UNITED

CIRCLES

United Circles

Networked industrial-urban symbiosis value chain demonstrators for biomaterials, C&DW,
circular water loops & WWTPs, driven by Hubs4 Circularity

HA4C Community of Practice - 26" March 2025

Funded by
L the European Union



Content

v The need — Why United Circles?
v United Circles’ approach.

v  Hub overview.

v’ Facilitation frameworks.

v’ Digital tools.

UNITED
ANy @ Sy - T



The need - decarbonisation

Process industries need to decarbonise their input feedstock and processes to achieve carbon
neutral steel, cement, chemicals, plastics, ceramics and other products.

Client
Purchasing &
Procurement

Impacts

EU Carbon
Border

Adjustment
Mechanism Key drivers Company

Climate
Action Plans
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The need - making it work

This is not happening today because of two major challenges
Due to lack of constant quality + processing costs to sort, filter and upgrade

Ceramics Concrete
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The need - collaboration

Industry and regional governments and other
actors need to collaborate to achieve circular
value chains, which has led to the concept of . Regionsi beners
a Hub for Circularity. RIFS 9 %  Symbiosis

Economic growth
¢ Understanding
regional demands

\ ‘cu\arity

Sustainable
business model

* A Hub for Circularity is a network of Regional

Regional demands community

organisations & individuals, that seeks to

* Societal needs /
¢ Customer needs I
* Stakeholder &

23

create the regional industry-society demands e i
collaboration necessary to develop ® S e o el
industrial and industrial-urban industrial M: . s ey -
symbiosis solutions within local and e s
Industrial contexts. o ey A
Community
« Their objective is to contribute to i : @

significantly reduce CO, emissions,
increase energy and resource efficiency
and shift towards zero waste materials
management.

Figure 10: Key components and operations of a Hub for Circularity.

Hubs for Circularity concept of the Processes4Planet

partnership
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United Circles partnership approach
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Ankara

Salamanca

Veneto

Ankara, Salamanca and Veneto will each form a Hub 4 Circularity around
technology demonstrator efforts for scaling to a mature circular value
change.

Four further regions will setup a ‘Mirroring Hub’ to strengthen their
partnerships, explore the potential for replication of 1 or more of the
demonstrators at full scale, and work towards bringing industrial
investment to the region.

Each of the Demonstrator H4C will be followed by four Mirroring Hubs for replication

i‘ < Southern Transdanubia, = Hungary, | ... ii— Eastern Macedonia & Thrace,
e gary ™ starting H4C hosted by Digital Innovation ﬁrncor Greece. Starting H4C hosted by the
&

~.{Hub INM & water tech company Grunwald regional authority (EM&T) and
(GRUN), with commitment by City of Pecs. L__. - Technical Univ. of Athens (NTUA).

Gauteng, South Africa. Starting H4C
hosted by University of Johannesburg (UolJ)
with commitment from the City of
Johannesburg & Gauteng government.

South-East England, UK. Starting
HA4C hosted by the community actor
Tech Take-Back (TTB) & Kent
- County Council (KENT).
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Critical technology innovations at scale

Sewage

Aqualia & FCMM
Sewer System

Cellulose

Hydrated Cement Paste

Gmb Aggregates &
Sludge Pulp & Pape: L g Sand Fraction
Plant

Anaerobk

1st Stage =
Digeslers

Biorefinery

Clean water at
agricultural quality

4o, .
4’%‘”’0
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Critical technology innovations at scale

Mirroring

Demonstrator

Hydrothermal liquefaction of bio stabilized waste to obtain value-added biofuels

12 MBT bioreactor for converting Used Cooking Oil to IcDCA biochemicals for bio polyesters

13 Steam-Stripping of Ammonia from AD sludges for recirculation in biorefinery fermentation
14 Cellular Hydrolysis of biorefinery call debris to obtain Protein Hydrolysate plant biostimulants

15 Steam Drying and Pyrolysis to convert Anaerobic Digestion sludges into biochar for agriculture

—
—_—

No. Description ‘ ’ ‘ ’ ‘IvUS Valué chain
1 XRT-Driven Smart Sorting for enhanced lower capital cost separation of C&DW fractions 1985
2 Attrition Scrubbing for liberation from waste concrete of Cement Paste, Sand and Aggregates ﬁfl C&DW
3 Carb-Upcyled HCP™ carbonation of Cement Paste to obtain low-carbon upcycled cement
4 Alkali reactor for full upcycling of waste wood fractions in Cement Bonded Particle Board =
5  Catalytic Pyrolysis incl. chemical pre-treatment for PIR foam upcycling to pyrolysis oil
6  Coupled FO-CDI desalting for 100% circular water use in Pulp & Paper industry
7 RBFfilter cellulose upcycling to obtain purified cellulose from Urban Waste-Water (UWW) %. T R———
8  Coupled Anammox-FBR to extract nitrogen & phosphorus from UWW into NPK fertilizer -
9  H2&C02 enhanced methanation for P2G for UWW sludge to AD to syngas for P2G grid load balancing —
10 Novel dNF membranes for tertiary UWW purification incl. PFAS removal for agricultural water reuse »
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Circular value chain delivery

Related Project actions

Hub for Circularity potential achievements

H4C & Industrial-Urban Symbiosis Community of Practice
building

H4C Charter Development

H4C Setup, governance and decision-making processes and seed
hubs

H4C Membership extensions, business model, and continuous
delivery

H4C wastes mapping and screening
H4C Industrial-Urban Symbiosis flow and process design
H4C Economic, Environmental and Social Sustainability analysis

H4C Demonstrator replication agreements, pre-technical design
and financial prospectus

H4C FOAK Financing outreach and lobbying

Network mapping & outreach to initial interested parties

Define the mission & vision for the Hub for Circularity with involved parties

Setup the Hub for Circularity with a governance structure and decision-making, enable membership
structures, setup activities, work on further funding for Hub operations.

Continue to seek further memberships, enrich the business model and make it possible for the Hub
to become a permanent network.

Map the wastes in the region for the chosen waste(s) including their quality where needed (e.g.
laboratory tests) to match with technologies

Create a scenario on how the urban-industry feedstock creation scenario would look like technically.

Carry out assessments on job creation, carbon emissions impacts, and economic impacts from a
broader perspective (for all parties)

Formalise collaborations with parties in the Hub including industry partners, create the investment
plan.

Reach out to financial institutions and financiers to become a part of the Hub and support with
investment following the investment plan.

\
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Hub’s philosophy

HA4C Governance & Operations =) HAC institutional structure development & fundrasing
Feasibiliz :gyward financing Financial lobbying Advisory boards Al recommender
S Jll Vertical integration Clustery digital
p,
Financial prospectus Hubs' charter with EU CoP 2 el fE
al Environmental innovation =) Local and regional capacity building & social change
H4C Social & Environ I Young people H4C Evolution
Evolution framework > workshops Creation of CoP dashboard
Life cycle sustainability assessment Testing social M Green targets tool
(LCA, LCC, Social-LCA) acceptance (GRETA)
Material observatory m) Value creation for technology innovation & markets
Digital Product & Material TRACID for Material & Bl Regenerateexplorer [l Horizontal methodologies
observatory framework Product Passport tool .
B Hubs actions
H4C Waste mapping n IUS flow catalogue for \US designer B
methodology data exchange M Digital tools
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Knowledge and impact transfer

Seedliubs

<

Seed H4C

Seed Hubs

Starting from
scratch with 1-3
organisations to
setup a starting
hub

Approx. €50k/year
investment
available, seeking
€500k+ funding for
2 years of starting
hub stage

Mirroring
Hubs

-

H4C

b=
=)
S
(4]
i)
v

Governance
structure +
business plan for
setting up FOAK
value chains

Commit partners
to develop initial
B2T strategy.
Seeking €1.5+
million invest/year
to establish IUS
demonstrators

Demonstrator
Hubs

At least 1 FOAK
value chain
demonstrator
(TRL7)

Focus on
advancing B2T
strategy, FOAK
value chain
demonstration.

Seeking €10+
million invest/year
for scaling to TRL8

Intermediate H4C

Advanced H4C ‘

At least 1 FOAK
operational value
chain (TRL8)

Actively
implementing B2T
plan to accelerate
IUS network and
implementing their
TRL8 FOAK value
chains

Seeking €30+
million invest/year
for scaling to TRL9.

Mature H4C ‘

Multiple FOAK
commercial value
chains (TRL9).

Continuous 1US
network
improvement,
lighthouse for
export replication
to other regions.

Seeking €100+
million invest/year
for expansion +
export

&
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Salamanca HUB

= i i
/ M spain \ United Circles Demonstrator

Value Chains of focus for the Hub

Salamanca Non-

Pulp & Water Bio Chemical Cement  Steel Plastics Minerals Ceramics ferrous
Paper  Industry Refining industry Industry Industry Industry Industry Industry Industry

. Located in the autonomous =2 onlle \ /7 /
community of Castilla y Leon in

western Spain.
. Population: 145.000 people.

. Key industries include food
processing, chemical (ﬁ éﬂ
manufacturing, leather, metal, and
furnlture. . ) Waste Food Textil Constructi Absorbent Food Electrical Furni Household
production. Additionally, tourism p Mattresses  * " Waste extiles on Hygiene Packaging 2 urniture  gpiects

lays a significant role, driven by the Products Electronic
city’s rich historical and cultural Waste
heritage.

€2 RCLEs



Salamanca HUB

{

Spain

Salamanca

Located in the autonomous
community of Castilla y Ledn in
western Spain.

Population: 145.000 people.

Key industries include food
processing, chemical
manufacturing, leather, metal, and
furniture

production. Additionally, tourism p
lays a significant role, driven by the
city’s rich historical and cultural
heritage.

-

2 .
Faqualia

.

Hub Lead: AQUALIA

Water management company. It is part of the FCC
Group.
Serves over 45.2 million users across 18 countries.

Specializes in the integral water cycle management,
and

which includes the capture, treatment,
distribution of water for urban areas.

~

J

»
FcC Hub Partner
fedo ATBEN'S, - ECC Medio Ambiente

Division of the FCC Group, specializingin
environmental services.

+  Serves over 67 million people across 5,400
municipalitiesin 11 countries.

« Expertiseincludes the collection, treatment,
recycling, energy recovery, and disposal of
solid urban waste.

Hub partner
*  Private, non-profit research and technology
centre.

Based in Spain, Castillay Ledn region.
Founded in 1994.

Employs over 150 people.

Expertise spans several fields, including energy,
food, industry, construction and infrastructures,
health, and environment.

&Electrochaea .

Hub Partner

Electrochaea

« Energy storage solutions. It focuses on
commercializing a grid-scale power-to-gas
(P2G) technologyl.

Has approximately 64 employees.
Converting renewable energy and carbon

dioxide into renewable methane

Hub Partner
- ® *  Mirat
1 RAT + Group of companies primarily involved in
B the agricultural sector.

Presence with over 20 delegations and work
centers across Spain
Specializes in the manufacture and
distribution of fertilisers and organic-based
inputs for agriculture, including certified

products for organic farming.

Hub Partner

S

Kimberly-Clark

Kimberly-Clark

American multinational corporation that
produces mostly paper-based consumer
products.

Employs approximately 41,000

people worldwide.

Personal care and consumer products.

gJunwde Hub Partner

Castillay Leon  «

Fundacién Patrimonio Natural de Castillay
Leon.

Circular Economy Strategy of Castillay Ledn
coordinator and leader of the regional
participation as a pilotin CRRI.

Has approximately 150 employees.
Founded in 2005

UNITED
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Salamanca HUB

Organic
waste

@’Squalia

Clean
process
Process water
water

IUS 3

Frreresreerin

Mg
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waste
water
material

Energy

&
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Ankara HUB

/ \ United Circles Demonstrator
Value Chains of focus for the Hub
Non-
Pulp & Water Bio Chemical Cement  Steel Plastics Minerals Ceramics ferrous

Paper Industry  Refining industry Industry Industry Industry Industry Industry Industry

. Region of the Hub: Ankara E %’% i
Province, Turkey

. Population: 5.8 million
. Capital city of the region: Ankara

. Main industries/economy: Defense
and Aerospace, Machinery and . . @ éﬂ . .
Metal Products Manufacturing,

Information and Communication Waste Food  Textijes COMStructi Absorbent Food  Electrical Furniture Household
Technology (ICT), Construction Mattresses ter Waste on Hygiene Packaging & Objects

and Real Estate Products Electronic
\ / Waste

€2 RCLEs



Ankara HUB

. Region of the Hub: Ankara
Province, Turkey

. Population: 5.8 million
. Capital city of the region: Ankara
. Main industries/economy: Defense

and Aerospace, Machinery and
Metal Products Manufacturing,
Information and Communication
Technology (ICT), Construction
and Real Estate

* Ekodenge is a team of sustainability experts providing
consultancy, engineering, architecture, and software
solution services.

. * Country / region: Turkey / Ankara

N ekodenge + Founded in 1996; Employees: 20

* Expertise: Sustainable Urban and Regional Planning,
Circular Economy and Resource Efficiency, Digital
Solutions for Environmental Management, Life Cycle
Assessment (LCA), Industrial Symbiosis and Resource

\ Optimization, Digital Product Passport Development
Hub Partner @9

r * Intract
ntract | - sme

* |PR support

Hub Lead:

United Circles Ankara Hub network

g Members of the consortium

Hub Partner €$

GIMENTO Hub Partner Prospective Partner
BASTAS *  BASTAS Cement 1/ * Tepe Betopan * Ministry of Environment,
* Large Industry /A * Large Industry Urbanization and Climate
* 1,438 employees TEPE 220 errlplol/_elesb dand Change
« Cementand concrete BETOPAN fiﬁg?llir??;ré(;tic:ni;nin
production board production
@J@ Hub Partner ANKARA Prospective Partner
Hub P?rtner ) . ciancioe  * Turkiye IMSAD ; = Greater City Municipality of
minovcl : SI:/Ir\ilnEO\.ra Minerals Processing ! m«nsnn « Association Ankara
* Umbrella organization * Municipality

*  Smart sorting

for construction
materials producers

¢« Urban CDW collection,
storage and management
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Ankara HUB

Aggregated

Sand Fractions s 3 o
Bastas Cement Plant

* Carb-Upcycled HCP

Hydrated
Cement Paste cal
ﬁ ,/, 4 ’ A

> Waste Wood &* Cement Bonded
Particle Board e

Fractions
3D Printed 2 Storey
Demo Building

Carbo-Forced
Cement™

. Tepe Betopan
Bastas-Minova

Sorting Center

J

e XRT Driving Smart Sorting
e Attrition Scrubbing

Ankara Municipality
C&DW Recovery Yard Waste

PIR Foam

g 8 Upcycled PIR
Foam Pannels

Demolished Covestro Chemical &
Building Fraunhofer Gesellschaft Recycling Plant

* (Catalytic Pyrolysis

Z
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Veneto HUB

United Circles Demonstrator
Value Chains of focus for the Hub

-

Non-
Pulp & Water Bio Chemical Cement  Steel Plastics Minerals Ceramics ferrous
Paper Industry  Refining industry Industry Industry Industry Industry Industry Industry

... | PO RBOOOOOE
. Veneto Region

. 4.8 million inhabitants
. Capital City: Venice

. Main industrial sectors: @ éﬂ
Agro-food, textile,
footwear and furniture Absorbent Food Electrlcal Household
Mattresses Waste Food Textiles Constructi ek Furniture o
sectors water Waste on Hygiene Packaging jects

Products Electronlc
\ / Waste

€2 RCLEs



Veneto HUB

o

NOVAMONT

A Versalis Company

&= MATER BIOTECH

s%» CONTARINA
%e® SPA

L=GACOOP

=&2= SHERPA

/

NOVAMONT: producing bioplastics; developing biochemicals
and bioproducts of renewable origin

MATER BIOTECH: Industrial Plant for the production of
butanediol (1,4 BDO) by biotechnological processes

NOVAMONT IBERIA: sited in Barcelona, since 2020 has
worked to develop and enhance the presence of Novamont
Group in the Spanish market

CONTARINA: managing the waste collection system and
waste disposal in Veneto Region

SHERPA: spin-off of the University of Padua (IT) to support
territorial development by applying scientific social
technologies

LEGACOOP: Legacoop is a national apex organization
representing cooperatives in Italy that works to promote the
development of cooperatives and to promote the diffusion of
cooperative values and principles

AN . Yey . W



Hubs 4 Circularity Facilitation frameworks

How to initiate & facilitate the realisation of circular value chains based on industrial-urban symbiosis?

/ Existing framework exam ples\

4
éiﬁ

GUIDE FOR
INDUSTRIAL SYMBIOSIS Ivl
FACILITATORS

B “loterres [l (8 D

Kalundborg guide

\_

Insight project
course

@m—

-~

Circular Value Chain
Infrastructure

United Circles frameworks and guidamﬂ

Citizen Social Impact
Assessment &
Community
Engagement
Framework

Feasibility to attracting
Financing framework

Training programme for

Waste Mapping
Framework

a /

Facilitators

Hub4Circularity

AN . Yey . W



Hubs 4 Circularity Facilitation frameworks

* Providing guidance for industrial- Activity Outputs SRL level
¢ Al Ok 1. Waste selection Evaluate priorities for the region & process Decision on waste(s) to
urban sym biosis facilitators from initial ideas industry and available technology capabilities tackle + initial ideas i
1. Resource mapping Map the chosen waste(s) in the region Map of wastes with tonnes, SRL2

* What studies are needed to get quality, owner, access info

. Collaboratively screen the approaches List of ideas, required
TRL7 demonstrators or TRL8 la rge E to tackle the chosen waste(s) organisations, ir'litial research Sile
scale circular value chain P! lots off 3. IUS Design Generate proof of concept IUS design {3 n:'tRngrtke?:‘;’c g::::'s i SRL4

the ground.

Economic, environmental and social

*
4. LCSA analyses sustainability analysis TEA, LCC, LCA, S-LCA SRLS
° . P G 5. Commitments & joint Obtain signed commitments from relevant partners (incl. MOU, NDA,
En.d goa : raisi ng €5 1o €200 million g g to allow sharing of sensitive technical & financial data) agree'ments SRLE
of investment Develop the pre-technical design and Pre-technical IUS network + SRLG
: 8 joint from sensitive data innovation design
: e Create investment prospectus for IUS Financial calcutions +
* The framework will be developed in infrastructure investors prospectus =
2 Outreach, application and negotiations with Due dilligence
a pre-standard (CWA). e e docieneixston. > SP3

€2 RCLEs



Hubs 4 Circularity Facilitation frameworks

it
tup

Create an analytical framework to evaluate social
impacts of a Hub 4 Circularity with a focus on
employment, equitability and equality in relation to
achieving a healthier environment.

Develop approaches for community and citizen
group integration in the Hubs Community of Practice

Inform Social Life Cycle Assessment methods.

Urban Wastewater Solids Example

Example: United Circles Achievement

Waste-water & sewage upcycling;
Ending river discharge of treated waste-water

Healthier environment

* No more sewage discharge in Rivers;
* Conservation of precious freshwater resources;
* Protection of aquatic ecosystems & supporting biodiversity

‘ Citizen benefits

Citizens can swim in the river

€2 RCLEs



Digital toolkit

United Circles Digital Toolkit

Regenerate . o . . . o
Explorer Mapping resources and sites in a geographical area with an extended tagging and filtering search system.

Easy structuring of information on existing available wastes and processing facilities.

Web scraped database to extract key info using queries focusing on information needs for regions and

Al Recommender cities. Will allow to extract technology options, actors, best practices, legislation and skills needs and

funding.
. IUS design capabilities to create process-flow links with technology innovation evaluation.
IUS designer

GRETA Designed to assess the sustainability and circularity performances of products, integrating LCA and MFA.

Digital Product Passport system for life-cycle events is being developed as part of the CircThread. The

TRACID solution will be advanced for material passports of batch shipments, considering unique identification
& traceability.

IUS Flow The catalogue is a centralised repository that will gather exchange flow critical documents and lab &

catalogue engineering material-process specifications related to IUS flows (peer-to-peer relation among two parties)

within a Circularity Hub’s network

i 6 UNITED
%7 CIRCLES



Material & Product Observatory Concept

Create a common platform where for a region a Hub can understand the waste and product
flows for particular material(s) for continuous improvement.

Industrial

/ Purification processing

9
e
— f w Y — -R > > C’&
(9 | rewm’e 7
Retailer Product user Collection Point Reverse Pre-treatment Mechanical
(used products logistics (Sorting, Recycling
T l Jrecycling) disassembly
Shredding)
=" &
Waste ncineration
) Reverse -
Raw material ~ Manufacturing Producer / Collection logisti & landfilling
; ; Manufacturer ogistics
supplier supplier
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IUS information exchange

* Centralized repository

* Enable sharing of critical
symbiosis documents

o Material flow and
specifications.

o Laboratory and ﬂ C:

engineering processes.

* Applicable within the network
of actors in a Circularity Hub.

| Nl Nl g N

* Exchange formats.

A 9 . 4

A catalogue for each H4C.

Navigation through the different
flows of materials and associated
sensitive documents.

Track based access control.

Exchange of material and energy
quality data.

Optimize assessments, design and
decision making within H4C.

Real time/event-based/static.
information.

N 6 UNITED
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United Circles’ team

ciMENTO
BASTAS

/\ ecolliwise

iR_AT Lo ] CARTIF covestro Ill

beectrochaea B S F N 4 = srenum
el il &%

Mcbatek INer:2

llllllll

TEPE —
BETOPAN ! IWMSAD Z Fraunhofer

UMSICHT

< ekodenge & ntract] *2qualia SUPSI

III GATE 2 HORIZON W
§ NOVAMONT

L=GACOOP

[ ]
=€S= SHERP/ 0.9.®  \ATER BIOTECH - lENNNG?NVé&ETFQI%CNS ﬂﬂﬂﬂﬂ mlnova
| BY PNO 7 v ..... ............................
! CONTARINA
] »»
() potter K
F ™~ d ent
“ - w ENTE ITALIANO ’} soo County =
Q% Medio Ambiente 'gma de DI NORMAZIONE (‘ Q) Council B8
- Castillay Leon 3 ' kent.gov.uk g

TECH-TAKEBFICK

&3 metabuiliing negative emissions

ecolocus
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THANK YOU
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