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Creating synergies

A psychological perspective on stakeholder motivations, needs & challenges in
Industrial-Urban Symbiosis

IZES & the multilevel approach in WaterProof

Industrial Symbiosis in the context of Circular Economy

* Industrial Symbiosis as a mechanism to achieve circular economy goals
* Keyterms

* Practical examples

e |-US advantages

I-US in WaterProof

* WaterProof concept as an example of industrial-urban symbiosis

* |ZES activities embedded in multi-level approach

* Research questions

* Insights into in-person I-US workshop, webinar and expert interviews

Conclusions:
* Environmental psychology perspective on key factors in I-US
» Stakeholder roles & perspectives in industrial (-urban) symbiosis
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Figure 1: Interdisciplinary approach at IZES (Source: IZES)
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Multi-level research approach in WaterProof
System levels Topics

Broader stakeholder
perspectives (e.g. from
industry & municipalities)

Industrial symbiosis

Stakeholder
perspectives along . TEChnology-and
WaterProof value chain implementation at

site
Consun'!er WaterProof CCU product
perspectives applications

Figure 2: Multi-level research approach in WaterProof (Source: IZES)
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Industrial Symbiosis in the context
of Circular Economy
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Industrial Symbiosis as a mechanism to achieve circular economy goals

— s

Linear Economy

Circular Economy

Take-make-waste system relying on
the extraction of new raw materials \

* Minimizes systematic leakage through
mechanisms like:
Disconnected stages of a product life

* Design strategies preventing waste
cycle

* Inner-loop business models

High volumes of generated waste, prolonging product use,

resource depletion and a high carbon

footprint * Material recovery & recycling

* Industrial Symbiosis

Figure 3: Industrial Symbiosis as a mechanism to achieve circular economy goals (Source: I1ZES)
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Industrial Symbiosis as a mechanism to achieve circular economy goals

Circular Economy (CE)

RENEWABLES A FINITE MATERIALS
RENEWABLES FLOW MANAGEMENT ¢

7l

PARTS MANUFACTURER

Voo

STOCK MANAGEMENT

FARMING/COLLECTION'

BIOCHEMICAL
FEEDSTOCK PRODUCT MANUFACTURER

REGENERATION i ¢ RECYCLE
SERVICE PROVIDER
BISH/
SHARE UFACTURE
‘ ‘ REUSE/REDISTRIBUTE
MAINTAIN/PROLONG
ANAEROBIC
DIGESTION
COLLECTION COLLECTION

EXTRACTION OF
BIOCHEMICAL
FEEDSTOCK?

1 Hunting and fishing
2 Can take both post-harvest and post-consumer waste as an input

SOURCE

Ellen MacArthur Foundation - .

Circular economy systems diagram (February 2019) MINIMISE SYSTEMATIC

www.ellenmacarthurfoundation.org LEAKAGE AND NEGATIVE 1 'E:gIbENNDX'leIgANRTHUR
Drawing based on Braungart & McDonough, EXTERNALITIES E

Cradle to Cradle (C2C) i H

Figure 4: Circular economy systems diagram (Source: Ellen MacArthur Foundation, drawing based on
. Braungart & McDonough, Cradle to Cradle (C2C))

Industrial Symbiosis

“systems approach to a more sustainable
and integrated industrial economy that
identifies business opportunities to
improve resource utilisation and

productivity” (CEN Workshop Agreement — CEN 2018
CWA 17354, p. 7)

e uses ,waste” as valuable input
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Industrial Symbiosis — key terms

=, Synergies”: “transactions where one organisation acquires underutilised resources [...] from the
organisation generating them, and integrates them as inputs into their own production process”

= Ressources: e.g. “by-products, waste, materials, energy, water, equipment or other resources that
are not the primary output of the production process”

= |-US: Urban material flows (e.g. municipal waste or household wastewater) are integrated as raw
materials, public and private organizations can take part

= Models: selforganized, facilitated, ICT-supported & strategic
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Industrial(-Urban) Symbiosis — practical examples and projects

Image 3:
TanyaK — stock.adobe.com

Image 2:

Utilization @ Optimization of Wit —2 Sakiyah —
4 stock.adobe.com
wastewater from energy, waste & by- » (generated with Al)
the meat product utilization,
processing industry & knowledge
for biogas transfer etc. in
production industrial parks
(Symsites project, (Industrial park
Ecosite in Austria) Hochst, Germany) 7 - o] . &

Use of ash (e.g.,
from incineration
plants) in
applications like
concrete

Conversion of production (Ash }AT]?sgSetﬁzdio -
captured CO, from CYC|E project\ stock.adobe.com

waste(water)
treatment into
formic acid
(WaterProof project
with pilot installation

in the Netherlands) | Image5:
santona — stock.adobe.com

(generated with Al)

(generated with Al)

AshCycle (2026); Symsites (2026); WaterProof Project (2026); Utikal, H. (2026, May 27)
WaterProof Workshop: From Waste(water) CO, to Formic Acid



http://www.waterproof-project.eu/

L4 PROOF —
Industrial(-Urban) Symbiosis — practical examples and projects

. Kalundborg
Municipality
o Kalul_r;edabtoprgmilptility SYM B I 0 S I S
T saneobar // = A model for industrial symbiosis —
Boehringer \\ ‘\. //ﬁ\ Intertek . .
roenem g s \\ established since the 1970s
\ . N Kalundborg Utility ' d Avists . . .
N o \§\ T TSN Gree \\ = symbiotic network of 17 partners (public
~e~ . \\g/ // /// \t}\ Unibio .
~ N\ 7 & private)
\\\§\\\///¢7 s oo P
NN <% Ny OIS = 20 different resource flows: water,
L% -~ L materials & ener
- / \ Novo Nordisk gy
Kitgpi::royrg \ ‘\ Novozymes
\\ S P
TN N~ o~ COMET
\ Novozymes
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Chr. Hansen e
—— \\3ter Kalundborg
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Figure 5: Infographic with symbiosis flows (Source: Kalundborg Symbiosis, retrieved from symbiosis.dk)
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Advantages of Industrial(-Urban) Symbiosis

" Resilience and resource independence

" Sustainability & industrial tranfromation

towards a circular eocnomy

" Fconomic value creation
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Industrial-Urban Symbiosis in
WaterProof
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WaterProof concept as an example of Industrial-Urban Symbiosis

13

Synergies captured and electrochemically converted CO, Receiving sectors:
serves as an alternative carbon feedstock for chemical Cleaning
. . product
applications manu-
Supplying sectors: facturers

Urban material flows (e.g., municipal waste or household

wastewater) can play an essential part in the symbiosis Urban waste f '\ﬂanu' f
acturer o

(water) leather

Different actors, such as public (e.g. public wastewater companties goods

treatment companies) and private organizations (e.g.

companies producing cleaning or leather products) can rel\c/'f\i:ry
be part of the symbiosis network /Urban

Mining

WaterProof Workshop: From Waste(water) CO, to Formic Acid



http://www.waterproof-project.eu/

A4 PROOF —
IZES activities embedded in the multi-level approach

System levels Topics Educational & research activities ...

(Photo: Carsten Simon |
IZES, UdS: CircularSaar)

Informational factsheet
Expert interviews

Events & networking:
Participation at and organisation
of webinars and workshops

Broader stakeholder
perspectives (e.g. from Industrial symbiosis
industry & municipalities)

Stakeholder WaterProof Technology Stakeholder interviews with
perspectives along and implementation at actors from the WaterProof

WaterProof value chain site value chain

Interviews and focus groups
Consumer Y/ WaterProof CCU product

with consumers, &with

. o environmental & consumer
perspectives applications .
organisations
Online consumer survey

Image 8 (Johnnii — stock.adobe.com O
(generated with Al))

Image 7: (fizkes —
stock.adobe.com)
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Research questions

= Roles : What distinct roles do different stakeholder groups (e.g.
like public authorities & industry) play within I-US?

= Perception of I-US : How do they percieve I-US initiatives like
the WaterProof concept?

= Drivers & Barriers: What drives or deters these stakeholders
when bringing I-US forward?

= Needs: What do these stakeholders need to successfully
advance I-US initiatives?
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Insights into in-person workshop

Setting

Title: Industrial Symbiosis as a
Building Block of Circular Economy in
Saarland

Collaboration with Circular Saar
project, part of the Circular Economy
Congress 16/09/26 in Saarbrlcken,

Image 6: Photo: Carsten Simon | IZES, UdS:
Germany CircularSaar

38 registrants, participating
stakeholde groups: Research | Politics
and administration | Private sector
and industry| Public companies |
Chambers and associations

Image 9: Photo: Carsten Simon | IZES, UdS:
CircularSaar

* Ministerium
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Results

What do participants associate
with industrial symbiosis?

Cooperation Eye-level

Collaboration Interaction
Networking  Complexity

Synergies Innovation
Interconnected value creation

‘Win-win Potential
Value creation Opportunity

Growth potential

Figure 7: Workshop results - Associations with
Industrial Symbiosis (Source: IZES)

mit Unterstutzung der

Saarland
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Insights into WaterProof webinar

Setting Key-takeaways
TitIe:_IndustriaI-Urban Symbiosis: Business, Funding and > Facilitation governance models as well as
Practical Insight a combination of models can takle I-US

barriers if they fit to the local context.

Agenda > Performance measurement with strong I-

Introduction to Industrial Symbiosis IZES US KPIs
» Industrial parks are ideal hubs but face

Business cases and funding International Synergies double-challenge: remaining competitive
Pratical insights: I-US collaboration Provadis School Hochst while becoming climate neutral
CCU/volta technology in I-US context ~ Avantium > Barriers for I-US projcts: grid dependency
and policy fragmentation
. . . - Needed: political planning certainty,
Participants: 44 participants from Research & academia | green markgt creaticl):)n and ?unding fo»;
Industry | Public organisations and administrations | higher TRLs are needed.

Consulting & I-US facilitators
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Insights from expert interviews with municipalities

Setting Key-takeaways

Two interviews with municipalities

» Motivations: Environmental, climate & circularity
goals & strategies, enhancing the sustainability of
local industries

Focusing on the perspective of facilitators of I-US

« Key role of cities’ as facilitators & local

resource managers, hotspots with a large > Needs: Industry engagement & trust, external
density of industrial facilities highly suitable for expertise & integration of internal knowledge
synergies

> Challenges:

Selection of cities in the Netherlands & Germany Allocating financial & staff resources - range of
responsibilities

Regulatory boundaries in permitting

» Amsterdam as one of the high performing
Dutch cities regarding climate policies (den

Exter et al., 2015) !Salanci_ng I-US goaI; with economic viability in
industrial area recruitment
» Munich as one of the climate policy leaders in Complex resource flows

Germany (Otto et al., 2021, 2025) » Current municipal approaches: Enhancing

awareness, trust building and prioritization of
essential resource flows
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Insights from consumer studies on CCU products in WaterProof

19

Consumer survey

Online survey in May 2024 - July 2025 in the
Netherlands (N=54), Germany (N=127) &
Colombia (N=66) about consumer perspective on
CCU cleaning product applications

» Environmental (especially climate) benefits
associated with CCU cleaning products

» Rather low risk perception concerning CCU
cleaning products

> Rather high purchase intentions for CCU
cleaning products

Consumer focus group

In-person focus group in May 2026 in Germany (n=19)
about consumer perspective on CCU cleaning & leather
product applications

» Associated benefits (approaching waste-related
emissions), concerns about energy consumption

> Prioritized product applications: daily life necessities

» Expectations towards manufacturers:

> Credibility & transparency (e.g. about energy
source & technological processes)

» Quality assurance and reasonable costs

» e.g. on packaging or via digitally accessible
information with visualisations illustrating
environmental impact or energy use

WaterProof Workshop: From Waste(water) CO, to Formic Acid
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Insights into interviews & focus groups with organisations

Results

Limited official statements on CCU by organisations

General critique of CCU related to energy consumption

Setting
= Priorities:
= renewable energy & optimized transport routes in CCU
e Online, September 2026 with = Critically assessing CCU’s environmental leverage of CCU
organisations in Germany ingredients in final product
e 4 organisations in the area of = Maintainance of core product criteria (e.g. safety &
consumer protection affordability)
® 6 organisations in the area of = Product communication
environmental protection and = Holistic communication on product circularity (looking at
energy the product as a whole) and use of established multi-

criteria eco-labels
= Relevance of product circularity varies between products
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Conclusions: Environmental psychology perspective on key factors in I-US
on different systemic levels

e Data availability of resource flows in the region
e Funding opportunities
e Available infrastructure (e.g. for transport &

Policy framework and industry structure processing)

. e Wider market conditions
wider context
( ) e Policy framework

e Existing industry structure

e Inter-organizational trust & equal footing

Social dynamics in e Interdisciplinarity in the stakeholder network
 Coolaborative mindsets
stakeholder/ company networks « Role perceptions

» Efficient networking/ matchmaking

. ] . e Awareness and habits
Awareness, habits, evaluations and mindset . cost-benefit & risk evaluations

within companies * Perceived fe.asabi_lity _
e Coorporate identity and mindset

Figure 8: Key factors in |I-US on different systemic levels (Source: IZES)
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Conclusions: Stakeholder roles & perspectives in industrial (-urban) symbiosis

Public Coordinators, matchmakers, facilitators (funders, infra-providers, advisors) & offtakers
T * Motivation: fit with environmental & CE strategies
* Need: industry trust & engagement, external expertise & integrated internal knowledge

/municipalities * Challenges: prioritization & resource allocation, regulatory boundaries, balancing economic & I-US goals

Shareholders e.g. of public waste treatment & infrastructure companies

Synergy implementers, resource providers & offtakers

Industry / * Motivation: circular corporate identity and economic value

oe]nale I © Need: Ressources; interorganizational trust & equal footing, planning safety & matchmaking possibility
* Challenges: breaking old disposal routines, evaluating costs, risks & benefits

Industrial
(-Urban)
Symbiosis

Critical evaluation of CE measures; advocacy for environment & consumer interests
* Wish for transparent LCAs, adequate product prices & using established multi-criteria labels
* Relevance for consumers depending on their active role in product circularity

End- Indirect links (e.g. waste providers); occasional direct links (local residents & end-consumers)
* Factors in consumer acceptance: environmental benefits, credibility & transparency, perceived product
necessity, quality & prices & product safety

consumers/
Citizens

Figure 9: Examples of stakeholder roles & perspectives in I-US (Source: IZES)
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Beyond Industrial Symbiosis: Psychological Drivers in Industrial
Transformation - Insights from IZES Research

Credibility & Transparency in
information

Trust &
equal footing

Openness to coorperation

Habits
cost-risk & benefit

evaluation
Perceived feasabiltiy

Strategic fit
coorporate identity

Motivation knowledge, interests
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systemic levels (Source: IZES)
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