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In a nutshell
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Why Regional?
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From Industrial Symbiosis
to Industrial-Urban Symbiosis  

& Hubs4Circularity Previous matchmaking frameworks are developed, using multicriteria methods,
mainly focused on waste streams and ǎǘŀƪŜƘƻƭŘŜǊǎΩcompatibility creating
valorizationmatchesor other dedicated to specific resourcessuch as water and
sludge.

To support H4C concept,there is a need to align I-USsynergiesidentification and
implementation with regional specialities, development strategies and relevant
regionalsciencemethods.

Thus,Theseusstudy focuseson the integration of the regional settings, including
ǊŜƎƛƻƴΩǎcharacteristics, strategies, resources and waste, special needs or
challenges,calledasάwŜƎƛƻƴŀƭ{ŎŜƴŜǊȅέΣinto the matchmakingframework.

Different regions, activities, 
potential etc.

Source:  P4Planet ςH4Cs Community of Practice(H4CCoP) Whitepaper
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From Industrial Symbiosis
to Industrial-Urban Symbiosis  

& Hubs4Circularity

Source:  H4Cs Community of Practice(H4CCoP) ς I-US potential around EU regions

Different regions, activities, 
potential etc.

Relevant outcomes of H4C Community of Practice:
V Guide to the impacts of industrial-urban symbiosis on local communities
V Guide to stakeholder engagement
V Detailed assessment of the potential for deploying I-US based on a detailed 

assessment of promising EU regions and H4Cs
V H4C Guide to Governance Models Supporting I-US
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From Industrial Symbiosis
to Industrial-Urban Symbiosis  

& Hubs4Circularity

Different regions, activities, 
potential etc.

H4C Community of Practice: Guide to the impacts of industrial-urban 
symbiosis on local communities

Strategic engagement to advance I-US
H4C Community of Practice: Guide to stakeholder engagement

Environmental impacts
ÅReduced inputs for cleaner production and sustainable use of 
resources 
ÅLess stress on the environment 
ÅTackling climate change 
ÅTackling waste at the source 

Economic impacts
ÅCost savings related to waste management & new revenue streams 
ÅCost savings related to production and innovative green investment 
ÅInvesting resources elsewhere 
ÅCreating the mind shift

Social impacts: benefits for communities
ÅA cleaner and healthier environment 
ÅA more prosperous region 
ÅDecoupling: the key to our future 
ÅFostering regional identity and belonging 
ÅNew forms of governance 
ÅRaising awareness about sustainability
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Regional Circular Economy (RCE)

V Circular Economy(CE)is implemented as Industrial Symbiosis(IS),
focusing on industrial ecosystems and extending into cities via
Industrial-UrbanSymbiosis(I-US).

V Anothersimilarconceptis CircularCitiesand RegionsInitiative (CCRI)
having the opposite direction, from urban extending into industrial
environment.

V Hub4Circularity(H4C)conceptemergesasthe next evolutionarystage,
combiningI-USandCCRI,mainlyat regionallevel:

Á proposingsystemicsolutions

Á integratingmultiple regionalstakeholders

Á introducinga variety of different operationalmodels,due to the
different regionalsettings.

V H4C is the main vehicle for the RegionalCircularEconomy(RCE),as
the integration of CEpractices into the overall sustainableregional
developmentstrategy,basedon regionalscienceprinciples.
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From Industrial Symbiosis
to Industrial-Urban Symbiosis  

& Hubs4Circularity

Theestablishmentof a first -of-a-kind hub

for circularityin Greecefromtheregionof

Athens/Attica towards whole country,

closing loops through Industrial-Urban

symbiosisto becomeclimate neutral by

2050, in line with Processes4Planet

partnershipobjectives.

Coordinated by ICCS

Fundedby the European¦ƴƛƻƴΩǎHorizon
Europe Researchand Innovation Actions
programme under grant agreement No
101095303.

This research was financially

supportedby the EuropeanUnionôs

Horizon Europe research and

innovation program under grant

agreementNo 101138473(project

IS2H4C).

This research was

financially supported by

the European Unionôs

Horizon Europe research

and innovation program

under grant agreement

No 101095303.

IS2H4C project focuseson deployingsystemic

industrial symbiosis through innovative

technologies like carbon capture and

electrolysis. The initiative is driven by the

vision of resourceefficiency, renewableenergy

production, waste prevention, and fostering

industrial-urban-rural symbiosis.
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Governance & Cooperation
4 Critical Domains to be studied, identified in 
Theseus & IS2H4C:

A) Existing facilitators and/or institutional 
authorities
Existing coordination processes or conditions to be exploited

B) Strong sectors and resources, spatial & special 
characteristics 
Dominant activities, dependencies, spatial patterns, proximity to other 
special region/area

C) Regional Strategy, political & other interests
Motivations, Interests, level of understanding, political situation, social 
participation

D) Institutional issues, bureaucracy
Regulations and the permissions, Jurisdiction & authority, Overlaps. 
Not focused on laws but on who is making the decisions. 
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Region
Existing Strategies

H4C

Region
Existing Strategies

H4C Sustainable 
Region

H4C

THESEUS H4C VISION

Horizon Project Theseus Month 1

Horizon Project Theseus Month 36

After Theseus

A permanentstrategicregionalpartnershipto operate
and continuously expand I-US synergies toward
regionalresilience,competitivenessandsustainability
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Regional Matchmaking

Physical Region ĄDigital Representation of Region: The Regional Scenery
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MatchmakingFrameworkfor CE/I-USsynergiesfacilitation

The term region in this study is referred to Nomenclature of territorial units for statistics (NUTS) 2 level.

1st level Regional Scenery

ÅQuestionnaireon regional
information

2nd level Reuse Priority

ÅPrioritize synergiesbasedon waste
importance/relevancefor theregion

3rd level  Regional Impact

ÅPrioritize synergies based
onimpactfactors

Level 1 includes data gathering to form the regional scenery: 
Depict the size and the impact of each material/waste/water/energy flow to the region

Level 2 includes a first prioritization based on waste importance/relevance for the region:
e.g., in islands the water, in intense urban areas the municipal wastes

Level 3 includes based on the regional impact of the synergies:
e.g., in an area the water scarcity may be a criticality, whether in another area water is not a problem, but GHG emissions are.
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Level 1: Regional data collection via a questionnaire: 

ÅRegion type 
(coastal, non-coastal, island, predominantly rural, intermediate, predominantly urban) 

ÅMost active waste streams in the region (EWC codes) 

ÅImportant infrastructures 
(e.g., energy, landfill, recycling center, WWTP) 

ÅCritical resources 
(e.g., due to energy poverty, water scarcity, food waste) 

ÅRegional Strategy 
(Priorities on Environmental, Economic and Social) 

Regional Matchmaking Framework
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Level 2: all thedifferentpotentialsynergiesarebeingidentified(by matchinginput/output

streamsandservices). Theresultsaresortedbasedon resultsfrom Table1

Level 3: A total regional impact factor = sum(Xi*Fi) is calculated:
Å Xi (X1-X6): calculatedvia standardizedways(LCA, emissionfactors).

Å Fi (F1-F6): impactfactorsindicatingtheimportanceof correspondingXi .

Basedon theQuestionnaire,2 Tablesareproduced:

Regional Matchmaking Framework
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Stakeholder needs and high-level objectives

Matrix Based Scoring

Regional Matchmaking Framework
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Use case #1 - Industry/Organization level

User is a company representative, R&D manager, etc. 

ÅStep 1: User registers and fills in data for the region and for its recourses/inputs & 

wastes/outputs. 

ÅStep 2: User can search for potential synergies based on its resources

ÅStep 3: A technical-based prioritized list of all feasible matches is displayed

ÅStep4: Usercanrequestthecalculationof theregionalimpactfactorfor enhancedprioritization

RegionalMatchmakingFramework
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RegionalMatchmakingFramework

Use case #2 -ςRegional Level

Useris a regional representative(manager,government,association,etc.).

Organizationsof theregionhavealreadyfilled in datafor its resources/waste/service

ÅStep 1: User can searchfor potential synergiesbetweenall the companiesin the region

ÅStep2: A technical-basedprioritizedlist of all feasiblematchesis displayed

ÅStep3: Usercanrequestthecalculationof theregionalimpactfactorfor enhancedprioritization
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Thank you!
Charalampos Manousiadis

c.manousiadis@iccs.gr 
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Outline

ÅWhat is DPP, what is MFA and why to use them in H4C?

ÅDPP in THESUS

ÅMFA in THESUES

ÅDPP-MFA-Matchmaking: THESEUS circularity framework
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Why DPP and MFA for 
Regions?
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Fundedby the European¦ƴƛƻƴΩǎHorizon
Europe Researchand Innovation Actions
programme under grant agreement No
101095303.

This research was financially

supportedby the EuropeanUnionôs

Horizon Europe research and

innovation program under grant

agreementNo 101138473(project

IS2H4C).

IS2H4C project focuseson deployingsystemic

industrial symbiosis through innovative

technologies like carbon capture and

electrolysis. The initiative is driven by the

vision of resourceefficiency, renewableenergy

production, waste prevention, and fostering

industrial-urban-rural symbiosis.

Why DPP & MFA 
in Hubs for 
Circularity? 

ÅMaterial Flow Analysis (MFA) and Digital 
Product Passports (DPP) are used as tools in 
THESEUS to design, optimize and enhance the 
circularity in region of Attica

ÅMFA and DPP allow to analyze the system at 
different levels with an overarching aim to 
create a link between territorial material flows 
and product-level traceability

Å In Theseus DPP and MFA are Key Exploitable 
Results are developed in IP4 (Digitalization & 
robotics), operating mainly in IP2 (Materials) 
and providing input for decision-making and 
policy alignementin IP5 (Governance)
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How our DPP supports regional Hubs?

ÅProvides composition data (critical for high-quality recycling, upcycling 
and materials reuse and cross-sectoral collaboration)

ÅEnables materials and products traceability across value chains

ÅImproves sorting precision and automation

ÅSupports compliance by providing accessibility to relevant documents

DPP in THESEUS operates at product 
(micro) level
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What is MFA?

ÅCore concept: Methodology 
allowing systematic quantification 
of flows and stocks in a defined 
system

ÅUse: Enables analysis of flows 
(inputs, outputs, stocks), 
identification of inefficiencies and 
hotspots, generation of projections 
and scenarios analysis

ÅTHESEUS: In THESEUS our system 
is Region of Attica and MFA is used 
to support circular planning for the 
H4C
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How MFA supports Regional Hubs?

ÅMaps material inflows, stocks and outflows across the region

Å Identifies hotspots and potential material lossess(landfill, downcycling, export)

ÅQuantifies potential related to secondary resource use

ÅSupports infrastructure planning (e.g. facilities locations)

ÅEnables scenarios analysis and projections generation 
Å Material availability and waste generation

Å Impacts related to implementation of policy measures and circular strategies

Å Supports decision making in terms of infrastructure and logistics

Å Guidelines for potential improvements related to resource efficiency and circular flows

MFA in THESEUS operates at the regional scale (meso)
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THESEUS H4C VISION enriched by enabling layer 
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DPP and MFA in regions

What is the material composition? How can I use the materials at their highest value? ĄDPP 

What materials exist in this region, how much ? Where are the inefficiencies? ĄMFA
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DPP in THESEUS
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DPP in Thesus

DPP is created for THESEUS circular products and related material flows
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What information will be included in THESEUS products DPP?

Always aligned with ongoing legislation efforts!

Circularity & 
Sustainability Compliance Others

Certifications
e.g. Storage 
instructions, handling 
and maintenance

THESEUS
Digital tools**

Tool 1

Tool 2

ESPR Ecodesign
parameters
Obs! Energy related 

LCA

Repair and reuse

Product identification data

Product Composition 
and Properties

Economic operator 
data

Expert information*

Actor - time ςlocation***

Traceability

Product 
information

THESEUS DPP users & their access rights
*Accessible only to expert users assigned by industrial partners
** Differentiated role based views (basic vs advanced)
*** Updates allowed to authorized actors only
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MFA in THESEUS
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Fundedby the European¦ƴƛƻƴΩǎHorizon
Europe Researchand Innovation Actions
programme under grant agreement No
101095303.

This research was financially

supportedby the EuropeanUnionôs

Horizon Europe research and

innovation program under grant

agreementNo 101138473(project

IS2H4C).

IS2H4C project focuseson deployingsystemic

industrial symbiosis through innovative

technologies like carbon capture and

electrolysis. The initiative is driven by the

vision of resourceefficiency, renewableenergy

production, waste prevention, and fostering

industrial-urban-rural symbiosis.

MFA for regional 
planning in Attica

Å Regional planning through MFA-
based scenario analysis

Å Align regional strategies with EU, 
national and regional policy 
frameworks



37

Policy relevance & policy measures for Attica
Local Strategies and Relevant Plans
ÅAttica Regional Operational Programme 2021ς2027 
(ʃɳʃ ɮˍˍʽˁʺˌ нлнмς2027) 
ÅAthens Climate Action Plan (Municipality of Athens, 
June 2022) 
ÅMission Label ςClimate-Neutral and Smart Cities 
(Athens) 
ÅSustainable Urban Mobility Plans (SUMPs) (ʅ˔ʷʵʽʰ 
ɰʽ˗ˋʽ˃ʹˌ ɮˋˍʽˁʺˌ ɼʽ˄ʹˍʽˁˈˍʹˍʰˌύ 
ÅClimate Change Observatory of the Attica Region 
ÅOther Local Initiatives and Instruments 
ÅRegulatory Plan of Athens-Attica 
ÅRegional Climate Adaptation Plan for Attica 
ÅRegional Waste Management Plan of Attica 
ÅSmart City and Digital Innovation Strategies in Attica 
ÅRegional Innovation and Entrepreneurship Support 
Initiatives in Attica 
ÅSustainable Urban Mobility Plans (SUMPs) in Attica 
ÅClimate and Environmental Monitoring Platforms in 
Attica 

National Strategies and Relevant Plans
ÅhǇŜǊŀǘƛƻƴŀƭ tǊƻƎǊŀƳƳŜ ά/ƻƳǇŜǘƛǘƛǾŜƴŜǎǎέ 
ÅNational Strategy for Circular Economy 
ÅNational Action Plan for Circular Economy 
ÅNational Energy and Climate Plan 
ÅNational Recovery and Resilience Plan 
ÅNational RIS3 Framework and Smart Specialization Priorities 
ÅAdditional Sector-Specific National Plans 

EU Strategic Frameworks
ÅEU Circular Economy Action Plan 
ÅEuropean Green Deal 
ÅNext Generation EU and Recovery Instruments 
ÅEU Mission on Climate-Neutral and Smart Cities 
ÅCircular Cities and Regions Initiative and Hubs for Circularity 
ÅOther Relevant EU Programs and Networks

Examples of policy measures
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Reuse & Repair growth with adoption at system level 
Scenario example for Attica region, Greece

Policy

EU: Circular Economy Action Plan, 
Ecodesignfor Sustainable Products 
Regulation

National:National Strategy & 
Action Plan for Circular Economy,
National Recovery & Resilience 
Plan

Regional: Regional Waste 
Management Plan of Attica, Smart 
City & Digital Innovation Strategies 
in Attica

Outcome (Expected)

ĄRepair and reuse centers 
availability increases 

Ą Infrastructure establishment 

ĄMore durable products available

Ą Information about secondary 
materials and repair options widely 
available due DPP implementation

ĄMatchmaking and second-hand 
platforms and markets become 
more popular

MFA projections

[ƻŎŀƭ ǎŜŎƻƴŘŀǊȅ ƳŀǘŜǊƛŀƭǎ ǳǎŜ ҧ

tǊƛƳŀǊȅ ƳŀǘŜǊƛŀƭǎ ǳǎŜ Ҩ

[ƻŎŀƭ ƳŀǘŜǊƛŀƭǎ ŘŜƳŀƴŘ Ҩ

aŀǘŜǊƛŀƭǎ ƛƳǇƻǊǘ Ҩ

²ŀǎǘŜ ƎŜƴŜǊŀǘƛƻƴ Ҩ

tǊƻŘǳŎǘ ƭƛŦŜǘƛƳŜ ҧ
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THESEUS MFA Projections 

Short term

2025-2030

Preparatory & Needs

ωMaterials flows changes

ωWaste generation 
trends

ωInfrastucture& 
logisiticsneeds defined

Mid term

2030-2050

Expansion

ωEvolution of secondary 
material availability and 
decrease of demand

ωTechnology uptake, 
solutions scaling

Long term

2050+

Functional system

ωOperating circular 
economy ecosystem

ωCircular loops based on 
high value materials 
functioning across 
region

Timeline
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MFA tool
THESEUS and beyond
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DPP-MFA-Matchmaking: THESEUS circularity 
framework

Linking product data, regional insights and actors to drive circularity



42

THESEUS circularity framework elements
What? How? Who?

DPP MFA Matchmaking

Regional level

Product level

Decision Level

Information
Composition & 
traceability

Flow mapping & 
quantification

Demand & material 
visibility

Insights
Product and life cycle 
insights: repair, reuse, 
end-of-life

Hotspots, trends, 
scenario based 
projection

Matchmaking 
opportunities

Actions
Compliance & 
transparency

System optimisation, 
investment & logistics 
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DPP provides information Ҧ MFA generates context Ҧ Matchmaking allows action
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