.5% of the total electricity demand, with the remaining 71.5% attributed to appliance
usage.

On the other hand, the total annual electricity produced from the 3 kW, solar PV system amounts to
5,623 kWh.
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Overall, modeling results demonstrate that a solar PV system of 3 kW, is capable of meeting around
77% of the total annual electricity demand.
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Figure 57. Electricity demand and generation from a small-scale solar PV in the city of Malaga on an annual basis.
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Figure 58. Cumulative electricity demand and generation from a small-scale solar PV in the city of Malaga on an
annual basis.

We also present modeling results on the economic viability of citizen investments in prosumerism in the
case of Spain ( ), for the existing net billing scheme.

Considering the initial expenses associated with this investment, along with the prevailing retail price
of electricity in Spain (0.2824 €/kWh) Country Economy (2024d)), we performed a retrospective eval-
uation of the advantages that prosumers could obtain by investing in a 3 kW, solar PV system in the city
of Bilbao.

More specifically, the NPV value for a 25-year life cycle for the “future-world” narratives amounts to:
(i). “Familiar World”: 2,500 €, (ii). “Unified World”’: 1,570 €, and (iii). “Fragmented World”: 3,430
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€, while the discounted payback period of the investment is: (i). “Familiar World”: 10.7 years, (ii).
“Unified World”: 13.3 years, and (iii). “Fragmented World”: 9.1 years.
Furthermore, the NPV value for the “future-world” narratives under the existing net billing scheme in
the case of Madrid amounts to: (i). “Familiar World”: 3,885 €, (ii). “Unified World”: 2,820 €, and (iii).
“Fragmented World”: 4,950 €.
In addition, the discounted payback period of the investment is: (i). “Familiar World”: 8.5 years, (ii).
“Unified World”: 10.2 years, and (iii). “Fragmented World”: 7.3 years.
Finally, the NPV of the investment in the city of Malaga for the “future-world” narratives under study
is estimated at: (i). “Familiar World”: 4,290 €, (ii). “Unified World”: 3,180 €, and (iii). “Fragmented
World”": 5,390 €.
In addition, the discounted payback period equals to: (i). “Familiar World”: 8.1 years, (ii). “Unified
World”: 9.6 years, and (iii). “Fragmented World”: 6.9 years.
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Figure 59. Evolution of the Net Present Value metric for a 3 kW, rooftop solar PV investment in Spain under the
existing net billing scheme and for the “future-world” narratives under study in the cases of Bilbao, Madrid, and

Malaga.
Finally, we also quantify the emission reduction (decarbonization) potential from investing in PV
prosumerism in the Spanish residential sector, and in the cities of Bilbao, Madrid, and Malaga, in par-
ticular ( ).
Lastly, the decarbonization potential expected from the installation of a 3 kWp rooftop solar PV in the
three (3) cities under study, is estimated to:

e For Madrid: (7). “Familiar World”: 5.42 tnCOzeq., (ii). “Unified World”: 2.7 tnCOeq., and (iii).

“Fragmented World”: 10.83 tnCO2eq., by 2050.
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e For Bilbao: (i). “Familiar World”: 4.39 tnCO2eq., (ii). “Unified World”: 2.2 tnCO2eq., and (iii).
“Fragmented World”: 8.79 tnCOzeq., by 2050.
o ForMalaga: (i). “Familiar World”: 5.73tnCOzeq., (ii). “Unified World”: 2.86 thCO.eq., and (iii).
“Fragmented World”: 11.45 tnCO2eq., by 2050.
These outcomes highlight the different climatic data between the cities under study, in which the solar
PV output is different.
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Figure 60. Evolution of the cumulative levels of CO, emissions avoided (tnCO,) in the residential sector of Bilbao,
Madrid, and Malaga by 2050, under a potential “Power to the People” storyline (household level) and for the three
(3) different “future-world” narratives.

Overall, a cross-country comparison ( ) of the results from the DREEM model highlights
stronger financial incentives for citizens towards investments in PV prosumerism in the cases of Den-
mark and Greece.

This highlights the economic viability of the existing net metering schemes in both countries, especially
when combined with lower installed capacities, as in these cases prosumers do not have the motivation

to produce excess of electricity and sell it to the grid.

The main influence factor on this implication is the retail price of electricity since prosumers’ profita-
bility depends on it. We can observe the latter when comparing the economic implications for prosumers
under the “Unified World” narrative, with the respective implications under the “Fragmented World”
narrative.

More specifically, under a “Unified World” narrative, the economic benefits are considerably lower for
the prosumers; this is mainly attributed to the decreased levels of retail price of electricity, since they
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determine (along with the capital costs which remain constant during the process because we assume
that the investment takes place at the beginning of 2024) the profitability of the investment.

On the other hand, under a “Fragmented World” narrative, retail price of electricity reaches significantly
increased levels. This results in significantly higher economic benefits for prosumers, since they have a
greater profitability, which mainly results from self-consumption.

Furthermore, modeling results show that, when a FiT scheme is characterized by a high fixed price for
the remuneration of prosumers, it can produce considerable economic benefits. This is evident in the
case of France, where the NPV value under a FiT scheme is comparable to the net metering schemes in
Denmark and Greece. Therefore, a higher fixed price for France would be necessary to provide prosum-
ers with an even higher discounted payback period (Roulot & Raineri, 2018).

The comparison between Portugal and Spain reveals important insights regarding the profitability and
incentives for prosumers under a similar net billing policy scheme, particularly in the context of the
retail price of electricity and small-scale solar PV capacities in the residential sector.

In both countries, net billing policy schemes allow prosumers to offset their electricity consumption
with the electricity generated by their rooftop solar PV systems. Any excess electricity generated beyond
what is consumed is typically fed back into the grid and credited to the prosumer's account, usually at a
much lower rate than the retail price of electricity (McDevitt, 2022).

The latter implies that profitability under net billing policy schemes is primarily derived from the bene-
fits of self-consumption, rather than from the excess electricity generated. This is especially pronounced
when the retail price of electricity is relatively high.

In such cases, prosumers can realize significant cost-savings by using the electricity generated by their
solar PV systems to offset their own consumption, thereby reducing their reliance on grid electricity,
and lowering their electricity bills.

As aresult, there is a weaker incentive for prosumers in the residential sector to install solar PV systems
of larger capacities under net billing policy schemes. Since the focus is on optimizing self-consumption
rather than maximizing electricity exports to the grid, prosumers may prioritize smaller-scale solar PV
installations that meet their immediate energy needs (Ordéfiez et al., 2022).

The latter is evident when comparing NPVs and payback periods in both Portugal and Spain. According
to our results, self-consumption in Portugal is approximately 14%, while in Spain it is 35%, resulting in
larger economic benefits for prosumers.

Overall, our results highlight the drawbacks of net billing as a policy scheme to further incentivize citi-
zen prosumerism, when compared to the net metering scheme. This is an important insight to be con-
sidered by policymakers when deciding on the appropriate policy planning to further promote PV
prosumerism in the EU’s residential sector (Ahsan Kabir et al., 2023; Dufo-Lopez & Bernal-Agustin,
2015).

On the other hand, when it comes to environmental benefits, our results indicate that Greece and Spain
(especially Greece) demonstrate a relatively greater capacity for emission reduction (decarbonization)
when it comes to PV prosumerism in the residential sector.

This may be primarily attributed to the energy composition of power generation in both countries,
wherein natural gas serves as the predominant energy source for electricity production. This is further
compounded by the anticipated carbon emission projections obtained from the EU Reference Scenario
2020 (European Commission, 2020).

Additionally, our findings suggest that France exhibits a comparatively lower potential for decarboni-
zation in comparison to Greece. However, there is no significant disparity observed between France and
Denmark in terms of decarbonization potential. The observed disparities might be ascribed once more
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to the composition of energy sources within the power sector in France; the primary source of electricity
generation in France is largely derived from nuclear energy, which has an emission factor close to zero.

Table 19. Economic and environmental benefits of citizen investments in PV prosumerism in the residential sector
of 11 different European Union’s cities under the ENCLUDE ““future-world” narratives.

“Familiar World”

City Policy Net present value Discounted payback period Emissions avoided by 2050
scheme © (years) (tnCO»)
Net metering 12,520 241
Aalborg 3.04
Feed-in tariff 4,140 5.90
Net metering 10,130 2.89
Copenhagen 2.57
Feed-in tariff 3,400 6.80
Marseille Feed-in tariff 10,810 8.22 3.82
Paris Feed-in tariff 7,860 10.03 3.1
Net metering 10,380 3,88
Athens 10.44
Feed-in tariff 4,190 7.38
Net metering 7,900 4,64
Thessaloniki 12
Feed-in tariff 3,580 8.01
Lisbon Net billing 2,850 8.32 2.87
Porto Net billing 2,380 9.43 2.69
Bilbao Net billing 2,500 10.71 4.4
Madrid Net billing 3,885 8.52 5.42
Malaga Net billing 4,280 8.08 5.73
“Unified World”
City Policy Net present value Discounted payback period Emissions avoided by 2050
scheme © (years) (tnCOy)
Net metering 8,150 3.44
Aalborg 1.52
Feed-in tariff 2,605 8.11
Net metering 6,430 4.22
Copenhagen 1.29
Feed-in tariff 1,980 9.53
Marseille Feed-in tariff 10,245 8.53 1.90
Paris Feed-in tariff 7,260 10.53 1.54
Net metering 6,755 5.44
Athens 7.22
Feed-in tariff 2,835 9.24
Net metering 4,890 6.67
Thessaloniki 6.00
Feed-in tariff 2,320 10.35
Lisbon Net billing 2,490 9.15 1.44
Porto Net billing 2,065 10.17 1.35
Bilbao Net billing 1,570 13.27 2.20
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Madrid Net billing 2,817 10,19 2.71

Malaga Net billing 3,180 9.63 2.86
“Fragmented World”

Cit Policy Net present value Discounted payback period Emissions avoided by 2050
¥ scheme © (years) (tnCO»)

Net metering 20,190 1.57

Aalborg 6.08
Feed-in tariff 6,840 4.04
Net metering 16,620 1.87

Copenhagen 5.15
Feed-in tariff 5,890 4.52

Marseille Feed-in tariff 11,370 7.94 7.63

Paris Feed-in tariff 8,460 9.57 6.14
Net metering 14,350 2.96

Athens 28.88
Feed-in tariff 5,680 5.80
Net metering 11,200 3.49

Thessaloniki 24.02
Feed-in tariff 4,960 6.51

Lisbon Net billing 3,200 7.84 5.75

Porto Net billing 2,690 8.72 5.39

Bilbao Net billing 3,435 9.06 8.79

Madrid Net billing 4,955 7.29 10.83

Malaga Net billing 5,385 6.93 11.45

Having identified the parameters that have the biggest leverage on the projected growth of the CEls
under study, means that messaging and initiatives can now be tailored to resonate with the specific
motivations of each group, and thus, significantly increase their interest and likelihood for participation
in the CEI. For instance, some indicative strategies and recommendations to motivate for each of the
prevalent “Personas”:

[13 2.
.

e Highlight of the collective environmental impact and how mass participation can make a real
difference.

e Showcasing community projects, by organizing workshops, educational sessions, or tree-plant-
ing events that foster a sense of collaboration and shared purpose.

e Leverage of social media and digital tools such as online platforms for residents to connect, share
ideas, and celebrate collective achievements towards environmental goals.

[13 2.

e Clear communication of the community's commitment to RES, reduced carbon footprint, and
overall environmental benefits.

e Collaboration with local or national environmental groups to endorse the community and its en-
vironmental impact.
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o Offer educational opportunities, by hosting workshops or seminars on climate change, renewable
energy technologies, and the benefits of sustainable living.

[13 2.
.

e Emphasis on innovation, smart technologies, and showcase the community's use of cutting-edge
technologies for energy management, smart home integration, and data analysis.

¢ Organize tech workshops and demonstrations to provide opportunities for residents to experience
technology firsthand and learn about its benefits.

e Partner with technology companies to offer exclusive discounts or early access to new products
for community members.

, ,and present simulation results of the ANIMO modeling framework on
the projected growth of the three (3) CEls under study.
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Figure 61. Projected growth of the “Cloughjordan Ecovillage” by 2030 based on the simulation results of the
ANIMO framework.
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Figure 62. Projected growth of the “EnergieC Midden-Delfland” energy community by 2030 based on the simu-
lation results of the ANIMO framework.
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Figure 63. Projected growth of the “Belica Energy Community” by 2030 based on the simulation results of the
ANIMO framework.
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Our findings reveal a strong correlation between population density and projected growth of the CEls
under study. Densely populated areas facilitate faster CEl expansion, likely due to the enhanced effect
of the “word-of-mouth” phenomenon. This is clearly demonstrated in the case of the “EnergieC Midden-

Delfland” energy community, which is the most densely populated area out of the three (3) case studies.
This trend is further supported when comparing case study results across the “future-world” narratives.

However, the key differentiator impacting growth appears to be the level of interconnectedness within
a society, or, in other words, the number of social connections. In essence, closely knit societies, either
purely due to size of population or due to the existence of strong social bonds facilitate faster dissemi-
nation of information about the benefits of collectivism, leading to higher growth rates.

Interestingly, even in the case of the “Fragmented World” narrative, characterized by limited interaction
and skepticism, high population density manages to circulate information about the benefits of CEls and
propagate it throughout the community over time. The graphs further illustrate periods of rapid growth
triggered by the cascade effect of influence. As more individuals join the CEl, the information spreads
more readily through the social network, accelerating expansion.

This contrasts with the initial stagnant growth phase, where establishing a core group is crucial. Once a
core foundation is laid, it facilitates influence on a larger audience, leading to both higher overall growth
and a faster growth trajectory. This trend is most prominently emphasized in the Dutch case study and
less so in the Irish and the North Macedonian ones.

In conclusion, in our analysis population density and social connectivity were identified as key drivers
of further CEI growth. Remote locations, like the cases of Ireland and even more of North Macedonia,
face inherent limitations due to lower population density. The graphs clearly demonstrate the cascade
effect of mass participation that is encouraged by dense areas in terms of population such as the one in
the Netherlands, highlighting a "ripple effect” that can significantly accelerate the energy transition. This
phenomenon holds immense potential for achieving the ambitious decarbonization goals of the EU,
particularly when combined with targeted policy actions designed to achieve widespread adoption of
CEls.

Focusing on the “Familiar World” narrative, in the case of the "EnergieC Midden-Delfland™ energy
community, data on CEls in the Netherlands suggests an anticipated growth rate of approximately 8%
based on historical trends (Lokale Energie Monitor, 2022). However, this figure serves as a broad ap-
proximation, and the projection of the growth percentage in a five-year time span is based on the as-
sumption of steady compound annual increase.

A crucial limitation of relying solely on such an approach for projections lies mainly in its inability to
capture the dynamic nature of energy communities’ diffusion and expansion, which should be taken into
consideration during the design of policy schemes that aim at the support and integration of energy
communities into the existing grid.

For example, in a scenario where a rapidly growing community surpasses initial projections for on-site
solar power generation, further growth could be met with inability to be realized due to the unprepared-
ness of the existing infrastructure.

By gauging the potential rate of community growth based on simulations such as this, informed and
proactive infrastructure investment decisions are possible. This can prompt policymakers and planners
to ensure that the current infrastructure can accommodate the projected increase in population, which,
in turn, can save valuable resources and reduce the time until carbon neutrality is achieved.

This forward-thinking approach can be applied not only when grid integration matters but also in other
infrastructure issues. This can be somewhat showcased in the Irish case study, in which the feedback we
received via direct communication with members of the community, revealed the critical role of infra-
structure planning in enabling growth. While the project demonstrates success in certain sustainability
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metrics, further expansion has remained stagnant and dependent on resolving limitations within the ex-
isting wastewater treatment system.

More specifically, according to project leaders there is currently an embargo on planning permissions
in “Cloughjordan Ecovillage” because the local town wastewater treatment plant is at capacity. This has
resulted in a number of dwellings and residents in the village remaining static for the last 14 years,
pointing to the fact that if the situation remains as is, there will be no further growth.

The case of the “Cloughjordan Ecovillage” is a prime example of how unforeseen hurdles, particularly
infrastructure constraints, can impede the progress of otherwise well-designed sustainable community
structures. This underlines the importance of collaborative efforts between CEls, local authorities, and
relevant stakeholders combined with a strategic approach to ensure that infrastructure keeps pace with
sustainable development plans.

Moving a step further with the exploration of the “Band Together” storyline through this modelling
exercise, we turn our attention to the emission reduction (decarbonization) potential from the expected
growth of CEIs like the case studies analyzed in this section. Making use of the projections on the growth
potential of the CEls under study, we pair these insights with data regarding the anticipated decarboni-
zation in the residential sector of the selected country case studies.

To this end, to gather the necessary data, we rely on the EU Reference Scenario 2020, an analytical tool
of the EC, vital in energy and climate action planning, which provides projections on key energy sector
indicators for Member States until 2050 (European Commision, 2020). It is noteworthy that in the case
of the “Belica Energy Community” in North Macedonia, there were no available data in the database,
since North Macedonia is not an EU member state. In pursuit of diversity and inclusivity in our case
studies, we address this issue by aggregating the total GHG emissions of all EU Member States.

, and present the projected levels of the CO, emissions avoided in the
selected cases studies resulting from the potential further growth of the CEIls under study by 2030 based
on the simulation results of the ANIMO framework.
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Figure 64. Projected levels of the CO, emissions avoided in Ireland resulting from the potential further growth of
“Cloughjordan Ecovillage” by 2030 based on the simulation results of the ANIMO framework.
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Figure 65. Projected levels of the CO, emissions avoided in the Netherlands resulting from the potential further
growth of the “EnergieC Midden-Delfland” energy community by 2030 based on the simulation results of the
ANIMO framework.
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Figure 66. Projected levels of the CO, emissions avoided in North Macedonia resulting from the growth of the
“Belica Energy Community” by 2030 based on the simulation results of the ANIMO framework.

As expected, the most significant emission reduction (decarbonization) potential is correlated with in-
creased participation in energy communities, highlighting the positive impact of collective expressions
of energy citizenship on advancing energy transition endeavors. Having utilized country specific data,
these outcomes produce insights not only for the CEls under study, but also the countries that host them.

In this context, the “EnergieC Midden-Delfland” energy community showcases the highest capacity for
reducing carbon emissions, which also highlights the efficacy of the energy-related Dutch policy frame-
work. On the other hand, “Cloughjordan Ecovillage", while exhibiting substantial promise for decar-
bonization, as discussed earlier local infrastructure constraints stand in the way of further progress, de-
spite its notable contributions to the carbon footprint reduction in the region during past years.

Lastly, the North Macedonian case study showcases the lowest emission reduction (decarbonization)
potential compared to the other case studies. This phenomenon, however, is possibly owed less so to the
weak regulatory frameworks in place, but rather is attributable to factors such as social cohesion, demo-
graphic shifts, and a declining population in the region.

Nonetheless, even in instances where the impact may seem marginal, the efforts of these local initiatives
are noteworthy and warrant further encouragement and support. This underscores the importance of
operationalizing their activities through targeted research and policy initiatives to maximize their poten-
tial in driving sustainable energy transitions and implementing collective energy citizenship practices at
the local level.

Concluding, through our modeling analysis under the “Band Together” storyline we provided insights
into resident motivations and the impact that social, cultural, and demographic factors can potentially
have on the expansion of CEls. Building further on the derived insights, we also made projections on
the potential decarbonization effect the expansion of the CEls in question can have on the energy system.

Thus, we empower policymakers and community organizers to develop effective strategies that promote
widespread adoption and accelerate the energy transition. As research continues, further refinement of
the ANIMO modeling framework based on additional data and complexities can offer even more robust
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predictions and decision-making support, optimally paving the way for a sustainable future fostered by
collaborative citizen community structures.

7.3. A “green” rebranding of a Coal and Carbon Intensive Region into a
city of the people, by the people, for the people

Simulation results of DREEM provide us with useful insights on the different energy transition pathways
under study in the Megalopolis’ residential sector.

Figure 67 presents the evolution of energy consumption by 2050 in Megalopolis under the three (3)
“future-world” narratives. Findings indicate that in both the “Familiar World”” and the “Unified World”
narratives, we reach almost at the same levels of final energy consumption by 2050 (around 65.5% of
the initial consumption levels). On the contrary, the “Fragmented World” leads to the least reduction of
the final energy consumption (48.5% of the initial consumption levels).

5.00
450
400
[«5]
S
£ 350
<
S
S 3.00
£
>
2 250
o
(&)
B 2.00
D
&
= 150
S
1.00
0.50
0.00

Familiar World Unified World Fragmented World
12023 m2024 m2025 m2030 = 2035 =m2040 m 2045 m2050

Figure 67. Total energy consumption (ktoe) by 2050 in the residential sector of Megalopolis for each “future-
world” narrative under study.

In addition, Figure 68, Figure 69, and Figure 70 present the projected evolution of the final energy mix
and total energy savings by 2050 in the residential sector of Megalopolis.

It becomes apparent that a potential future transition pathway in which citizens come together united in
the battle against climate change and decide to invest in green solutions (energy renovation measures
and heat pumps) as soon as possible, while they are also willing to adopt behavioral and lifestyle changes
when it comes to managing their energy consumption patterns (i.e., “Unified World”) leads to a rapid
and complete phase out of fossil fuels from the final energy mix of the municipality of Megalopolis by
2050.

Similarly, under a potential future transition pathway in which citizens follow the current rates of de-
carbonization efforts and decide to invest in the technological solutions, as foreseen each time by current
policymaking at the EU and the national level (i.e., “Familiar World”) total decarbonization in the res-
idential sector in Megalopolis by 2050 is attained. Nevertheless, in this case decarbonization occurs at
a significantly slower pace compared to the case of a “Unified World”. Specifically, there is ho notable
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downward trend in fossil fuel usage by 2035; only thereafter do citizen investments in natural gas begin
to decline based on the evolution of the final energy mix.

On the other hand, under a potential future transition pathway in which individuals are characterized by
distrust and skepticism and are mainly concerned about their energy security and lower bills rather than
combating climate crisis (i.e., “Fragmented World”), the use of fossil fuels is retained in the evolution
of the final energy mix, persisting even by 2050, and thus, the vision of decarbonization cannot be
achieved.

This underscores how the lack of energy citizenship practices, and the accompanied diminishing collec-
tivistic values hinder the energy transition process, impeding progress toward climate neutrality and
obstructing the creation of new decarbonization pathways.
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Figure 68. Evolution of the final energy mix and total energy savings (ktoe) by 2050 in the residential sector of
Megalopolis under the “Familiar World” narrative.
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Figure 69. Evolution of the final energy mix and total energy savings (ktoe) by 2050 in the residential sector of
Megalopolis under the “Unified World” narrative.
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Figure 70. Evolution of the final energy mix and total energy savings (ktoe) by 2050 in the residential sector of
Megalopolis under the “Fragmented World” narrative.

When considering the environmental impact within decarbonization pathways under the “future-world”
narratives under study, projections on CO, emissions serve as a key metric. Figure 71 and Figure 72
illustrate that under both the “Familiar World” and the “Unified World” narrative total decarbonization
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by 2050 is achieved. Notably, under the “Unified World” narrative a faster decarbonization rate is

achieved, highlighting the importance of a citizen-led transition based on energy efficiency investments
and lifestyle and behavioral changes.

Although both narratives ultimately achieve similar emission reduction, the “Unified World” narrative
achieves CO, emission reduction levels by 2030 that are attained more than a decade later under the
“Familiar World” narrative; this highlights the decarbonization potential of transition pathways under a
joint “Power to the People” and “Habitual Creatures” storylines at the municipality level.

Finally, transition pathways under the “Fragmented World” narrative fail to achieve complete phase out
of fossil fuel usage by 2050, as expected. This highlights how a future marked by crises and disparities
among nations and individuals hinders the adoption of energy citizenship-related social innovations,
resulting in limited progress towards decarbonization targets and emissions’ reduction.
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Figure 71. Evolution of the CO; emissions (tnCOy) in the residential sector of Megalopolis by 2050 for the dif-
ferent “future-world” narratives under study.
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Figure 72. Evolution of the cumulative levels of CO, emissions avoided (tnCO3) in the residential sector of Meg-
alopolis by 2050 for the different “future-world” narratives under study.

When it comes to the economic implications of the transition pathways under the different “future-
world” narratives analyzed, we consider costs and other charges for citizens by 2050, relevant to invest-
ment costs in the technological solutions selected under each narrative, and charges relevant to energy
carriers and the expected introduction of a parallel ETS in the building sector.

Following the trend evolution of ETS prices, illustrates the evolution of the total ETS-related
charges by 2050 in the residential sector of Megalopolis for the three (3) “future-world” narratives under
study.

As expected, a potential future transition pathway in which citizens come together united in the battle
against climate change and decide to invest in green solutions (energy renovation measures and heat
pumps) as soon as possible, while they are also willing to adopt behavioral and lifestyle changes when
it comes to managing their energy consumption (i.e., “Unified World”) results in total phase out of lignite
and to the elimination of ETS costs.

Furthermore, under the “Familiar World” narrative, ETS costs follow a plausible decreasing trend over
the coming decades. On the other hand, a potential future transition pathway in which individuals are
characterized by distrust and skepticism and are mainly concerned about their energy security and lower
bills rather than combating climate crisis (i.e., “Fragmented World”), and in which the use of fossil fuels
is retained in the evolution of the final energy mix by 2050, results in persistently increased ETS costs
compared to present levels.

However, while costs are ultimately eliminated upon achieving total electrification by 2050, a notable
initial spike in the overall declining trend is observed, potentially reflecting the emergence of possible
energy crises. Specifically, the “Familiar World” narrative shows an 85% decrease in ETS costs,
whereas the “Fragmented World” narrative exhibits only an 18.4% decrease by 2050.
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Figure 73. Evolution of the total ETS-relevant costs by 2050 in the residential sector of Megalopolis for the three
(3) “future-world” narratives under study and the second case of ETS price evolution (ETS ranges from 30 to 100

€/tnCOy).

Except for the ETS-related costs, each “future-world” narrative under study includes different fuel and
renovation costs. As shown in the prompt adoption of citizen investments in green solutions
(“Unified World™) in contrast to sole reliance on fossil fuels for energy security (“Fragmented World™)
leads to lower annual and total fuel costs by 2050.

Table 20. Evolution of total fuel costs per household by 2050 in Megalopolis for the three (3) “future-world”
narratives under study (€/household).

Time 2023 | 2024 | 2025 | 2030 | 2035 | 2040 | 2045 | 2050 | Total
horizon
'\7\7::;:1'” 1,871 | 6,085 | 10,081 | 17,990 | 26,181 | 35821 | 44,032 | 51,449 | 51,449
“Unified
Wi 1,347 | 8426 | 15129 | 20,637 | 25897 | 30,850 | 35,530 | 39,999 | 39,999
F@%ﬁ:gf‘,te‘j 2,197 | 7,759 | 14,122 | 34,109 | 54549 | 74,609 | 93,322 | 108,501 | 108,591
Regarding renovation costs, as shown in , the transition pathway under the “Unified World”

narrative leads to higher initial costs, as expected. In fact, the earlier the phase out of natural gas, the
greater the annual costs.

In particular, transition under the “Unified World” narrative proves considerably more expensive than
the transition under both the “Familiar World” and the “Fragmented World” narratives, especially dur-
ing the early stages of the transition, which is marked by drastic changes in the energy mix.

However, it is important to remember that renovation costs represent just one facet of the total costs
attributed to the energy transition in the residential sector of Megalopolis and of the citizen-related
charges. The latter speaks of the necessity to design and implement renovation programs that focus on
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supporting wider citizen inclusion, especially of the most vulnerable groups, towards the implementa-

tion of measures that lead to increased overall benefits (e.g., enhanced comfort, reduced energy ex-
penses, achievement of climate targets).

It should also be noted that infrastructure and other indirect costs are not included in the renovation costs
calculated by the DREEM model. Only costs to be paid by citizens/ households are included. The latter
implies that renovation costs under both the “Familiar World” and the “Fragmented World” narratives
are expected to be higher than the ones projected.

In addition, despite the current high capital costs of heat pumps, these results should also be considered
in the context of the expected decrease of the heat pump capital costs due to the learning curve effect,
which will radically decrease capital costs after 2030, as also indicated by forecasts published by the
European Heat Pump Association (Renewable Heating Hub, 2021).

Finally, also presents total renovation costs in 2050 in the residential sector of Megalopolis
for the three (3) “future-world” narratives under study.

25,000,000

20,000,000

15,000,000

Renovation costs (€)

10,000,000

5,000,000

y4 —

2023 2026 2029 2032 2035 2038 2041 2044 2047 2050

0

= Familiar World Unified World  ==Fragmented World

Figure 74. Evolution of the total renovation costs in the residential sector of Megalopolis by 2050 for the three (3)
“future-world” narratives under study.
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Figure 75. Total renovation costs in 2050 in the residential sector of Megalopolis for the three (3) “future-world”
narratives under study.

Lastly, to extract a robust and meaningful evaluation of the economic implications and the economic
viability of the different transition pathways under study in the residential sector of Megalopolis, we
aggregated the individual costs (ETS, fuel, and renovation costs), at both the household and the munic-
ipality level, to extract the costs to be shouldered by the municipality citizens/ households. It is assumed
that the total cost is equally divided in each household.

Figure 76 and Figure 77 present the evolution of the charges to be borne at the household level by
2050. Tt is noteworthy to mention that except for the “Fragmented World” narrative, transition pathways
under the two (2) other “future-world” narratives lead to reduced annual costs, showing the viability of
investing in green solutions. Particularly in the case of the “Unified World” narrative, annual costs seem
to drop under the 1,000€/household threshold around 2030.
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Figure 76. Evolution of the total costs per household by 2050 in the municipality of Megalopolis for the transition
pathways and the three (3) “future-world” narratives under study (€/household).
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Figure 77. Evolution of the cumulative total costs per household by 2050 in the municipality of Megalopolis for
the transition pathways and the three (3) “future-world” narratives under study (€/household).

Similarly to the household-level, Figure 78 and Figure 79 present results on the evolution of the total
costs of the energy transition by 2050 at the municipality level of Megalopolis for the transition path-
ways and the three (3) “future-world” narratives under study.
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It is noteworthy that transition pathways under the "Fragmented World" narrative proves unsustainable
in the long term, as potential disadvantageous future developments are projected to steadily escalate
costs, while return on investment is evidently absent.
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Figure 78. Evolution of the total costs by 2050 at the municipality level of Megalopolis for the transition pathways
and the three (3) “future-world” narratives under study (€).
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Figure 79. Evolution of the cumulative total costs by 2050 at the municipality level of Megalopolis for the transi-
tion pathways and the three (3) “future-world” narratives under study (€).
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Overall, our findings indicate that a citizen-led transition based on energy efficiency investments and
lifestyle and behavioral changes (“Unified World”) in a European CCIR, as is the municipality of Meg-
alopolis, results in lower total (ETS, fuel, and renovation) costs at both the household and the munici-
pality level, compared to continuing the reliance and the dependence on fossil fuels and gas (“Frag-
mented World”).

Our results also showed that such a transition is also the most efficient pathway in terms of energy
demand reduction, environmental footprint, and potential extra charges on household bills. Moreover,
in the long run, households’ extra charges from the replacement of existing oil boilers with gas boilers
will amplify the energy poverty phenomenon in the region as it results in increased costs.

Tailored energy support programs for such regions in transition, promoting the green solutions like ren-
ovations and heat pumps, and promotional campaigns focusing on the benefits of behavioral and lifestyle
changes towards energy savings and lower bills, could directly contribute to the reduction of household
energy costs and indirectly to the labor market and economic growth, especially in the short-term tran-
sition.
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8. Conclusions, recommendations, and further research

Until now, the primary focus on climate change mitigation has centered on the technical and infrastruc-
tural aspects of transitioning energy systems. While technological advancements are undoubtedly cru-
cial, it's imperative to recognize that technology alone cannot effectively address climate crisis. The
complex interplay of societal systems serves as the underlying cause of the problem. Understanding how
society and individuals evolve is less certain, given the ever-changing nature of behaviors and lifestyles,
which are anticipated to undergo substantial shifts in the future.

However, projecting or envisioning these changes poses a challenge and remains largely unexplored
within the realm of climate change mitigation. To achieve the vision of a green, inclusive, and equitable
transition by 2050, the pivotal role of citizens and other societal actors, along with their empowerment
and engagement, has been duly acknowledged within the recent EU’s strategic and legislative frame-
works.

In this context, citizens are anticipated to expand their role as self-consumers and contributors within
energy communities, actively shaping alterations in the energy landscape, impacting both demand and
supply. Consequently, transitions must not only be technologically viable and economically feasible but
also socially and politically acceptable, considering individual preferences, levels of acceptance, and
shifts in behavior and lifestyle.

As citizens and other societal actors are anticipated to have a more active role in shaping future energy
systems, the concept of energy citizenship has gained prominence in recent literature, indicating its com-
patibility with and significant contribution to scenario-based analyses aimed at devising transition path-
ways toward envisioned energy futures and the goal of climate neutrality.

Nevertheless, merely developing such scenarios and pathways is insufficient, as policymakers require
decision and support tools capable of exploring the quantitative interaction between economic decision-
making and behavioral heterogeneity, i.e., modeling tools.

Despite the growing significance and utilization of modeling tools, socio-technical aspects are inade-
guately represented within them. Specifically, most modeling tools adopt a technoeconomic or cost op-
timization approach or treat the social dimension of the energy transition as an auxiliary layer of analy-
sis, viewing society merely as a broader social context and constraining their capacity to incorporate the
dynamics of socio-technical factors, such as policy preferences, behavioral patterns, or social acceptance
of specific technologies. As a result, they fail to fully account for the intricate interplay between socio-
technical factors and other critical elements like energy, economy, and environment.

Such socio-technical factors can exert a substantial influence on expediting or hindering processes
within the energy transition, highlighting an increasing recognition of the significance of their dynamics,
and thus are crucial in crafting modeling tools. Consequently, to explore socio-technical pathways lead-
ing to climate neutrality in Europe by 2050, it is imperative to either create new or refine existing mod-
eling tools to align with current requirements.

Considering the wide array of manifestations associated with energy citizenship, it is evident that it can
significantly influence decarbonization endeavors across various EU contexts and scales. Particularly
concerning the local scale, it is crucial to better comprehend how different facets of energy citizenship
have thus far been examined.

A recurring challenge identified in recent literature pertains to the underutilization of modeling tools,
while research has mostly relied on field studies, surveys, and interviews. While these methods offer
certain advantages and lay the groundwork for further exploration, they tend to yield general trends and
implications that may lack the precision necessary for informing policymaking effectively.
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In this deliverable, we aimed at adding a quantitative dimension to the research around the concept of
energy citizenship and its expressions at the local level by using the capacities of two modeling tools to
explore the relationship between the various forms of energy citizenship and their emission reduction
(decarbonization) potential in micro-scale energy systems. To reach this objective, we followed a multi-
method approach, coupling the strengths of energy system modeling with qualitative and semi-quanti-
tative techniques.

Our overarching approach comprised five (5) main methodological steps, guiding us from the initial
identification of patterns and trends of energy citizenship (as outlined in ) and the
ENCLUDE's "people-centered™ storylines and "future-world" narratives (as developed in

) to the eventual development of the ENCLUDE scenario space and formulation of case-specific
decarbonization pathways, which were then simulated and presented within this report.

With the intention of applying the ENCLUDE modeling ensemble to the creation of case-specific de-
carbonization pathways at the local level, we conducted an updated gap analysis to uncover new patterns
and trends of energy citizenship that had not yet been addressed by our modeling tools. This exploration
considered the already developed “people-centered” storylines and the “future-world” narratives, in-
sights gleaned from the efforts in and (including the ENCLUDE Academy), and feedback
from relevant end-users and stakeholders.

Through this process, we not only identified further necessary model developments, modifications, and
adjustments, but we also gained a comprehensive understanding of the relationship between patterns
and trends of energy citizenship (both at the individual and the collective level), socio-technical decar-
bonization pathways, and the capabilities of the ENCLUDE modeling ensemble.

By building upon the groundwork laid out in previous deliverables and adhering to the overarching
framework established within , we focused on developing transition scenarios and decarbonization
pathways across various real-world micro-scale case studies across different geographical contexts and
socioeconomic environments, also drawn from the comprehensive and meticulously detailed pool de-
veloped under

To tailor our approach to the unique characteristics of the analyzed case studies and to align with the
identified patterns and trends of energy citizenship, we expanded upon the previously established mod-
eling ensemble introduced in . This expansion included the incorporation of two (2) new
modeling tools. Within this report, we introduced one of these additions: the ANIMO modeling frame-
work. This new framework enhances the capabilities of the ENCLUDE modeling ensemble, facilitating
a more comprehensive and in-depth exploration of the diverse expressions of energy citizenship.

Specifically, we expanded upon the existing architecture of the ATOM model, originally designed for
national-level analysis, to develop a new modeling framework conceptualized and created within the
ENCLUDE project, called ”,

ATOM primarily focused on examining the dynamics of technology diffusion, particularly concerning
solar PV and residential battery energy storage systems, which represent investments in equipment,
products, and infrastructure. Consequently, economic factors played a pivotal role in each agent's deci-
sion-making process, encompassing factors like investment resistance, associated risks, costs, payback
periods, and household income.

While economic factors also influence participation in CEIs within the ANIMO model, additional and
somewhat disparate factors intertwined with social values, orientations, and perspectives have been in-
cluded in the model. These factors include sensitivity to and perception of environmental and climate
issues, preferences regarding autonomy as an energy producer (i.e., prosumer) versus reliance on tradi-
tional grids, and the level of cooperation and altruism inherent in individuals within a specific area.

To address this complexity, ANIMO introduces a set of new agent-related parameters aimed at capturing
these attributes. These attributes are specific to each case, as they depend on the nature and structure of
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the real-life application under study. The process of selecting and designing these agent-related param-
eters, as well as informing them based on real-life data, can significantly impact the plausibility and
accuracy of modeling results. By concentrating on specific locales, ANIMO can explore the intricate
interactions and dynamics within communities, offering a framework for modeling and comprehending
the complexities of energy citizenship at the grassroots level.

In this deliverable, ANIMO simulated the propagation of social and grassroot innovations, particularly
focusing on the establishment of and involvement in CEIs. It investigated the adoption and dissemina-
tion of envisioned social progressions among a diverse network of individuals, encompassing various
socioeconomic backgrounds, behaviors, and lifestyles, and delved into the intricacies of citizens' choices
within a structured social framework, particularly regarding their decision to participate or refrain from
involvement in CEls.

Moreover, it examined the collective decision-making processes between communities and how these
processes influence external perceptions of the community as well as interactions among existing and
potential community members.

The abovementioned features made ANIMO appropriate to address the trends and patterns of the “Band
Together” storyline. Using data collected from the ENCLUDE case studies, ANIMO was upgraded to
assess the decision-making processes of various citizen profiles, which is essential for the successful
development and implementation of socio-technically informed modeling activities.

Following thorough assessment and dialogue with , We chose the most well-documented and data-
abundant case studies. Using WP3 survey data on citizen preferences, we derived insights into the fun-
damental beliefs held by the members and developed a population profile. This profile served as input
for ANIMO, adjusting the case-specific agent-related parameters each time.

These parameters were carefully crafted and chosen to encapsulate the primary influences of human
behavior and decision-making regarding the choice to participate in an energy community. The appli-
cation of ANIMO simulated the expected growth rate of the community over a set time horizon. This
process enabled the comparison of growth rates and decarbonization potentials among different com-
munities, essentially examining diverse populations.

Furthermore, we illuminated and identified social values and beliefs more inclined to lead to favorable
decisions, thereby supporting the continued expansion of energy communities. These insights can, in
turn, aid policymakers in crafting tailored policies aimed at bolstering incentives that truly drive such
social and grassroot innovations forward.

Additional enhancements, modifications, and refinements were also made to ensure that the

model could simulate the case-specific decarbonization pathways outlined in this deliverable. To enable
DREEM to assess the decarbonization potential of the "Power to the People™ and "Habitual Creatures"
storylines, we extended the original architecture and capabilities of the model. The new components and
respective modules that were developed and integrated to the original model’s structure were the “Cs:
Multilevel upscaling” and the “Co: Transition matrix”.

As part of this report, our focus was to design the scenario space based on the work implemented in the
context of , 1.e., the further expansion and adjustment of the SSPs’ qualitative descrip-
tions to formulate a new set of three (3) qualitative descriptions, the ENCLUDE “future-world” narra-
tives.

More specifically, by amalgamating the “people-centered” storylines with the “future-world” narratives,
we broadened our scenario range by introducing alternative scenarios that delve into the uncertainty
surrounding future societal and climatic conditions. These scenarios depicted the evolution of socio-
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technical aspects that are challenging to quantify, such as institutional quality, political stability, and
environmental consciousness, serving as a foundation for users to further develop the scenarios.

This approach enabled us to encapsulate the impact of different external systemic changes including
shifts in governmental institutions, organizational dynamics, and broader societal transformations at the
national scale.

In this study, we examined whether a people-powered transition based on citizen investments in small-
scale PV systems can support the transition to climate neutrality by 2050 in the European Union’s
residential sector. To prove that citizens can actually have benefits at the individual level from these
investments, we first used the DREEM model to project the annual electricity demand and electricity
production from PV at the city level in different Member States (i.e., Aalborg and Copenhagen in Den-
mark, Marseille and Paris in France, Athens and Thessaloniki in Greece, Lisbon and Porto in Portugal,
and Bilbao, Madrid, and Malaga in Spain), considering their different climatic conditions and active
policy schemes in terms of onsite generation (i.e., net metering, net billing, and FiT).

Based on modeling results, we then analyzed the profitability and decarbonization potential of small-
scale PV investments as key drivers for citizens to actively participate in the energy transition, and,
specifically, we calculated the economic benefits in terms of NPV and PBP for potential prosumers.

We identified the economic benefits of different policy schemes and compared their potential benefits of
prosumerism for EU citizens under different potential evolutions of the future. Specifically, by compar-
ing the economic benefits of the net metering and FiT policy schemes for smaller capacities (3 kW)
like in the cases of Denmark, France, and Greece, we find that net metering seems to be more attractive
in terms of profitability since citizens have no motive to produce excess electricity and feed it into the
grid.

On the contrary, FiT can provide citizens with larger profitability when the installed capacity of the PV
system is significantly larger and thus citizens have a strong motivation to produce larger amounts of
electricity and provide it to the grid.

Our results also show that the fixed price under which citizens are compensated for the case of FiT is
considered the most important factor for the profitability of the investment. Furthermore, we observe
that economic parameters like the retail price of electricity and the capital costs of the PV system are
the main drivers for the economic efficiency of investments in solar PV systems.

For example, despite the significantly lower solar potential of Denmark contrary to Greece, it is note-
worthy that the discounted payback period of the investment of a 3 kW, solar PV system is ~34% lower
than the respective investment in Greece. This is attributed to the extremely high retail electricity prices
in Denmark (the highest in the total of EU) alongside with the lower PV capital costs in Denmark,
contrary to Greece.

Finally, we estimated the emission reduction (decarbonization) potential of different transition path-
ways under a “Power to the People” storyline at the local level across the different Member States. \We
observe that the decarbonization potential of prosumerism is dependent on countries’ existing electricity
mix, i.e., higher utilization of fossil fuels for electricity generation results in higher decarbonization
potential.

For instance, while rooftop solar PV investments can contribute to the decarbonization efforts in Den-
mark and France, their existing reliance on wind and nuclear energy, respectively, results in a lower
decarbonization potential compared to Greece, which has greater decarbonization potential since the
carbon intensity of its electricity mix is comparatively larger.
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In the context of the ENCLUDE “Band Together” storyline we asked ourselves: “How can social and
grassroot innovations, like CEls, around Europe be further diffused and grow in the context of the short-
term energy transition by 2030?”".

To answer this overarching question, we tested a set of diverse case studies using a common methodo-
logical framework. Specifically, we explored three (3) case studies, i.e., (i). the “Cloughjordan Ecovil-
lage” in Ireland, (ii). the “EnergieC Midden-Delfland” energy community in the Netherlands, and (iii).
the “Belica Energy Community” in North Macedonia.

For each case study, we followed a systematic process designed to collect, calibrate, and utilize the
available data, simulate a community of agents working together to shape energy behavior and lifestyle
within the community as well as disseminate it to non-members aiding in the growth of the community,
all while taking into consideration elements such as individual temperaments and community values,
ultimately aiming to realistically depict the development and growth of CEls.

Our first step was to process community-specific data acquired through questionnaire surveys conducted
in the context of WP3 on crucial aspects of individual and collective citizen behaviors and lifestyles to
parameterize the ANIMO framework.

To streamline the information, survey questions were categorized based on their influence on key char-
acter attributes deemed significant in the decision-making process regarding participation to a CEIl. As
a result, four (4) key character attributes were integrated as agent-related parameters into the ANIMO
modeling framework, i.e., financial concern, environmental awareness, energy independence, and sense
of community.

This process provided a holistic view of the community's preferences and priorities as well as depicted
the degree to which these attributes are prevalent within each community, offering a nuanced under-
standing of the key factors influencing each community members’ decision-making process.

Specifically, we observed similar trends in terms of the prevalence between the agent-related parameters
in each of the three (3) selected case studies; however, the citizens of “Belica Energy Community”
showcased lower sense of environmental awareness, energy independence, and sense of community
compared to the citizens of the “EnergieC Midden-Delfland” energy community and the “Cloughjordan
Ecovillage”.

Based on the previous step, we parameterized the agents within ANIMO by assigning values to the
agent-related parameters based on the community data. Different combinations of primary characteris-
tics for each agent were formulated using varying distributions for each of the agent-related parameters.

The characteristics incorporated various levels of financial concerns, environmental awareness, desire
for energy independence, and sense of community, and as a result, agents were further categorized based
on their primary motivations for joining and operating within a community.

This led to the creation of six (6) “ ” (archetypes) representing possible real-life incentives
for participating to a CEI in the case of existing community members, as well as the reasoning behind
the decision to join a CEI for prospective members:

“Environmentally conscious individuals that are financially savvy. Joining an energy com-
munity is a way to reduce their carbon footprint while also saving money on energy bills,
or even generating income through participation in renewable energy production. Clear
demonstrations of cost savings and potential financial benefits associated with RES can
sway their decision”.

113

“Excited about the innovative aspects of an energy community, they value the potential for
smart home integration and increased energy independence through community-managed
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systems. Additionally, they enjoy the sense of community and collaboration that comes
with working towards shared goals”.

“Driven by a desire for self-sufficiency, these individuals prioritize both energy independ-

«“ ence and financial savings. They are interested in reducing reliance on the traditional grid
” and potentially generating their own energy through community renewable sources.

Lower energy bills and shared investment opportunities further incentivize them to join”.

“These individuals are drawn to the financial benefits offered by an energy community.
They place value on a strong sense of community and trust the recommendations of neigh-
bors who have already joined. Positive experiences shared within the community can con-
vince them of the financial advantages and encourage them to adopt this innovative ap-
proach to energy management”.

“Community-oriented individuals that value collective action and believe it is essential for
addressing climate change. The opportunity to contribute to a larger environmental move-
ment alongside like-minded neighbors is a significant motivator. Additionally, they appre-
ciate the community's focus on renewable energy sources, which aligns with their desire
to reduce their environmental impact”.

“Environmentalists that prioritize both a sustainable lifestyle and achieving energy inde-
pendence. They're deeply concerned about the impact of traditional energy production
and actively seek ways to reduce their carbon footprint. In addition, on-site renewable
energy generation and reduced reliance on the grid align perfectly with their desire for
energy independence, empowering them to take control of their energy consumption”.

These combinations provided us with a richer picture of different types of individuals within the energy
community, while also helping us to model discrete types of agents within ANIMO. After processing
the key data that were used as input into the ANIMO framework to calibrate the agent-related parame-
ters, we turned to specifying the remaining model’s parameters affecting the design and structure of the
social network of agents, drawing from the scenario space and the descriptions of the “future-world”
narratives.

With regards to our scenario design, we assumed the traditional adoption curve to simulate baseline
transition pathways under the “Familiar World” narrative, as this curve describes the typical attitude of
individuals towards innovation.

However, to portray the differences between the different “future-world” narratives, we further informed
and differentiated the scenario space by incorporating various degrees of social acceptance and behavior
adoption related to the decision-making process of joining a CEI. Therefore, the adoption curve was
adapted to the needs of each narrative, by assuming a skewed distribution of the adoption curve and,
thus, different percentages for the adopter groups.

As a result, we developed two (2) new adoption curves with the respective percentages for the different
adopter groups; one (1) correlating to positive systemic changes (i.e., “Unified World”), that drive co-
operation forward and assumes widespread early adoption of sustainable practices, and one describing
a world in which growing disbelief is prevalent, which deters individuals from incorporating such prac-
tices into their lifestyle and in which adoption of innovations is delayed (i.e., “Fragmented World™).

To identify the key driving factors that could support the further growth of social and grassroot inno-
vations, like CEls, in Europe by 2030, we employed the ANIMO model to simulate the different sce-
narios deriving from the “future-world” narratives. Our modeling results showed that population density
and social connectivity are key drivers of further CEI growth. Remote locations, like the cases of Ireland
and even more of North Macedonia, face inherent limitations due to lower population density. Con-
trastingly, densely populated areas facilitated faster CEI expansion, likely due to the enhanced effect of
the “word-of-mouth” phenomenon.
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Our findings also clearly demonstrated the cascade effect of mass participation that is encouraged by
dense areas in terms of population, highlighting a "ripple effect” that can significantly accelerate the
energy transition. This is clearly demonstrated in the case of the “EnergieC Midden-Delfland” energy

community, which is the most densely populated area out of the selected case studies. This trend is
further supported when comparing case study results across the “future-world” narratives.

Furthermore, we estimated the emission reduction (decarbonization) potential of the transition path-
ways under study. As expected, we find that higher emission reduction (decarbonization) potential is
correlated with increased participation in energy communities, highlighting the positive impact of col-
lective expressions of energy citizenship on advancing a green transition.

Particularly, the case of the “EnergieC Midden-Delfland” energy community showcases the highest ca-
pacity for reducing carbon emissions, and the case of “Cloughjordan Ecovillage" exhibits substantial
promise for decarbonization, while “Belica Energy Community” contributes the least to avoided CO;
emissions compared to the other case studies. As such, we believe that banding together holds high
potential for achieving the ambitious decarbonization goals of the EU, particularly when combined with
targeted policy actions designed to achieve widespread adoption of CEls.

Of course, future projections of CEIs’ growth and targeted policy interventions to achieve it should also
consider external conditions capturing the dynamic nature of CEIs’ diffusion and expansion.

For example, we received feedback from members of the Irish case study revealing the critical role of
infrastructure planning in enabling future growth of the ecovillage. While the project demonstrates suc-
cess in certain sustainability metrics, further expansion has remained stagnant and dependent on resolv-
ing limitations within the existing wastewater treatment system.

The case of the “Cloughjordan Ecovillage” is a prime example of how unforeseen hurdles, particularly
infrastructure constraints, can impede the progress of otherwise well-designed sustainable community
structures. This underlines the importance of collaborative efforts between CEls, local and regional au-
thorities, and other relevant stakeholders combined with a strategic approach to ensure that infrastructure
keeps pace with sustainable development plans.

Overall, we believe that our insights regarding the “Band Together” storyline can be a steppingstone for
policymakers and community organizers to better understand how social and grassroot innovations can
be further diffused at the local level and thus further improve their capacity in terms of developing
effective strategies that promote socio-technical transitions at the micro scale.

With regards to the case study application under a combined “Power to the People” and “Habitual
Creatures” storyline, we tested the hypothesis of a citizen-led transition based on energy efficiency
investments and lifestyle and behavioral changes leading to a just and inclusive transition in the CCIR
of Megalopolis. Of course, this vision can only be realized if citizens and local agents have the willing-
ness and the capacities to collaborate actively in transformative governance processes, ultimately result-
ing in collectively investing in the technological capabilities required.

However, before citizens decide to proceed with investing in energy efficiency, they need to be aware
of the both the economic and the environmental value stemming from their investments, as it is unlikely
to invest in new technological capabilities having only environmental or other ancillary benefits for the
energy system, e.g., demand flexibility, grid stabilization, as their primary goals.

In this regard, we sought to find the post-lignite development trajectory and the potential benefits of a
people-powered transition in the residential sector of Megalopolis that does not rely on traditional fossil
fuels, i.e., oil and natural gas. Based on our findings, we observe that investing in electrification right
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from the start (i.e., “Unified World” scenario) is the most efficient scenario in terms of energy consump-
tion reduction, environmental footprint, and potential extra charges on household bills.

This result complies with the intension of the REPowerEU plan to double the diffusion rate of heat
pumps and reach ten (10) million installations by the next five (5) years (European Commission, 2022a).
Regarding costs, our findings indicate that citizen investments in energy efficiency solutions along with
adopting behavioral and lifestyle changes when it comes to managing energy consumption patterns lead
to lower total costs in the long run at both the household and the municipality level.

Specifically, Megalopolis could save a cumulative amount of around €300 million if citizens collectively
decide to directly invest in energy efficiency solutions and electrification. Downscaling from the mu-
nicipality to the household level, this is translated to a cumulative cost saving of around 60,000 € per
household (i.e., ~3 times the current GDP per capita of Greece) until 2050, showing the high economic
potential of this socio-technical transition.

Considering that the economy of Megalopolis, which is mainly based on the energy and mining sector,
will undergo an abrupt pathway towards the phase out of lignite, and that by 2025 (when the lignite-
fired units will close), its gross domestic product, employment, and income could be significantly re-
duced, such building energy upgrades could decrease citizen’ energy costs, limiting the effect of wage
decreases and thus providing a significant helping hand to the most vulnerable citizens of Megalopolis.

Last but not least, we quantified the emission reduction (decarbonization) potential in the residential
sector of Megalopolis for the different “future-world” transition pathways under a combined “Power to
the People” and “Habitual Creatures” storyline. Aside from cost benefits, we observe that collective
citizen action can also bring about significant environmental benefits highlighting the positive correla-
tion between energy citizenship and decarbonization.

Considering the above, the Greek government should provide tailored energy efficiency support pro-
grams for such regions in transition, raising awareness in terms of the positive impacts of energy effi-
ciency solutions on the reduction of household energy costs and to the labor market and economic
growth.

Thus, while technological infrastructure is already in place, exploratory analyses focusing on new and
innovative business models and legal frameworks are required to maximize the value of the technolog-
ical capabilities required to inform and convince citizens of the potential benefits.

According to current planning at the national level, Megalopolis may miss the opportunity for just tran-
sition, as the installation of gas boilers is underway free of charge for all households through the Just
Transition Fund.

As shown in our results, households’ extra charge from citizen investments in gas boilers will only
amplify the energy poverty phenomenon in the region as it results in increased costs in the long run.
Therefore, our analysis suggests that citizens following the existing policy plan may result in a natural
gas lock-in effect, at least in the residential sector, exposing citizens to costly energy bills for decades.

In general, we value that the Greek government should not only inject structural funds to trigger tech-
nology innovations in CCIRs but also further harmonize its policies considering the cultural and per-
ceptual background of their local communities to foster the potential of energy citizenship as a lever of
systemic change and more active citizen participation in these regions, which may eventually lead to
more diversified, inclusive, and resilient transition pathways.

An important gap identified in the context of further developing and adjusting the ENCLUDE modeling
ensemble to address the ENCLUDE “people-centered” storylines, lies in the capabilities of computa-
tional tools to address the "People to the Streets" storyline.
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Considering that this storyline revolves around political activism and citizen engagement in sociopolit-
ical movements, either supporting or opposing green transitions, we will use our modeling ensemble to
assess the socio-technical dimensions of energy transition regarding the issue of local acceptance from
the macro-perspective (i.e., national or supranational level) by reducing the technology potential, or
even setting upper and lower limits in the models to consider the accepted technology saturation, which
can be quantified based on empirical studies. The “saturation” may depend on personal factors such as
attitudes and norms as well as regional conditions and can be very heterogeneous.

For technologies with considerable local acceptance issues, we will also consider technology exclusion
within our modeling tools. This study will be part of , as part of which, we will also
examine how energy citizenship may aid in the shift to a decarbonized energy system at the national and
supranational level.

To this end, we will incorporate a range of national and supranational case studies across different geo-
graphical contexts and socioeconomic environments and utilize several models from the expanded
ENCLUDE modelling ensemble to simulate various scenarios incorporating a multitude of energy citi-
zenship trends.

Indicatively, we will aim at defining how citizen behavior regarding the adoption of small-scale solar
PV systems can impact decarbonization, examining the influence of social and political movements in
the energy transition and the potential impact of prosumerism in the future electricity system, and ex-
ploring the scaled-up decarbonization potential stemming from the combination of multiple people-cen-
tric narratives at the national and supranational level.

Finally, selected results realized within will be utilized to feed into the strategic citizen
clusters developed under the work conducted in the context of . Results from this application will
be presented in the context of :

Overall, we believe that our work can be exploited both within and outside of ENCLUDE by policy-
makers and other relevant end-users from the field of policy and practice, using our findings to derive
interesting and policy-relevant implications and recommendations, and by researchers and other end-
users from the field of academia that are interested in the ways that different patterns and trends of
energy citizenship at the local level can be integrated into the design of decarbonization pathways and
simulated through the use of energy system models.

Finally, to support efforts across Europe on transparency, associate source code, datasets, and detailed
documentations, along with suitable open licenses (where possible) to enable the models’ use, modifi-
cation, and republication, will be uploaded on the TEESIab UPRC’s GitHub page, while case study
results will be made available on the ENCLUDE Interactive Policy Platform (as developed in the context
of the ).
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