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Executive Summary
Ci es account for 3% of the total land surface of the planet, yet use 75% of the total resources
extracted by the world’s economy (Pacione, 2009). This trend is projected to increase, as by
2050 urban dwellers are expected to represent 66% of the 9.5-billion human popula on (UN,
2017). Maximizing the circular and regenera ve nature of urban resources while minimizing
urban waste and impacts, has become both a pan-European priority and a key leverage point in
transi oning the European economy to a regenera ve and circular state.
A core concept upon which the REFLOW project is built is that of urban metabolism, which
seeks to understand the ﬂows of resources within a city and to provide a framework for
studying the interac ons between natural and human systems in speciﬁc peri-urban regions. At
the core of the urban metabolism concept is the material ﬂow analysis (MFA) methodology: an
analy cal method to quan fy ﬂows and stocks of materials, water, energy, and products in a
pre-deﬁned system in order to study biophysical aspects of human ac vity on diﬀerent spa al
and temporal scales. In REFLOW, the urban metabolism approach plays an important role.
However, if the urban metabolism concept is key to tracking and monitoring key urban resource
ﬂows, the addi on of circular principles that provide guidance on, and a vision for, how to
reconﬁgure these ﬂows is crucial. Thus, the Circular Principles described within the REFLOW
project are an integral part of the metabolic approach and pave the way to transforming the
project’s par cipa ng ci es in a regenera ve and circular direc on.
By combining the urban metabolism methodology with the Circular Principles, Metabolic and
Materiom have generated the Circular Urban Metabolism framework: a framework for
mapping, measuring, and facilita ng interven ons and strategies towards circular and
regenera ve European ci es. Report D3.1 Circular Principles and Indicators lays out the key
concepts and components of the Circular Urban Metabolism framework - (1) Circular Principles,
(2) principle-level and pilot-speciﬁc key performance indicators, and (3) urban metabolism
assessments - as well as the methodologies undertaken to derive them and the resul ng
outcomes.
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List of abbreviations and key words
Abbrevia ons:
CE: Circular economy
CP: Circular Principle
EFA: Energy ﬂow analysis
EU: European Union
GHG: Greenhouse gas
KPI: Key performance indicator
LCA: Life-cycle assessment
MFA: Material ﬂow analysis
STV: Single transferable vote
Deﬁni ons and Keywords:
Circular economy
A circular economy is an alterna ve to the present-day dominant linear industrial model of
design, produce, purchase, consume and dispose. A circular model aims to redeﬁne growth and
generate posi ve societal and environmental impact. It entails a transi on from using ﬁnite
resources, to using renewable ones (designing the concept of waste out of the system), while
building economic, natural, and social capita. Although star ng from material resources as a
point of departure in REFLOW, the focus of the circular economy gradually extends beyond
these issues related to material management and covers broader aspects such as social impact
and the evolu on of urban governance structures. The social components of a circular economy
are fundamental to consider within the transi on.
Urban metabolism
Urban metabolism is a concept focusing on the quan ta ve assessment of urban resource
ﬂows. It is a process of iden fying the collec on of complex sociotechnical and socio-ecological
processes by which ﬂows of materials, energy, people, and informa on shape the urban space.
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Material ﬂow analysis (MFA)
A material ﬂow analysis is deﬁned as ‘a systema c assessment of the ﬂows and stocks of
materials within a system deﬁned in space and me’ (Brunner and Rechberger, 2003). It is a
method that quan ﬁes ﬂows and stocks of resources in a deﬁned system.
Environmental impact assessment
Environmental impact assessment (EIA) is a process of evalua ng the likely environmental
impacts of a material, product, or any type of proposed project or development, taking into
account its en re life-cycle. It also considers the inter-related socio-economic, cultural, and
human-health impacts, both beneﬁcial and adverse.
Resource ﬂows
A physical volume of material, energy, or water moving from one place to another in a speciﬁc
meframe.
ReﬂowOS
An online exchange pla orm ac ng as a Value-Based Network pla orm for recycled resources.
ReﬂowOS has the ambi on to create a marketplace to facilitate exchanges of materials, help
locate and track materials and resources, and facilitate exchange through smart contracts.
Key performance indicator
A quan ﬁable measure used to evaluate the success of an organiza on, project or product in
mee ng objec ves for performance.
Sankey diagrams
Sankey diagrams visualize material, energy, and other resource ﬂows as arrow-like shapes with
their width shown propor onally to the ﬂow quan ty they represent. They are o en used to
visualize results from a material ﬂow analysis.
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Regenerative circular economy
An economy where materials ﬂow in loops or cycles, human ac vity generates net-posi ve
outcomes beyond system op miza on, renewable energy is priori zed, economic growth is
decoupled from resource use, and natural capital is invested in. The regenera ve circular
economy is considered a nested system spanning local, regional, na onal, and global scales of
produc on and consump on, inspired at every level by living systems to help foreground
change and support adap ve management of socio-ecological systems.
Ecosystem
Biological community of interac ng organisms and their physical environment.
Planetary boundaries
Planetary boundaries is a concept involving Earth system processes with environmental impact
thresholds that should not be crossed to avoid abrupt or irreversible environmental changes.
Society must stay within these boundaries to con nue to develop and thrive sustainably.
Socio-ecological systems
Social-ecological systems are complex adap ve systems composed of many diverse human and
non-human en es that interact. They adapt to changes in their environment and their
environment changes as a result.
Biodiversity
Biodiversity is the variability among living organisms from all sources, including terrestrial,
marine, and other aqua c ecosystems and the ecological complexes of which they are part; this
includes diversity within species, between species, and of ecosystems.
Open source
So ware for which the original source code is freely available for possible modiﬁca on and
redistribu on. Hardware, methods, and datasets may also be open source.
System resilience
System resilience is the ability of a system to withstand a major disrup on, whether predictable
or not, while keeping its core func ons intact in an acceptable range and recovering within an
acceptable me frame.
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Biomaterial
A material inten onally made from substances derived from living (or once-living) organisms.
Feedstock
Raw material or resource needed in order to supply or fuel an industrial process. Within
REFLOW, feedstock refers to recycled resources that re-enter the produc on chain as “new”
supplies for the manufacturing processes.
Impact Areas
Twelve areas of impact co-iden ﬁed and co-developed by the REFLOW consor um in order to
highlight the most relevant impact categories in rela on to the vision, objec ves, and ac vi es
of the REFLOW project and pilots.
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1. Introduction
1.1 Scope and objectives
REFLOW is an EU H2020 project, running from 2019 to 2022, that seeks to co-create and test
circular and regenera ve solu ons in urban and peri-urban areas across Europe. The ambi on
of REFLOW is to develop circular and regenera ve ci es through the re-localisa on of
produc on and the circular management of material ﬂows - emphasizing a bo om up,
ci zen-driven approach. The project aims to provide viable strategies that leverage market,
government, and ci zen ac on that are in line with 2030 Sustainable Development Goals, in
par cular SDG 12: Sustainable Consump on and Produc on. At the project’s core is the
development, tes ng, and itera on of circular economy (CE) strategies in six pilot ci es across
Europe: Amsterdam, Berlin, Cluj-Napoca, Milan, Paris, and Vejle.
The primary elements of the REFLOW project are listed below, as well as their associated Work
Packages:
● Co-Crea on Design & Framework (Work Package 1): Design, deliver, and evaluate a
series of CE prac ces that respond to urgent ci zen and business needs. The aim of this
work is also the alignment of the distributed ledger infrastructure (WP 2), circular
engineering prac ces (WP 3), and governance and urban planning models (WP 4) into an
overarching ac vity of business model idea on and prototyping.
● Technical Infrastructure & So ware (Work Package 2): The integra on of new
technological solu ons to facilitate the circula on of data and resources.
● Crea ng & Managing Circular Flows (Work Package 3): The mapping and measurement
of each pilot city’s urban metabolism through a core set of methodologies including
material ﬂow analysis (MFA) and environmental impact assessment. Results will help
shape the circular economy strategies developed and tested by pilots.
● Collabora ve Governance & Urban Strategies (Work Package 4): A set of new prac ces
to redesign governance models towards more collabora ve and distributed
public-private-people alliances.
● Pilots Framework (Work Package 5): A structure that acts both as a tool and as a
dashboard. It aligns the pilot ci es from the understanding of their context, while
recording the progress of their journey to discover how to become more circular.
● Capacity Building (Work Package 6): A set of capacity building ac vi es to align the skills
and needs of key stakeholders with the vision of each pilot city.
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● Communica on (Work Package 7): An ongoing communica on strategy to inform and
engage stakeholders and create a successful narra ve for the transi on to a circular
economy.
A core concept upon which the project is built is the concept of urban metabolism, which seeks
to understand the ﬂows of materials, energy, and water within a city and to provide a
framework for studying the interac ons between natural and human systems in speciﬁc
peri-urban regions. At the core of the urban metabolism concept is the material ﬂow analysis
(MFA) methodology: an analy cal method to quan fy ﬂows and stocks of materials, water,
energy, and products in a pre-deﬁned system in order to study the biophysical aspects of human
ac vity on diﬀerent spa al and temporal scales.

1.2 Introduction to WP 3 Circular Engineering and D3.1
REFLOW ac vi es associated with urban metabolism, material ﬂow analyses, and
environmental impact assessment are led by Metabolic and Materiom as part of Work Package
(WP) 3: Circular Engineering. The purpose of WP 3 is to map and measure each pilot city’s urban
metabolism through a core set of methodologies including material ﬂow analysis (MFA) and
environmental impact assessment. The work is done in close collabora on with each pilot team
and results are used to support the con nual development and tes ng of the circular economy
strategies within each pilot city. The core objec ves of WP 3 are:
● To co-create principles and best prac ces for urban circular resource ﬂows across the
pilot ci es.
● To co-iden fy, develop, and scale innova ve solu ons for urban circular resource ﬂows
across the pilot ci es.
● To assess the environmental performance and impacts of pilot ci es, their interven ons,
and strategies.
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Toward achieving the above men oned objec ves, Metabolic and Materiom have led three
overarching tasks throughout the ﬁrst year of REFLOW, including:
● Circular Principles & Indicators: Co-development, with pilot ci es, of a set of principles
and key performance indicators (KPIs) for circular urban resource ﬂows. The purpose of
the principles is to communicate key principles and best prac ces that partners should
strive towards when building circular resource ﬂows within ci es.
● Circular key performance indicators (KPIs): Support pilot ci es in se ng progressive
circular economy targets and goals within their REFLOW Pilot Ac on Plans (REFLOW
D5.1, 2020) as well as a core set of KPIs that enables pilot teams to monitor progress
towards their pursuit. To ensure eﬀec ve use of selected KPIs, WP 3 has worked closely
with pilot teams to calibrate each KPI to the context, scale, and strategy of each pilot.
● Urban metabolism: To map and measure the urban metabolism of each pilot city and
support the pilot teams in devising circular strategies and interven ons that best
address the unique context, challenges, and opportuni es of their city. Results of the
process include: a series of Sankey diagrams for each pilot (for example, a city-level MFA
and a site-level MFA), a current state assessment of each pilot’s urban metabolism
(including volume, temporal, and spa al factors), and a circular interven on roadmap
for each pilot city. At the me of wri ng, the Amsterdam pilot’s city- and site-level scans
have been completed, a city-level scan for the Milan pilot has been developed, while the
remaining pilot scans will be completed in the upcoming year.
The processes taken thus far by WP 3 towards each abovemen oned task are presented in this
document D3.1: Circular Principles & Indicators as are the results derived. The document is
organized in three main sec ons (mirroring the above men oned three main tasks). The ﬁrst
sec on outlines the general scope, structure, and methodology undertaken to derive the
Circular Principles and Indicators. The sec on includes a detailed explana on of the
literature-based methodology and the co-crea on process undertaken to derive the principles,
as well as an in-depth explana on of each of the ten principles and their indicators, including
exemplary case studies. The second sec on outlines the method and outcomes of our work
with each pilot to develop KPIs and environmental monitoring measures for achieving the goals
and targets set out by each pilot in D5.1 Detailed Pilot Planning & Evalua on Framework
(REFLOW D5.1, 2020). The sec on includes the literature-based methodology and co-crea on
process we undertook to derive a ﬁnal set of environmental KPIs with each pilot team in
accordance with the unique context, goals, and ac vi es of their pilot. The sec on also outlines
in detail the outcomes of each step of the process, including: KPI shortlis ng, KPI recalibra on,
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stakeholder surveying, and ﬁnal KPI se ng. The third sec on introduces the urban metabolism
process being undertaken within WP 3. It provides an introduc on to the scien ﬁc method as
well as an explana on of the methods that are being implemented within the REFLOW project.
It is important to note that the content contained within this report provides an overview of the
ac vi es and results of WP 3 throughout the ﬁrst year of REFLOW. WP 3 seeks to mirror the
itera ve and co-crea ve nature of the REFLOW project and pilots, the outcomes included herein
- namely, (i) the Circular Principles and Indicators, (ii) the Pilot environmental KPIs and
monitoring measures, and (iii) pilot urban metabolism scans - will be revisited and adjusted
where necessary throughout the next 12 months of the project to ensure they remain aligned
with the evolving vision and objec ves of the pilots.

2. Circular Principles
2.1 Introduction
In this chapter we present a set of Circular Principles and Indicators that can help guide ci es in
the transi on toward a regenera ve circular economy. The circular economy has been widely
employed to mean an economy where materials ﬂow in loops or cycles, human ac vity runs on
renewable energy, economic growth is decoupled from resource use, and natural capital is
invested in.
With the term regenera ve circular economy, we aim to emphasize three main themes. First,
we use the term regenera ve to place emphasis on net-posi ve outcomes, and expand beyond
the narrow focus of system op miza on towards more genera ve, crea ve system outcomes.
Second, our vision of a regenera ve circular economy also foregrounds the importance of
place-based and context-speciﬁc analysis and ac on. Rather than a one-size-ﬁts-all approach to
circular economy principles, we emphasize principles that frame the economy as a nested
system spanning local, regional, na onal, and global scales of produc on and consump on. In
par cular, local and regional scales are where latent regenera ve poten al can be found. Third,
we take inspira on from living systems by foregrounding change and adap ve management of
socio-ecological systems. We propose learning from the way resources in natural ecosystems
ﬂow. This leads us away from a mindset of engineering ghtly controlled closed loops of
materials that are isolated from living systems, to designing our products to be nutrients for
living systems at local and regional scales.

14

D3.1 Circular Principles and Indicators

We also acknowledge key barriers to a regenera ve circular economy, some of which are
par cularly cri cal when focusing on local and regional scales. Any development of local and
regional material supply chains, par cularly those relying on sources of biomass, must avoid
over-exploi ng source ecosystems. Careful a en on must be paid to understanding the carrying
capacity of local ecosystems; with volume of resource extrac on, rate of nutrient return, and
interdependencies between human and ecosystem needs being of primary concern. A
regenera ve circular economy must avoid compe on with food produc on. This means
sourcing material feedstock in ways that are complementary to agricultural demands, such as
developing materials from waste biomass. A regenera ve circular economy must also avoid
pu ng increased pressure on scarce water sources. There is a clear need for circular economic
development to be tailored to the rela ve abundance and compe ng demand for resources,
including biomass and water, in addi on to the availability of renewable energy sources.
A barrier that cuts across all these challenges is knowledge about resource ﬂows, par cularly
locality-speciﬁc knowledge about the volume and rate of resource availability, the composi on
and quality of resources, and the spa al dynamics of how resources move from one place to
another over me. For us to achieve truly regenera ve circular ci es, it will be essen al to open
up knowledge about urban resources - how they are (and can be) sourced, used, and recovered
- as well as the means to measure the social, environmental, and economic value and impacts
generated across the life-cycle.

If a regenerative circular economy is to take root in localities and regions worldwide, this
knowledge must become widely accessible. This challenge relates to the need to scale a
regenerative circular economy horizontally, rather than vertically. Instead of perpetuating an
economic model where ‘scale’ means privatization and centralization of resources and
productive capacity, we envision ‘getting to scale’ by propagating solutions through open
loops of exchange powered by decentralized infrastructure.

If ideas and learning are shared openly and eﬀec vely, circular solu ons can be replicated and
scaled across locali es and regions by adap ng them to the local technical, cultural and
environmental condi ons.
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The REFLOW project is perfectly situated to accelerate the transi on to a regenera ve circular
economy. Driven by pilot ci es, there is a unique opportunity for place-based circular economy
ini a ves to take root. The following set of Circular Principles, indicators, and case studies are
developed to support this eﬀort.

The Circular Principles serve to distill the aims of a regenerative circular economy and
provide meaningful guidance for its pursuit. For each principle a set of KPIs is offered so to
make progress towards the principle measurable and therefore more achievable. Case
studies are included for illustrative purposes and to make tangible the key concepts put
forward within each principle.

The principles will be further co-developed in close collabora on with REFLOW pilots and
project partners to ensure they suﬃciently reﬂect and contribute towards the REFLOW shared
vision as it evolves over the course of the project.

Graphic 1: The 10 Circular Principles.
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Table 1: An overview of the 10 Circular Principles.

Scale 1: Urban Resources
1. Use life-friendly
chemistry

A regenera ve circular economy is one where materials and
products are produced using chemical processes that are
‘life-friendly,’ that is, they promote human and ecosystem
health.

2. Pursue eﬃcient use of
materials, energy, and
water

To reduce the pressure put on natural ecosystems and keep
within planetary boundaries, there is a need to enhance the
material, energy, and water eﬃciency of products and
processes.

3. Design for biological or
technical loops

All materials should be designed to either cycle openly within
the biosphere as biological nutrients, or be cycled within a
technical closed loop by human systems. Waste and pollu on is
designed out, and instead, ‘waste equals food’ for the system
(Braungart et al, 2002).

4. Build with abundant,
accessible, and renewable
resources

Materials and products should be produced and consumed at
scales most eﬀec ve for their cycling within biological or
technical loops. The economy should be powered by renewable
sources (deﬁned as locally abundant solar, wind, water, and
biomass waste).

Scale 2: Urban Ecosystems
5. Manage connec vity
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The level of connec vity in a circular economy can be both
posi ve and nega ve, helping to facilitate recovery and
adapta on, as well as spread disturbances. The level of
connec vity between materials, food, clothing, housing, water,
and energy systems must be managed to ensure that the
development of one area does not undermine or compromise
another.
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6. Incorporate system
feedback

Developing a regenera ve circular economy requires
understanding and incorpora ng system feedback into
decision-making. Iden fying reinforcing and dampening
feedback is cri cal, including variables that are slow to change
yet produce large eﬀects when thresholds are crossed. Inputs
(resources) and outputs (waste) of a regenera ve circular
economy must be ﬁnely tuned to the regenera on and
absorp on rates of social-ecological systems - both source
ecosystems and cycling ecosystems.

7. Foster diversity and
redundancy

Biodiversity as well as cultural, economic, and ins tu onal
diversity are crucial to the ability of a regenera ve circular
economy to adapt to change. A diversity of scales of resource
cycling increases the adap ve capacity and resilience of a
circular economy. System redundancy also increases the
poten al for a circular economy to adapt to a changing world,
where one part of the system can compensate for failure in
another part.

Scale 3: Urban Governance
8. Encourage learning and
experimenta on

A regenera ve circular economy must be supported by
con nuous learning and experimenta on. Open source and
modular systems should be maximized in order to encourage
experimenta on, collec ve learning, and capacity building.

9. Enable openness and
par cipa on

Par cipa on of a diversity of actors - human and otherwise - is
important for a regenera ve circular economy. Widespread
par cipa on in the produc on and cycling of resources should
be encouraged to enhance system resilience. The development
of common infrastructure that is transparent and decentralized
is a key enabler for enhancing par cipa on.

10. Promote polycentric
governance

Governance systems should be nested, enabling collabora on
across levels and scales. Governance should also be responsive
to the nature of the resource system being u lized, and take
into account interac ng governance regimes from local to
interna onal levels.
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2.2 Methodology and co-creation process
Development of the Circular Principles and Indicators began with a comprehensive review of
leading circular economy and socio-ecological systems frameworks. The principle frameworks
referenced include: Principles for Building Resilience by the Stockholm Resilience Centre (Briggs,
2015), Biomimicry DesignLens (Biomimicry 3.8, 2020), Seven Pillars of the Circular Economy
(Metabolic, 2017), and Circular Economy Opera onal Principles (Suárez-Eiroa et al., 2019).
These frameworks were selected to provide a grounding in ecosystem science, circular
economy, resilience thinking and regenera ve socio-ecological systems. To build a unique set of
guiding principles for the REFLOW project, we pursued where possible an integra on of the
men oned frameworks. The resul ng matrix was then further advanced through a series of
development itera ons wherein the WP 3 team integrated the principle frameworks and
concepts being developed and deployed within the REFLOW project. Importantly, this phase
saw referencing of D5.1 Detailed Pilot Planning & Evalua on Framework (REFLOW D5.1, 2020)
and the D4.1 The REFLOW Handbook (REFLOW D4.1, 2019). Lastly, the resul ng set of principles
was further developed through a series of peer reviews wherein leading experts in circular
economy, socio-ecological systems, and resilience thinking were invited to review the principles
from a scope, content, and cohesion perspec ve. As a result of this process the Circular
Principles present a unique set of principles that, together, dis ll the aims of a regenera ve
circular economy and provide meaningful guidance for its pursuit. Importantly the principles are
grounded in scien ﬁc literature while equally emphasizing the key concepts and characteris cs
of the REFLOW project as co-developed by the consor um.
In order to make pursuit of the principles measurable, a set of indicators has been provided for
each principle. To do so, the Metabolic and Materiom team worked together to review the KPI
long list and iden fy a long list of indicators for each principle (based upon scope and
relevance). As described in detail in Chapter 3 of this report, the KPI long List has been
developed and deployed within the impact assessment processes of REFLOW, speciﬁcally those
of WP 1, 3, and 5. For the purposes of the Circular Principles, a long list of relevant KPIs were
iden ﬁed for each principle then reﬁned through two itera ve work sessions in order to
produce the short list of KPIs for each principle presented within this chapter.
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The case studies provided alongside each principle were derived through the collec ve
exper se of the WP 3 team. The process began by developing a keyword search that
encompassed the key material streams of each pilot, circular material and product innova on
terminology, and those keywords tagged by the four frameworks men oned above. We then
systema cally conducted our research through various media including online and oﬄine
literature reviews, as well as interviews with key communi es and networks of relevance. A er
crea ng a library of possible case studies, we matched the most relevant case studies to each
circular principle. It was important that the cases chosen showed not only a high degree of
relevance to speciﬁc principles, but demonstrated strong connec ons between mul ple
principles. A en on was given to emphasizing the equal measurement of technological, social,
and environmental case studies in order to achieve a well-rounded collec on.
A dra version of the Circular Principles and case studies, was shared with the REFLOW
consor um during the REFLOW Online Project Mee ng in March 2020. Within the roundtable
sessions, we shared the purpose and scope of the principles, each principle and set of case
studies in detail, as well as the method we undertook to develop them. The aim of these round
tables was to collect and incorporate feedback from the REFLOW consor um, in par cular the
pilots, on the accessibility of the principles and their relevance to REFLOW ac vi es. By
incorpora ng feedback into the second dra of the principles, we were able to ensure a strong
connec on between the principles, REFLOW pilots, and REFLOW ac vi es.
Between M12 and M18 of the REFLOW project, the WP 3 team will further develop the Circular
Principles and Indicators in close collabora on with REFLOW pilots. The focus of this work will
be to explore with each pilot team how the principles can be integrated within and provide
guiding support for their local ini a ves and ac vi es. Prac cally speaking, this process will take
the form of a series of co-crea on sessions where highly relevant principles will be iden ﬁed
and further explored, producing an itera ve ar cula on of each relevant principle to more
closely connect to and support the unique context, objec ve, and ac vi es of the pilot. Where
possible, pilot KPIs will be pinned to principles to make their pursuit measurable.
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2.3 Circular Principles
2.3.1 Principle one: Use life-friendly chemistry

Principle: A regenerative circular economy is one where
materials and products are produced using chemical
processes that are ‘life-friendly,’ that is, they promote
human and ecosystem health.

Life-friendly chemistry is based on the following principles.
Table 2: Life-friendly chemistry principles (Dorfman, 2017).

1

Break down products into benign constituents: Not only do nature's chemicals break
down after their useful life, they break down to reusable building blocks. Enzymes are
the key facilitators of biochemical breakdown.

2

Build selectively with a small subset of elements: React selectively through shape,
maximize use of weak bonds, leverage paired opposites for self-assembly, and
optimize element proportions and positions.

3

Do chemistry in water: Nature uses water as a polar solvent, but also leverages water
to make and break molecular bonds. Water also plays a role in making the complex 3D
shape of biochemical structures.

The ﬁeld of green chemistry is also instruc ve for the development of life-friendly materials and
chemical processes. Green chemistry advocates the use of chemical products and processes
that reduce or eliminate the use of hazardous substances. The goals of green chemistry are
achieved through several dominant approaches, including: biocatalysis, catalysis, use of
alterna ve renewable raw materials (biomass), alterna ve reac on media (water, ionic liquids,
supercri cal ﬂuids), alterna ve reac on condi ons (microwave ac va on), and new
photocataly c reac ons.
The 12 green chemistry principles are outlined in Table 3.
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Table 3: Green chemistry principles (Anastas et al. 1998).
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1

Prevent waste: Design chemical syntheses to prevent waste. Leave no waste to treat
or clean up.

2

Maximize atom economy: Design syntheses so that the ﬁnal product contains the
maximum proportion of the starting materials. Waste few or no atoms.

3

Design less hazardous chemical syntheses: Design syntheses to use and generate
substances with little or no toxicity to either humans or the environment.

4

Design safer chemicals and products: Design chemical products that are fully
effective yet have little or no toxicity.

5

Use safer solvents and reaction conditions: Avoid using solvents, separation agents,
or other auxiliary chemicals. If you must use these chemicals, use safer ones.

6

Increase energy e ciency: Run chemical reactions at room temperature and
pressure whenever possible.

7

Use renewable feedstocks: Use starting materials (also known as feedstocks) that
are renewable rather than depletable. The source of renewable feedstocks is often
agricultural products or the waste of other processes; the source of depletable
feedstocks is often fossil fuels (petroleum, natural gas, or coal) or mining operations.

8

Avoid chemical derivatives: Avoid using blocking or protecting groups or any
temporary modiﬁcations if possible. Derivatives use additional reagents and
generate waste.

9

Use catalysts, not stoichiometric reagents: Minimize waste by using catalytic
reactions. Catalysts are effective in small amounts and can carry out a single
reaction many times. They are preferable to stoichiometric reagents, which are used
in excess and carry out a reaction only once.

10

Design chemicals and products to degrade after use: Design chemical products to
break down to innocuous substances after use so that they do not accumulate in the
environment.

11

Analyze in real time to prevent pollution: Include in-process, real-time monitoring
and control during syntheses to minimize or eliminate the formation of byproducts.

12

Minimize the potential for accidents: Design chemicals and their physical forms
(solid, liquid, or gas) to minimize the potential for chemical accidents including
explosions, ﬁres, and releases to the environment.
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Table 4: Circular Principle one case studies.

Case study 1: Beyond Benign
Loca on

United States

Website

www.beyondbenign.org

About

Beyond Benign develops and disseminates green chemistry and
sustainable science educa onal resources that empower educators,
students, and the community at large to prac ce sustainability
through chemistry.

Why is it relevant?

As a socially engaging resource, it is promo ng posi ve eﬀects on
human health and well-being by portraying how green chemistry
can be implemented in products and industry.

Case study 2: Healthy Materials Lab
Loca on

United States

Website

www.healthymaterialslab.org

About

Healthy Materials Lab is a design research lab at Parsons School of
Design, dedicated to a world in which people’s health is placed at
the centre of all design decisions. They are commi ed to raising
awareness about toxic materials in building products and crea ng
resources for the next genera on of designers and architects to
make healthier places for all people to live.

Why is it relevant?
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● Fervent in impar ng safe, renewable, and sustainable
scien ﬁc principles through design-led prac ces.
● Encourages green chemistry prac ces through teaching and
learning ini a ves.
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Table 5: Circular Principle one key performance indicators.

Circular Principle one key performance indicators
Changes of toxic contents in A decrease in toxic components in the composi on share of a
products and produc on
given product or produc on process. This indicator may be
processes
represented by the market share of the toxic components
within the market sector supplying equivalent core components
for the given product and produc on process.
Concentra on of heavy
metals and organic
compounds in
environmental media and
in living species

Heavy metals are poten ally toxic metals used in industrial
processes, for example: arsenic, cadmium, chromium, copper,
lead, mercury, nickel, and zinc. They may damage plant and
animal life at low concentra ons and tend to accumulate in the
food chain.

Safety and health during
chemicals produc on

The extent to which risk has been reduced as a result of ac ons
taken in light of risk assessments (for example in terms of
number of people at risk, poten al environmental impact,
probability of an accident, and size of risk zones).
The number of incidents related to unforeseen risks (i.e., not
iden ﬁed in risk assessments) and the number of unacceptable
risks that have not been adequately addressed.

Eco-toxicity measured
through eﬀec ve mass
yield

This parameter is deﬁned as the percentage of the mass of
desired product rela ve to the mass of all non-benign materials
used in the synthesis. It introduces the important issue of
eco-toxicity.
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2.2.2 Principle two: Pursue e cient use of materials, energy, and water

Principle: To reduce the pressure put on natural
ecosystems and work within planetary boundaries, there is
a need to enhance the material, energy, and water
e ciency of products and processes.

Nature-inspired chemistry and material development seeks to use low-energy processes, and
minimize energy consump on by reducing the required temperatures, pressures, and me
needed for chemical reac ons. In order to economize on energy, material, and water needs,
biomime c design emphasizes mul -func onality, ﬁ ng form to func on, and mee ng mul ple
needs with one solu on (Biomimicry 3.8, 2020).
System-wide strategies employed include service-based economy and sharing economy models.
A service-economy model shi s from selling products to selling the service of a product. The
ownership of the physical product remains with the producer, thus crea ng an incen ve for the
producer to design a product for ease of repair and remanufacture. A sharing economy
promotes access to a common pool of goods and services that are provided or sold to
customers and maintained by the owner. This promotes the maintenance and repair of
products, and unlocks underu lized assets, thus decreasing waste. Other strategies include the
promo on of local and seasonal products, and adjus ng the sale of goods to consumer
demand. Resul ng in the use of fewer resources per product (Bocken et al., 2019), the aim of
these strategies is dematerializa on, or an overall reduc on in the size of the resource system
(Suárez et al., 2019).
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Table 6: Circular Principle two case studies.

Case study 1: Green Tomorrow House
Loca on

Korea

Website

www.arup.com/projects/green-tomorrow

About

The ﬁrst project in East Asia that has achieved the Leadership in
Energy and Environmental Design (LEED) Pla num ra ng. Located in
Yongin, the development includes a 423m² zero-energy house and a
298m² public rela ons pavilion and is designed to be a sustainability
showpiece in Korea. Arup provided sustainable building design and
LEED consulta on for the project, working in conjunc on with
Samoo Architects.

Why is it relevant?

Promotes the development of sustainable design through
innova ve, environmentally conscious design.

Case study 2: Library of Things
Loca on

United Kingdom

Website

www.libraryo hings.co.uk

About

Collec ons of things other than books that are being loaned like
books, for no charge. A library of things can loan out kitchen
appliances, tools, gardening equipment, electronics, toys and
games, art, science kits, cra supplies, musical instruments,
recrea onal equipment, and more.

Why is it relevant?
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● Localised accessibility to shared tools, materials, and
equipment which can beneﬁt and strengthen
sustainable/circular community values.
● Promotes circularity through use of exis ng materials,
slowing down the consump on of non-renewable raw
materials by u lising exis ng ones.
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Table 7: Circular Principle two key performance indicators.

Circular Principle two key performance indicators
Life me extension

The extent to which a empts to prolong the service life me of
products is made.

Resource produc vity

The indicator is deﬁned as the gross domes c product (GDP)
divided by domes c material consump on (DMC). DMC
measures the total amount of materials directly used by an
economy. It is deﬁned as the annual quan ty of raw materials
extracted from the domes c territory of the local economy,
plus all physical imports minus all physical exports. It is
important to note that the term 'consump on', as used in DMC,
denotes apparent consump on and not ﬁnal consump on.
DMC does not include upstream ﬂows related to imports and
exports of raw materials and products origina ng outside of the
local economy.

Water produc vity

Water produc vity indicates how much economic output is
produced per cubic meter of fresh water abstracted (in EUR per
m3 or PPS per m3). It serves as a measure of the eﬃciency of
water use.

Reduc on in life cycle
energy use

Reduc on in life cycle energy use by a material/product
achieved by the project (%).

Ecological footprint

A global indicator that represents the amount of land and sea
needed to regenerate the resources human popula ons
consume, and to absorb the waste.
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2.3.3 Principle three: Design for biological or technical loops

Principle: All materials should be designed to either cycle
openly within the biosphere as biological nutrients, or be
cycled within a technical closed loop by human systems.
Waste and pollution is designed out, and instead, ‘waste
equals food’ for the system.

In the biological cycle the reverse chain for biological nutrients returns those nutrients back to
the biosphere via compos ng and anaerobic diges on. In addi on, reverse cycles are not only
conﬁned within an industry, but also ‘cascaded’ across diﬀerent industries (EMF, 2017). The
technical cycle encompasses the recovery and restora on of products, components, and
materials, closing the loop through strategies like reuse, repair, remanufacturing, and recycling
(McDonough & Braungart, 2013; Millar et al., 2019). Products, components, and materials
should be designed to be maintained at their highest u lity and resource value at all mes
(EMF, 2015). This means increasing durability, repairability, repurposing, and reducing
obsolescence (Reike et al., 2018), thus slowing down the ﬂow of resources through the system
(Stahel, 1981). Extended Producer Responsibility and industrial symbiosis ini a ves can
promote the maintenance of value and the upcycling of waste into a useful resource
(Suarez-Eiroa et al, 2019).
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Table 8: Circular Principle three case studies.

Case study 1: Cupclub
Loca on

United Kingdom

Website

www.cupclub.com

About

Returnable packaging service designed to hold both hot and cold
drinks. CupClub oﬀers a tailored end-to-end service helping to
reduce single-use plas c packaging. Not only does CupClub make it
easy to do the right thing, but the product itself is a step-up from
disposable cups.
● Material is recovered and fed back into the economy.
● Beneﬁts to the ecoregion are created from reducing waste
stream pollu on and impact on nature, hence contribu ng
to designing out waste.

Why is it relevant?

Case study 2: Worn Again
Loca on

United Kingdom

Website

www.wornagain.co.uk

About

Worn Again Technologies pioneer polymer recycling technology that
can separate, decontaminate, and extract polyester polymers
alongside cellulose from co on from non-reusable tex les, PET
bo les, and packaging - subsequently turning them back into new
raw materials as part of a con nual cycle.

Why is it relevant?
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● Closing technical tex le material loops.
● U lising the abundant resource of exis ng non-reusable
tex les in circula on today to meet annual demand.

D3.1 Circular Principles and Indicators
Table 9: Circular Principle three key performance indicators.

Circular Principle three key performance indicators
Circular material use rate

The circular material use (CMU) rate measures, in percentage,
the share of material recovered and fed back into the economy
- thus saving extrac on of primary raw materials - in overall
material use. The CMU rate is thus deﬁned as the ra o of the
circular use of materials (U) to the overall material use (M).

Total solid waste
genera on per capita

This indicator measures the urban solid waste volume
generated per inhabitant and per day. Total solid waste
genera on per capita = total urban solid waste (in kg) / number
of inhabitants.

Propor on of municipal
solid waste that is sorted
and recycled

Formally and informally recycled materials are those that
(following local government permits and regula ons) are
diverted from the waste stream, par ally recovered, and sent
for processing into new products. Municipal waste recycling
rate (%) = total amount of municipal waste recycled (year x) *
100 / total amount of municipal waste generated in tonnes
(year x).

Recycled bio-waste per
capita

Amount (kg) of bio-waste recycled per capita.
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2.3.4 Principle four: Build with abundant, accessible, and renewable resources

Principle: Materials and products should be produced and
consumed at scales most effective for their cycling within
biological or technical loops. The economy should be
powered by renewable sources (deﬁned as locally abundant
solar, wind, water, and biomass waste).

According to complex systems theory, systems with a variety of scales are less bri le than the
ones relying on a small number of large-scale items, because they leave more room for
adapta on (Ulanowicz et al., 2009). The transi on to a regenera ve circular economy is an
opportunity to develop material supply networks at local and regional scales based on widely
accessible, abundant materials. Not only can this enhance the resilience of the overall industrial
system, it can also enable resources to be more eﬀec vely cycled in ways that support local
ecosystems. Nutrients can be sourced and released a er end-of-life at appropriate levels of
volume and concentra on for local ecosystems.
While the produc on of technical materials is o en done in a large-scale, centralized fashion,
technical material waste is a locally abundant resource found all around the world. Cycling these
materials within local and regional technical loops could lead to a more resilient, eﬀec ve
circular economy. Furthermore, biomaterials are distributed over large areas and can be
harvested from a diversity of terrestrial and marine habitats (Kircher, 2018; Olson, 2001). The
produc on of ingredients for biomaterials can also take place in ar ﬁcial environments such as
the cul va on of microalgae to produce oils, proteins, and carbohydrates as building blocks for
bioplas cs (Das, 2018). Biowaste from the byproducts of agricultural, forestry, and aquaculture
systems is also abundant in many regions. A wide diversity of small and medium-sized business
entrepreneurs in the biomaterial sector could play an important role in enabling greater system
adapta on, through the development and prototyping of many diverse product alterna ves. If
these entrepreneurs were supported to develop their materials by sourcing feedstock from
diverse sources for local and regional markets, a future circular economy would be less reliant
on large volume ﬂows from centralised industrial supply chains, beneﬁ ng overall system
resilience.
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The same mindset of sourcing locally available materials can be applied to energy. While
renewables present more diﬀuse sources of energy compared to oil and gas, many types are
freely available and can meet the demands of local- and regional-scale economies. The
challenge is to harness renewable sources of energy that are most suited to a respec ve locality.
Table 10: Circular Principle four case studies.

Case study 1: Ecobean
Loca on

Poland

Website

www.ecobean.pl

About

EcoBean is a project powered by coﬀee. We turn waste le over
from your daily cup of coﬀee, that would otherwise end up in the
landﬁll, into clean energy products. EcoBean collects spent coﬀee
grounds from over 100 loca ons and they reuse it to make Coﬀee
logs or ‘brique es’.

Why is it relevant?

● The coﬀee logs are cost-eﬀec ve in produc on.
● They also provide a sustainable alterna ve to conven onal
fossil fuels.

Case study 2: Piñatex
Loca on

Philippines and United Kingdom

Website

www.ananas-anam.com

About

Piñatex is a leather-like material made from pineapple leaf ﬁbre. It is
a natural and sustainably-sourced material which supports
cruelty-free produc on and provides an alterna ve to current
manufacturing processes such as mass-produc on of leather (like
chemical tanning) and synthe c material industries (which pollute
local environments with run-oﬀ waste).
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Why is it relevant?

● The exis ng agriculture industry discards a large propor on
of the ‘undesired’ components from plants, which have no
current economic value.
● The use of pineapple leaves has increased the applica on of
waste components from plants signiﬁcantly, changing the
func on of discarded plants from waste to abundantly
resourceful.
● It allows the farmers and producers to loop back into the
biological waste system.
● It will poten ally have a drama c eﬀect on the air quality
and local environment, avoiding discarding pineapple leaves
by combus on.

Table 11: Circular Principle four key performance indicators.

Circular Principle four key performance indicators
Share of renewable energy
in gross ﬁnal energy
consump on

Percentage of energy from renewable sources as a propor on
of overall energy consump on.

Raw material consump on

Measures the total amount of raw materials required to
produce the goods used by the economy (also called ‘material
footprint’).

Total material requirement
(TMR)

Domes c extrac on + Unused (domes c) extrac on + Imports +
Unused extrac on in country of origin.

Self-suﬃciency of raw
materials for produc on in
the EU

The share of a selec on of key materials (including cri cal raw
materials) used in the EU that are produced within the EU.

Na onal recycling rate

Amount of material recycled in the economy.
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2.3.5 Principle ﬁve: Manage connectivity

Principle: The level of connectivity in a circular economy
can be both positive and negative, helping to facilitate
recovery and adaptation, as well as spread disturbances.
The level of connectivity between materials, food, clothing,
housing, water, and energy systems must be managed to
ensure that the development of one area does not
undermine or compromise another.

The nature and strength of interac ons between actors in a system determines the level of
connec vity. Connec vity can have posi ve and nega ve eﬀects (Briggs, 2015). For example,
highly connected social networks can spread informa on quickly and can support healthy
communi es. When a disrup on takes place, such as a reduc on in food supply or a natural
disaster, highly connected communi es can support each other and recover faster. Yet,
connec vity can also mean that disturbances can spread quickly, such as with the spread of
disease or ﬁnancial exposure. For a regenera ve circular economy, there is the need to manage
connec vity to maximize the beneﬁts and guard against the downsides.
An example is the need to manage the rela ons between material, food, water, and energy
systems. The development of bioplas cs that can be sourced from renewable sources of
biomass present an opportunity for circular economy development. However, if they rely on
food crops, such as corn, this could undermine food security. Furthermore, any disturbance to
the agricultural sector, such as a changing climate, could have repercussions for both food and
material supply chains. As the produc on of crops can draw heavily on water reservoirs,
increasing corn produc on could compromise freshwater availability. The development of
energy produc on from biomass may promote a regenera ve circular economy as long as it
doesn’t rely on feedstock grown in a manner that depletes freshwater supplies or reduces soil
fer lity. Such scenarios underline the importance of understanding the dynamics of
social-ecological systems in a local context where the produc on and consump on of materials,
water, and energy are interrelated. It is impera ve to examine the system interdependencies
and vulnerabili es, understanding the eﬀect that connec vity between these and other sectors
could have on the overall regenera ve capacity of a circular economy. In order to suﬃciently
monitor progress towards this principle, composite indicators need to be developed to measure
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the interlinked nature of a nexus approach towards sustainable development and a circular
economy (FAO, 2014; Karnib, 2017; Nhamo, 2019). For example, composite KPIs for a
Water-Energy-Food nexus can be created using the following indicators and weighing them
through a mul -criteria-decision process:
● Propor on of available freshwater resources per capita (availability); Propor on of crops
produced per unit of water used (produc vity);
● Propor on of the popula on with access to electricity; Energy intensity measured in
terms of primary energy and GDP
● Prevalence of moderate or severe food insecurity in the popula on; Propor on of
sustainable agricultural produc on per unit area
Table 12: Circular Principle ﬁve case studies.

Case study 1: Fairtrade Foundation
Loca on

United Kingdom

Website

www.fairtrade.org.uk

About

Fairtrade is about be er prices, decent working condi ons, local
sustainability, and fair terms of trade for farmers and workers in the
developing world. By requiring companies to pay sustainable prices,
Fairtrade addresses the injus ces of conven onal trade, which
tradi onally discriminates against the poorest, weakest producers.

Why is it relevant?
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●

Ethical working environments throughout the supply chain
leading to a posi ve, sustainable and stable workforce,
ensuring there is suﬃcient food, shelter, and water for a life
to thrive.
● Allows those who are vulnerable within precarious working
condi ons to be rigorously represented and provided
protec ve economic safeguarding to implement a circular
and sustainable ethos.
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Case study 2: Fairphone
Loca on

Netherlands

Website

www.fairphone.com

About

Fairphone is a social enterprise which aims to develop smartphones
that are designed and produced with minimal environmental
impact. They develop a mobile device that does not contain conﬂict
minerals, has fair labour condi ons for the workforce along the
supply chain, and is a modular smartphone designed to be easily
repaired and upgraded.

Why is it relevant?
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●

Limits the number of precious metals known to be
incorporated in the manufacture of smartphones, which
leads to the mistreatment of the labour force (these metals
are known to be sourced in treacherous environments,
where an insuﬃciently trained workforce are
coerced/subjected to these condi ons due to excessive
demand).
● Promotes adequate wages rela ve to the work being
implemented.
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Table 13: Circular Principle ﬁve key performance indicators.

Circular Principle ﬁve key performance indicators
Prevalence of energy,
water, and food insecurity

This indicator measures the diﬀerent levels of stress
experienced by a local popula on to access key resources and
highlights the “nexus” interlinkages of the local energy, water,
and food systems.

Eco-design indicators

This group of indicators measures the environmental
considera ons within a product system at the design stage. This
is done to ensure an easier re-entry of materials back into the
supply chain and reduced environmental impact throughout
the product’s life cycle. The indicators include number of
reusable parts, reversible joints, parts with labels, inclusion of
intelligent materials, and many more.

End-of-life recycling input
rates

The EOL-RIR measures how much of the total material input
into the produc on system comes from recycling products at
the end of their life. This indicator measures a non
sector-speciﬁc approach to the use of secondary materials in
the produc on of new products in an economy.

Green Public Procurement

Public procurement accounts for a large share of consump on
and can drive demands towards a circular economy. This
indicator assesses if any procurement models on a system,
supplier, or product level are in place within an organisa on or
government.

Diversion rate as a measure The amount of product successfully collected by the producers
for EPR success
rela ve to the amount of product in a waste stream (percent or
other measure).
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2.3.6 Principle six: Incorporate system feedback
Principle: Developing a regenerative circular economy
requires understanding and incorporating system feedback
into decision-making. Identifying reinforcing and
dampening feedback is critical, including variables that are
slow to change yet produce large effects when thresholds
are crossed. Inputs (resources) and outputs (waste) of a
regenerative circular economy must be ﬁnely tuned to the
regeneration and absorption rates of social-ecological
systems -both source ecosystems and cycling ecosystems.

Developing a regenera ve circular economy requires understanding and incorpora ng system
feedback into decision-making. Reinforcing or posi ve feedback can accelerate change in a
system, such as when the overuse of agricultural fer lizer contributes to a decline in soil fer lity,
thus requiring more fer lizer to make up for the deﬁcit. Dampening or nega ve feedback can
help maintain the current system state. For instance, good regula on can have a dampening
eﬀect on deforesta on from illegal logging.
Understanding the sources of both reinforcing and dampening feedback and developing
strategies for harnessing them can ensure that cri cal ecosystem services such as nutrient
cycling and soil fer lity are maintained for a circular economy. Many indirect species
rela onships can support ecosystem services. Soil fer lity depends on complex
interrela onships between chemical, biological, and physical condi ons in the soil. Plant growth
is aﬀected by nutrient availability and the presence of soil organisms such as fungal mycorrhizal
networks that contribute to soil structure (Abbo , 2017). A regenera ve circular economy must
consider these types of dependencies so as not to undermine the health and regenera ve
capacity of the ecosystem.
A part of integra ng system feedback into decision-making is the iden ﬁca on of system
variables that are slow to change, yet may have large-scale feedback eﬀects once a threshold is
crossed. Examples include CO2 emissions or the amount of fer lizer used in agriculture. Once
carbon emissions cross a certain atmospheric threshold, they may trigger large-scale changes in
the earth system such as rapid sea-level rise. If the amount of nitrogen or phosphorus fer lizer
used on agricultural land crosses a certain level, runoﬀ can lead to river and ocean
eutrophica on, or dead zones, as algae blooms cut oﬀ oxygen to plants that help keep the
system in nutrient balance (Briggs, 2015).
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Economic inputs (raw materials) and outputs (waste) are types of feedback that need to be
managed in accordance with ecological regenera on and absorp on rates. This is par cularly
cri cal for materials and products in the biological cycle. Posi ve examples include regenera ve
agricultural prac ces that return valuable nutrients to cropland in the form of human waste
from surrounding urban environments (Pearson, 2007). Regenera ve aquaculture techniques
cul vate communi es of mul -trophic species, where ﬁsh that are waste genera ng are grown
with organisms like seaweed or shellﬁsh that remove nutrients from the water, crea ng overall
nutrient balance (Troell et al. 2003; Chopin et al. 2001). The eﬀec veness of these types of
integrated systems highlights the importance of understanding and harnessing system feedback
within a network of ecological rela ons.
Table 14: Circular Principle six case studies.

Case study 1: Natura
Loca on

Brazil

Website

www.natura.com

About

Natura’s R&D scien sts study each ingredient to understand how to
extract the maximum beneﬁts for skin and hair. We work directly
with over 30 local communi es in the Amazon region - including
more than 300 families - to help them develop sustainable business
models that beneﬁt the forest.

Why is it relevant?

● Beneﬁ ng the natural local and regional ecosystem.
● Material recovered and fed back into the economy,
advoca ng sustainable, circular values.

Case study 2: EcoRegions Platform
Loca on

United States

Website

www.ecoregions2017.appspot.com

About

Pla orm shows a map of the 846 ecoregions that represent our
living planet. Ecoregions are ecosystems of regional extent, which
are color-coded on the map to highlight their distribu on and the
biological diversity they represent. The map is based on recent
advances in biogeography - the science concerning the distribu on
of plants and animals.

39

D3.1 Circular Principles and Indicators

Why is it relevant?

Allows a universal understanding of diverse ecosystems related to
speciﬁc environments. Subsequently, this allows for increased
awareness of the needs of a par cular ecosystem or ecological
system.

Table 15: Circular Principle ﬁve key performance indicators.

Circular Principle six key performance indicators
Supply chain agility

Responsiveness and agility of the supply chain in response to
external changes is a mul -dimensional concept which can be
measured as the ﬂexibility of three value chain ac vi es:
procurement, manufacturing, and logis cs.

Environmental
collabora on

The direct involvement of an organisa on with its suppliers and
customers in planning jointly for environmental management
and environmental solu ons. Environmental collabora on
comprises a be er understanding of each other’s
responsibili es and capabili es with regard to environmental
management, which includes the exchange of technical
informa on and requires a mutual willingness to learn about
each other’s opera ons in order to plan and set goals for
environmental improvement.

Climate change strategy

Number of years since the city or organisa on’s climate change
strategic plan was updated; and frequency of reviews and/or
updates on the climate change strategy by cross-departmental
groups, based on scien ﬁc evidence.

Sustainability repor ng

Number of companies publishing sustainability reports and
data. This indicator measures the success of SDG 12.6 which
aims at encouraging the private sector to adopt sustainable
prac ces and to integrate sustainability informa on into their
repor ng cycles.

Capacity-building for
reliable data availability

The ability and capacity of countries, municipali es or
organisa ons to signiﬁcantly increase the availability of
high-quality, mely, and reliable data relevant to decision
making towards sustainability.
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2.3.7 Principle seven: Foster diversity and redundancy
Principle: Biodiversity as well as cultural, economic, and
institutional diversity are crucial to the ability for a
regenerative circular economy to adapt to change. A
diversity of scales of resource cycling increases the
adaptive capacity and resilience of a circular economy.
System redundancy also increases the potential for a
circular economy to adapt to a changing world, where one
part of the system can compensate for failure in another
part.

In order to ﬂourish in a changing world, a circular economy needs to be resilient and adap ve.
Inves ng in biodiversity as well as cultural, economic, and ins tu onal diversity is key to this
adap ve capacity. Biodiversity enables an ecosystem to adapt to disrup ons, such as climate
change or land-use change, without losing core ecosystem service func ons such as pollina on,
pest control, nutrient cycling, and waste assimila on (Briggs, 2015). Cultural diversity, including
the use of indigenous knowledge and prac ces, can enable communi es to respond to change
and promote more appropriate, context-driven understanding. Economic and ins tu onal
diversity, including state and non-state actors such as NGOs, community groups, and businesses
of varying sizes provide greater capacity to adapt to changes in environmental, social, and
economic circumstances (Briggs, 2015).
A diversity of scales of economic produc on, consump on, and resource cycles is also
important for a resilient system. System resilience is increased when a balance between
eﬃciency (due to a small number of large-scale ﬂows) and adap veness (due to a large and
diverse network of small-scale ﬂows), is achieved (Ulanowicz, 2009).
Redundancy is also an important feature of resilient systems. For a regenera ve circular
economy, ‘func onal redundancy’ provides insurance by virtue of some parts of the system
compensa ng when other parts of the system fail. ‘Response redundancy’ further increases a
system’s resilience whereby system components, such as ins tu onal actors or communi es,
respond diﬀerently to change (Ulanowicz, 2009). This ensures the system can regenerate
quicker a er a disturbance or breakdown. Redundancy is par cularly important to build in
when incen vising innova on and the development of new systems, as some new ideas may fail
while others succeed. For instance, being overly dependent on a par cular actor, technology, or
system of resource cycling may undermine the long-term success of circular economy
development.
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Table 16: Circular Principle seven case studies.

Case study 1: Natural Systems Agriculture
Loca on

United States

Website

www.landins tute.org

About

The Land Ins tute is breeding new perennial grain and seed crops
adapted to ecologically intensiﬁed polycultures that mimic natural
systems, called Natural Systems Agriculture. Their goal is to develop
an agricultural system that can produce ample food, reduce or
eliminate impacts from the disrup ons and dependencies of
industrial agriculture, and inform cultural change through
educa on.

Why is it relevant?

Promotes community independencies through the exploita on of
the local ecology and adap ve biodiversity. This encourages the
u liza on of local resources through advanced cul va on of the
surrounding landscape, removing the need to rely on nonrenewable raw materials.

Case study 2: Malai
Loca on

India

Website

www.made-from-malai.com

About

Biocomposite material made from en rely organic and sustainable
bacterial cellulose, grown on agricultural waste sourced from the
coconut industry in Southern India. They work with the local
farmers and processing units, collec ng their waste coconut water
(which would otherwise be dumped, causing damage to the soil)
and repurposing it to feed the bacterial cellulose produc on.

Why is it relevant?
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● Biodesign for circular economy; minimising the use of
non-renewable resources through biomimicry solu ons.
● Crea ng biomaterials through discarded waste speciﬁc to
local abundance.
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Table 17: Circular Principle ﬁve key performance indicators.

Circular Principle seven key performance indicators
Share of jobs in
environmental industries

“Green jobs” are decent work opportuni es that contribute
substan ally to preserving or restoring environmental quality.
Speciﬁcally, work opportuni es that help to protect ecosystems
and biodiversity; reduce energy, materials, and water
consump on through high-eﬃciency strategies; decarbonize
the economy; and minimize or altogether avoid genera on of
all forms of waste and pollu on.

Research and development
expenditure in circular
economy as a propor on of
local GDP

The propor on of expenditure done on research and
development focused on sustainability and/or circular economy
compared to the local GDP.

Access to support for
sustainability driven SMEs

The ﬁnancial support for sustainable/circular economy
businesses can be measured by the number of annual approved
and regulated small business-loans or micro-credit per 100,000
popula on (Arup, 2015); or by the size of green
funds/sustainability focused ﬁnance as a percentage of the
loans industry in the city (GNO).

Species habitat index

Measures changes in the suitable habitats of species to provide
aggregate es mates of poten al popula on losses and ex nc on
risk increases. Each species is assessed separately, and the index
is calculated as a weighted average of the habitat changes for
each species with weights determined by the propor on of
global range found in the country.

Presence of diverse
ﬁnancing models for the
cultural sector

The amount and diversity of ﬁnancial support being provided to
a locality's cultural sector. Three possible sources of ﬁnance for
culture are: a) public (mainly from government or public
ins tu ons), which results in direct (subsidies and grants) or
indirect (tax exemp ons); b) private (from the market); and c)
non-proﬁt organisa ons or donors.
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2.3.8 Principle eight: Encourage learning and experimentation

Principle: A regenerative circular economy must be
supported by continuous learning and experimentation.
Open source and modular systems should be maximized in
order to encourage experimentation, collective learning,
and capacity building.

Knowledge of complex systems is always par al and evolving (Briggs, 2015), crea ng the need
for con nual learning and experimenta on. If a regenera ve circular economy is to be resilient,
and thus adap ve to change, con nuous upda ng of present knowledge must be priori zed.
Adap ve management and adap ve governance are prac ces that focus on iden fying, tes ng,
and assessing alterna ve hypotheses for how a system works, and work to integrate learning
and collec ve ac on across scales of decision-making (Briggs, 2015). These prac ces focus on
cross-sectoral learning, where mul ple stakeholder groups are consulted and brought together
to interpret data, learn from each other’s perspec ves, and propose diﬀerent approaches to
systems change. These kinds of holis c learning processes are fundamental to developing a
regenera ve circular economy that adapts to new informa on and unforeseen circumstances.
As a tool to enable learning and rapid experimenta on, ‘commons-based peer produc on’ is a
system of produc on that relies on digital infrastructure, where collabora on between large
groups of people can provide informa on goods without the need for market pricing or
managerial hierarchies (Benkler, 2006). Examples include Wikipedia, the Linux opera ng system,
and various other open source so ware projects. Commons-based peer produc on can play an
important role in enabling ‘bo om-up’ development by harnessing diverse local knowledge for
a collec ve outcome (Langlois, 2008), allowing diverse people to self-organise available
resources into dynamic collabora ons and projects in a way that may outperform markets or
bureaucracies (Benkler, 2016).
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A key driver of these beneﬁts is modular architecture, where parts operate independently, yet
support the func oning of the whole system through common interfaces (Simon, 1962). In open
source so ware, contributors can modify and experiment with parts of the code system without
causing changes in other modules. This allows a highly distributed collec ve to work together
and produce innova ve outcomes. Nature also builds with modular architecture through
bo om-up synthesis, where a common set of chemical building blocks are used to assemble a
diversity of natural materials that are tunable to local condi ons (Kushner, 2011). Open source
pla orms and modular systems are tools that can encourage experimenta on and collec ve
learning towards a regenera ve circular economy.

Table 18: Circular Principle eight case studies.

Case study 1: Faber Futures
Loca on

United Kingdom

Website

www.faberfutures.com

About

Faber Futures is a London-based award-winning futures agency
opera ng at the intersec on of nature, design, technology and
society. Their mul disciplinary prac ce engages industry,
ins tu ons, and mul -sector brands with ecologically driven models
for holis c innova on. With sustainability at its core, their studio
equips biotechnology start-ups, mul -sector brands, and
ins tu ons with innova ve frameworks, tools, and networks to
adapt to holis c systems for regenera ve futures.

Why is it relevant?
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● Approaching research as a con nuous (rather than ﬁnite
undertaking) can encourage the exchange of ideas and the
development of regenera ve prac ces instrumental in
making regenera ve impacts.
● This can lead to partnerships with a variety of stakeholders,
including how to enhance ci zen engagement and learn as a
collec ve.
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Case study 2: Wikifactory
Loca on

United Kingdom

Website

www.wikifactory.com

About

A social pla orm for collabora ve product development. Designed
for open source communi es, designers, and product companies.
Some of the key features are:
● Version control
● Tracking issues and improving them collabora vely
● Documenta on tools
● 3D visualisa on
● Permission systems
● Social features

Why is it relevant?
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● The integrated support systems are built for both public and
private projects which encourage users to experiment and
collaborate on topics.
● Several ways of engaging with users which can also be
deﬁned by how you would like to learn, therefore there is a
diversity of users with a wide array of inputs and topics
being explored.
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Table 19: Circular Principle ﬁve key performance indicators.

Circular Principle eight key performance indicators
Mainstreaming of
environmental educa on

Extent to which (i) global ci zenship educa on and (ii)
educa on for sustainable development (including climate
change educa on) are mainstreamed in (a) na onal educa on
policies, (b) curricula, (c) teacher educa on, and (d) student
assessment.

Ci zens’ awareness
regarding urban nature &
ecosystem services

The extent to which a project / ini a ve has used opportuni es
to increase ci zen’s awareness of urban nature and ecosystem
services, and educate urban ci zens about sustainability and
the environment.

New forms of sustainable
ﬁnancing

The extent to which a project / ini a ve has contributed to, or
inspired, the development of new forms of sustainable or green
ﬁnancing.

Alloca on of expenditure of
local authority for
voca onal training in
circular economy prac ces

Propor on of training expenditure in the local authority budget
allocated to voca onal training sessions and/or exchange
programmes focused on circular economy ac vi es..

Research and development
expenditure on circular
economy as a propor on of
local GDP

The propor on of expenditure done on research and
development focused on sustainability and/or circular economy
compared to the local GDP.
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2.3.9 Principle nine: Enable openness and participation

Principle: Participation of a diversity of actors - human
and otherwise - is important for a regenerative circular
economy. Widespread participation in the production and
cycling of resources should be encouraged to enhance
system resilience. The development of common
infrastructure that is transparent and decentralized is a
key enabler for enhancing participation.

The ques on of who gets to par cipate in a regenera ve circular economy is fundamentally
about social jus ce, sustainable economic development, and the inclusion of marginalized
voices. Bringing all stakeholders together to co-create visions and strategies for a regenera ve
circular economy is vital to building trust and legi macy in decision making processes (Briggs,
2015). If governments and businesses pursue closed loop strategies without considering the
need to broaden par cipa on, monopoly control over resources could disadvantage many
economies and socie es. A circular economy where resources and value ﬂow in ghtly
controlled loops controlled by a minority would be unjust and unsustainable. A regenera ve
circular economy is one where all stakeholders, no ma er their loca on or socioeconomic
status, can par cipate in shaping systems of produc on, consump on, and cycling.
Key drivers of par cipa on lie in aligning the circular economy agenda with global trends in
mass customisa on (Da Silveira, 2001), digital fabrica on (Gershenfeld, 2012), open design
(Tooze, 2014), (re)distributed manufacturing (ibid), and open source material development
(Materiom, 2019). These movements and technologies are beginning to transform how, and by
whom, products and materials are manufactured. They signal a wider democra sa on of
technological prac ces -namely, the rise of open access fabrica on labs and the communi es
who use them to share materials, tools, technologies, and knowledge with like-minded peers
(Tooze, 2014). When the produc on of materials and products moves from behind the closed
doors of industry into the social realm, new opportuni es and possibili es for enabling a more
diverse set of narra ves and actors, spaces, and prac ces within material development become
possible.
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Exemplifying these trends, entrepreneurs and local communi es are harnessing the accessibility
and adaptability of the materials in the biological cycle for posi ve social and environmental
impact. Biomaterial innova ons including Piñatex, Malai and TotoMoxtle demonstrate the
capacity of biomaterial entrepreneurship to empower local communi es in genera ng local
trade using local resources, in celebra ng local heritage and knowledge, and in enabling new
actors to par cipate within the material produc on system for economic and social beneﬁt.
Biomaterial innova ons such as Merdaco a and Chip[s]Board demonstrate how tradi onal
material produc on systems stand to beneﬁt from the par cipa on and exper se of
non-tradi onal actors such as agriculturalists, ﬁne ar sts, and designers. When paired with
emergent trends in personal fabrica on and digital manufacturing, the low-barrier nature of
biomaterials brings about new opportuni es between material development, product design,
and technological produc on which, in turn, enables new actors to emerge and par cipate
(Tooze, 2014; Kuznetsov, 2010). Broad par cipa on in the making of biomaterials is further
enabled by adop ng water-based chemistry methods and low-pressure, low-temperature
fabrica on techniques.
Increasing par cipa on in a circular economy means cer ﬁca on and data validity challenges
are made more acute. Coordina on between small producers may require signiﬁcant
investment in coopera ve governance structures and collec ve physical infrastructure such as
storage facili es. Distributed Ledger Technologies (DLTs), such as blockchain, may oﬀer
important ways forward for this set of challenges. By design, DLTs are built to accommodate a
large and distributed set of actors, where trust and conﬁdence in a common resource (be it a
currency or database of supply network informa on) is developed through consensus
mechanisms that govern decisions about the use, extrac on, altera on, or addi on to the
resource. Blockchain is presently being used to bring greater transparency to exis ng supply
chains as exempliﬁed by the work of Provenance (Provenance, 2015). Given their decentralized
nature and emphasis on transparency and trust building, DLTs may be par cularly suited to be
informa on infrastructure for new, more par cipa ve supply networks for a regenera ve
circular economy.
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Table 20: Circular Principle nine case studies.

Case study 1: Collective Intelligence Design Playbook
Loca on

United Kingdom

Website

www.nesta.org.uk

About

Nesta is an organisa on that approaches innova on in prac cal
ways, demonstra ng how collabora on can be achieved using
emerging technologies and is connected by a diverse group of
people who are passionate about challenges facing society. Their
playbook is a downloadable toolkit which includes tools, tac cs, and
methods to harness the power of people, data, and technology to
solve global challenges.
● It shares knowledge from many data sources.
● It encourages widespread par cipa on through ac vi es
made accessible to all.
● The toolkit is available to amend to the needs of the user for
them to achieve their speciﬁc goals.

Why is it relevant?

Case study 2: Open Desk
Loca on

United Kingdom

Website

www.opendesk.cc

About

Open Desk provides furniture and furniture designs in the form of
an online marketplace that serves as a pla orm for a global maker
network. Their goal is to create inspiring workplaces which are
adaptable to the user’s needs. They have speciﬁcally chosen a
distributed business model to support local designers, makers, and
manufacturers; they can set their own fees as well as use local
delivery services and take on localised decisions like material costs
or local business taxes.

Why is it relevant?
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● The global maker network can adapt designs to customer
requirements and create an on-demand service that is less
extrac ve and more resilient.
● It enables makers to manage their work independently,
allowing them to connect to their local and regional
customers as well as use local resources.
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Table 21: Circular Principle ﬁve key performance indicators.

Circular Principle nine key performance indicators
Community involvement in
planning and
implementa on phases

The extent to which ci zens and other stakeholders have been
involved in the planning and implementa on phases of a given
sustainability project or ini a ve.

Increase par cipa on of
vulnerable groups

The extent to which a sustainability project or ini a ve has led
to an increased par cipa on of groups that are not well
represented in society.

Quality and frequency of
dialogue; Number (and
diversity) of stakeholders

The quality of dialogue is assessed based on aspects such as
transparency, par cipa on, engagement, etc. on a Linkert scale
through a qualita ve survey of par cipants.

Openness of par cipatory
processes

The propor on of public par cipa on processes in a given
municipality per 100, 000 residents per year.

Integra on of
The number of Environmental Jus ce (EJ) principles integrated
environmental jus ce
within policy. EJ is concerned with the fair distribu on of
principles in policy decisions environmental costs and beneﬁts, bridging key goals of
environmental protec on and social jus ce. EJ implies a model
of sustainable development that integrates economic
development, poverty allevia on, and environmental
protec on.
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2.3.10 Principle ten: Promote polycentric governance

Principle: Governance systems should be nested, enabling
collaboration across levels and scales. Governance should
also be responsive to the nature of the resource system
being utilized, and take into account interacting
governance regimes from local to international levels.

Polycentric governance refers to ‘nested ins tu ons,’ where ins tu ons are connected through
norms and rules across hierarchies and scales. Collabora on across ins tu onal levels and
scales can enable rapid and coordinated response in the face of uncertainty and change (Briggs,
2015). Polycentric governance enhances the resilience of governance ins tu ons by improving
learning and experimenta on, broadening par cipa on, improving connec vity, crea ng
modularity, increasing poten al for response diversity, and building redundancy that can
minimize and correct errors in governance (Briggs, 2015).
Governance systems also need to be responsive to the nature of the resource system being
u lized. A circular economy incorporates many diverse types of resources, some of which are
amenable to being treated as private goods (such as minerals and plas cs), while others are
be er governed as common-pool resources (ﬁsheries, and forests). Common-pool resources
o en have many compe ng actors opera ng at mul ple levels of scale, making mul level
governance arrangements necessary to avoid over-exploita on and collapse of the resource
(Ostrom, 2005). It is important to take into considera on how goods should be governed when
developing circular economy strategies. For example, strategies such as extended producer
responsibility (Dubois, 2016; Kunz, 2018) and access or performance models that incen vise the
return of material to the seller (Bocken, 2016) all assume that the goods in ques on are best
governed under private markets. Priva zing common-pool resources can privilege one
stakeholder group’s interest while marginalising others (Ostrom, 1990). For example, the selling
of land rights for extrac ng mber or other resources from the Amazon rainforest can
undermine the rights of indigenous peoples. For the development of a circular economy to be
ecologically regenera ve and socially inclusive, natural resource commons must be
appropriately governed, with inclusion of all relevant stakeholders.
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Table 22: Circular Principle ten case studies.

Case study 1: Bioregion Vestaland
Loca on

Norway

Website

www.bioregionvestland.com

About

Bioregion Vestland is ini a ng a new sustainable large scale project
with the business industries located in Western Norway. They are
u lising design-driven research and development, focusing on the
geography of the natural ecosystem to create solu ons for human
society. The goals are to create innova on for products and services
that should discon nue the use of fossil-based plas cs as well as
create a corporate social responsibility for the bioregion.

Why is it relevant?

● It is a coordinated eﬀort and collabora on between diﬀerent
ins tu onal actors at diﬀerent scales: e.g. municipality, local
communi es, businesses, etc.
● Focusing on the use of biological loops in value chains which
are also circular, sustainable, and proﬁtable for the local
economy.

Case study 2: Exemplar
Loca on

United Kingdom

Website

www.exemplarnet.org.uk

About

The ExeMPLaR project is an 18–month programme that focuses on
the gradual accumula on of plas cs in the region of South West UK.
By addressing the causes of the problems as well as the eﬀorts to
solve them, the project is exploring the impact and costs to the
environment. Meanwhile, it is enabling local stakeholders who are in
turn supported by the Mul disciplinary Plas cs Research Hub led by
the University of Exeter across a few of their campus sites (which
span a 100mile radius), to research and develop applica ons
regionally for various purposes that would result in a higher value.

Why is it relevant?
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● The project is enabling regional collabora on across
organisa ons of diﬀerent sizes and levels.
● It is also responding to the systems and strategies of the
resource/waste stream, and building connec ons between its
use interna onally as well as locally.
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Table 23: Circular Principle ﬁve key performance indicators.

Circular Principle ten key performance indicators
Propor on of ci es with
direct civil par cipa on

Propor on of ci es with a direct civil society par cipa on
structure for urban planning and management that operates
regularly and democra cally.

Policy learning concerning
adap ng policies and
strategic plans

The extent to which the sustainability project and/or ini a ve
has contributed to, or inspired, changes in municipal rules and
regula ons to support implementa on and “mainstreaming.”

Quality of mechanisms that
ensure inclusion,
par cipa on, equity, and
empowerment

Do authori es have the capacity to ensure decentraliza on and
encourage involvement of interested par es throughout the
process of developing policies and strategies?

Percentage of projects in
partnership with at least
two others sectors (private,
academic, civil society)

Percentage of sustainability projects or ini a ves between the
local government and at least two of the three following types
of stakeholders: Businesses (and other private organisa ons);
Academia; Civil society (professional associa ons, trade unions,
local ci zen associa ons, NGOs). The indicator is a process
indicator reﬂec ng the way the local authority works or does
not work with other stakeholders as partners for delivering
sustainable and integrated urban development.

Number of sustainability
related science and/or
technology coopera on
agreements and
programmes between
countries, by type of
coopera on

This indicator aims at collec ng informa on and data on the
na onal research and innova on landscape of countries
focused on the circular economy and sustainability by lis ng all
relevant science, technology, and innova on (STI) coopera on
agreements and programmes between countries, in addi on to
acts, bills, regula ons, and interna onal agreements on circular
economy and sustainability issues.
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3. Circular Indicators
3.1 Introduction to REFLOW impact assessment
There is no single road to take toward a circular city. The vision developed, levers pulled, and
targets set by a city in pursuit of a circular transi on must be done with close a en on to the
unique opportuni es, challenges, and actors present. The pilot ci es within REFLOW are no
excep on - with the City Ac on Plans included within D5.1 Detailed Pilot Planning & Evalua on
Framework making clear a wide-ranging and diverse set of value chains, stakeholders, and
policies which pilots see cri cal to engage in the transi on to a circular economy. Aligning a
diverse set of actors and value chains toward a common vision and roadmap has been a key
challenge undertaken by each pilot throughout year one of REFLOW. As part of this process,
Metabolic has worked closely with each pilot to iden fy and calibrate a set of environmental
KPIs that make progress toward their circular vision more tangible and measurable. The purpose
of the environmental KPIs co-developed by Metabolic and each pilot city is to help the pilot in
assessing the progress and impacts achieved through their pilot ac vi es, and for monitoring
their transi on towards a circular economy.
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The impact assessment process of REFLOW is spread across WP 1, WP 3, and WP 5: with WP 1
overseeing the KPI development and monitoring ac vi es associated with social and economic
impact, WP 3 overseeing the KPI development and monitoring ac vi es associated with
environmental impact, and WP 5 playing an important coordina on role throughout. This type
of structure creates a series of challenges. Firstly, it spreads the method and process of
assessing project and pilot impacts across various work packages which poses a con nuous risk
of mis-alignment both in terms of methodology and ming. Secondly, it inaccurately silos the
se ng of impact goals and the measurement of outcome performance into three dis nct
categories: environmental, social, and economic. Theore cally, these three categories may look
to oﬀer a holis c approach to target se ng and impact measurement that encompasses the
triple bo om line of proﬁt, people, and planet. However, in prac ce, the ability to silo any
target or outcome as being dis nctly economic, social or environmental in nature is exceedingly
diﬃcult. Indeed, a key outcome of the Impact Assessment workshop held at the M06
Co-Crea on Session in Copenhagen in November 2019 was the REFLOW consor um’s diﬃculty
in adhering to these three discrete impact areas. Instead, the consor um opted to take a more
ﬂuid and dynamic approach; recognizing the hybrid nature of its targets - clean air and water,
circular resource ﬂows, renewable energy sources, etc. - and the poten al impact each can
achieve: social, socio-environmental, socio-economic, environmental, economic, etc. This hybrid
approach is reﬂected in the 12 REFLOW Impact Areas co-deﬁned by the REFLOW consor um
and further detailed below.
In an a empt to mi gate the above two challenges, Metabolic worked with Copenhagen
Business School (CBS) and Waag Society (work pack leader of WP 1 and WP 5 respec vely)
throughout the KPI reﬁnement process of WP 3 to ensure its process and meline was well
aligned with those of WP 1 and WP 5. Where possible a holis c approach was taken whereby
environmental, social, and economic impacts were mutually considered (as can be seen in steps
1, 2, 3, and 5 detailed below). Where deﬁni on, calibra on, and monitoring of speciﬁc KPIs
needed to occur it was agreed upon by Metabolic and CBS that Metabolic would focus on
environmentally-focused KPIs while CBS would focus on socially- and economically- focused KPIs
(as can be seen in steps 4 and 6 detailed below).
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3.2 Methodology
A six step process was undertaken to help each pilot city arrive at a ﬁnal set of environmental
KPIs that is calibrated to the context, ac vi es, and objec ves of the pilot. The six step process
was as follows:

Graphic 2: The six steps of the WP 3 KPI reﬁnement process.
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3.2.1 KPI long List
A literature review was conducted to develop a comprehensive list of social, economic, and
environmental KPIs developed and applied by leading ins tu ons and municipali es across the
EU when se ng and monitoring progress towards circular, regenera ve ci es. A comprehensive
review of literature and best prac ce for applying circular economy indicators to EU ci es was
completed by Metabolic - by combining prac ce with theory in this way we were able to
develop a comprehensive KPI long list. The following steps were taken as part of the literature
review:
1. Review of the circular economy indicators provided by EU direc ves.
2. Review of global environmental indicator datasets deﬁned by interna onal
organiza ons.
3. Review of the “ScienceDirect” database for recent scien ﬁc literature to iden fy and
analyze the indicators that have been used or considered to assess and quan fy the
environmental impacts/performance of European ci es for the transi on towards a
circular economy.
Since the volume of scien ﬁc literature available on these databases is o en overwhelming, we
restricted these results to peer-reviewed publica ons and documents from interna onal
research organiza ons published in English. To evaluate the most commonly reported
environmental indicators in literature, we also did a review of indicator datasets separate from
the EU direc ves and na onal goals of the member states. These publica ons were iden ﬁed in
ScienceDirect and Google Scholar using keywords such as ‘circular economy’, ‘environmental
performance’, ‘environmental impact assessment’ and more.
In addi on to the above databases, it was noted that indicators to examine the emissions to air,
including GHG, were not present in the EU CE direc ve. Indicators measuring emissions were
found to be the most frequently used across all monitoring frameworks and datasets, therefore
cannot be overlooked while establishing the KPI long list for the pilots. Cri ques of the EU CE
direc ve also men on the inclusion of eco-design and GHG emission indicators as a cri cal step
towards linking the circular economy with the low-carbon economy, the EU Climate and Energy
Objec ves, and the Paris Agreement (EU, 2018).
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A er a thorough evalua on of the selected sources, 26 academic papers, 15 interna onal
indicator datasets, and 3 meta studies were reviewed from which a total of 74 overlapping
environmental indicators were retrieved. An addi onal 51 socio-economic indicators were
added to the list by CBS, giving a ﬁnal count of 120 indicators which together make the “KPI long
list”.
For the KPI long list, all indicators have been considered equally important; no sta s cal or
empirical evidence was used to develop a hierarchical weightage at this stage. The equal
weigh ng strategy as men oned above is the most commonly used method of indicator
weigh ng worldwide (Gan, 2017). The layout of the KPI long list follows the following format:

Impact Area

Indicator

Deﬁnition

Unit

Citations

Indicators have been sorted under relevant Impact Areas, which will be introduced and
discussed further in the next sec on. The cita on sec on includes all reviewed literature and
datasets where the indicator has been men oned or used; this sec on also includes the original
source of the indicator wherever applicable and possible.
3.2.2 Co-creation of REFLOW Impact Areas
Following the REFLOW M06 Co-crea on session in Copenhagen in November 2019, all feedback
from the Impact Assessment session was consolidated and analyzed to understand what types
of impact the REFLOW consor um believed to be of highest priority and relevance in rela on to
the objec ves and ac vi es of REFLOW. Points were allo ed to all the terms derived from the
M06 session according to the number of occurrences in the workshop exercise. A er sor ng by
number of occurrences, the terms with more than 3 repe ons were marked as priori es. This
exercise gave us a set of 12 Impact Areas (broadly covering social, economic, and environmental
impact) which the REFLOW consor um views as priority areas for the REFLOW project,
speciﬁcally, and the transi on towards circular ci es more broadly. The 12 co-deﬁned Impact
Areas are detailed below. It is important to note that as the focus of WP 3 is on environmental
impact assessment, Metabolic will be focusing on the ﬁrst four Impact Areas that are more
closely related to environmental impact.
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Table 24: REFLOW Impact Areas.

IMPACT AREAS
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What future state do we hope REFLOW can help achieve for this
Impact Area?

1

Materials and
Resources

Both bio and technical resources are managed in ways that are regenera ve by design.
Accountability of resources is promoted through the tracking of resource ﬂows.

2

Energy

Energy produc on is drawn from renewable sources and both private and public
sectors adopt sustainable energy consump on prac ces.

3

Air Quality

The reduc on of air pollu on across urban areas promotes improved air quality.

4

Carbon
Footprint

Ci es have the technological, poli cal, economic, and social support needed to reduce
CO2 equivalent emissions year-on-year.

5

Health and
Well-being

The health and well-being of all living species - human and otherwise - are supported
to thrive.

6

Equity and
Inclusivity

Sustainable economic opportuni es are made accessible to all, par cularly to
vulnerable communi es.

7

Behavior and
Lifestyles

Urban ci zens are supported to adopt sustainable behaviours and lifestyles.

8

Community
Par cipa on

Local communi es are empowered to adopt stronger roles within poli cal and social
decision-making processes.

9

Governance

Urban governance models and regulatory systems are increasingly adap ve and
responsive to the needs of people and the planet.

10

Educa on and
Training

Openly accessible educa on and training opportuni es create new skills and
competencies for a circular economy.

11

Employment

Circular jobs are accessible to all and generate signiﬁcant social and economic value. A
diverse set of local economic ac vi es, in par cular manufacturing, cra smanship,
and produc on, play a signiﬁcant role in the urban economy.

12

Policy

Policy and policy change leads to greater posi ve impact through increased
accountability.
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As a ﬁrst step in the KPI reﬁnement process, Metabolic supported pilots (through a co-crea on
session) to review and iden fy which of the REFLOW Impact Areas are most relevant to the
context, objec ves, and ac vi es of their pilot. The iden ﬁed Impact Areas were used by the
pilots and Metabolic as a lens through which the KPI long list was analyzed.
3.2.2 Shortlisting of KPIs
Metabolic organised a co-crea on session with each pilot in order to (i) review the KPI long list
through the lens of those Impact Areas iden ﬁed by the pilot as most relevant, and (ii) select
which KPIs from the long list are of highest relevance and interest to the pilot team (given their
context, ac vi es, and objec ves) thus crea ng a unique KPI shortlist for each pilot. The
purpose of this exercise was to support the pilot ci es in reviewing, assessing, and evolving the
KPIs they originally set for themselves at the start of the project in light of how the ambi on
and ac vi es of the pilot have progressed over the past year. To do so, the following steps were
taken:
1. An ini al call a er the M06 Co-crea on session in Copenhagen was organised by
Metabolic with each pilot team in order to (i) introduce the KPI reﬁnement process and
meline, (ii) share the 12 REFLOW Impact Areas developed at the M06 Co-Crea on
Session, and (iii) explain the way in which the KPI long list has been developed and
structured.
2. Pilot teams reﬂected upon their ini al set of KPIs using their City Ac on Plans (REFLOW
D5.1, 2020) and an ini al dra of the Theory of Change (as developed by WP 1).
3. Pilot teams reviewed the 12 Impact Areas and the KPI long list to complete two tasks:
a. Highlight which Impact Areas are of highest relevance and interest to them.
b. Pre-select all relevant KPIs using the highlighted Impact Areas as a lens. This step
was done on the shared KPI long list spreadsheet through a color-coded scheme,
where the pilot teams marked all pre-selected KPIs in yellow. These highlighted
KPIs were used as a star ng point for the co-crea on session with Metabolic
wherein the KPI shortlis ng process was undertaken.
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4. In another co-crea on session organised by Metabolic the pre-selected KPIs were
reviewed with the pilot team in order to derive a KPI shortlist. For the
environmentally-focused KPIs included within the shortlist, Metabolic worked closely
with each pilot team to recalibrate the KPIs from their ini al generic state (o en set to a
na onal level) to more accurately reﬂect the speciﬁcity of each pilot’s context (o en
downscaling the generic KPI to ﬁt a city-level scale or amending the scope of the KPI to
be er emphasise the unique focus of the pilot team). Any amendment necessary for the
socially- and economically- focused KPIs will be led by CBS as part of WP 1.
5. The result of the second co-crea on session is a reﬁned KPI shortlist which contains
social, environmental, and economic KPIs. For all environmentally focused KPIs
Metabolic worked with the pilot teams to include within the shortlist a deﬁni on of the
KPI, the unit and scale of data collec on, and notes by the pilot team. A par cularly
important step within this process was the development of a deﬁni on for each
environmental KPI with the pilot team. The deﬁni on process enabled each pilot team
member to share and reﬂect upon what each KPI meant according to them. This
supported an exploratory discussion between pilot team members and ul mately led to
the development of a common deﬁni on for each KPI. As in step 4, any amendment,
deﬁni on, or data collec on assessment required for the socially- and economicallyfocused KPIs will be completed by CBS as part of WP 1. This KPI shortlist was shared and
validated with pilot stakeholders through a survey and weigh ng process detailed in the
following sec on.
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During the co-crea on sessions, the following aspects were discussed with the pilot teams so to
be kept in mind throughout the KPI shortlis ng process:
● The type of KPIs to include: qualita ve (percep on based), quan ta ve (numerically
benchmarked), or a composite of both.
● The ease of collec ng data pertaining to the KPIs as well as the number of stakeholders
needed to assess and collect informa on.
● Selec ng KPIs that enable a clear evalua on and demonstra on of any performance
change related to the pilot’s eﬀorts.
● The poten al me lag between ac ons and the intended impact, which may be short
term (within the project period) or long-term (beyond the meframe of the project
period).
● The ability to determine the rela onship (correla on or causality) between
REFLOW-related ac vi es and outcome performance.
● The degree of inﬂuence the KPIs have on the city or country’s policy ecosystem.
● The degree of inﬂuence the pilot stakeholders may be able to exert to impact the
performance of the KPIs.
● The overall needs of the stakeholders, such as policy makers, ci zen groups, funders, etc.
● How the pilot team intends to use any informa on that may be generated by monitoring
the selected KPIs beyond REFLOW-speciﬁc impact assessment ac vi es.
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3.2.4 Stakeholder survey
An online survey was created for the purpose of (i) sharing, priori zing and valida ng the KPI
shortlist developed by each pilot team with their local stakeholders, (ii) collec ng inputs on data
availability, monitoring frequency, and stakeholder involvement in rela on to the selected
environmental KPIs, and (iii) ge ng buy-in from local stakeholders and agreement to monitor
and evaluate the selected environmental KPIs. As in the previous step, collec on and
monitoring measures for all socially- and economically- focused KPIs will be led by CBS as part of
WP 1. Using a common survey dra developed by Metabolic, six pilot-speciﬁc surveys were
created by Metabolic using the shortlisted KPIs of each pilot.
The format of the survey is divided into two parts. The ﬁrst part looks at ranking each KPI from
most to least relevant in comparison to each other. While the second part asks a few ques ons
related to KPI monitoring which have been derived from the Urban Sustainability Framework
(World Bank, 2018). The methodology followed by Metabolic to analyze the survey results and
generate a ﬁnal set of environmental KPIs for each pilot team was as follows:
1. Pilot-speciﬁc surveys were created using the shortlist created by each pilot and
circulated among the pilot teams and relevant stakeholders.
2. The results and feedback from the pilot teams and their stakeholders were collected to
assess the suitability and relevance of the shortlisted KPIs as well as collect insights on
possible monitoring techniques.
3. The results of the ranking ques on are used to generate a ranked list of KPIs using two
diﬀerent ranking methods, Single Transfer Vote count and Cumula ve vote count
(Pascuit, 2011).
4. A co-crea on session was organized by Metabolic with each pilot team to discuss the
outcomes of the survey and review in detail the environmental KPIs. For veriﬁca on, the
pilot teams were asked to conﬁrm if the ranking of the KPI reﬂects the general
consensus among the stakeholders who voted.
5. The result of this co-crea on session are (i) a ﬁnalised shortlist of 2-5 environmental KPIs
that each pilot team agrees to monitor, (ii) an agreed-upon process for how each
environmental KPI will be monitored and evaluated by the pilot team and its
stakeholders. As previously men oned, the conﬁrma on of what socially and
economically focused KPIs each pilot team will move forward with, alongside a process
for monitoring and evalua ng each, will be carried about by CBS as part of WP 1.
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As part of the stakeholder survey, the ranking of KPIs was done to iden fy the most and least
supported KPIs by pilot stakeholders. Mul ple ranking methods were reviewed to assess the
ideal method for ranking the shortlisted KPIs in the order of highest relevance to least. The
review was done to ﬁnd a ranking-based assessment method in order to avoid tethering the KPI
reﬁnement process to a win-lose model (Wilcoxon, 1945; Stanford, 2011). Addi onal criteria
that the ranking method needed to meet were: the ranking ques on should not be complicated
or require a lengthy explana on, it should promote an intui ve response, and it should not take
mul ple sessions for gathering inputs.
The ﬁnal ranking method used was the Single Transferable Vote count method (Tideman,1995;
Levin, 1995). It is a vote-coun ng procedure that uses the ranking as input to achieve
propor onal representa on and to remove biases by taking into account the order of ranking
given by each responder. The method asked users to rank their preferred KPIs from 1 to x (total
number of KPIs in the shortlist) with x being the highest preference and 1 being the lowest. The
method required voters to rank all the KPIs, meaning that,
● Every KPI is assigned a rank.
● There are the same number of possible ranks as the number of shortlisted KPIs.
● Diﬀerent KPIs must be assigned diﬀerent ranks.
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Votes were totaled, and a quota (the minimum number of votes required for selec on) was
derived by the droop quota equa on (Newland, 1980). This process helped to create a
well-balanced list of selected indicators; since no votes were considered ‘wasted’ on a
lower-ranking indicator. An added beneﬁt of this method was that only one ranking ques on
needed to be answered for assessing all the KPIs and assigning rank. The “transfer” of votes
works in the following manner:
● If a voter's ﬁrst-ranked KPI achieves the quota, it is selected; and any surplus vote is
transferred to other KPIs in propor on to the next back-up preference marked on the
survey.
● This step is repeated un l all KPIs achieve the minimum quota. The order in which they
achieve the minimum quota deﬁnes the rank.
● If a KPI s ll remains that is unable to achieve a minimum number of votes, it stands to
be eliminated. A sample calcula on can be seen in Appendix 3.
Due to unforeseeable challenges related to COVID-19, the stakeholder survey process was
launched at a me where many pilot stakeholders found it diﬃcult to engage in comple ng the
process. Because of this, the number of responses we received for each pilot survey was lower
than ini ally expected. To mi gate this outcome, we felt it necessary to assess whether the
ranked list produced by each survey using the above method was objec vely unbiased. For this
purpose another ranking method - the Cumula ve Vote Count method - was implemented
alongside the STV to see if the results showed a great degree of varia on. The Cumula ve Vote
Count method counts the sum of the absolute amount of votes given in order of preference.
This method is useful when the number of respondents is low, but the drawback of this method
is that it does not show varia on between KPIs that received one vote of X (highest) ranking or x
number of votes of 1 (lowest) ranking.
Using both methods, a large varia on was not no ced in the ranking results of any pilot’s KPI
shortlist. The top and bo om KPIs remained the same while slight changes in ranking were
no ced in the middle KPIs. The only notable diﬀerence was seen if there was an outlier KPI that
was voted “most relevant” by one or two people while the other majority of respondents voted
it to be relevant only at a mid or low level.
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Overall, we believe the KPI reﬁnement and co-crea on process we undertook with each pilot
team provided a comprehensive and thorough methodology for producing a ﬁnal set of
environmental KPIs for each pilot team to carry forward in the second and third year of the
REFLOW project. The process is underpinned by peer-reviewed datasets and processes and is
advanced through the inclusion of stakeholder insights and evalua ons. However, no method is
without its limita ons. Here we take the opportunity to list those limita ons of the process we
have iden ﬁed as a team:
● Overall: The process is, to an extent, dependent upon the number and diversity of
stakeholders involved, which in our case was limited in each stage of the co-crea on
process. As this could lead to biased answers, the last step of the stakeholder survey was
quite important to get feedback from a larger range of people. The process also could
not involve end users such as ci zens at this stage.
● KPI long list: While a comprehensive literature review was conducted, the development
of the KPI long list was restricted by the me and budgetary constraints of the project.
The WP 3 team plans to further expand the current long list to include many more KPIs
as part of the second phase of the project.
● Impact Areas:
○ Each Impact Area holds a slightly diﬀerent meaning to each pilot, while a
common deﬁni on has been dra ed a ﬁnal deﬁni on has not yet been set.
Crea ng a ﬁnal set of common deﬁni ons could lead to be er communica on.
The WP 3 team will work to do so in the second phase of the project.
○ Most pilot teams felt that all 12 REFLOW Impact Areas were important for a
mul -pronged approach towards a circular economy, but they had to limit
themselves to the Impact Areas their pilot’s ac vi es would have a direct impact
upon. For example, a reduc on in material and resource consump on might lead
to a change in GHG emissions, but the pilot’s ac vi es have a direct impact on
material consump on and an indirect impact on air quality. In this case the KPIs
monitoring Materials and Resources were considered, but the KPIs monitoring
Air Quality were not.
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● Shortlis ng: The KPI shortlis ng process was guided by the Impact Areas iden ﬁed by
the pilot team. This may have resulted in the pilot team excluding some KPIs that may
have proven relevant regardless of being housed in unselected Impact Areas. The WP 3
team a empted to mi gate this limita on by sugges ng KPIs from other Impact Areas if
and when they proved poten ally relevant.
● Survey:
○ Results and insights derived from the survey were limited by the number of
responses we received. This proved par cularly diﬃcult due to unforeseeable
challenges related to COVID-19.
○ Ranking of the KPIs was inherently a diﬃcult task for all stakeholders, as many
considered all the shortlisted KPIs equally important.
● Ranking method:
○ With the STV method, o en a diﬀerence was seen in posi ons of mid-ranking
KPIs if there was an outlier KPI which was voted “most relevant” by one or two
people while the majority of respondents voted it to be relevant only at a low
level. This did not have an impact on our results, as the intended purpose of the
KPI ranking was not to create a win-lose model. The issue with STV coun ng has
been addressed by many publica ons which propose using a modiﬁed STV
method and quota equa on (Aleskerov, 2013; Geller, 2004).
○ As an addi onal step towards veriﬁca on of the results, the pilot teams were
shown the survey results and asked to conﬁrm if the ranking of the KPI reﬂected
the general consensus among the stakeholders who responded.
○ An underlying assump on for the survey results and ranking was that there is no
incen ve for the responders to misrepresent their evalua ons of the KPIs.
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3.3 Results
In this sec on, we share the results of the KPI reﬁnement process detailed above in sec ons
3.2.1, 3.2.2, and 3.2.3. We do so by providing the a breakdown of steps and outcomes for each
pilot including: selected Impact Areas, KPI long list selec on, KPI shortlist recalibra on,
stakeholder survey results (inclusive of KPIs ranking and monitoring measures), ﬁnal
environmental KPIs, and key considera ons when moving forward.

3.3.1 Amsterdam
City: Amsterdam
Pilot Team: Amsterdam Municipality; Waag Society; Pakhuis de Zw ger; Alcon Advies; BMA
Techne; Saxion
Pilot Description: Amsterdam pilot focuses on textiles from households, such as clothes and
home textiles. The pilot targets how textiles are used, discarded, and reused by citizens and
companies. It explores how textile resources can be recovered and cycled back into the urban
metabolism, and how to shift citizens’ mindsets and behaviours about textiles.

Impact Areas
Upon review of the co-deﬁned Impact Areas (see Sec on 3.3), the Amsterdam pilot selected the
following Impacts Areas as most highly relevant for the pilot’s REFLOW ac vi es:
●
●
●
●

Materials and Resources
Behaviour and Lifestyles
Community Par cipa on
Educa on and Training

The pilot placed a secondary emphasis on Energy, Governance, Carbon Footprint, and Equity
and Inclusivity. The pilot determined that Air Quality, Health and Well-being, Employment, and
Policy were not directly relevant to the REFLOW ac vi es in Amsterdam.
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Among the four most relevant impacts categories, Materials and Resources was deemed highly
important due to the low rate of tex le waste separated, and the focus of the pilot to recover
valuable tex le materials. Behaviour and Lifestyles was selected as it is a key driver to modify
the current metabolic ﬂows of tex les in Amsterdam.
Community Par cipa on and Educa on and Training were both selected because of the
educa onal emphasis of the REFLOW ac vi es and the future educa onal work of the pilot
with the diverse communi es of Amsterdam.
KPI long list selection
The pilot team subsequently used the most highly relevant Impact Areas as lenses to review the
KPI long list in a two-round itera on process (see Sec on 3.3 for co-crea on processes). The
ﬁrst round yielded a broad list of KPIs for each of the four Impact Areas, while the second round
was co-iterated to select the most feasible and relevant KPIs in regards to the Pilot Ac on Plan
as deﬁned in D.5.1 (REFLOW, 2020). This reﬁned KPIs list is compiled in Table 25. within each of
the four Impact Areas. The Material and Resources KPIs are quan ta ve indicators targe ng the
monitoring of Amsterdam tex le ﬂows. The Behaviour and Lifestyles, Community Par cipa on,
and Educa on and Training oﬀer a mix of quan ta ve and qualita ve indicators focusing on
involvement, quality of engagement, and educa onal and behavioural monitoring. Note that
during the co-iterated second round, an addi onal KPI from the Policy Impact Area was added
due to its relevance to Amsterdam pilot ac vi es.
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Table 25: Amsterdam pilot reﬁned KPI list (uncalibrated).

Impact Area

KPI

Description

Citation(s)

Material
Resources

Circular material
use rate (CMU)

The circular material use (CMU) rate measures, in
percentage, the share of material recovered and fed back
into the economy - thus saving extrac on of primary raw
materials - in overall material use. The CMU rate is thus
deﬁned as the ra o of the circular use of materials (U) to
the overall material use (M).

EUROSTAT
2018

Life me
extension

The extent to which the project a empted to prolong the
service life me of the targeted product.

Bosch et al.
2017

Propor on of
municipal solid
waste that is
sorted and
recycled

Formally and informally recycled materials are those that
(following local government permits and regula ons) are
diverted from the waste stream, par ally recovered, and
sent for processing into new products. Municipal waste
recycling rate (%) = total amount of municipal waste
recycled (year x) * 100 / total amount of municipal waste
generated in tonnes (year x).

World Bank
2018, IDB
2013, EBRD
2016; RFSC.

Behaviour and
Lifestyles

Consciousness
of ci zenship

The extent to which the project has contributed to
increasing consciousness of ci zenship (qualita ve).

Bosch et al.
2017

Community
Par cipa on

Number of
stakeholders

Number of stakeholders involved in decision-making
ac vi es, and mechanisms to encourage community
engagement.

World Bank
2018

Quality and
frequency of
dialogue
between and
among domes c
and external
stakeholders.

The quality of dialogue is assessed based on aspects such
as transparency, par cipa on, engagement, etc. on a
Linkert scale through a qualita ve survey of par cipants.

UNDP, 2008

Educa on and
Training

Adult educa on
par cipa on
rate

Par cipa on rate in educa on and training (project
period) by sex, educa onal a ainment level, age, and
labour status.

EUROSTAT,
2019

Policy

Policy learning
concerning
adap ng
policies and
strategic plans

The extent to which the project has contributed to, or
inspired, changes in municipal rules and regula ons to
support implementa on and “mainstreaming”
(qualita ve).

Bosch et al.
2017
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KPI shortlist recalibration
A selec on process and recalibra on process was performed jointly by Metabolic with the pilot
team for the environmental KPIs (all included within the Material and Resources Impact Area).
This process solely included environmental KPIs as socio-economic KPIs included in Behaviour
and Lifestyles, Community Par cipa on, Educa on and Training, and Governance are further
developed within WP 1. A recalibra on process was then required to tailor the reﬁned
environmental KPIs selected to the speciﬁc ac vi es as deﬁned in the Pilot Ac on Plans
(REFLOW D5.1, 2020). This ﬁrst itera on of environmental KPIs therefore evolved into pilot and
context-speciﬁc environmental KPIs (Table 26).
The circular material use rate is usually compiled at the country-level (EUROSTAT, 2018).
Through the joint reﬁnement eﬀort, it was downscaled to the appropriate scale for Amsterdam
REFLOW ac vi es, that is, the key neighbourhoods involved in the pilot’s ac vi es. The KPI was
also modiﬁed to include solely tex le material as it is the focus of Amsterdam’s pilot.
The life- me extension KPI was recalibrated in terms of its units. Originally a Likert scale, it was
decided that the most appropriate unit would be the number of uses per life cycle for tex le
items as this metric is a core concern in unsustainable tex le consump on (EMF, 2017).
Addi onally, this metric has been selected jointly with the pilot team as an experimental KPI.
This KPI should be applied to the ﬁrst beta users of the digital pla orm ReﬂowOS developed by
WP 2, which focuses on tracking and tracing tex le items.
The municipal recycling rate KPI was modiﬁed to include only tex le waste recycling and its
scale was amended to provide two levels: city-level and neighbourhood-level. This downscaling
to the neighbourhood-level provides greater granularity to monitor the impacts of the
Amsterdam pilot of its “REFLOW neighbourhoods”. These neighbourhoods will be the focus of a
core set of educa onal and outreach ac vi es that aim to increase the local separa on rate of
household tex les.
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Table 26: Amsterdam pilot reﬁned KPI list (calibrated).

Impact Area

Original KPI

Recalibrated KPI

New description

Material
Resources

Circular material
use rate (CMU)

Tex le material use
rate

The circular tex le use (CTU) rate measures, in
percentage, the share of tex les recovered and
fed back into Amsterdam - thus saving extrac on
of primary raw materials - in overall material use.
The CTU rate is thus deﬁned as the ra o of the
circular use of tex les (U) to the overall tex le
use (T) of Amsterdam.

Life me
extension

Life-cycle use rate of
tex le items

Number of use cycles of tex le items, in terms of
mes of reuse a er ini al discard within NL.

Propor on of
municipal solid
waste that is
sorted and
recycled

Amount of tex le
sorted at a
neighbourhood level

Tex le sorted as a percentage of total municipal
solid waste. Shows change in customer
behaviour and total material available for

and

recycling. Formally and informally recycled
tex le (following local government permits and
regula ons) diverted from the waste stream,
par ally recovered, and sent for processing into
new products. Tex le recycling rate (%) = total
amount of tex le waste recycled (year x) * 100 /
total amount of tex le waste generated in
tonnes (year x).

Stakeholder survey results
The KPI co-reﬁnement and ﬁnaliza on survey was completed by six respondents from the
Amsterdam REFLOW pilot team from a variety of organiza onal backgrounds, ranging from a
think tank, an educa onal ins tute, an entrepreneur, to a municipal actor, or ci zen lab.
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KPI ranking

The reﬁned set of Amsterdam calibrated environmental KPIs, alongside the selected
socio-economic indicators were included in the stakeholder survey and were subsequently
ranked according to the single transferable vote count methodology (see Sec on 3.3.). The list
below describes the ranking by Amsterdam REFLOW pilot stakeholders. The ranking exercise
included the socio-economic KPIs selected earlier in the process.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

E1: Circular tex le use rate
E2: Number of use cycles of tex le items
E3: Amount of tex le sorted at a neighbourhood level
S9: Educa on par cipa on rate
S4: Increase in the consciousness of ci zens
S7: Quality and frequency of dialogue
S10: Policy learning concerning adap ng policies and strategic plans
S6: Number of people reached through REFLOW ac vi es/campaign
S5: Number of stakeholders involved
S8: Availability of public informa on in local dialects for dissemina on

Monitoring measures

The respondents also provided their feedback on the three pre-selected environmental KPIs.
The pie charts below illustrate the answers from the respondents regarding data availability,
monitoring rate, impact me lag, and required stakeholders for the monitoring process.
Circular textile use rate

The Amsterdam REFLOW team believes that most data for this KPI will be generated directly by
the project during its implementa on. The monitoring process will require the contribu on of a
wide variety of stakeholders. Responses rela ng to the monitoring rate reﬂect the need to align
on when monitoring should occur as 33% would monitor this KPI bi-annually while another 33%
would record it at the start and end of the project. The vast majority of the pilot team believe
that this KPI would have a direct impact upon their monitoring on the city tex le waste policies.
About half of the respondents believed that the impact from the REFLOW interven on would be
reﬂected in this KPI in the short term while the other half believed it would be visible in the
longer term.
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Graph 3: Responses to KPI: Circular tex le use.

Life-cycle use rate

A li le less than half of the respondents did not know or believed that no data currently was
available for this KPI. Regarding the monitoring rate, half of the respondents believed it should
be tracked on an annual basis. A large majority of the respondents believed that this KPI will
have a direct impact on the city’s tex le policies, although half of them stated that the impact
from the REFLOW interven on would be reﬂected in the long-term for this indicator. The
monitoring process will require the contribu on of a wide variety of stakeholders.

Graph 4: Responses to KPI: Life-cycle use rate.
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Textile sorting rate

About half of the respondents did not know whether data for this KPI was available. Responses
rela ng to the monitoring rate reﬂect the need to align on when monitoring should occur as
33% would monitor this KPI annually while another 33% would record it at the start and end of
the project. The municipality was cited most o en as the stakeholder to collect this data. There
was uncertainty about when the impact of the REFLOW interven ons would be visible in this
KPI, with half of the respondents not knowing. A majority of respondents believed the results
from this KPI would have an indirect impact on Amsterdam’s policies.

Graph 5: Responses to KPI: Tex le sor ng and recycling rate.
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Key considerations when moving forward
Data availability

For the ques on regarding data availability, not many responders could provide insights as it
depended on an ac ve knowledge about the existence of relevant data sets within Amsterdam
or the Netherlands. The informa on from the responses on the data availability on each KPI will
be useful in case we need to compare or extrapolate data from the country level to a local level
or vis-a-versa. The Amsterdam pilot aims to calculate the Circular tex le use rate at the project
level, as it is a composite KPI which needs input of data such as amount of tex les discarded
and recovered, data for which might already exist at the city level.

Graph 6: Responses on data availability of all shortlisted environmental KPIs by the Amsterdam pilot.
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Regularity of monitoring

Graph 7 shows the frequency of data collec on required for the monitoring of the three KPIs.
Given the resources of the project, it was considered unrealis c to collect data bi-annually for
any of the KPIs. A er discussions with the pilot team it was decided that for Circular tex le use
rate and Life-cycle use rate, data will be collected at the beginning and end of the project
period. The input on Life-cycle use rate is highly dependent on the ReﬂowOS, therefore requires
a baseline to be measured when the OS is launched. Data on the sor ng and recycling rate is
currently collected by the municipality of Amsterdam annually, which has informed the decision
to have an annual collec on of data for this KPI. For the purpose of monitoring the change in
performance of the selected KPIs at the star ng and end of the project period, a baseline value
will need to be calculated with the data currently available.

Graph 7: Responses on frequency of data collec on on all shortlisted environmental KPIs by the Amsterdam pilot.
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Stakeholders

Graph 8 shows the collec ve ecosystem of stakeholders required for measuring and monitoring
the three environmentally-inclined KPIs for Amsterdam. The Circular tex le use rate, which
requires monitoring the amount of tex les that re-enter a produc ve material stream requires
collabora on between mul ple partners throughout the value chain, giving almost equal
importance to the par cipa on of the municipality, manufacturers, and industry. Life-cycle use
rate aims to note the number of use cycles a tex le item goes through a er being discarded for
the ﬁrst me. This will require a greater involvement of the manufacturers and entrepreneurs as
well as ci zens and educa onal ins tu ons. The tex le sor ng and recycling rate has
unanimously been considered a task that requires the involvement of both the municipality and
the ci zens.

Graph 8: Responses on stakeholder required for all shortlisted environmental KPIs by the Amsterdam pilot
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Final environmental KPIs
Based on the results of the survey, a ﬁnal co-itera on round was performed to review the
environmental KPIs, discuss their impacts, and decide collec vely on a monitoring approach.
The ﬁnal environmental KPIs for the Amsterdam pilot are shown below in Table 27. The
municipality was established as a key stakeholder to lead the data collec on process of two of
the three KPIs. Their Circular tex le use rate will be monitored at the beginning of the project
thanks to the study performed by the municipality, and will be performed again at the end of
the project. The Tex le sor ng rate KPI will be monitored annually using exis ng municipal data
collec on processes and infrastructure. The experimental KPI on Tex le use rate will be
supported by WP 2 through the tes ng of the ReﬂowOS, with support from the en re
Amsterdam pilot.
Table 27: Amsterdam ﬁnal environmental KPIs.

KPIs

Monitoring approach
Scale

Regularity

Stakeholders

Lead
organization

Circular tex le
material use
rate (%).

Neighbourhood

Beginning and end of
project period, with
expected
projec ons.

Manufacturers,
entrepreneurs, industries,
community of Amsterdam,
Sympany.

Municipality

Life-cycle use
rate of tex le
items
(number of
use/lifecycle).

User dependent on
ReﬂowOS

Baseline from OS and
then end of project
period.

Manufacturers,
entrepreneurs, industries.

WP 2 Leader

Tex le
sorted/recover
y rate (%).

Neighbourhood

Annually.

Municipality, ci zens,
Sympany.

Municipality

80

D3.1 Circular Principles and Indicators

3.3.2 Vejle
City: Vejle
Pilot Team: Municipality of Vejle; Vejle Kommune (Innovation og entreprenørskab);
AffaldGenbrug Vejle; Danish Design Centre.
Pilot Description: The Vejle pilot focuses on plastic waste produced across the municipality
from a selection of public institutions, private companies, and households. The Vejle pilot will
be designing new sustainable solutions to reduce the need for plastic and co-create circular
strategies for plastic as a resource – together with local stakeholders from both public and
private sector and citizens.

Impact Areas
Upon review of the co-deﬁned Impact Areas (see Sec on 3.3), Vejle pilot selected the following
areas as most highly relevant for the pilot’s REFLOW ac vi es:
● Material and Resources
● Community Par cipa on
The pilot placed a secondary emphasis on Governance, Behaviour and Lifestyles, and Policy. The
pilot determined that Energy, Air Quality, Carbon Footprint, Health and Well-being, Educa on
and Training, Employment, Equity and Inclusivity were not directly relevant to the REFLOW
ac vi es in Vejle.
Among the most relevant Impact Areas, Materials and Resources were selected due to the
pilot’s core goal of reducing the current high use of virgin plas cs by replacing plas c products
with circular alterna ves, and recovering plas c waste to use it as a new resource. Community
Par cipa on was selected as the ac ve involvement of ci zens, local companies, and the
municipality as a key lever to co-create the tools necessary to transform the use of plas cs in
Vejle.
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KPI long list selection
The pilot team subsequently used the most highly relevant Impact Areas as lenses to review the
KPI long list in a two-round itera on process (see Sec on 3.3 for co-crea on processes). The
ﬁrst round yielded a broad list of KPIs for each of the four Impact Areas, while in the second
round the most feasible and relevant KPIs in regards to the Pilot Ac on Plan as deﬁned in D.5.1
were selected (REFLOW, 2020). This reﬁned KPIs list is compiled in Table 28. within each of the
four Impact Areas. The Material and Resources KPIs are quan ta ve indicators meant to
monitor the ﬂows of plas cs within the local REFLOW sites, where the pilot will deploy their
interven ons and ac vi es. The Community Par cipa on oﬀers a range of quan ta ve and
qualita ve indicators focusing on assessing the degree of involvement of the local popula on,
the quality of the dialogue, and the eﬀects of the projects in shi ing values and mindsets for
ci zens involved within the local REFLOW ac vi es. Addi onally, an indicator on policy
inﬂuence from the Governance Impact Area was selected during a joint itera on round due to
its relevance for the municipal stakeholders of the REFLOW pilot team.
Table 28: Vejle reﬁned KPI list (uncalibrated).

Impact Area

KPI

Description

Citation(s)

Materials and
Resource

Circular material
use rate (CMU)

The circular material use (CMU) rate measures, in
percentage, the share of material recovered and fed back
into the economy - thus saving extrac on of primary raw
materials - in overall material use. The CMU rate is thus
deﬁned as the ra o of the circular use of materials (U) to
the overall material use (M).

EUROSTAT
2018

Recycling rate of
speciﬁc waste
stream

Amount of speciﬁc material (plas c/wood/bio
waste/C&D etc) recycled in the economy/city.

European
Commission,
2018
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Impact Area

KPI

Description

Citation(s)

Community
Par cipa on

Increase
consciousness of
ci zenship

The extent to which the project has contributed in
increasing consciousness of ci zenship (qualita ve).

Bosch et al.
2017

Number of
stakeholders

Number of stakeholders involved in decision-making
ac vi es, and mechanisms to encourage community
engagement.

World Bank,
2018

Stakeholder
reach

Percentage of people in the target group that have been
reached and/or are ac vated by the project.

Bosch et al.
2017

Quality and
frequency of
dialogue
between and
among domes c
and external
stakeholders

The quality of dialogue is assessed based on aspects such
as transparency, par cipa on, engagement, etc. on a
Linkert scale through a qualita ve survey of par cipants.

UNDP, 2008

Policy learning
concerning
adap ng
policies and
strategic plans

The extent to which the project has contributed to, or
inspired, changes in municipal rules and regula ons to
support implementa on and “mainstreaming”
(qualita ve).

Bosch et al.
2017

Governance

KPI long list recalibration
A selec on process and recalibra on process was performed jointly with the pilot team for the
environmental KPIs (all included within the Material and Resources Impact Area). This process
solely included environmental KPIs as socio-economic KPIs included in Community Par cipa on,
and Governance are further developed within WP 1. To tailor the KPIs included within the
Material and Resources Impact Area to the speciﬁc ac vi es as deﬁned in the Pilot Ac on Plans
(REFLOW D5.1, 2020) recalibra on was required. This ﬁrst itera on of environmental KPIs
therefore evolved into pilot and context-speciﬁc environmental KPIs (Table 29).
The Circular material use rate was adapted to only focus on plas c as this material is the sole
focus of the pilot. Addi onally, the KPI from EUROSTAT, was downscaled from its original scope
(na onal-level) to the project-scope (REFLOW sites). Thus, this KPI will be applied to the
REFLOW sites (nursing home, retails, schools, social housing) that are involved in the pilot
ac vi es.
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The Recycling rate was amended to include only plas c materials, and its applica on was
downscaled from the city-level to the local REFLOW site to achieve greater granularity to
monitor change of recycling rates where REFLOW ac vi es are taking place.
Table 29: Vejle reﬁned KPI list (calibrated).

Impact Area Original KPI

Recalibrated KPI

New description

Materials and
Resource

Circular material
use rate (CMU)

Circular plas c use rate

The circular plas c use rate measures, in
percentage, the share of plas cs recovered and
fed back into the REFLOW sites and into the city,
- thus saving extrac on of virgin plas c - in
overall plas c use. This rate is thus deﬁned as the
ra o of the circular use of plas cs to the overall
plas c use.

Recycling rate of
speciﬁc waste
stream

Plas c recycling rate

Amount of plas c recycled in the REFLOW sites
and the city.

Stakeholder survey results
The KPI co-reﬁnement and ﬁnaliza on survey was completed by seven respondents from the
Vejle pilot team from a variety of organiza onal backgrounds, ranging from a waste plant actor,
to municipal actor, and a non-governmental research organiza on.
KPI ranking

The reﬁned set of Vejle calibrated environmental KPIs, alongside the selected socio-economic
indicators were included in the stakeholder survey and were subsequently ranked according to
the single transferable vote count methodology (see Sec on 3.3.). The list below describes the
ranking by Vejle REFLOW pilot stakeholders. The ranking exercise included the socio-economic
KPIs selected earlier in the process.
1.
2.
3.
4.
5.
6.
7.
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S5: Community involvement in the implementa on phase
E2: Recycling rate of plas cs at REFLOW sites
S3: Increase in the consciousness of ci zens
S7:Policy learnings/Number of poli cal decisions based on recommenda ons from REFLOW
E1: Circular plas c use rate
S6: Number of people reached through REFLOW ac vi es
S4: Number of stakeholders
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Monitoring measures

The stakeholder survey respondents provided feedback on the monitoring of the two
pre-selected environmental KPIs. The pie charts below illustrate the answers from the
respondents regarding data availability, monitoring rate, impact me lag, and required
stakeholders for the monitoring process.
Circular plastic use rate

For the monitoring of the Circular plas c use rate, a majority of the Vejle pilot team did not
know whether the data for this KPI was directly available. The municipality was cited most o en
as the key stakeholder best suited to collec ng this data. A majority of respondents did not
know at what rate it would be appropriate to monitor this KPI, while more than a quarter
suggested it should be recorded at the start and end of the project. The vast majority of the
pilot team believed that this KPI would have only an indirect impact upon their monitoring on
the city’s waste policies and that the impact from the REFLOW interven on would be reﬂected
in this KPI in the long term.

Graph 9: Responses to KPI: Circular plas c use.
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Plastic recycling rate

For the Recycling rate of plas c, a large majority of respondents believed that the data would be
available at the project-level from REFLOW sites. The municipality was again cited most o en as
the key stakeholder best suited to collec ng this data. Responses regarding the monitoring rate
reﬂect the need to align on when monitoring of this KPI should occur. The vast majority of the
pilot team believed that this KPI would have only an indirect impact upon their monitoring of
the city waste policies. More than half believed that the impacts from the REFLOW interven on
would be reﬂected in this KPI in the short term for its REFLOW sites. There was uncertainty
about the monitoring rate of this KPI with li le less than half not knowing when it should occur,
another half believed it should be recorded on an annual basis.

Graph 10 - Responses to KPI: Recycling rate of plas cs on REFLOW sites

Key considerations when moving forward
Data availability

As noted by a majority of respondents, the data for both ﬁnalised KPIs will be produced at the
project level as the calcula ons will be done based on the data produced and monitored
on-site. This highlights the need to set up a robust data collec on and monitoring system on site
that can relay relevant data periodically.
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Graph 11: Responses on data availability of all shortlisted environmental KPIs by the Vejle pilot.

Regularity of monitoring

The frequency of data collec on and monitoring for both KPIs was decided to be at the
beginning and end of the project period, which highlights the need to set up a baseline of the
current situa on on the selected REFLOW sites within the Vejle pilot.

Graph 12: Responses on frequency of data collec on on all shortlisted environmental KPIs by the Vejle pilot.
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Stakeholders

Responses to the stakeholder involvement ques on for each KPI highlights the need for
coopera on among mul ple actors in order to push forward progress. The Recycling rate of
plas cs on REFLOW sites will require involvement of the municipality, industries, manufacturers,
test sites, ci zens as well as educa onal ins tu ons. As the project progresses, it will be
important to emphasise the level of involvement required by each stakeholder within the
process for both KPIs.

Graph 13: Responses on stakeholders required for all shortlisted environmental KPIs by the Vejle pilot.

Final environmental KPIs
Based on the results of the survey, a ﬁnal co-itera on round was performed to review the
environmental KPIs, discuss their impacts, and decide on a monitoring approach. The ﬁnal
environmental KPIs for the Vejle pilot are shown below in Table 30. The municipality and the
waste plant will lead the data collec on process, which will also involve local industries and
manufacturers. Both environmental KPIs will be monitored at the beginning and the end of the
project and focus exclusively on the REFLOW sites engaged in the pilot ac vi es.
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Table 30: Vejle ﬁnal environmental KPIs.

KPIs

Monitoring approach
Scale

Regularity

Stakeholders

Lead
organization

Circular plas c
use rate (%)

REFLOW Sites

Beginning and end of
project period

Municipality, Industries,
Manufacturers

Municipality and
Waste Plan

Plas c recycling
rate (%)

REFLOW Sites

Beginning and end of
project period

Municipality, Industries,
Manufacturers

Municipality and
Waste Plant

3.3.3 Milan
City: Milan
Pilot Team: POLIMI, Comune di Milano, Municipality of Milan, OpenDot, WeMake
Pilot Description: The Milan pilot focuses on tracking food ﬂows in its covered municipal
markets to develop circular practices among the vendors of the markets. It aims to create
market ‘laboratories’ to test new food prototypes, reduce food waste, and drive positively the
local economy. This project will be performed with the participation of local residents, market
vendors, and local businesses, thus reinforcing the markets as community hubs for Milan’s
neighbourhoods.

Impact Areas
Upon review of the co-deﬁned Impact Areas (see Sec on 3.3), the Milan pilot selected the
following Impacts Areas as most highly relevant for the pilot’s REFLOW ac vi es:
● Material and Resources
● Governance
● Health and Well-being
The pilot placed a secondary emphasis on, Policy, Community Par cipa on, and Behaviours and
Lifestyles. The pilot determined that Energy, Air Quality, Carbon Footprint, Employment, Equity
and Inclusivity, and Educa on and Training Impact Areas were not directly relevant to the Milan
pilot ac vi es.
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Among the most relevant impact categories, Materials and Resources was selected as a key
Impact Area as the pilot must track and understand the food ﬂows going through Milan’s
covered markets to provide insights for the crea on of interven ons and the development of
experimental prototypes in the market laboratories. The Governance Impact Area was chosen
due to Milan’s strong posi on in adap ve and forward-looking policy models regarding food,
and for its relevance to the pilot’s goal of developing circular and sustainable management
models for the municipal markets. The Health and Well-being Impact Area was selected due to
the importance of local food for Milan’s residents.
KPI long list selection
The pilot team subsequently used the most highly relevant Impact Areas as lenses to review the
KPI long list in a two-round itera on process (see Sec on 3.3 for co-crea on processes). The
ﬁrst round yielded a broad list of KPIs for each of the four Impact Areas, while in the second
round the most feasible and relevant KPIs in regards to the Pilot Ac on Plan as deﬁned in D.5.1
were selected (REFLOW, 2020). This reﬁned KPIs list is compiled in Table 31. within each of the
four Impact Areas. The selected Material and Resources KPIs are quan ta ve and focus on the
ﬂows of food for the ﬁrst two, while the third KPI assesses how dependent Milan municipal
markets are to non-local food products. The Health and Well-being KPI will focus qualita vely
on the promo on of healthy lifestyle for local residents. Although a secondary Impact Area,
three KPIs were selected from the Community Par cipa on Impact Area, mixing both
qualita ve KPIs focusing on awareness and dialogue quality and quan ta ve KPIs such as
stakeholder reach. The Governance KPIs are both qualita ve in nature.
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Table 31: Milan reﬁned KPI list (uncalibrated).

Impact Area

KPI

Description

Citation(s)

Materials and
Resources

Circular material
use rate (CMU)

The circular material use (CMU) rate measures, in percentage, the
share of material recovered and fed back into the economy - thus
saving extrac on of primary raw materials - in overall material use.
The CMU rate is thus deﬁned as the ra o of the circular use of
materials (U) to the overall material use (M).

EUROSTAT
2018

Food waste index

The indicator aims to measure the total amount of food that is
wasted in tonnes. It complements SDG 12.3.1(a) on Food Loss.
Both food indicators look to divide the food value chain and
measure the eﬃciency of the food system.

SDG 12.3.1,
FAO, 2018

Material import
dependency

The term 'material import dependency' shows the extent to which
an economy relies upon imports in order to meet its material
needs. The ra o of imports (IMP) over direct material inputs (DMI)
in percentage. Material import dependency cannot be nega ve or
higher than 100%. Values equal to 100% indicate that there are no
domes c extrac ons during the reference year.

EUROSTAT
2018

Health and
Well-being

Encouraging
healthy lifestyles

Extent to which the project and associated ac vi es serve to
promote a healthy lifestyle among local residents (qualita ve).

UNaLab, 2017

Community
Par cipa on

Increased
consciousness of
ci zenship

The extent to which the project has contributed to increasing
consciousness of ci zenship (qualita ve).

Bosch et al.
2017

Number of
stakeholders

Number of stakeholders involved in decision-making ac vi es, and
mechanisms to encourage community engagement.

World Bank,
2018

Quality and
frequency of
dialogue
between and
among domes c
and external
stakeholders

The quality of dialogue is assessed based on aspects such as
transparency, par cipa on, engagement, etc. on a Linkert scale
through a qualita ve survey of par cipants.

UNDP, 2008

Ci zens’
awareness
regarding urban
nature &
ecosystem
services

The extent to which a project has used opportuni es to increase
ci zen’s awareness of urban nature and ecosystem services, and
educate urban ci zens about sustainability and the environment.

Bosch et al.
2017

Policy learning
concerning
adap ng policies
and strategic
plans

The extent to which the project has contributed to, or inspired,
changes in municipal rules and regula ons to support
implementa on and “mainstreaming” (qualita ve).

Bosch et al.
2017

Governance
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KPI long list recalibration
A selec on process and recalibra on process was performed jointly with the pilot team and
Metabolic for the environmental KPIs (all included within Material and Resources Impact Area).
This process solely included environmental KPIs as socio-economic KPIs included in Health and
Well-being, Community Par cipa on, and Governance are further developed within WP 1. To
tailor the KPIs within the Material and Resources Impact Area to the speciﬁc ac vi es as
deﬁned in the Pilot Ac on Plan (REFLOW D5.1, 2020) recalibra on was required. This ﬁrst
itera on of environmental KPIs therefore evolved into pilot and context-speciﬁc environmental
KPIs (Table 32).
The Circular material use rate and Material import dependency indicators were adapted to only
focus on food as this resource is the sole focus of the pilot. Addi onally, these KPIs from
EUROSTAT, were downscaled from their original scope (na onal-level) to the project-scope,
which is the municipal markets of Milan. Thus, these KPIs will be applied to the REFLOW food
markets that are involved in the pilot ac vi es. The Food waste index will also be applied at the
municipal market-level.
Table 32: Milan reﬁned KPI list (calibrated).

Original KPI

New KPI

New descrip on

Circular material
use rate (CMU)

Circular food use
rate

The Circular food use (CFU) rate measures, in percentage, the share
of food recovered and fed back into Milan’s municipal market, thus
saving produc on of primary food products in overall food
consump on. The rate is thus deﬁned as the ra o of the circular use
of food to the overall food use.

Food waste index

Food waste index

The food waste index measures the total amount of food that is
wasted in tonnes.

Material import
dependency

Food import
dependency

Total amount of food with local origin (peri-urban / metropolitan
area, Lombardy Region area). Comparison between pre-interven on
and post-interven on amounts.
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Stakeholder survey results
The KPI co-reﬁnement and ﬁnaliza on survey was completed by six respondents from the Milan
pilot team from a variety of organiza onal backgrounds, ranging from a university, to the
municipality, to a technological business actor.
KPI ranking

The reﬁned set of Milan calibrated KPIs1 was included in the stakeholder survey and was
subsequently ranked according to the single transferable vote count methodology (see Sec on
3.3.). The list below describes the ranking by Milan REFLOW pilot stakeholders. The ranking
exercise included the socio-economic KPIs selected earlier in the process.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

1

E1: Circular food use rate
E2: Food waste index
E3: Agri-food import dependency
S10: Policy learning concerning adap ng policies and strategic plans
S6: Increased consciousness of ci zens on the role of community hubs played by municipal markets
S5: Number of stakeholders engaged in co-design, co-crea on and prototyping ac vi es
S7: Number of people reached through REFLOW ac vi es/campaign
S9: Ci zens' awareness regarding peri-urban farming and agri-food local chains
S4: Number of customers of products derived from a local supply chain
S8: Quality and frequency of dialogue

Note that at the ini a ve of the pilot team, the socio-economic KPIs were calibrated and modiﬁed to match the speciﬁc
context of the pilot. This is why the socio-economic KPIs ranked above appear slightly diﬀerent from the uncalibrated list of
selected socio-economic KPI in Table 31.
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Monitoring measures

The respondents also provided their feedback on the three pre-selected environmental KPIs.
The pie charts below illustrate the answers from the respondents regarding data availability,
monitoring rate, impact me lag, and required stakeholders for the monitoring process.

Graph 14: Responses to KPI: Circular food use rate.

Concerning data availability for the selected three KPIs, a large majority of the respondents
believe that the data will be collected directly during the project for the Circular food use rate
and the Food waste index, while a li le less than half believed that it would be the case for the
Food import dependency indicator. Another small half believed that the Food import
dependency data would be available at either the city-level or na onal-level.
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Graph 15: Responses to KPI: Food waste index.

All of the respondents agreed that the three KPIs should be monitored at the beginning and at
the end of the project period. An overwhelming majority believed that the impacts of REFLOW
ac vi es would be reﬂected in the short term in the monitoring of the Circular food use rate
and the Food waste index. Conversely, a majority believed that change in the Food import
dependency indicator would also be visible in the long-term.

Graph 16: Responses to KPI: Food import dependency.
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A li le less than half of the respondents believed that the monitoring of these three KPIs would
not impact the city’s policies on food, while one ﬁ h believed it would have a direct impact, and
a similar propor on believed that it would only have an indirect impact.
The municipality, entrepreneurs, and the local food industry are the stakeholders the most cited
as the stakeholders required to monitor the three selected KPIs.
Key considerations when moving forward

Graph 17 shows the survey responses on the aspects of data availability, regularity of
monitoring, and the stakeholders required for all 3 selected KPIs. The regularity of monitoring
data for all KPIs was selected to be done annually with a 100% consensus from the pilot team.
Moving forward, there is a need to set up a robust data collec on and monitoring system with
the selected REFLOW municipal markets that can relay relevant data annually. As Italy, and
speciﬁcally Milan, are pushing towards circularity in the agri-food sector, data on Food
important dependency and the Circular food rate may be available on the country level, which if
available, can be used as a compara ve benchmark to monitor the project’s progress. Data for
the Food waste index will be calculated at the project level, therefore requiring a baseline value
to be calculated at the current state. Graph 17 also shows the collec ve ecosystem of
stakeholders required for measuring and monitoring the three environmental KPIs for Milan.
The Circular food use rate, which requires monitoring the amount of food recovered and fed
back into Milan’s municipal markets, requires collabora on between mul ple partners
throughout the value chain, giving almost equal importance to the par cipa on of the
municipality, entrepreneurs, industry, and ci zens. The Food waste index and Food important
dependency will also require the involvement of manufacturers and entrepreneurs in addi on
to the municipality to possibly bring change and innova on in produc on and distribu on
methods.
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Graph 17: Survey responses on (i) Data availability, (ii) Regularity of monitoring, and (iii) Stakeholders required for all shortlisted
environmental KPIs by the Milan pilot.

Final environmental KPIs
Based on the results of the survey, a ﬁnal co-itera on round was performed to review the
environmental KPIs, discuss their impacts, and decide on a monitoring approach. The ﬁnal
environmental KPIs for the Milan pilot are shown below in Table 33.
The municipality will lead the data collec on process, which will also involve local food
industries, manufacturers, and entrepreneurs. All three of the environmental KPIs will be
monitored at the beginning and the end of the project and focus exclusively on the REFLOW
municipal markets engaged in the pilot ac vi es.

97

D3.1 Circular Principles and Indicators
Table 33: Milan ﬁnal environmental KPIs.

Monitoring approach
KPIs

Scale

Regularity

Stakeholders

Lead
organiza on

Circular
material use
rate (%)

Municipal Food
Market

Beginning and end of
project period

Municipality, industry,
entrepreneurs; and ReﬂowOS
developers.

Municipality

Food waste
index (Weight)

Municipal Food
Market

Beginning and end of
project period

Municipality, entrepreneurs,
industries, waste company.

Municipality

Material import
dependency
(%)

Municipal Food
Market

Beginning and end of
project period

Industry, municipality,
manufacturers and
entrepreneurs.

Municipality

3.3.4 Paris
City: Paris
Pilot Team: City of Paris, Volumes, ARS LONGA, E-STORE , Fab City Grand Paris
Pilot Description: The REFLOW Paris Pilot focuses on building a circular economy through
event waste management by creating a tracking system to coordinate the use and reuse of
timber materials involved in temporary structures in the trade fair sector.

Impact Areas
Upon review of the co-deﬁned Impact Areas (see Sec on 3.3), the Paris pilot selected the
following Impacts Areas as most highly relevant for the pilot’s REFLOW ac vi es:
● Material and Resources
● Community Par cipa on
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The pilot placed a secondary emphasis on Governance, Policy, Employment, Behaviour and
Lifestyles, Carbon Footprint, and Educa on and Training. The pilot determined that Energy, Air
Quality, and Health and Well-being were not directly relevant to the REFLOW ac vi es in Paris.
Among the most relevant Impact Areas, Materials and Resources was selected as a key Impact
Area as the pilot must track and understand the quan ty and quality of ﬂows of mber across
events to provide insights for the crea on of interven ons and the development of circular
solu ons. Community Par cipa on was priori zed as the ac ve involvement of diﬀerent actors
in the local ecosystem (designers, event planners, site managers, waste management
companies), ci zens, and the municipality is a key lever to co-create the tools necessary to
transform the use of mber in events in Paris.
KPI long list selection
The pilot team subsequently used the most highly relevant Impact Areas as lenses to review the
KPI long list in a two-round itera on process (see Sec on 3.3 for co-crea on processes). The
ﬁrst round yielded a broad list of KPIs for each of the four Impact Areas, while in the second
round the most feasible and relevant KPIs in regards to the Pilot Ac on Plan as deﬁned in D.5.1
(REFLOW, 2020) were selected within each of the four Impact Areas. This reﬁned KPI list is
compiled in Table 34.
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Table 34: Paris pilot reﬁned KPI list (uncalibrated).

Impact Area

KPI

Description

Citation(s)

Materials and
Resources

Circular material use
rate (CMU)

The circular material use (CMU) rate measures, in
percentage, the share of material recovered and
fed back into the economy - thus saving
extrac on of primary raw materials - in overall
material use. The CMU rate is thus deﬁned as the
ra o of the circular use of materials (U) to the
overall material use (M).

EUROSTAT
2018

End-of-life
reuse/recycled input
rate

The ‘end-of-life recycling input rate’ (EOL-RIR)
measures how much of the total material input
into the produc on system comes from recycling
of "old scrap."

EC, 2018

Export of waste
materials

Waste exports to other economies, in physical
weight (at border).

EUROSTAT, IRP, 2016, 2019;
Schaﬀartzik, 2014;
Fischer-Kowalski, 2011;
Steinberger, 2010;

Physical trade balance
(PTB)

Physical imports minus exports in weight.

EUROSTAT, IRP, 2016, 2019;
Schaﬀartzik, 2014;
Fischer-Kowalski, 2011;
Steinberger, 2010;

Raw material
consump on (RMC)

RMC measures the total amount of raw materials
required to produce the goods used by the
economy (also called 'material footprint').

EUROSTAT, IRP, 2016, 2019;
Schaﬀartzik, 2014;
Fischer-Kowalski, 2011;
Steinberger, 2010;

Products promo ng
sustainability - green
purchasing of local
authority

The indicator inves gates the number of
organisa ons, including public administra ons
that purchase products promo ng sustainability
of consump on. “Sustainable products” may
include eco-labelled, organic, energy-eﬃcient,
cer ﬁed mber, or fair trade products.

RFSC; European Common
Indicators, 2003

Life me extension

The extent to which the project a empted to
prolong the service life me of products.

Bosch et al. 2017

Number of
stakeholders

Number of stakeholders involved in
decision-making ac vi es, and mechanisms to
encourage community engagement.

World Bank, 2018; EBRD;

Increased
consciousness of
ci zenship

The extent to which the project has contributed
in increasing consciousness of ci zenship. The
indicator provides a qualita ve measure and is
rated on a ﬁve-point scale.

Smiciklas, 2014; Bosch et
al. 2017

People reached

Percentage of people in the target group that
have been reached and/or are ac vated by the
project.

Bosch et al. 2017

Community
Par cipa on
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Governance

Employment

New forms of ﬁnancing

The extent to which the project has contributed
to, or inspired, the development of new forms of
ﬁnancing (qualita ve).

Kabisch et al, 2016

Policy learning
concerning adap ng
policies and strategic
plans

The extent to which the project has contributed
to, or inspired, changes in municipal rules and
regula ons to support implementa on and
“mainstreaming” (qualita ve).

Bosch et al. 2017

Establishment of new
businesses

Number of new businesses established in the
area surrounding the implemented project.

UNaLab, 2019

Patents (innova on)

Patents related to recycling and secondary raw
materials as a proxy for innova on. Number of
patents related to waste management and
recycling.

EC, 2018

KPI long list recalibration
A selec on process and recalibra on process was performed jointly between Metabolic and the
pilot team for the environmental KPIs (all included within the Material and Resources Impact
Area). This process solely included environmental KPIs as the socio-economic KPIs included in
Behaviour and Lifestyles, Community Par cipa on, Educa on and Training, and Governance are
further developed within WP 1. To tailor the KPIs selected within the Material and Resources
Impact Area to the speciﬁc ac vi es as deﬁned in the Pilot Ac on Plan (REFLOW D5.1, 2020)
recalibra on was required. This ﬁrst itera on of environmental KPIs therefore evolved into pilot
and context-speciﬁc environmental KPIs (Table 35).
The Circular material use rate is usually compiled at the country-level (EUROSTAT, 2018).
Through the joint reﬁnement eﬀort, it was downscaled to the appropriate scale for Paris
REFLOW ac vi es, that is, the key events involved in the pilot’s ac vi es. The KPI was also
modiﬁed to address only mber material at the event scale as it is the focus of the Paris pilot.
The End of life reuse/recycle input rate, Export of waste material, Physical trade balance, and
Raw material consump on indicators were all downscaled to the event level and to address
mber in each case. While the focus will be mber, a general overview of all materials will be
done by the pilot team.
Life me extension originally measures the impact a project has had on the extension of a
product’s useful lifespan through a qualita ve analysis on a linkert scale. This has been
calibrated to be measurable in a quan ta ve method by deﬁning it as the number of event
cycles a mber product goes through. The pilot team considers this KPI to be a poten al direct
indicator for eﬀec veness of incubated solu ons.
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Table 35: Paris pilot reﬁned KPI list (calibrated).

Impact Area

Original KPI

Recalibrated KPI

New description

Materials and
Resources

Circular material
use rate (CMU)

Circular mber use rate

The circular mber use (CTU) rate measures the share
of mber recovered and fed back into the event - thus
saving extrac on of primary virgin materials - in
overall material use. The CTU rate is thus deﬁned as
the ra o of the circular use of mber (U) to the overall
mber use (T).

End-of-life
reuse/recycled
input rate

End-of-life
reuse/recycled mber
input rate

The mber ‘end-of-life recycling/reuse input rate’
(EOL-RIR) measures how much of the total mber
input into the event system comes from recycling of
"old scrap" mber .

Export of waste
materials

Export of mber waste

Change in the export of mber waste at the event
scale.

Physical trade
balance (PTB)

Timber stock

Total amount of mber structure and products stored
for a recurring event.

Raw material
consump on (RMC)

Virgin mber input rate

Share of mber inputs from virgin mber produc on.

Products promo ng
sustainability green purchasing of
local authority

Number of products
promo ng sustainability
purchasing of local
authority

The indicator inves gates the ra o of public
procurement in which there are environmental clauses
for mber.

Life me extension

Lifespan extension of
mbre products number of event cycles

Number of event cycles of products conceived with
the incuba on program.

Stakeholder survey results
The KPI co-reﬁnement and ﬁnaliza on survey was completed by ﬁve respondents from the
REFLOW team from a variety of organiza onal backgrounds, ranging from the municipal bodies,
NGOs, SMEs, and FabLabs.
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KPI ranking

The reﬁned set of 14 calibrated KPIs was included in the stakeholder survey and was
subsequently ranked according to the single transferable vote count methodology (see Sec on
3.3.). The list below describes the ranking by Paris REFLOW pilot stakeholders. The ranking
exercise included the socio-economic KPIs selected earlier in the process.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.

E7: Lifespan extension - number of event cycles per product
E2: End-of-life reuse/recycled input rate
E4: Timber stock: Total amount of mber structure and products stored for a recurring event
E1: Circular mbre use rate
S11: New forms of ﬁnancing
S13: Establishment of new businesses
S12: Policy learning concerning adap ng policies and strategic plans
S10: Number of people reached through REFLOW ac vi es/campaign
E5: Virgin mber input rate
S8: Number of stakeholders involved
E3: Change in the export of mber waste at the event scale
S14: Patents related to recycling and secondary raw materials as a proxy for innova on
E6: Number of products promo ng sustainability purchasing of local authority
S9: Increase in the consciousness of ci zens

During the ﬁnal co-crea on sec on, it was decided by the pilot team that amongst the
environmental KPIs, only E1: Circular mber use rate, E2: End of life reuse/recycle rate, and E7:
Lifespan extension will be pursued further. Virgin mber input rate, Timber stock, and Export of
mber waste at the event level were all considered sub-components of the Circular mber use
rate.
Monitoring measures

The respondents also provided their feedback on the seven shortlisted environmental KPIs
within the monitoring sec on of the survey. The pie charts below illustrate the answers from
respondents regarding data availability, monitoring rate, impact me lag, and required
stakeholders for the monitoring process of the three ﬁnalised environmental KPIs.
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E1: Circular timber use rate

Graphic 18: Responses to KPI: Circular mbre use rate.

The Circular mber use rate was considered most useful if measured as a comparison between
pre-interven on levels and post-interven on levels, thus the data collec on should be done
with a current baseline and then at the end of the project period. As this is a composite
indicator, the data will be calculated at project level using data points collected within the
selected events and from data points which may be available at the city scale.
E2: End-of-life reuse/recycled input rates

Graphic 19: Responses to KPI: End-of-life reuse/recycled input rates.
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The data collec on of the EOL-RIR, which measures how much of the total mber input into the
event system comes from recycling of "old scrap" mber, will be done according to the
occurrence of the events iden ﬁed by the pilot on an annual basis. 40% of respondents
commented on there being no data available currently, ci ng that data will have to be
developed at the project stage. The stakeholders needed for the monitoring of this KPI include
manufacturers, industry, entrepreneurs, and possibly the municipality.
E7: Life time extension - number of event cycles

Graphic 20: Responses to KPI: Lifespan extension.

The Life me extension of mber products looks at the number of event cycles a mber product
conceived by the incuba on program goes through. The data for this KPI will be collected
following the development of products form workshops conducted through the pilot’s
incuba on program and then according to the consequent occurrence of events where the
product is possibly used. This KPI heavily depends on the involvement of entrepreneurs,
educa onal ins tutes, and manufacturers to push innova on at the design stage of circular
products.
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Key considerations when moving forward

Graph 21 shows the survey responses on the aspects of data availability, regularity of
monitoring, and the stakeholders required for all 3 selected KPIs by the Paris pilot. Currently,
data relevant to the KPIs is not available, but needs to be developed at the project level. Moving
forward, as the event sector may remain aﬀected in the coming year(s) due to the COVID-19
outbreak, it will be essen al to develop a data collec on strategy that can be safely
implemented or to develop data points that can act as a proxy for live event data. The regularity
of data collec on and monitoring in the case of the Paris pilot is highly dependent on the
schedule of the events as two out of the three KPIs - EOL-RIR and Lifespan extension - will be
monitored during the consecu ve occurrences of the events each year. The collec ve
ecosystem of stakeholders required for measuring and monitoring the three environmental KPIs
for Paris emphasizes the involvement of entrepreneurs, manufacturers, and industries for all
three KPIs. The innova ons in the product development stage required for Lifespan
extensionEOL-RIR will require constant coopera on between Fab Labs, entrepreneurs, and
educa onal ins tu ons.

Graphic 21: Survey responses on (i) Data availability, (ii) Regularity of monitoring, and (iii) Stakeholders required for all
shortlisted environmental KPIs by the Paris pilot.
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Final environmental KPIs
Based on the results of the survey, a ﬁnal co-itera on session was performed to review the
environmental KPIs, discuss their impacts, and decide on a monitoring approach. The ﬁnal
environmental KPIs for the Paris pilot are shown below in Table 36.
Table 36: Paris pilot ﬁnal environmental KPIs.

KPIs

Monitoring approach
Scale

Regularity

Stakeholders

Lead
organization

Circular mber
use rate

Events

Beginning and end of
project period

Manufacturers, industry,
entrepreneurs.

ARS LONGA

End-of-life
reuse/recycled
input rates

Events

Data collected per
event schedule,
according to their
occurrences

Manufacturers, industry,
entrepreneurs.

City of Paris
(Municipality)

Life me
extension number of
event cycles

Events

Data collected per
event schedule,
according to their
occurrences

Educa on Ins tu ons,
Entrepreneurs,
Manufacturers, SMEs (driving
the incubators and
innova on).

TBD

107

D3.1 Circular Principles and Indicators

3.3.5 Cluj-Napoca
City: Cluj-Napoca
Pilot Team: Cluj-Napoca Municipality, Cluj Metropolitan Area Association, National Institute for
Research and Development of Isotopic and Molecular Technologies, ARIES Transilvania.
Pilot Description: Through the REFLOW Pilot, the objectives for Cluj-Napoca are: to prove how
the measures taken to date by the City have impacted the energy e ciency of selected
buildings; to involve the identiﬁed stakeholders in implementing and furthering the measures
already taken; to disseminate the information gathered at household and business level; to
encourage different actors in the ecosystem to propose new ideas regarding renewable energy
sources to be integrated in the City’s strategy for a circular economy. All these will be
complemented by educating citizens on the circular economy, its beneﬁts and possibilities.

Impact Areas
Upon review of the co-deﬁned Impact Areas (see Sec on 3.3), the Cluj-Napoca pilot selected
the following Impacts Areas as most highly relevant for the pilot’s REFLOW ac vi es:
●
●
●
●

Energy
Carbon Footprint
Behaviour and Lifestyles
Community Par cipa on

The pilot placed a secondary emphasis on Material and Resources, Governance, Educa on and
Training, and Policy. The pilot determined that Air Quality, Health and Well-being, Employment,
and Equity and Inclusivity were not directly relevant to the REFLOW ac vi es in Cluj-Napoca.
Among the most relevant Impact Areas, Energy was selected due to energy eﬃciency being the
core focus of the Cluj-Napoca pilot. The ac vi es of the Cluj pilot also place a high priority on
the change in consumer behaviour and lifestyle, which would involve community par cipa on
throughout the project period.
KPI long list selection
The pilot team subsequently used the most highly relevant Impact Areas as lenses to review the
KPI long list in a two-round itera on process (see Sec on 3.3 for co-crea on processes). The
ﬁrst round yielded a broad list of KPIs for each of the four Impact Areas, while in the second
round the most feasible and relevant KPIs in regards to the Pilot Ac on Plan as deﬁned in D.5.1
(REFLOW, 2020) were selected within each of the four Impact Areas. This reﬁned KPI list is
compiled below in Table 37.
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Table 37: Cluj-Napoca pilot reﬁned KPI list (uncalibrated).

Impact Area

KPI

Description

Citation(s)

Energy

Reduc on in life
cycle energy use

Reduc on in life cycle energy use by a material/product
achieved by the project (%).

Bosch et al,
2017; Smiciklas,
2014;
ISO-14042,
2000

Energy
consump on

Total ﬁnal energy consump on, in GJ per capita per year and
average annual growth.

World Bank,
2017, 2018;
IDB, 2014

Greenhouse gas
emissions per
capita

This indicator measures CO2 emissions of the city, divided by
city popula on.

SDGs, IDB,
EBRD, WDI, CPI,
World Bank, EU
resource
eﬃciency
scoreboard,
RSFC

CO2 emission total

Measures the intensity of CO2 emissions from the en re
economy.

EPI; RFSC;
Hertwitch,
2009; WRI
climate analysis

Behaviour and
Lifestyles

Consciousness of
ci zenship

The extent to which the project has contributed in increasing
consciousness of ci zenship (qualita ve).

Bosch et al,
2017; Smiciklas,
2014

Community
Par cipa on

Number of
stakeholders

Number of stakeholders involved in decision-making ac vi es,
and mechanisms to encourage community engagement.

World Bank,
2018; EBRD;

People reached

Percentage of people in the target group that have been
reached and/or are ac vated by the project.

Bosch et al,
2017

Availability of
public informa on
in local dialects
for dissemina on
to local users

Availability of public informa on in local dialects for
dissemina on to local users.

UNDP Capacity
Development,
2008

Par cipatory
governance

The propor on (%) of ci zens involved in par cipatory
governance.

EIP-SCC, 2013;
Bosch et al,
2017

Air Quality

Governance
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KPI long list recalibration
A selec on process and recalibra on process was performed jointly between Metabolic and the
pilot team for the shortlisted KPIs (Table 37). This process included both environmental KPIs
(Energy and Air Quality Impact Areas) and socio-economic KPIs (Behaviour and Lifestyles,
Community Par cipa on, and Governance Impact Areas). To tailor the KPIs selected within the
Air Quality and Energy Impact Areas to the speciﬁc ac vi es as deﬁned in the Pilot Ac on Plan
(REFLOW D5.1, 2020) recalibra on was required. This recalibra on process was done in
collabora on between Metabolic and the Cluj pilot team. A er this ini al process, the Cluj pilot
team worked together to recalibrate socio-economic KPIs (e.g. those KPIs included within the
Behaviour and Lifestyles, Community Par cipa on, and Governance Impact Areas). This ﬁrst
itera on of the shortlisted KPIs therefore evolved into pilot and context-speciﬁc environmental
KPIs (Table 38).
Reduc on in life cycle energy use and Total CO2 emissions were both calibrated to be measured
on the building scale through REFLOW ac vi es. Reduc on of energy consump on has been
considered a useful KPI by the pilot team as it is an ongoing objec ve of the municipality of
Cluj-Napoca in the promo on of energy eﬃciency and climate change mi ga on.
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Table 38: Cluj-Napoca pilot reﬁned KPI list (calibrated).

Impact Area

Original KPI

Recalibrated KPI

New description

Energy

Reduc on in life
cycle energy use

Reduc on in energy use

Reduc on in energy use in the selected REFLOW
building achieved by the REFLOW ac vi es of the
project.

Air Quality

CO2 emission - total

CO2 emissions

Reduc on in carbon footprint of a building used as a
mini-pilot.

Behaviour and
Lifestyles

Increased
consciousness of
ci zens

Number of ci zens
reached by
dissemina on ac ons

Raising awareness of the ci zens with interven ons in
schools and other municipality owned buildings.

Community
Par cipa on

Number of
stakeholders

Number of stakeholders
involved

Number of stakeholders involved in REFLOW ac vi es.

People reached

Number of ci zens
reached by REFLOW
dissemina on ac ons

Number of ci zens reached by REFLOW dissemina on
ac ons.

Availability of public
informa on in local
dialects for
dissemina on to
local users

Availability of public
informa on in local
dialects for
dissemina on to local
users

Availability of public informa on in local dialects for
dissemina on to local users.

Par cipatory
governance

Ci zens ac vated by the
CIIC mee ngs

Ci zens ac vated by the CIIC mee ngs.

Governance

Stakeholder survey results
The KPI co-reﬁnement and ﬁnaliza on survey was completed by ﬁve respondents from the Cluj
pilot team from a variety of organiza onal backgrounds, ranging from research organisa ons,
NGOs, and municipal bodies.
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KPI ranking

The reﬁned set of seven calibrated KPIs was included in the stakeholder survey and was
subsequently ranked according to the single transferable vote count methodology (see Sec on
3.3.). The list below describes the ranking by the Cluj-Napoca REFLOW pilot stakeholders. The
ranking exercise included the socio-economic KPIs selected earlier in the process.
1.
2.
3.
4.
5.
6.
7.

E1: Reduc on in energy use
E2: Total CO2 emissions
S3: Increase in the consciousness of ci zens by REFLOW ac vi es
S5: Number of people reached through REFLOW ac vi es
S4: Number of stakeholders involved
S7: Par cipa on: Ci zens ac vated by the CIIC mee ngs
S6: Availability of public informa on in local dialects for dissemina on

Monitoring measures

The respondents provided their feedback on the monitoring measures for two selected
environmental KPIs. The pie charts below illustrate the answers from the respondents regarding
data availability, monitoring rate, impact me lag, and required stakeholders for the monitoring
process.
E1: Reduction in energy use

Graphic 22: Responses to KPI: Reduc on in energy use.
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The Reduc on in energy use KPI measures reduc on in energy use measures in the selected
REFLOW building achieved by the Cluj pilot ac vi es. 80% of respondents reported that there is
no data available currently that is being monitored. The key stakeholder needed for measuring
and monitoring data for this KPI is the municipality who is commi ed to bringing energy
eﬃcient changes to the municipal buildings and street ligh ng. Ci zens were considered the
second most relevant stakeholder because of the impact of usage pa erns and behaviours,
which the pilot aims to address.
E2: Total CO2 emissions

Graphic 23: Responses to KPI: Total CO2 emissions.

The Total CO2 emissions KPI measures the reduc on in carbon footprint of a building used as a
mini-pilot in the Cluj-Napoca pilot. Similarly to the previous KPI, there is no data available
currently. The frequency of data collec on was unanimously selected to be at the beginning and
end of the project period. The stakeholders involved in the monitoring and measuring this KPI
are the municipality, entrepreneurs, and educa onal ins tu ons.
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Key considerations when moving forward

Graph 24 shows the survey responses on the aspects of data availability, regularity of
monitoring, and the stakeholders required for both selected KPIs by the Cluj-Napoca pilot. Since
data for both KPIs is currently not available, and the intended regularity of monitoring for both
is at the beginning and end of the project, therefore it is vital to calculate baseline values of the
current state as a star ng point. The collec ve ecosystem of stakeholders required for
measuring and monitoring the reduc on of energy use in the buildings selected within the
Cluj-Napoca pilot is ins nc vely large: involving the municipality, ci zens, educa onal
ins tu ons, entrepreneurs, and manufacturers. This KPI is dependent on a collec ve
contribu on towards the reduc on of energy use from all processes involved in the selected
buildings. The total carbon footprint of the selected buildings also involves inputs from the
municipality, entrepreneurs, and educa onal ins tu ons. Therefore, crea ng a pla orm for
constant collabora on within the men oned stakeholders will be vital to the process.

Graphic 24: Survey responses on (i) Data availability, (ii) Regularity of monitoring, and (iii) Stakeholders required for all
shortlisted environmental KPIs by the Cluj-Napoca pilot.
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Final environmental KPIs
Based on the results of the survey, a ﬁnal co-itera on session was held to review the
environmental KPIs, discuss their impacts, and decide on a monitoring approach. The ﬁnal
environmental KPIs for the Cluj-Napoca pilot are shown below in Table 39.
Table 39: Cluj-Napoca pilot ﬁnal environmental KPIs.

KPIs

Monitoring approach
Scale

Regularity

Stakeholders

Lead
organization

Reduc on in
energy use

REFLOW site
(building)

Beginning and end of
project period

Municipality, Ci zens, Industries,
Manufacturers, Educa onal
ins tutes

TBD

CO2 emissions

REFLOW site
(building)

Beginning and end of
project period

Manufacturers, Entrepreneurs,
Educa onal ins tutes

TBD

3.3.6 Berlin
City: Berlin
Pilot Team: Berliner Wasserbetriebe, Agile Heap, Fraunhofer FOKUS, MCS Data Labs
Pilot Description: The Berlin Pilot is focussed on ‘waste heat’. For citizens, the issue of waste
heat is almost invisible, the Berlin Pilot would like to address this issue. To this end, properties
that are easily accessible to civil society, such as makerspaces and coworking places, are to
be equipped with waste heat technology in a particularly tangible way. The Berlin Pilot focuses
on identifying where waste-heat potential lies in the metropolitan area. From that information,
the Pilot aims at reducing time between stakeholders requesting advice about implementing
waste-heat-technology and actually receiving such advice.
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Impact Areas
Upon review of the co-deﬁned Impact Areas (see Sec on 3.3), the Berlin pilot selected the
following Impact Areas as most highly relevant for the pilot’s REFLOW ac vi es:
●
●
●
●

Energy
Carbon Footprint
Governance
Policy

The pilot placed a secondary emphasis on Air Quality, Community Par cipa on, Educa on and
Training, and Employment. The pilot determined that Health, Behaviour and Lifestyle, and
Equity and Inclusivity were not directly relevant to the REFLOW ac vi es in Berlin.
Among the most relevant Impact Areas, Energy and Carbon Footprint were considered the most
important, as the Berlin pilot is focusing on iden fying the energy poten al of waste heat in the
metropolitan area.
KPI long list selection
The pilot team subsequently used the most highly relevant Impact Areas as lenses to review the
KPI long list in a two-round itera on process (see Sec on 3.3 for co-crea on processes). The
ﬁrst round yielded a broad list of KPIs for each of the four Impact Areas, while in the second
round the most feasible and relevant KPIs in regards to the Pilot Ac on Plan as deﬁned in D.5.1
were selected (REFLOW, 2020) within each of the four Impact Areas. In addi on to the KPIs
shortlisted from the long list, Metabolic helped develop an addi onal KPI that measures
recovery rate of waste heat. This reﬁned KPI list is compiled in Table 40.
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Table 40: Berlin pilot reﬁned KPI list (uncalibrated).

Impact Area

KPI

Description

Citation(s)

Energy

Circular energy
use rate (CEU)

The circular energy use rate measures, in percentage, the share of
energy recovered and fed back into the economy - thus saving
extrac on of primary energy - in overall energy use. The rate is thus
deﬁned as the ra o of the circular use of energy to the overall
energy use.

EUROSTAT,
2018; EC, 2018

EROEI

Energy return on energy input.

White, 2019

Recovery rate of
waste heat

Actual heat recovered in the neighbourhood wastewater over the
theore cal recoverable heat from the wastewater. To calculate the
theore cal limit, we need to look at the eﬃciency of the energy
recovery system and the economic limit of the extrac on process
(break-even costs).

Developed
with the Berlin
Pilot

Physical energy
ﬂow (PEFA)

PEFA records the ﬂows of energy (in terajoules) from the
environment to the economy (natural inputs), within the economy
(products), and from the economy back to the environment
(residuals).

EUROSTAT

Energy
produc vity

The indicator results from the division of the gross domes c
product (GDP) by the gross available energy for a given calendar
year. It measures the produc vity of energy consump on and
provides a picture of the degree of decoupling of energy use from
growth in GDP. This can be calculated for a city and compared to its
na onal average.

EUROSTAT,
2019, Europe
2020 RE
indicators,
2019

Energy
dependence

The indicator shows the extent to which an economy relies upon
imports in order to meet its energy needs. It is calculated as net
imports divided by the gross available energy. Energy dependence =
Net imports / Gross available energy.

Europe 2020
RE indicators,
2019

Share of
renewable
energy in gross
ﬁnal energy
consump on

Percentage of energy from a renewable source within the overall
energy consump on.

SDG7.2, World
Bank, 2018;
EBRD, CPI,
Europe 2020
RE indicators,
2019, RFSC

Extrac on of
natural energy
inputs

The ﬂows of energy (in terajoules) from the environment to the
economy (natural inputs); Natural energy inputs: ﬂows from the
natural environment into the economy such as fossil energy carriers
in solid, liquid and gaseous form, biomass, solar radia on, kine c
energy in form of hydro and wind, geothermal heat etc.

EU Resource
eﬃciency
Scoreboard

Residual energy
amounts

Energy residuals: mainly energy in the form of dissipa ve heat
arising from the end use of energy products, ﬂowing from the
economy into the natural environment.

EU Resource
eﬃciency
Scoreboard

Use of waste for
energy purposes

Produc on of waste-to-energy plants.

EU Resource
eﬃciency
Scoreboard
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Carbon
Footprint / Air
Quality

Governance

Policy

CO2 emission power

Measures the intensity of CO2 emissions per kilowa -hour of
electricity and heat, as a blend of current-year intensity and a
10-year trend.

Interna onal
energy agency,
2017

Greenhouse gas
emissions per
capita

This indicator measures CO2 emissions of the city, divided by the
city popula on.

SDG, IDB,
EBRD, WDI,
CPI, World
Bank, EU
resource
eﬃciency
scoreboard,
RSFC

Green public
procurement (as
an indicator for
ﬁnancing
aspects)

The share of major public procurements in the EU that include
environmental requirements; Percentage of procurement using
environmental criteria compared to total procurement of the city
administra on, in a one year period.

RFSC; EU CE
Monitoring
Framework;
SDG 16

New forms of
ﬁnancing

The extent to which the project has contributed to, or inspired, the
development of new forms of ﬁnancing (qualita ve).

Bosch et al.,
2017; Kabisch,
2016

Policy learning
concerning
adap ng
policies and
strategic plans

The extent to which the project has contributed to, or inspired,
changes in municipal rules and regula ons to support
implementa on and “mainstreaming” (qualita ve).

Bosch et al.,
2017; Kabisch,
2016

KPI long list recalibration
A selec on process and recalibra on process was performed by Metabolic jointly with the pilot
team for the shortlisted KPIs (Table 40). This process included both environmental KPIs (Energy
and Air Quality) as well as socio-economic KPIs (Policy and Governance), which will also be
further developed within WP 1. To tailor the selected KPIs to the speciﬁc ac vi es as deﬁned in
the Pilot Ac on Plan (REFLOW D5.1, 2020) recalibra on was required. This ﬁrst itera on of KPIs
therefore evolved into pilot and context-speciﬁc environmental KPIs (Table 41).
The calibra on of the generic KPIs into pilot speciﬁc KPIs was done with comments from the
Berlin pilot team over mul ple discussions, where all KPIs were rescaled to be measured at a
neighbourhood level agreeable to the Berlin pilot ac on plan.
One addi onal KPI was introduced to the list through co-crea on with the pilot stakeholders to
respond to the speciﬁc need to calculate waste heat poten al in the city: Recovery rate of waste
heat. To calculate the theore cal limit, the pilot team agreed that they need to look at the
eﬃciency of the energy recovery system and the economic limit of the extrac on process i.e.
break-even costs. The theore cal limit of waste heat would be es mated by system-wide
poten als via caloric equa on (q=rho*cp*dT*V).
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The Circular Energy Use rate KPI is usually used at a scale of the na onal economy. For the
purposes of the Berlin pilot, this KPI was scaled down to the neighbourhood level and focused
speciﬁcally on heat from waste water in rela on to total heat. Two socio-economic KPIs were
suggested by the pilot stakeholders to measure the impact of their ac vi es: Exploita on
request rate and Implementa ons. The two respec vely look at the increase in request rates for
waste heat through the use of REFLOW pla orm and implementa ons triggered through
REFLOW ac vi es. The pilot partners believe that these could be realis c goals that can be
reached during the project me by mapping wastewater heat poten als, web applica ons, and
workshop ac vi es.
Table 41: Berlin pilot reﬁned KPI list (calibrated).

Impact Area

Original KPI

Recalibrated KPI

New description

Energy

Circular energy use
rate (CEU)

Circular energy use rate
(CEU)

Energy recovered and fed back into the city grid (thus
saving extrac on of primary energy).

Energy return on
energy input

REFLOW EROEI

The ra o of the amount of usable energy delivered
from a par cular energy resource to the amount of
energy used to obtain that energy resource.

Recovery rate of
waste heat

Recovery rate of waste
heat

Actual heat recovered in the neighbourhood
wastewater over the theore cal recoverable heat from
the wastewater.

Share of renewable
energy in gross ﬁnal
energy
consump on

Share of heat energy in
gross energy
consump on

Percentage of energy contributed through waste heat
recovery to the total gross energy consump on.

CO2 emission power

CO2 emission change in
power produc on

Measures the intensity of CO2 emissions per
kilowa -hour of electricity and heat.

Exploita on - Request
rate

Increase of wastewater heat requests due to
sensi sa on via ReFlow-pla orm (heat poten al
mapping, workshops etc.).

Exploita on Implementa on

Total of amount of triggered implementa ons during
the project.

Air Quality

Outreach2

2

A diﬀerent term has been used for the Impact Area as the two KPIs have been developed through discussions with the Berlin
pilot team. The two KPIs men oned here cross mul ple Impact Areas (Community par cipa on, behaviour and governance).
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Stakeholder survey results
The KPI co-reﬁnement and ﬁnaliza on survey was completed by ﬁve respondents from the
REFLOW team from a variety of organiza onal backgrounds, ranging from research ins tu ons,
NGOs, SMEs, and municipal u lity companies.
KPI ranking

The reﬁned set of seven calibrated KPIs was included in the stakeholder survey and was
subsequently ranked according to the single transferable vote count methodology (see Sec on
3.3.). The list below describes the ranking by the Berlin REFLOW pilot stakeholders. The ranking
exercise included the socio-economic KPIs selected earlier in the process.
1.
2.
3.
4.
5.
6.
7.

S6: Exploita on request rate
S7: Total amount of triggered implementa ons during the project
E3: Recovery rate of waste heat
E2: Energy return on energy input (EROEI) rate
E4: Share of heat energy in gross energy consump on
E1: Circular energy use rate (CEU)
E5: CO2 emission change in power produc on

Monitoring measures

The respondents also provided their feedback on the ﬁve pre-selected environmental KPIs. The
pie charts below illustrate the answers from the respondents regarding data availability,
monitoring rate, impact me lag, and required stakeholders for the monitoring process.
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E1: Circular energy use rate

Graphic 25: Responses to KPI: Circular energy use rate.

The Circular energy use rate looks into the energy recovered and fed back into the city grid.
Currently no data exists for this KPI as it is a composite KPI, for which the calcula on will use
other data points - such as total energy produced and energy recovered from waste heat, etc. that will be collected at the neighbourhood level. 40% of respondents voted to collect data
bi-annually for this KPI, but throughout the project it has been considered logis cally unrealis c
to collect data bi-annually for any of the KPIs. For this reason, it has been decided to measure
this KPI either annually or as a comparison between the values at the beginning and end of the
project period. For the stakeholders involved, it was clear by the responses that the
involvement of the municipality and industry partners will be cri cal.
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E2: Energy return on energy input (EROEI) rate

Graphic 26: Responses to KPI: Energy return on energy input rate.

The Energy return on energy input (EROEI) KPI measures the ra o of the amount of usable
energy delivered from a par cular energy resource, in this case waste heat to the amount of
energy used to obtain that energy resource. The most commonly used data collec on and
monitoring processes come from single power plants, but this can be theore cally es mated for
those waste water heat implementa ons triggered by the pilot. The KPI is expected to have a
long term impact, above and beyond the me frame of the project. Therefore, similar to the
Circular energy use, this KPI will also be monitored either annually or at the beginning and end
of the project period but not bi-annually. While MCS datalabs will be taking a lead on this KPI,
the involvement of the industry, municipality, and educa onal ins tu ons is important to
acquire and measure data as well as to create theore cal es mates.
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E2: Recovery rate of waste heat

Graphic 27: Responses to KPI: Recovery rate of waste heat.

To calculate the theore cal limit of recovery rate of waste heat, the pilot team agreed that they
need to look at the eﬃciency of the energy recovery system and the economic limit of the
extrac on process i.e. break-even costs. The data in comparison to the theore cal limit will be
developed, measured, and monitored at the project level within the addressable
neighbourhoods. The values for the KPI will be compared at the beginning and end of the
project period to measure the impact REFLOW pilot ac vi es have had on the recovery of waste
heat. Prototypes will be taking the lead on this KPI with support from the municipality and the
industry.
E4: Share of heat energy in gross energy consumption
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Graphic 28: Responses to KPI: Share of heat energy in gross energy consump on.

Data for the amount of heat energy added to the energy mix will be calculated at the project
level, but to calculate the share it holds in the gross energy consump on, neighbourhood level
or city level data will have to be used. The outcomes of this KPI have also been considered
dependent on other renewable implementa ons within the neighbourhood, which may or may
not be triggered through the ac ons of REFLOW. 40% of the respondents voted that the data
should be collected annually. Fraunhofer will be taking the lead on monitoring this KPI, but will
require the involvement of the municipality, industry, and educa onal ins tu ons.
E5: CO2 emission change in power production

Graphic 29: Responses to KPI: CO2 emission change in power produc on.

The CO2 emission change in power produc on KPI measures the intensity of CO2 emissions per
kilowa -hour of electricity and heat produced. Data at country and city level is available as CO2
emissions are quan ﬁable for the current energy produc on within Berlin, but will have to be
calculated at the neighbourhood level or for the wastewater heat plants in rela on to the
REFLOW Berlin pilot. The subs tuted technology has been considered relevant to calculate the
CO2 reduc on, which could be challenging for some implementa ons. As this is a long term
change, the data will be collected at the beginning and end of the project period. Prototypes
will be taking the lead on this KPI, with support from the municipality, Industry, educa onal
ins tu ons, and manufacturers.
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Key considerations when moving forward
Graph 30 shows the survey responses on the aspects of data availability, regularity of
monitoring, and the stakeholders required for all ﬁve selected KPIs by the Berlin pilot. In
response to the survey ques on on the me period of expected impact, most respondents
supported the idea that many KPIs will have a long term impact that might show changes
beyond the me frame of the project. This could have an impact on the progress seen within
the next two years. It would be beneﬁcial to develop projec ons based on the ac vi es
performed by the Berlin pilot. Many of the selected KPIs require the calcula on of theore cal
limits and es mates, which will be an important step moving forward. An addi onal comment
was made by members of the pilot team on the need for relevant ﬁnancial or economic
parameters to precede the analysis of environmental KPIs E4 and E5 and the social KPIs S6 and
S7, which will be further developed in WP1.

Graphic 30: Survey responses on (i) Data availability, (ii) Regularity of monitoring, and (iii) Stakeholders required for all
shortlisted environmental KPIs by the Berlin pilot.
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Final environmental KPIs
Based on the results of the surveys, a ﬁnal co-itera on session is to be performed in M12 to
review the environmental KPIs, discuss their impacts, and decide on a monitoring approach. The
current ﬁnal environmental KPIs for the Berlin pilot are shown below in Table 42. The following
table is yet to be ﬁnalised by the Pilot team.
Table 42: Berlin pilot ﬁnal environmental KPIs.

KPIs

Monitoring approach
Scale

Regularity

Stakeholders

Lead
organization

Recovery rate
of waste heat

Neighbourhood

Start and end of project

Municipality, Industry, Others

Prototypes

Circular energy
use rate (CEU)

Neighbourhood

Annually/Start and end
of project period

Municipality, Industry, Others

MCS Datalabs

Share of heat
energy in gross
energy
consump on

Neighbourhood

Annually/Start and end
of project period

Municipality, Industry,
Educa onal Ins tu ons, Others

Fraunhofer

Energy return
on energy input
(EROEI) rate

Neighbourhood

Annually/Start and end
of project period

Municipality, Industry, Others

MCS Datalabs

CO2 emission
change in
power
produc on

Neighbourhood

Annually/Start and end
of project period

Municipality, Manufacturers,
Educa onal ins tu ons, Industry

Prototypes
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4. Urban metabolism process
4.1 Introduction
4.1.1 Cities as key nexus for the circular economy and urban metabolism approach
Ci es currently account for 2% of the total land surface of the planet, but use 75% of the total
resources extracted by the world’s economy (Pacione, 2009). Urban spaces are therefore a key
nexus of resource ﬂows - from material to energy, water to waste. This trend is projected to
increase, as by 2050 urban dwellers are expected to represent 66% of the 9.5-billion human
popula on (UN, 2017). Reducing urban waste and environmental impacts has become both a
priority and a key leverage point to transi on the economy into a regenera ve and circular
state.
Urban metabolism is a concept focusing on the quan ta ve assessment of urban resource ﬂows
that has gained a en on over the last two decades (Mugando et al., 2017).

Urban metabolism as a concept and its application has crossed many scientiﬁc ﬁelds, with
studies spanning from the ﬁelds of industrial ecology, urban ecology, and urban geography to
the ﬁelds of political ecology and ecological economics. In its most traditional form urban
metabolism includes the systemic assessment of the urban inputs, outputs, and stocks of
energy, water, nutrients, materials, and waste.

The most cited deﬁni on of the concept stems from Kennedy et al. (2007) body of work: “The
sum of the technical and socio–economic processes that occur within the city, resul ng in
growth, produc on of energy, and elimina on of waste.” This deﬁni on has however been
cri cized due to its sole quan ta ve focus on energy and waste (Mugando et al., 2017). Curry
and Mugando (2016) suggested therefore a more holis c and mul disciplinary deﬁni on,
deﬁning urban metabolism as: “[a] collec on of complex sociotechnical and socio-ecological
processes by which ﬂows of materials, energy, people, and informa on shape the city, service
the needs of its populace, and impact the surrounding hinterland”.
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4.1.2 Historical roots
The historical roots of the urban metabolism concept are hard to trace. Wolman (1965) is o en
coined with the metabolic metaphor, where the resource consump on of ci es to meet the
input of energy and materials needed to exist and enable growth is compared to a living
organism and its metabolic needs (Wolman, 1965; Kalmykova & Rosado, 2016). However, recent
studies (Lederer & Kral, 2015) have suggested that this philosophical approach was developed
as early as the end of the 19th century - providing the German chemist Theodore Weyl and his
publica ons “Essays on the metabolism of Berlin” as a key example. Although the ﬁlia on of the
concept remains vague, the fundamental approach to consider ci es as metabolic systems has
had crucial impacts in the scien ﬁc ﬁeld and caused a mindset shi on how environmental,
social, and economic factors interact together to shape the urban ecosystem.
4.1.3 Practical application
The mapping of urban resource ﬂows and their determinants has evolved through the years and
become increasingly more comprehensive (Graphic 31). These recent developments have
enabled the iden ﬁca on of leverage points that can be used to create interven ons that
reduce the throughput of material, energy, and water through urban spaces, make ci es more
resilient and eﬃcient with their resources, and even usher in the concept of regenera ve and
circular ci es.
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Graphic 31: Urban metabolism framework diagram (Ferrao & Fernandez, 2013:40).
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4.2 REFLOW and the circular metabolism approach
4.2.1 Circular urban metabolism
In REFLOW, the urban metabolism approach plays an important role. However, if urban
metabolism is key to track and monitor urban resource ﬂows, the addi on of circular principles
that provide guidance on and a vision for how to reconﬁgure these ﬂows is crucial. Thus, within
the REFLOW project, the Circular Principles (described in detail in Chapter 2) have been made
an integral part of the metabolic approach, hence the use of the term ‘circular urban
metabolism’. The 10 Circular Principles pave the way to transform the REFLOW pilot ci es
towards a regenera ve and circular state.

A circular urban metabolism should strive to close its biological and technical loops (CP3). Its
biological resources should cycle back to the local biosphere, while its technical resources
should be kept within the city’s boundaries at a high value, therefore ensuring e cient use of
resources (CP2). A circular urban space should rely on resources that are abundant and
renewable (CP4), especially using chemical resources that are fundamentally safe and
healthy (CP1). A circular urban metabolism is a metabolism founded in diversity and positive
redundancies (CP7), that manages connectivity between key resources like energy, water,
food, and materials in an optimally balanced way, to avoid burden shifting and negative
externalities (CP5). Additionally, understanding system feedback is key for a successful
circular urban metabolism and its integration within its local ecosystem (CP6). Finally, cities
that adopt a circular urban metabolism approach are continuously learning and iterating on
their approach (CP8), in an open and participative way (CP9), through polycentric governance
models (CP10).
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Practical approach to achieve a circular urban metabolism
To achieve a circular urban metabolism, ci es can adopt a prac cal four step approach that
encompasses a current state analysis, goal se ng, interven on development, and
implementa on.

Graphic 32: From analysis to implementa on of circular metabolism strategies (Metabolic, 2019).

Current state

This step refers to the assessment of the current urban metabolism of the focus city. The urban
ﬂows (food, energy, water, materials, construc on and demoli on waste, municipal waste) of
the city must be mapped throughout its key economic sectors and their mass quan ﬁed. For
the selected ﬂows included in the assessment, their environmental impacts must be assessed so
as to iden fy the most problema c hotspots and their root causes that should be addressed by
the city. A Material Flows Analysis (MFA) is usually the main methodology used to systema cally
quan fy the urban resources ﬂows of a given city.
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Material Flows Analysis methodology and environmental impact assessment

The main methodology used to assess the metabolism of REFLOW pilot ci es is material ﬂow
analysis (MFA)3. An MFA can be deﬁned as a systema c assessment of the ﬂows and stocks of
materials and energy within a system deﬁned in space and me (Brunner & Rechberger, 2004).
More broadly in the urban metabolism context, an MFA is essen ally a “model of the
interrela on between the economy and the environment, in which the economy is an
embedded subsystem of the environment and – similar to living beings – dependent on
a constant throughput of materials and energy” (Hinterberger et al., 2003). As such, this tool
enables the assessment and modeling of the key materials and energy ﬂows selected by the
REFLOW pilot ci es (plas c, mber, energy, tex le, food, waste heat) that move into, out of, and
within them.
From a mathema cal perspec ve, the guiding principles of an MFA is that all the inputs and the
outputs of a system must be accounted for and the overall mass balance of the system must be
correct. The correct mass balance is represented by the following rela on:

I nput = Output + ΔStock

The se ng of the system boundaries is an important ﬁrst step in the process as it deﬁnes where
the inputs and outputs inventories start and end. An MFA also has a temporal scope and may be
dynamic (future projec ons with scenarios) or sta c (total ﬂows accounted for in a given
period). In REFLOW, the usual me frame is one year and the MFA is sta c: it provides a
snapshot of the studied metabolic ﬂow for a given year.
An MFA provides several key insights into a city’s metabolism. It provides a high-level view of
what is happening in a sector, company, supply chain, or region regarding material and energy
ﬂows. Speciﬁcally, regarding ci es, it provides a view of the diﬀerent economic sectors that use
resources within a city. Addi onally, it gives an indica on of the rela ve size of the diﬀerent
resource ﬂows going through a city. Gaining a sense of the order of magnitude of ﬂows can help
decision-makers in se ng priori es when developing circular interven ons and strategies. An
MFA has the addi onal beneﬁt of illustra ng how the diﬀerent economic sectors and key
stakeholder groups forming the urban fabric of a city are interconnected. Thus, it shows which
of them must come together around a speciﬁc interven on to usher in change to their urban
3

For the case of Cluj and Berlin pilots, an Energy Flow Analysis (EFA) will be conducted rather than an MFA given their sole focus
on energy ﬂows.
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metabolism. Finally, an MFA highlights how (usually li le) circular a city is in prac ce and how
dependent the city is on virgin materials imports, and ﬁnally how linear its waste streams are as opposed to waste being cycled back through recycling or reuse.
An MFA can be used at mul ple scales: from a country- (EUROSTAT, 2018), to a region-, to a
city-, and ﬁnally to a site- level (e.g. a factory or building). In the context of REFLOW, the MFA
methodology will be used both at the city-level and at the level of the speciﬁc sites selected by
the REFLOW pilot teams as presented in sec on 4.2.2. At the me of wri ng, the MFA approach
has already been fully implemented for the Amsterdam pilot (city-level and site-level), and a
ﬁrst itera on has been performed for the Milan pilot’s city-level MFA. The method will also be
applied to Vejle and Paris (city-level and site-level), Cluj-Napoca and Berlin (city-level), and
Milan (site-level) in the coming year as further explained in sec on 4.2.2.
An addi onal step for the current state analysis is to quan fy and analyze the environmental
impacts associated with the ﬂows studied in the MFA. A life-cycle perspec ve is adopted at this
stage, where the environmental impacts of the urban resource ﬂows studied are assessed at
each stage of the value chain (raw material extrac on, produc on, transport, consump on,
collec on, and waste management). Therefore the ﬂows are not only analyzed from an urban
metabolism point-of-view, but also from a value chain point-of-view. This addi onal layer of
analysis is necessary because, to only focus on the resource ﬂows by mass - that is the total
mass present within the city boundaries - excludes an understanding of any associated, but
o en hidden upstream ﬂows and their impacts (e.g. ﬂows and impacts associated with raw
material extrac on, produc on processes, distribu on and transport throughout the value
chain) (Kalmykova & Rosado, 2016). A holis c understanding of the environmental impacts is
essen al for adequately priori zing management strategies for the most problema c ﬂows.
Kalmykova & Rosado (2016) illustrate in an example why it is crucial to weight mass ﬂows going
through ci es against their environmental impacts:

“Take for example aggregate: aggregate is, by mass, one of the most important resources
consumed in a city, however, its environmental impact is much lower than that of the small
urban ﬂows of rare metals.”
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Once iden ﬁed, the priority urban material streams can be managed through reduc on,
subs tu on, or eﬃciency strategies (Kalmykova & Rosado., 2016). In prac ce, once the mass
ﬂows are classiﬁed and quan ﬁed, their value chain is unravelled to include the upstream ﬂows
(extrac on, produc on, processing, distribu on) as well as the downstream ones (end-of-life
waste management). Life-cycle assessment databases are then selected and used to quan fy
the diﬀerent environmental impacts of these mass ﬂows at each stage of their value chain.
Finally, a common hotspot iden ﬁca on process is performed speciﬁcally regarding the circular
performance of the urban metabolism. The analysis iden ﬁes common urban resource stocks
that can be re-integrated back into the economy in order to increase the circularity of the urban
metabolism. Lastly, the analysis gives special a en on to the end-of-life (waste) ﬂows present in
the urban metabolism. It is key to understand how waste streams are currently treated
(incinera on, landﬁlling, diges on, recycling) to comprehend how linear the current urban
metabolism is.

Graphic 33: Current state of Ro erdam urban metabolism illustrated by a material ﬂow analysis (Metabolic, 2017).
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Graphic 34: An MFA focusing on the Construc on and Demoli on sector: A key sector of Ro erdam’s urban metabolism
(Metabolic, 2017).

Goals setting and interventions: Implication for circular management

Once the current state is well understood, the deﬁni on of the core goals of the city and the
vision of a future circular state must be developed. To be able to track progress towards the
newly deﬁned vision, key performance indicators (KPIs) must be iden ﬁed and their associated
monitoring processes must be established. Finally, interven ons that address the key hotspots
and environmental impacts associated with urban resource ﬂows must be developed.
Implementation

Once a vision, goals, KPIs and interven ons are deﬁned and key stakeholders are aligned, the
implementa on phase can begin. The implementa on phase can adopt diﬀerent forms. Two
case studies are brieﬂy presented below, one for the city of Ro erdam (Netherlands) focusing
on construc on and demoli on waste and one for the city of Charlo e (USA) focused on organic
ﬂows.
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Ro erdam CE Logis c Hub

A er a current state analysis that highlighted the construc on and demoli on waste streams as
a problema c but promising ﬂow in terms of circular prac ces, the city of Ro erdam has been
developing and building a Materials Hub in an available warehouse in the city. In addi on to
reducing transport impacts, the goal of the hub is to facilitate urban mining within the city,
func oning as a logis cs point for storing and reusing secondary materials from demoli on. This
project also builds on the “Urban Mining Tool” previously developed by Metabolic, which
predicts the quan es of materials ﬂowing from planned demoli ons and construc ons in the
Netherlands.
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Charlo e CE Innova on Hub

The current state analysis for the city of Charlo e revealed high volumes of organic waste being
sent to landﬁll. As closing the biological loop is of key importance for circular urban ci es (CP1),
Charlo e has developed a new program directly tackling this challenge. The Charlo e Materials
Innova on Lab (MIL) is a university-aﬃliated student-startup incubator program focused on new
value proposi ons for organic waste. The aim is to reduce the total amount of organic waste in
the city by genera ng and suppor ng innova ve local ini a ves for high-value upcycling of
speciﬁc organic waste streams. The city is establishing a Materials Innova on Lab that will
house the equipment needed for experimenta on and tes ng.
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4.2.2 REFLOW pilot cities and their urban metabolism scans
The circular urban metabolism approach described above has been central in the development
of the metabolism scan approach developed for each REFLOW pilot city in WP 3. In
collabora on with WP 5, the urban metabolism scanning ac vi es were deﬁned by WP 3 with
each individual pilot and adapted to their needs and local context.

Amsterdam
The Amsterdam pilot is focused on the ﬂow of textiles within the city. It places an emphasis
on clothes and home textiles consumed and discarded by households.

City-Level
A city-wide MFA has been carried out by Metabolic in collaboration with the pilot team, with
special data support provided by the waste management department of the municipality. The
results of the MFA have supported the framing of the pilot’s challenges, scenarios, and
activities described by the pilot team in D5.1 (REFLOW D5.1, 2020). Since then, further
iterations of the MFA have been generated as the latest data has become available, increasing
the granularity of the waste ﬂows (see Graph 35 at the end of this chapter). This iterative
process will continue to support the pilot throughout its planning and programming activities.
Site-Level
The pilot team is interested in working with a selection of neighbourhoods in Amsterdam. As a
result, neighbourhood-level textile waste scans will be carried out that focus on the following
neighbourhoods: Noord, Nieuw-West, and Zuidoost. The goal of the scans is to track annual
change for each of the selected neighbourhoods in terms of total volume of textile waste, its
composition, and the contamination rate (non-textile, spoiled textile in textile containers).
These scans will enable cross-neighbourhood comparisons - for example analyzing how
“REFLOW neighbourhoods” fare compared to Amsterdam’s neighbourhoods that are less
involved in the project. A temporal assessment of the neighbourhood’s evolution in terms of
textile collection will also be carried out to understand the impacts of REFLOW activities.
Finally, the scans will provide information for a spatial analysis of waste ﬂows from
neighbourhood collection to the ﬁnal destination of waste.
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Milan
The Milan pilot is focused on the ﬂow of food in the city. It has a particular interest in the
numerous covered municipal markets that are scattered around Milan. Assessing the ﬂow of
food at the market-level is therefore key for the pilot team.

City-Level
A city-wide food MFA was carried out by Metabolic to map the ﬂows of food across the value
chains that supply Milan residents with food products. This MFA will be re-iterated to increase
its granularity regarding the consumption patterns at the household-level, the supply of food
from food markets, as well as to identify the regional origins of the food consumed in Milan.
Site-Level
The Milan pilot is especially interested in the municipal food markets, as they represent a key
hub in local neighbourhoods. For one selected food market, a mapping of food ﬂows will be
carried out and their mass quantiﬁed through an MFA. This site-level scan will generate
insights on the current state of the food market, facilitate the creation of circular
interventions, and support the development of the co-design labs and experimental prototypes
taking place in the market.
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Paris
The Paris pilot is focused on timber ﬂows across the French capital. It has a speciﬁc
sectoral focus on the event industry in Paris and the temporary use of timber structures by
this sector.

City-Level
A city-wide timber MFA will be carried out to develop an understanding of the most important
timber ﬂows going through the French capital. This initial mapping will identify the largest
consumers of timber products by economic sectors, the types of timber products consumed,
and how and where the timber waste generated yearly is managed in the city.
Site-Level
As the pilot team has a special focus on the event industry, an MFA will be carried out for a
selected event to track its resource ﬂows, with a core focus on timber products. The results of
the MFA will highlight where circular interventions may have the greatest effect to reduce the
amount of waste generated during the event. A second MFA will then be performed a year later
to track progress driven by the new circular measures implemented by the event organizer.
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Vejle
The Vejle pilot team is focused on plastic ﬂows from key sectors of the municipality. It
places an emphasis on consumer plastics used in sectors such as the healthcare sector, the
food retail sector, the public sector (e.g, schools), and private households.

City-Level
A city-wide plastic MFA will be developed to gain a better understanding of the plastics ﬂows
going through the city. This mapping and quantiﬁcation process will provide insights into the
largest consumers of plastics, as well as the most used plastic types. Lastly, it will
characterize the ﬂows of plastic waste through the city, and highlight their waste disposal.
Site-Level
As the pilot team has a special focus on key sites in the city, such as a nursing home, a school,
social housing units, and several food retail locations, an MFA will be carried out on one of the
selected sites to track its plastic ﬂows. The results of the MFA will highlight where circular
interventions may have the greatest effect to reduce the amount of plastic consumed, and
how plastic waste can be recovered for productive purposes.

Berlin
The Berlin pilot team is focused on waste heat ﬂows that are generated throughout Berlin. It
aims to gain a better understanding of the availability of urban waste heat ﬂows and
investigate their potential to be captured and put to productive use.

City-Level
An energy ﬂow analysis (EFA) will be carried out to map and quantify the amounts of waste
heat available throughout the city. The EFA’s goal is to identify the largest sources of waste
heat and facilitate the prioritization of heat recovery strategies from the most promising
sources.
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Cluj-Napoca
The Cluj-Napoca pilot is focused on the energy consumed by publicly managed buildings. It
aims to gain a better understanding of the energy consumed by its public infrastructure, and
track the progress in terms of energy e ciency gain potentially generated by the
energy-saving measures and energy tracking tools used in its public buildings.

City-Level
An energy ﬂow analysis (EFA) will be carried out to quantify the amounts of energy consumed
through Cluj-Napoca’s public infrastructure. The EFA’s goal is to identify the largest consumers
of energy to facilitate the prioritization of energy e ciency measures and to monitor the
progress in energy consumption reduction due to the recent energy e ciency measures put in
place.

Graphic 35: Tex le MFA of Amsterdam (Metabolic, 2020).
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5. Conclusion
This document presents the process and outcomes of WP 3 Circular Engineering in year one of
the REFLOW project. The ﬁrst sec on shares the Circular Principles and Indicators, including:
their scope and purpose, the method undertaken to derive them, an in-depth explana on of
each of the 10 principles as well as a supplementary collec on of case studies and key
performance indicators. The second sec on details the process undertaken and results derived
from the KPI reﬁnement and environmental impact assessment process undertaken within WP
3 in close collabora on with the pilot ci es. The third sec on introduces the urban metabolism
methodology and the way in which this method is being applied within REFLOW as part of WP
3.
Key takeaways and insights have begun to emerge through these ac vi es that help evidence
the complexity of the REFLOW ambi on and method, the diﬀerences and similari es between
pilot ci es, and how the various theore cal and technical building blocks of the REFLOW
concept may be best aligned to support the project’s objec ves.
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Key takeaways
● There remains a critical need to further deﬁne the REFLOW concept, in
particular the deﬁnition of the circular economy and the vision for regenerative
cities held in common by consortium partners. The Circular Principles are one
step in devising such a common vision and narrative, but greater work and
coordination amongst partners and pilots will need to take place to this effect
over year two of the project.
● It is di cult to divide impacts within silos of environmental, social, and
economic. A holistic approach to impact assessment - that accommodates the
interdependencies between the environmental, social, and economic spheres is key to capture the natural complexity within sustainable transformation.
● The circular use rate KPI was selected across all pilots. Although originally
used at the country-level, this KPI was calibrated to focus on the speciﬁc
material stream deﬁned by each pilot within their local context. This
constitutes a novel use of this KPI, and within the context of REFLOW, we have
the opportunity to experiment with it, across a wide variety of material and
energy ﬂows, in various contexts (events, building, food markets, and
city-wide).
● The iterative rounds of co-creation helped in facilitating discussions among
the stakeholders of each pilot about the deﬁnitions and impacts of the KPIs.
This led to a common understanding of their goals and helped to establish clear
deﬁnitions. Additionally, it provided a space to reﬂect on each pilot’s activities
and re-a rm the overall goals of each pilot.
● The need to create and collect new data for REFLOW pilots is clear. Some of
the ambitious KPIs that were selected will necessitate the creation of new data
and the development of new data collection tools. Creating a baseline for some
of the KPIs will be an important step moving ahead.
● The need for a multi-stakeholder approach to data collection and KPI
monitoring is key. Municipalities often have a central role in the data collection
process and the KPI monitoring, however, our ﬁndings reﬂect that the
monitoring of REFLOW KPIs will necessitate a multi-stakeholders approach.
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● The circular urban metabolism approach is key to developing a thorough
understanding of the current state of the REFLOW pilot cities, and to
identifying the most problematic environmental impacts associated with the
resource ﬂows monitored in this project. Combining the urban metabolism
approach with the Circular Principles facilitates the development of a vision for
a future circular urban metabolism for European cities.
● The MFA approach will be a key tool for analyzing REFLOW resource streams,
whether at the city-level or at a site-level. The approach will also help pilot
cities to prioritize the most impactful circular strategies.
● REFLOW pilot cities possess their own unique context and ambitions, that is
represented in the diversity of approaches taken to analyze key parts of their
urban metabolism. This diversity is also reﬂected in the interventions
formulated by each of them to increase the circularity of their metabolism.

In the next phase of the project, WP 3 will focus on the further development of each pilot’s
urban metabolism as well as the expansion of the Circular Principles. The results of both tasks
will be summarized in D3.2 Urban Metabolism: Ini al Assessment (M12).
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Appendix 2: KPI long list
INDICATOR

DEFINITION

UNIT

CITATION(s)

IMPACT AREA: Materials and Resources
Circular Material
Use Rate (CMU)

The circular material use rate (CMU rate)
%
measures, in percentage, the share of material
recovered and fed back into the economy - thus
saving extrac on of primary raw materials - in
overall material use. The CMU rate is thus deﬁned
as the ra o of the circular use of materials (U) to
the overall material use (M)

EUROSTAT manual; Metadata

Material import
dependency

The ra o of imports (IMP) over direct material
%
inputs (DMI) in percentage. The term 'material
import dependency' shows the extent to which
an economy relies upon imports in order to meet
its material needs. Material import dependency
cannot be nega ve or higher than 100%. Values
equal to 100% indicate that there are no
domes c extrac ons during the reference year.

EUROSTAT reference on
Material Flow Accounts

End-of-life
recycling input
rates

The ‘end-of-life recycling input rate’ (EOL-RIR)
measures how much of the total material input
into the produc on system comes from recycling
of "old scrap". It is important to note that the
EOL-RIR only takes into account "old scrap", i.e.
scrap from end-of-life products. It does not take
into account scrap that originates from
manufacturing processes ("new scrap"), which is
some mes used in closed-loop industrial
symbiosis processes.

EU CE Monitoring Framework

Domes c
Extrac on of
Materials (DE)

The amount of raw material (excluding water and Weight IRP, 2019; UNEP 2016;
air), in physical weight, extracted from the natural
Schaﬀartzik, 2014;
environment for use in the economy.
Fischer-Kowalski, 2011;
Steinberger, 2010;

Import of Materials Imports into the economy, in physical weight (at
border)
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%

Weight IRP, 2019; UNEP 2016;
Schaﬀartzik, 2014;
Fischer-Kowalski, 2011;
Steinberger, 2010;
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Export of waste
materials

Waste exports to other economies, in physical
weight (at border)

Weight IRP, 2019; UNEP 2016;
Schaﬀartzik, 2014;
Fischer-Kowalski, 2011;
Steinberger, 2010;

Physical Trade
Balance (PTB)

Imports minus exports

Weight IRP, 2019; UNEP 2016;
Schaﬀartzik, 2014;
Fischer-Kowalski, 2011;
Steinberger, 2010;

Domes c Material
Consump on
(DMC)

Domes c Extrac on + Imports – Exports; The
indicator is deﬁned as the total amount of
material directly used in an economy and equals
direct material input (DMI) minus exports. DMI
measures the direct input of materials for use in
the economy. DMI equals domes c extrac on
(DE) plus imports.

Weight IRP, 2019; UNEP 2016;
Schaﬀartzik, 2014;
Fischer-Kowalski, 2011;
Steinberger, 2010; Resource
eﬃciency dashboard;

Raw material
consump on

Measures the total amount of raw materials
required to produce the goods used by the
economy (also called 'material footprint').

Weight IRP, 2019; UNEP 2016;
Schaﬀartzik, 2014;
Fischer-Kowalski, 2011;
Steinberger, 2010;

Resource
Produc vity

The indicator is deﬁned as the gross domes c
Euro/w EUROSTAT Europe 2020 RE
product (GDP) divided by domes c material
eight
indicators
consump on (DMC). DMC measures the total
amount of materials directly used by an economy.
It is deﬁned as the annual quan ty of raw
materials extracted from the domes c territory of
the local economy, plus all physical imports minus
all physical exports. It is important to note that
the term 'consump on', as used in DMC, denotes
apparent consump on and not ﬁnal
consump on. DMC does not include upstream
ﬂows related to imports and exports of raw
materials and products origina ng outside of the
local economy.

Total Material
Requirement
(TMR)

Domes c extrac on + Unused (domes c)
extrac on + Imports + Unused extrac on in
country of origin

Weight Fischer-Kowalski, 2011

Total material
consump on
(TMC)

Total material requirement – Exports – Unused
extrac on of exports.

Weight Fischer-Kowalski, 2011
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Material use per
Euro of demand

TMC divided by the economic demand (euro)

weight/ Haas, 2015; Global material
Euro
resource outlook to 2060 economic drivers

Material footprint
per capita and per
GDP unit

RMC per capita per GDP unit

Weight World Bank, 2018; SDG12
/ capita
/ Euro

Net addi on to
stocks

Net addi ons to stock (NAS) is a measure for the
‘physical growth of the economy’. Materials in
form of buildings, infrastructures, durable goods
such as e.g. cars, industry machinery, or
household appliances are added to the
economy’s material stock each year (gross
addi ons), and old materials are removed from
stock as buildings are demolished, and durable
goods disposed of (removals). NAS is
approximated using the following equa on: NAS
= DMC - DPO + BI (input-output).

Weight EUROSTAT Europe 2020 RE
indicators

Direct Material
Input (DMI)

DMI indicates the direct input of material into the Weight EUROSTAT reference on
economy. DMI includes all materials which are of
Material Flow Accounts
economic value and which are available for use in
produc on and consump on ac vi es and it is
calculated as the sum of domes c extrac on plus
physical imports: DMI = DE + IMP;

Products
promo ng
sustainability green purchasing
of local authority

The indicator inves gates the number of
%
organisa ons, including public administra ons
that purchase products promo ng sustainability
of consump on. “Sustainable products” eco-labelled, organic, energy-eﬃcient, cer ﬁed
mber or fair trade products - involve the
adop on of environmentally and socially sound
solu ons in farming, forestry, food industries and
in other produc on processes.

RFSC; European common
indicators (ECI)

Self-suﬃciency of
raw materials for
produc on in the
EU

The share of a selec on of key materials
(including cri cal raw materials) used in the EU
that are produced within the EU.

EU CE Monitoring Framework
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%
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GDP

Gross Domes c Product

Weight IRP, 2019; Global Material
Flows and Resource
Produc vity 2016;
Schaﬀartzik, 2014;
Fischer-Kowalski, 2011;
Steinberger, 2010;
World Bank

Total solid waste
genera on per
capita

This indicator measures the urban solid waste
volume generated per inhabitant and per day. =
Total urban solid amount of waste (in kg) /
Number of inhabitants.

kg /
year /
capita

Share of the
popula on with
weekly municipal
solid waste
collec on

Number of people who have solid waste collected %
on a weekly basis

World Bank, IDB, EBRD

Propor on of
municipal solid
waste that is
sorted and
recycled

Formally and informally recycled materials are
those that (following local government permits
and regula ons) are diverted from the waste
stream, par ally recovered, and sent for
processing into new products. Municipal Waste
recycling rate (%)= total amount of municipal
waste recycled (year x)) * 100 / total amount of
municipal waste generated in tonnes (year x)

%

World Bank, IDB, EBRD; RFSC;
h ps://www.europarl.europa.
eu/RegData/etudes/STUD/20
17/581913/EPRS_STU(2017)5
81913_EN.pdf

Remaining life of
current landﬁll(s).

This indicator measures the remaining useful life
of the site of the sanitary or controlled landﬁll,
based on the city’s municipal solid waste
genera on projec ons (in years).

Years

World Bank, IDB, EBRD

Propor on of
urban solid waste
regularly collected
and with adequate
ﬁnal discharge out
of total urban solid
waste generated,
by ci es

The numerator of this indicator is ‘municipal solid %
waste regularly collected with adequate ﬁnal
treatment and disposal’ and the denominator is
‘total municipal solid waste generated by the
city’.

SDG11.6.1

Na onal recycling
rate

Amount of material recycled in the economy

SDG 12.5.1

164

%

World Bank, 2018; EBRD;
RFSC
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Recycling rate of
speciﬁc waste
stream

Amount of speciﬁc material
(Plas c/wood/biowaste/C&D etc) recycled in the
economy/city

%

Recycled Biowaste
per capita

Kg of biowaste recycled per capita

kg/capi EU CE Monitoring Framework
ta

Recycling rate of
speciﬁc packaging
waste

The indicator is used to monitor progress towards %
the proposed 65% and 70% targets by 2025 and
2030 respec vely. EU-wide target of 55% on
recycling plas c packaging (by 2025); EU-wide
2030 target of 75% on prepara on for reuse and
recycling of wood packaging.

Life me extension The extent to which the project a empted to
prolong the service life me of products

(a) Food loss index
and

Index of the changes in the food losses
percentages along the supply chain of key
commodi es over me (Current vs base year)

(b) food waste
index

The indicator aims to measure the total amount
of food that is wasted in tonnes. It complements
SDG 12.3.1(a) on Food Loss (which is under the
custodianship of FAO). Both indicators look to
divide the food value chain and measure the
eﬃciency of the food system.

Nitrogen use
Measures the Euclidean distance from an ideal
eﬃciency/Sustaina point with op mal nitrogen use eﬃciency (NUE)
ble Nitrogen
and crop yield.
Management
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Likert
Scale

EU CE Monitoring Framework

EU CE Monitoring Framework

Bosch et al, 2017

SDG 12.3.1(a)

tonnes

SDG 12.3.1 (b)

unitless Zhang et al., unpublished;
World Bank
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INDICATOR

DEFINITION

UNIT

CITATION(s)

%

ITU-T L.1410 (2014) Smiciklas,
2014; G. Rebitzer, 2004;
Bosch et al, 2017

%

EUROSTAT manual; Metadata

IMPACT AREA: Energy
Reduc on in life
cycle energy use

Reduc on in life cycle energy use by a
material/product achieved by the project (%)

Circular Energy Use The circular energy use rate measures, in
Rate (CEU)
percentage, the share of energy recovered and
fed back into the economy - thus saving
extrac on of primary energy - in overall energy
use. The rate is thus deﬁned as the ra o of the
circular use of energy to the overall energy use.
Physical energy
ﬂow

PEFA records the ﬂows of energy (in terajoules)
from the environment to the economy (natural
inputs),within the economy (products), and from
the economy back to the environment (residuals)

Energy
Consump on

Total ﬁnal energy consump on, in GJ per capita
per year and average annual growth

EUROSTAT deﬁni on and
metadata;
EC Environmental sta s cs
and account
GJ /
WDI, World Bank, IDB
capita /
year

Energy Produc vity The indicator results from the division of the
gross domes c product (GDP) by the gross
available energy for a given calendar year. It
measures the produc vity of energy consump on
and provides a picture of the degree of
decoupling of energy use from growth in GDP.
This can be calculated for a city and compared to
its na onal average.

EUROSTAT Europe 2020 RE
indicators

Energy
dependence

The indicator shows the extent to which an
economy relies upon imports in order to meet its
energy needs. It is calculated as net imports
divided by the gross available energy.
Energy dependence = Net imports / Gross
available energy.

EUROSTAT Europe 2020 RE
indicators

Increase in local
renewable energy
produc on

Percentage increase in the share of local
renewable energy due to the project

166

% in
kWh

ISO/DIS 37120 (2013).
Sustainable development and
resilience of communi es.
Indicators for city services and
quality of life. ICS 13.020.20;
Eurbanlab; Eco-Districts,
Concerto; LEED: CIVIS; IDEAS;
Bosch et al, 2017
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Share of renewable Percentage of energy from a renewable source
energy in gross
within the overall energy consump on
ﬁnal energy
consump on

%

World Bank, SDG7.2, EBRD,
CPI, EU Resource eﬃciency
Scoreboard, RFSC

Propor on of
Percentage of popula on primarily using energy
popula on with
from clean fuels and technology
primary reliance on
clean fuels and
technology

%

SDG7.1.2

Resilience of the
Average share of popula on undergoing
electricity network prolonged power outage in case of clima c
to clima c
extremes over the past ﬁve years (percentage)
extremes

%

EBRD, World Bank

Energy intensity
measured in terms
of primary energy
and GDP

Energy intensity is deﬁned as the energy supplied GJ/Euro SDG7.3
to the economy per unit value of economic
output. Energy intensity is an indica on of how
much energy is used to produce one unit of
economic output. It is a proxy of the eﬃciency
with which an economy is able to use energy to
produce economic output. A lower ra o indicates
that less energy is used to produce one unit of
output.

Investments in
energy eﬃciency
as a propor on of
GDP

The amount of direct investment in ﬁnancial
%
transfer for infrastructure and technology to
sustainable development services. *usually when
expanding infrastructure and upgrade technology
for supplying modern and sustainable energy
services

Extrac on of
natural energy
inputs

The ﬂows of energy (in terajoules) from the
TerraJo
environment to the economy (natural inputs);
ules
natural energy inputs: ﬂows from the natural
environment into the economy such as fossil
energy carriers in solid, liquid and gaseous form,
biomass, solar radia on, kine c energy in form of
hydro and wind, geothermal heat etc.;

EUROSTAT Europe 2020 RE
indicators; PEFA deﬁni on
and metadata

Domes c
produc on of
energy products

Energy products: output ﬂows from produc on
processes as deﬁned in na onal accounts (ESA);
typically products produced by extrac ve
industries, reﬁneries, power plants etc.;

EUROSTAT Europe 2020 RE
indicators; PEFA deﬁni on
and metadata
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Residual energy
amounts

Energy residuals: mainly energy in form of
dissipa ve heat arising from the end use of
energy products, ﬂowing from the economy into
the natural environment.

TerraJo
ules

EUROSTAT Europe 2020 RE
indicators; PEFA deﬁni on
and metadata

Use of waste for
energy purposes

Produc on of waste-to-energy plants

TerraJo
ules

EUROSTAT Europe 2020 RE
indicators

Net use of
domes c energy

Net use of energy produced locally

TerraJo
ules

EUROSTAT Europe 2020 RE
indicators

INDICATOR

DEFINITION

UNIT

CITATION(s)

IMPACT AREA: Carbon Footprint / Climate
Greenhouse Gas
emissions per
capita

This indicator measures CO2 emissions of the city,
divided by city popula on. Es mates of CO2
emissions must ﬁrst be made within each sector
(transport, electricity, etc.) and averaged.; Total
na onal emissions of greenhouse gases, including
carbon dioxide (CO2), methane (CH4), nitrous
oxide (N2O), and the so-called F-gases
(hydroﬂuorocarbons, perﬂuorocarbons, nitrogen
triﬂuoride (NF3) and sulphur hexaﬂuoride (SF6)).
Using each gas’ individual global warming
poten al (GWP), they are being integrated into a
single indicator expressed in units of CO2
equivalents.

SDGs, IDB, EBRD, WDI, CPI,
World Bank, EU resource
eﬃciency scoreboard, RSFC

CO2 Emission total

Measures the intensity of CO2 emissions from the tCO2
en re economy

EPI; Hertwitch, 2009; RFSC;
WRI-Climate Analysis
Indicator Tool

CO2 emissions by
sector

electricity and heat produc on; manufacturing
industries and construc on; residen al buildings
and commercial and public services; transport;
other sectors

WDI, World Bank

CO2 Emission Power

Measures the intensity of CO2 emissions per
g
Interna onal Energy Agency
kilowa -hour of electricity and heat, as a blend of CO2/kW
current-year intensity and a 10-year trend.
h

Methane Emissions Measures the intensity of methane emissions
from the en re economy, as a blend of
current-year intensity and a 10-year trend.
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Mt

EPI; WRI-Climate Analysis
Indicator Tool

D3.1 Circular Principles and Indicators
Black Carbon
Emissions

Black carbon (BC) is a component of ﬁne
par culate ma er (PM ≤ 2.5 µm in aerodynamic
diameter). It is formed through the incomplete
combus on of fossil fuels, biofuel, and biomass,
and is emi ed in both anthropogenic and
naturally occurring soot. BC causes human
morbidity and premature mortality.

Mt

(Crippa, M., 2016); Emission
Database for Global
Atmospheric Research
(EDGAR), release version
4.3.1, 2016.

Existence of a GHG Does a measurement and monitoring system
emissions
exist for GHG emissions in the country/city
measurement
system with a
monitoring system

y/n

World Bank, IDB

CO2 emission per
CO2 emissions per unit value added is an indicator
unit of value added computed as the ra o between CO2 emissions
from fuel combus on and the value added of
associated economic ac vi es. The indicator can
be computed for the whole economy (total CO2
emissions/GDP) or for speciﬁc sectors, notably
the manufacturing sector (CO2 emissions from
manufacturing industries per manufacturing
value added (MVA).

kgCO2 SDG9.4.1
per
USD
(2010
value
constan
t under
SDGs)

Ecological
Footprint

It is a global indicator that represents the amount ha / an RFSC; Environmental Impacts
of land and sea needed to regenerate the
/ capita of Natural resource ﬂows
resources human popula ons consume and to
absorb the waste.

INDICATOR

DEFINITION

UNIT

CITATION(s)

IMPACT AREA: Air Quality
Air Pollu on:
Average exposure
to ﬁne par culate
ma er

Measures the average annual concentra on of
μgm^−
PM2.5 to which the typical ci zen of each country 3
is exposed.

SDG11.6.2; Donkelaar et al.,
2016

Air Pollu on: ﬁne
par culate ma er
exceedance

Measures the weighted percentage of a country’s %
popula on exposed to annual concentra ons of
PM2.5 that exceed WHO guidelines at four
diﬀerent levels: 10, 15, 25, and 35 µg/m3.

SDG3, 11, ISO37101-2016,
RFSC;

Number of mes the limit of main air pollutants
emissions deﬁned by the European direc ves on
air quality is exceeded (PM10, O3, NO2)

Direc ve 2008/50/EC of the
European Parliament and of
the Council of 21 May 2008
on ambient air quality and
cleaner air for Europe
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SO2 Emissions

Emissions from Transport

Mt

Crippa, M.,2016

NOx Emissions

Emissions from Transport

Mt

Crippa, M.,2016

Household solid
fuels

Measures the actual outcomes from exposure to
indoor air pollu on from household use of solid
fuels.

DALY
rate

(Wendling, 2018);
Forouzanfar, 2016

INDICATOR

DEFINITION

UNIT

CITATION(s)

IMPACT AREA: Water 4

4

Circular Water Use The circular water use rate measures, in
%
Rate
percentage, the share of water recovered and fed
back into the economy - thus saving extrac on of
freshwater- in overall water use. The CWU rate is
thus deﬁned as the ra o of the circular use of
water (U) to the overall water use (W)

EUROSTAT manual; Metadata

Water Stress

Level of water stress: Annual freshwater
withdrawals, percentage of internal resources

World Bank, SDG6, WDI, WRI,
EBRD

Water
consump on per
capita

Water consump on per capita (incl. ground water (L/pers World Bank, GEF, IDB, EBRD;
abstrac on)
on/day) RFSC

Drinking water
(access)

Percentage of popula on with access to drinking
water facili es

EPI

Sanita on (access) Percentage of popula on with access to
sanita on facili es

%

EPI, SDG, World Bank, ISO
37120

Wastewater
Treatment

%

EPI

Measures the percentage of wastewater treated,
by the wastewater produced.

Indicators for water were included for the Berlin PIlot
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Water Exploita on i) the annual total fresh water abstrac on in a
Index
country as a percentage of its long-term annual
average (LTAA) available water from renewable
fresh water resources; ii) the annual groundwater
abstrac on as a percentage of the country’s
long-term annual average groundwater available
for abstrac on; and iii) the annual surface water
abstrac on as a percentage of the country’s
long-term annual average surface water
resources available for abstrac on.

World Bank, SDGs, WRI, WDI,
EBRD, EPI

Annual Freshwater Annual freshwater withdrawals refer to total
Million
Withdrawal
water withdrawals, not coun ng evapora on
cubic
losses from storage basins. Withdrawals also
meter
include water from desalina on plants in
countries where they are a signiﬁcant source.
Withdrawals can exceed 100 % of total renewable
resources where extrac on from nonrenewable
aquifers or desalina on plants is considerable or
where there is signiﬁcant water reuse.

World bank; WRI

Water Produc vity Water produc vity indicates how much economic Euro/m EUROSTAT dataset
output is produced per cubic meter of fresh
3
water abstracted (in EUR per m3 or PPS per m3).
It serves as a measure of the eﬃciency of water
use.
Non-revenue
Water/ Water-loss

Percentage of water lost in the water distribu on %
system. This is calculated as the percentage of
water lost from the amount of treated water
entering the distribu on system that is accounted
for by the water provider. This includes actual
water losses (e.g., leaking pipes) and billing losses
(e.g., broken water meters, absence of water
meters, and illegal connec ons).

World Bank, SDG6, WRI, IDB,
EBRD; RFSC

Lead exposure

Lead amounts found in water samples

Forouzanfar, M. H., Anderson,
H. R., Burne , R., & Dandona,
L. , et alia (2016)
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INDICATOR

DEFINITION

UNIT

CITATION(s)

1 to 5
scale

Bosch et al, 2017
UNaLaB

IMPACT AREA: Health and Well-being
Encouraging a
healthy lifestyle

Extent to which the project and associated
ac vi es serve to promote a healthy lifestyle
among local residents (qualita ve, unitless)

Exposure to noise
pollu on

The per cent (%) reduc on of noise level at night
measured at the receiver, or the number of
inhabitants exposed to noise >55 dB(A) at night,
before and a er NBS implementa on

INDICATOR

DEFINITION

Interna onal Organiza on for
Standardiza on (ISO). (2018).
Sustainable ci es and
communi es — Indicators for
city services and quality of life
(ISO 37120:2018); UNaLab
UNIT

CITATION(s)

IMPACT AREA: Behaviour and Lifestyles
Consciousness of
ci zenship

The extent to which the project has contributed
in increasing consciousness of
ci zenship (qualita ve, unitless)

Linkert
Scale

Bosch et al, 2017
Ng, J.A.I. (2015)

INDICATOR

DEFINITION

UNIT

CITATION(s)

IMPACT AREA: Community Participation
Number of
stakeholders

Number of stakeholders involved in
decision-making ac vi es, and mechanisms to
encourage community engagement

Community
involvement in
planning phase

The extent to which ci zens and other
stakeholders have been involved in the planning
phase of a given project (qualita ve, unitless)

1 to 5
scale

Arnstein, S.R. (1969).
Driessen, 2001; UNaLab

Community
involvement in
implementa on
phase

The extent to which ci zens and other
stakeholders have been involved in the
implementa on
phase of a given project (qualita ve, unitless)

1 to 5
scale

Arnstein, S.R. (1969);
UNaLab
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World Bank, 2018; EBRD;
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Increased
consciousness of
ci zenship

The extent to which the project has contributed
in increasing consciousness of ci zenship. the
indicator provides a qualita ve measure and is
rated on a ﬁve-point Likert scale

Likert
scale

ITU ,2014. Key performance
indicators (KPIs) deﬁni ons
for Smart Sustainable Ci es.
SSC-0162-rev3; Ng, J.A.I.
(2015); Bosch, ET AL, 2017

People reached

Percentage of people in the target group that
have been reached and/or are ac vated by the
project

% of
people

Bosch et al, 2017

Increased
par cipa on of
vulnerable groups

The extent to which project has led to an
increased par cipa on of groups that are not
well represented in the society

Likert
Scale

Bosch et al, 2017

Quality and
frequency of
dialogue between
and among
domes c and
external
stakeholders.

The quality of dialogue is assessed based on
aspects such as transparency, par cipatory,
engagement, etc. on a linkert scale through a
qualita ve survey of par cipants.

Likert
scale

UNDP Capacity Assessment
Methodology User‘s Guide
2008; UNDP Prac ce Note on
Capacity Development,
Sep2006

Likert
scale

UNDG Working Group on
Capacity Development, March
2006; UNDP Capacity
Assessment Methodology
User‘s Guide, 2008

Availability of
public informa on
in local dialects for
dissemina on to
local users
Presence of
democra c
structures

173

Presence of a structure that allows civil society to y/n
directly par cipate in urban planning and
management and that operates regularly and
democra cally

World Bank, 2018; EBRD;
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INDICATOR

DEFINITION

UNIT

CITATION(s)

1 to 5
scale

Bosch et al, 2017

IMPACT AREA: Equity and Inclusivity
Par cipa on of
vulnerable or
tradi onally
under-represented
groups

The extent to which the NBS project has led to
the increased par cipa on by groups of people
who are typically not well represented in the
society.

Vulnerable
employment by
gender (WDI)

Number of people classiﬁed as "vulnerable"
employed, sorted by gender

World Bank, 2018; EBRD;

Urban/Rural
income ra o

Average income ra o between urban popula on
and neighboring rural popula on, and changes
over me (GPSC)

World Bank, 2018; EBRD;

Hourly wage

Average hourly earnings of female and male
employees, by occupa on, age, and disability
status (SDGs)

World Bank, 2018; EBRD;

Gini coeﬃcient

Income Gini coeﬃcient (SDGs, WDI, IDB, CPI).
Measure of the devia on of the distribu on of
income
among individuals or households within a country
from a perfectly equal distribu on. A value of 0
represents absolute equality, a value of 100
absolute inequality.

World Bank, 2018; EBRD;

Top consump on
share

Share of consump on or income, highest 10
percent of popula on (WDI)

World Bank, 2018; EBRD;

Bo om
Share of consump on or income, lowest 10
consump on share percent of popula on (WDI)

World Bank, 2018; EBRD;

Service access

Ra o of access to services between 90th and
50th percen les (GPSC)

World Bank, 2018; EBRD;

Availability and
equitable
distribu on of
blue-green space

The availability and distribu on of space with
respect to speciﬁc individual or household
socioeconomic proﬁles and landscape design,
measured using GIS and sta s cal analysis

Cohen, M., Baudoin, R.,
Palibrk, M., Persyn, N., &
Rhein, C. (2012).
Ibes, D.C. (2015).
(Kabisch, 2014)
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INDICATOR

DEFINITION

UNIT

CITATION(s)

IMPACT AREA: Governance
Green public
procurement (as an
indicator for
ﬁnancing aspects)

The share of major public procurements in the EU %
that include environmental requirements;
Percentage of procurement using environmental
criteria compared to total procurement of the city
administra on, on a one year period

RFSC; EU CE Monitoring
Framework; SDG 16

Par cipatory
governance

The propor on (%) of ci zens involved in
par cipatory governance

European Innova on
Partnership on Smart Ci es
and Communi es (EIP SCC).
(2013.) Strategic
Implementa on Plan. Issues
14.10.2013. Brussels: EIP SCC;
UNaLab

New forms of
ﬁnancing

The extent to which the project has contributed
to, or inspired, the development of new
forms of ﬁnancing (qualita ve, unitless)

1 to 5
scale

Bosch et al, 2017
Kabisch, 2016.

Policy learning
concerning
adap ng policies
and strategic plans

The extent to which the project has contributed
to, or inspired, changes in municipal rules and
regula ons to support implementa on and
“mainstreaming” (qualita ve, unitless).

1 to 5
scale

Bosch et al, 2017
Wamsler, 2014

Environmental
protec on
expenditures

Environmental protec on expenditure of private
and public specialised producers, by type

EUROSTAT

Openness of
par cipatory
processes

The propor on of public par cipa on processes
in a given municipality per 100 000 residents per
year

percent UNaLab; Bosch et al.,
2017

Ci zens’ awareness
regarding urban
nature &
ecosystem services

The extent to which a project has used
opportuni es to increase ci zen’s awareness of
urban nature and ecosystem services, and
educate urban ci zens about sustainability and
the environment

1 to 5
scale
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Bosch et al, 2017
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Existence of
electronic systems
for tracking the
municipality’s
management

Are there eﬀec ve systems in place to ensure
Yes/no
accountability of city government in its
management and use of public resources? What
are the ac ons undertaken for developing an
accountability/transparency framework that
acknowledges the importance of (1) informa on
(through an open data approach), (2)
enforcement (focusing on the community and the
need to meet customer sa sfac on and legal
compliance obliga ons), and (3) par cipa on
(based on a partnership approach with an
engaged community)?

World Bank, 2018

INDICATOR

DEFINITION

UNIT

CITATION(s)

IMPACT AREA: Policy
Electronic systems
for tracking the
municipality’s
management

Existence of electronic systems for tracking the
municipality’s management

y/n

World Bank, 2018; EBRD;

Government
accounts audited

Percentage of municipal government accounts
audited

%

World Bank, 2018; EBRD;

Climate change
strategy

Years since the city’s climate change strategic
plan was updated (CRI)

Numbe World Bank, 2018; EBRD;
r

Companies
publishing
sustainability
reports

Number of companies publishing sustainability
reports

Numbe UN SDG 12.6.1
r

Trust in ins tu ons Average ra ng of trust by domain, sex, age and
and public services educa onal a ainment level
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Linkert
scale

EUROSTAT Europe 2020 RE
indicators
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INDICATOR

DEFINITION

UNIT

CITATION(s)

IMPACT AREA: Education and Training
Level of educa on
of labor force
(GPSC)

Average level of educa on of labor force

World Bank, 2018; EBRD;

Mainstreaming of
environmental
educa on

Extent to which (i) global ci zenship educa on
and (ii) educa on for sustainable development
(including climate change educa on) are
mainstreamed in (a) na onal educa on policies;
(b) curricula; (c) teacher educa on; and (d)
student assessment

UN SDG

Adult educa on
par cipa on rate

Par cipa on rate in educa on and training
(project period) by sex, educa onal a ainment
level, age, and labour status

EUROSTAT

Alloca on of
expenditure of
local authority for
ongoing voca onal
training and
exchange
programmes

Ra o of training expenditure in the local
authority on voca onal training sessions and/or
exchange programmes = (budget of local
authority dedicated to voca onal training
sessions and/or exchange programmes)/(total
budget of local authority)

%

SDG 4.7, RFSC

INDICATOR

DEFINITION

UNIT

CITATION(s)

IMPACT AREA: Employment
Share of Jobs in
Environmental
Industries
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The deﬁni on of environmental industries is
%
given by OECD and Eurostat: Environmental
industries are ac vi es that produce goods and
services capable of measuring, forecas ng,
mi ga ng or correc ng environmental impacts as
pollu on, of water, of air, of soil, and problems
linked with waste, noise and ecosystems

SDG 8, 9; RFSC; DATAR et
CGDD, Indicateurs Territoriaux
du Développement Durable,
2010; United Na ons
Environment Programme
(UNEP), Interna onal Labour
Organiza on (ILO),
Interna onal Organisa on of
Employers (IOE), &
Interna onal Trade Union
Confedera on (ITUC). (2008).
Green Jobs: Towards Decent
Work in a Sustainable,
Low-Carbon World. Nairobi,
Kenya: United Na ons
Publishing Services Sec on
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Establishment of
new businesses

Number of new businesses established in the
area surrounding implemented project

UNaLab

Propor on of
manufacturing
employment

Sectoral breakdown (GDP, employment) and
evolu on during the last two decades with
disaggrega on by gender (WDI)

World Bank, 2018; EBRD;

Manufacturing employment as a propor on of
total employment (SDGs)

World Bank, 2018; EBRD;

Youth
unemployment

Youth unemployment rate (CPI)

World Bank, 2018; EBRD;

Unemployment
rate

Unemployment rate (percentage), and change in
rate over me (IDB, CPI, CRI)

%

World Bank, 2018; EBRD;

Propor on of small Propor on of small-scale industries in total
scale industry
industry value added

%

UN SDG

Propor on of tech
industry

Propor on of medium and high-tech industry
value added in total value added

%

UN SDG

Job vacancies

Job vacancy sta s cs by ac vity and occupa on

num

EUROSTAT Europe 2020 RE
indicators

Value added by
produc on in
environmental
sector

Value added by industry in the environmental
goods and services sector

EUROSTAT Europe 2020 RE
indicators

Employment in EU
environmental
economy

Employment in the EU environmental economy
by environmental protec on and resource
management ac vi es

EUROSTAT Europe 2020 RE
indicators

Private
investments, jobs
and gross value
added by
investment in
circular economy

Investment part of the EU's Investment Plan for
Europe; Structural and Investment Funds;
InnovFin; Circular Economy Finance Support
Pla orm; Sustainable Finance Strategy; Green
Employment Ini a ve; New Skills Agenda for
Europe; Internal Market policy

EUROSTAT Europe 2020 RE
indicators

Patents related to
recycling and
secondary raw
materials as a
proxy for
innova on.

Number of patents related to waste management
and recycling

EU CE Monitoring Framework
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Appendix 3: KPI Ranking methodology
The Single Transfer Vote (STV) count method was used to arrive at the ranked list of shortlisted
KPIs for all pilots following a ranking exercise done within the stakeholder survey. The
methodology followed for the ranking has been explained below using an example:
Step 1: As part of the stakeholder survey, the pilots were asked to rank the shortlisted KPIs in
rela on to each other on a scale of least relevant (1) to most relevant (x=number of KPIs on the
list), which in this example was 7. The format of the ques on is shown below:

Graphic 36: Survey ques on on KPI ranking.

Step 2: Tabula ng the responses to the ranking ques on. In the STV method, the order of
ranking ma ers in deciding how the “transfer of votes” happen, therefore we require both the
complete picture of the votes cast as well as the sequence of KPIs in order of preference.

Table 43: Responses to the ranking survey ques on .
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E1

E2

S3

S4

S5

S6

S7

Responder 1

7

6

5

4

3

2

1

Responder 2

7

6

4

3

5

2

1

Responder 3

7

2

4

1

3

5

6

Responder 4

6

7

4

2

5

1

3

Responder 5

7

6

5

4

3

2

1

Vote sequence:
Table 44: Sequence of KPIs in order of preference by each responder.

7

6

5

4

3

2

1

Responder 1

E1

E2

S3

S4

S5

S6

S7

Responder 2

E1

E2

S5

S3

S4

S6

S7

Responder 3

E1

S7

S6

S3

S5

E2

S4

Responder 4

E2

E1

S5

S3

S7

S4

S6

Responder 5

E1

E2

S3

S4

S5

S6

S7

Step 3: A vote distribu on table was created. This step marks the number of votes each KPI got
for each rank. This table is used as the base for all further rounds of selec on.
Table 45: Vote distribu on.

E1

E2

7 (highest rank)

4

1

6

1

3
2

4

3

2
1 (lowest rank)

S4

2

S6

S7

1

2
1

1

S5

1

5

3
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S3

3

1

1

3

1

1

3
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Step 4: Calcula ng the droop quota.The Droop quota acts as the minimum threshold a KPI
needs to cross to be selected. It is an extension of requiring a 50% + 1 majority in single-winner
elec ons. Here, it has been calculated as (Equa on 1):

(N umber of valid votes/number of KP Is) + 1

For the example, the droop quota was = (5/7)+1 = 1.7
It is acceptable for the number to be in a frac on and not rounded oﬀ when the number of
votes are low, which is true in this example.
Step 5: Rounds of selec on. Using the vote distribu on table, the order of ranks by each
responder and the droop quota, the following steps are followed star ng from the top and
moving towards the bo om of the vote distribu on table (table xx):
1. A KPI which has reached or exceeded the quota is declared selected.
2. If any such selected KPI has more votes than the quota, surplus votes are transferred to
other KPI propor onally based on their next indicated choice on all the votes that had
been awarded to that KPI. The amount transferred to the second KPI is calculated using
the following equa on (equa on 2):
V otes transf erred to the next pref erred KP I =

(

votes f or next pref erence belonging to the original selected KP I
T otal votes f or original selected KP I

) * S urplus

3. This process repeats un l all KPIs have been ranked from ﬁrst ll last selec on.
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Example
Round 1:
Table 46: Round 1 of STV count method.

E1
Round 1

E2

S3

7

4

1

6

1

3

S4

S5

S7

1

5

2

4

3

2

1

2

3

1

2

S6

1

1

3

1

1

3

1

1

3

Since E1 has 4 votes as the highest preference, it crosses the droop quota of 1.7 with a surplus
of 2.3 votes. These votes are now transferred to the KPIs which were the second preference
according to table 44 . E2 and S7 are distributed the surplus according to equa on 2.
Table 47: Vote transfer calculator from round 1 of STV count method.

Surplus

From

To

Amount

2.3

E1

E2

1.7

S7

0.6

As we move down from the ﬁrst round to the second, all votes remaining from round one of the
unselected KPIs are carried over to the next round in addi on to any surplus received from the
ﬁrst selected KPI.

182

D3.1 Circular Principles and Indicators

Round 2:
Table 48: Round 2 of STV count method.

E1

Round 2

E2

7

1.7

6

1

S3

S4

S7

1.6
2

4

3

3

1

S6

5.7

5

2

S5

2
2
1

1

1

3

1

1

3

1

1

3

Here, E2 shows a total votes of 5.7 as a sum of (votes from ﬁrst round + votes from second
round + surplus received from E1) = (1 + 3 + 1.7). It surpasses the droop quota and is therefore
selected in 2nd posi on in the ranked list. The surplus of 4 (total votes - droop quota) is
transferred to the KPIs which have been given the next preference by all the responders.
S7 has a cumula ve of 1.6 as a sum of (votes from ﬁrst round + votes from second round +
surplus received from E1) = (0 + 1 + 0.6). It does not reach the droop quota of 1.7, therefore
does not get selected in this round.
Last Round:
In a similar fashion to round 1 and 2, the process is repeated ll all KPIs are ranked, which in this
case was a total of 6 rounds. At each stage, all KPIs that achieve the droop quota are selected,
which may be 1, 2 or more. At a stage where mul ple KPIs are selected, the rank is based on the
number of votes they achieved ll selec on. The higher the number, the higher the KPI on the
list.
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At the end of the process, we reach a table with all KPIs selected in this format:
Table 49: Final ranking round using STV count method.

E1

E2

S3

S4

S5

S6

S7

7 1st
6

2nd

5

3rd

4th

4

5th

3
ROUND 6

6th

2

7th

1

Step 6: Comparing the ﬁnal list to a cumula ve vote count to check any major devia on(s).
The STV list is compared to the cumula ve vote count, where the list is ranked by the total of
the votes received in response to the survey ranking ques on as seen in table 43.
Table 50: Rank comparison between CVC method and STV method.

CVC ranked list

STVC ranked list

E1

E1

E2

E2

S3

S3

S5

S5

S4

S4

S6

S7

S7

S6

No major varia on is seen between the two ranking schemes apart from the shuﬄe in posi on
of S7, which in totality had a low vote count, but was marked as 2nd most relevant by one
responder. The STV method takes that preference into account thus resul ng in S7 achieving a
slightly higher rank in the ﬁnal list.

184

Co-creating Circular
Resource Flows in Cities

constRuctive mEtabolic processes For materiaL ﬂOWs in
urban and peri-urban environments across Europe

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement number 820937.

