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Executive summary

The overall objective of the FRONTSH1Pproject is to ensure the green and just transition of

the Polish Lodzkie Region towards decarbonization and territorial regeneration through

demonstration at TRL7 of four Circular Systemic Solutions (CSS) interconnected one each

other and facing the identified regional challenges/opportunities. FRONTSH1P systemic

approach will be enabled by a circular governance model that connects environmental

policies with social justice through just transition ensuring environmental sustainability, jobs

and social inclusion. The flexibility and modularity of the four CSSs guarantee a high

replicability and scalability to other territories across Europe and beyond and this will be

demonstrated with the involvement of four additional Regions across EU.

The CSSs are key enablers of a systemic circular model that fosters territorial deployment

along five key axes:

1)  multi-stakeholders, participatory community-based innovation schemes;

2)  circular governance and business models for high replicability and scalability
potential ;

3) holistic economic, social and environmental assessment;

4)  knowledge transfer and dissemination via links with the Circular Cities and Regions
Initiative (CCRI);

5)  digital platform and methodology for data collection and sharing within the EU
General Data Protection Regulation and open data compliant frameworks.

This report 8 Deliverable 2.2 (D2.2) is the result of the work carried out under the Work
Package 2- Regional Systemic Circular Economic Approach, Task 2.2- Regional Circularity
Booster Toolkit. D2.2 meets the FRONTSH1P key enabler and requirement, presents the
initial approach of the digital platform creation and methodology for data collection and
sharing scheme elaboration. The EU General Data Protection Regulation and open data
compliant frameworks have been addressedin D2.2 too.

We embedded the main goals and structure of the Regional Circularity Booster Toolkit
(RCBT) (Figure 1) on the current development megatrends, i.e, on-demand, collaborative
and app-economy, which intertwine and strengthen the crucial FRONTSH1P paradigm 6
circular economy development on the regional and local level. We focused attention on the
Lodzkie Region as the area for testing and improving the four CSSs before they are replicated
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in the other regions in EU: Campania (Italy), Friesland (Netherland), North RegioriPortugal)
and Sterea Ellada (Greece).

Within this Report, we considered all aspects impacting development of circularity in

aregion:

- Technological: Innovative technologies, based on the selected types of waste collected
in a region. Accordingly, to the circular economy paradigm as well as the main
assumption of the FRONTSH1Pproject, waste and by-products: before substances or
items accompanying the main manufacture cycles are become waste or by-products -
jUsB ass526] a6oj Ngj ONs 68 Us aNegds, e doBowinglype=of 1 a 06 0 0 Y
waste are of the D2.2 consideration: wooden packaging waste (CSS1), organic waste
(CSS2), wastewater (CSS3) and plastic and rubber waste (CSS4).

- Institutional: Impact of regional and local policy in terms of creating conditions for
development of circularity was analyzed. We drew attention to the involvement of
local authorities and their unused institutional potential in the development of
circularity, as well as the possibility of wider use of good practices created in other EU
regions.

- Social: We analyzed the social key drivers that are conducive to a local circular
economy development. Such aspects as alabor market, an education system,
qualifications and skills available in a region, social acceptance for environmentally
friendly changes etc., were discussed. We drew attention to the possibilities of
involving marginalized social groups in circular initiatives, for example, in startups or
social cooperatives establishment or creating networks as contractors for larger
companies.

The report is structured via j 8 T-downip approach, i.e.,from more general questions to
a specific operating model of the RCBT. RCBT is a set of 5 orline tools for collecting, sharing
and updating information to specific groups of FRONTSH1P stakeholder community,
boostering the regional circular economy development:

1)  Overarching Regional Circularity Booster;

2)  Regional Circularity Technology Booster;

3)  Regional Circularity Social Booster;
4)  Regional Circularity Institutional Booster;
5)  Regional Circularity Booster Mapping.

8
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Figure 1: Scheme of information structure of the Regional Circularity Booster Toolkit

The Overarching Circularity Booster toolkit provides abasic informational background for the

rest of toolkits. It contains groups of information tailored to the needs of the FRONTSH1P
stakeholder community. Among them are selected market analysis, scientific publication in
scope of circularity, monitoring system with the circularity self -assessment procedures and
the voluntary emission reduction (VER)scheme. There are presumptions of two advanced
interfaces elaborated 6 the Circularity broker and the Circularity watch-dog, located on

Overarching RCBT and facilitating the management of fast data circulation. The mapping

tool will enable visualization of a region in a scope interesting for the user, eg., where the

specific waste processing installations are located, where the specific by-products are ready

for picking-up, etc.

Summing up: the RCBT will be based on IT cloud platform as the decision support means,

allowing transparent quantification of tech nical, economic, social, and environmental
aspects. These include toolkits for resource management, monitoring circular economy
indicators, thresholds of ecodesign, and value chain quantification parameters for simulating
the territorial deployment of an o verall circular economy value network enabled by CSSs.
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The report is a result of 16 months-long work within WP2. A team of 19 project partners,
guided by the Research and Innovation CenterPro- Akademia worked on its final form. We
join common work and teamwork approach and D2.2 is a result of collaborative effort by
a group of specialists with complementary skills, working towards a common goal 6 the
fundaments of RCBT. We are convinced that each member of thej § ¢ b ¥dopat its
contribution essential for achieving goals of the Task 2.2.
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1. Introduction

1.1. The most important megatrends impact regional
development and FRONTSH1P project implementation

A FRONTrunner's approach to systemic, holistic and integrative circular solutions for the new
paradigm of territorial circular economy project directly addresses the current economic and
social challenges in Europe and around the world. The project is intedisciplinary, involving
the quadruple helix: scientists (academia), companiessocial communities as well as regional
and local administration. Project activities gathered around four CSSs which develop specific
and innovative technologies, are embedded in the local environment and strongly involve
regional and local governments and communities.

The project involves specialists of the technical fields: power, environmental and chemical
engineers, data processing and ICT specialists, ecodesigners, etc., environmental areas:
biologists, agricultural specialists, etc., economists and sociologists, as well as industry
practitioners from SMEs and large international companies.

The project is supported by the Advisory Board, to which belong high-class experts from 4
countries: Italy, UK, Spain,and Poland and by the European circular economy stakeholder
platform - Association of Cities and Regions forSustainable Resource Management.
Therefore, within the project it is feasible to face the most important current global
megatrends: Circular economy, Collaborative economy, Ondemand economy and App/web
- driven economy paradigms as presented in Figure 2.

-~
0110011010 0010 111 01100 190010101100 1101.1100:1000101 01100 1101 01 01100 11010 0010 11101100 1000101 01 ' ‘

T I CIRCULAR ECONOMY
. N 1
COLLABORATIVE ECONOMY

s HI p —_—

APP-DRIVEN ECONOMY

0100010101100 11010101100 11010 0010 111 01 100 1000101 011000101 01 10
Figure 2: FRONTSH1P projectaincorporation of the current global economic megatrends
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How are the circular economy megatrends addressed inthe FRONTSH1P project?

Accordingly to the European Parliament (EP) definition [1], drcular economy is a model of
production and consumption, which involves sharing, leasing, reusing, repairing, refurbishing
and recycling existing materials and products as long as possible.When a product reaches

the end of its life, its materials are kept within the economy wherever possible. These can be
productively used repeatedly, thereby creating further value. The European Commission

presumes that the circular economy paradigm implementation is a departure from the

traditional, linear economic model, which is based on a take make-consume-throw away

pattern. This model relies on large quantities of cheap, easily accessible materials and
energy.

In practice,the circular model of socio-economic development should imply reducing waste

to a minimum. It isin line with the concept of the waste hierarchy as given in Figure 3. The

main idea of the waste hierarchy model is to prevent/avoid things becoming waste in the first

place [2]. It is essential and the most preferred option in the waste hierarchy. Less waste

means less need to reuse products, less disposal and most importantly, less waste at landfill

sites.

Most Prevention

Preferred
Re-use

Least
Preferred

Figure 3: Traditional Waste Hierarchy Concept

The waste hierarchy is crucial for the FRONTSH1P project: the technologies, implemented

within CCSs create nearly-zero waste approach from the technical point of view but also

thanks to the systemic approach to implementation of circular economy principles in practice.
However, within the FRONTSH1P project, waste hierarchy is considered as a general and
flexible guideline for formulating waste regional and local policies, taking into account

environmentally desirable solutions together with industrial and socio economic

perspectives [3].
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The European Commission's 2008 Waste Framework Directive[4] introduced the term TRp

Reduce, Reuse, Recycle and Recover.Since then, researchers have proposed R frameworks

beyond the 4Rs, such as 6Rs[5] or even 9Rs [6]: Refuse, Rethink, Reduce, Reuse, Repair,

Refurbish, Remanufacture, Repurpose, Recycle, Recover (Figure 4).

Circular economy Strategies
A
Ro
Increasing Smarter
circularity E;gdatrlg 7
manufacture
Rz
R3
Rule of thumb:
Higher level of
circularity = Ra
fewer natural
resources and less
environmental _Extend
lifespan of
BRSNS productand R5
its parts
RE
Ry
R8
Useful
application
of materials
Ro

Linear economy

Figure 4: 9R Strategies|[7]
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the same function with a radically
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Make product use more intensive (e.g.
through sharing products, or by putting
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market)
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manufacture or use by consuming
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Re-use by another consumer of
discarded product which is still in good
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Repair and maintenance of defective
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original function

Restore an old product and bring it up
to date

Use parts of discarded product in a new
product with the same function

Use discarded product or its partsin a
new product with a different function

Process materials to obtain the same
(high grade) or lower (low grade) quality

Incineration of materials with energy
recovery

A

Innovations
in core
technology

Innovations
in product
design

Innov.

A

ations
in revenue
model

Socio-
institutional
change

pblnl
<

The FRONTSH1P project addresses the paradigm of the circular economy as defined by the

European Parliament, the 9R Strategies (Figure 4) and waste hierarchy concept (Figure 3)

and moves them forward. In the result of rethinking of the role of waste in the circularity

development, we are willing to change the mind-set from waste management to resource

management. Consequently, we are trying to identify what resources, apart from waste, can

facilitate and contribute to the development of a circular economy.

CSS approach, proposed in the project means preventing from making waste of not only

semi-finished products or by-products including CO.. Within the Frontshlp project, we

Uonéznd Ul zw &YR
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would like to boost entire unused regional potential including exploitation of marginalized
and contaminated soils, groups of communities, remaining on the margins of the social
mainstreams, regional and local governments, often breaking them out of routine
conservative attitudes.

Similarly, as we define 'by-product’, we propose to call all this type of gvastesgas the dy-
regional potential or by-local potential gwhich could be used in order to boost circularity on
regional or local levels.

How is the on-demand economy megatrend addressed inthe FRONTSH1P project?

On-demand economy is defined asthe instant and pervasive access to goods and services,
0] ONYUSF 80YB RS S 06 {sh3n&hd st Gedadd, gocigland écenénig habits
have changed dramatically. The immediacy of our connected world, thanks to instant
communication, media and trade, powered the sense of entitlement of all B2B and B2C
market participants to immediately satisfy needs [9,10].

On-demand economy megatrend is radically changing the way we transact in the market at
the global level and revolutionizing business models, in which companies manage their
production and service delivery. At the same time, individuals are radically changing their
lifestyle. Under pressure of the On-demand economy rules, decision making processes,
concerning both daily and long-term issues, purchases and interacions with the labor
market are changing. They must be faster and should consider the rapid pace of changesin
the market.

The on-demand economy will experience exponential growth in many aspects of the
economy and social life, e.g. amount of every-day information processing. This new
paradigm shift is analogous to the disruption imposed by the internet boom. Now, our needs
and desires become instantly achievable through the speed and convenience of execution
just as the Internet revolutionized the way we acquire knowledge in the late 1990s.

The new organization of the global market and on-demand economy paradigm
implementation not only enables or facilitates new processes of production, delivery or
organization, but fundamentally redefines the size, scope and role of industry. For sure,
information technologies development and dissemination are essential for these changes.
We can see how digital facilitation contributes to an exponential increase in the speed of
transactions, expanding the pool of potential service providers and sellers. Online
technologies are a tool to change the way andrate of participants' engagement in a particular
transaction. Therefore, in the conditions of an over-exponential growth of available

14
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information, on-demand economy, equipped with ICT communication tools, building and
maintaining an industrial symbiosis becomes problematic. There is no needany longer to be
bound by long-term contracts, while the economic world offers volatile opportunities that
are easy to take advantage of. However, a fundamental asset is to have access to an
information base, tailored to our needs and, what is more important, competence on how to
use it, facing on-demand economic challenges.

How is the collaborative economy megatrend addressed in FRONTSH1P project?
Already in 2016,theMgUY (08 284j UNDj R§2082Y0008fN6ODbj 08mTubs B
D48 4avy0Ooj osfre OOobB Rj 2UB Os828900a6 yyYUsB[MAIYeaagRsUa
Collaborative economy is defined [12] as a marketplace where consumers/clients create

specific nets to meet their wants and needs. Collaborative economies consist of giving,

swapping, borrowing, trading, renting, and sharing products and services for a fee, between

an individuals or companies who have something and an individuals or companies who need

something - generally with the help of a web -based intermediary. A collaborative economy

may also be known as a "shared economy,” "sharing economy," or a "peeto-peer economy."

Tempo of implementation of the collaborative economy paradigm, which is observed in last

few years, was affected by two complex groups of causes [13]:

- firstly: increasing public awareness: growing concern about climate change and
growing interest in environmental issues - extreme heat waves and droughts caused
by climate change, forest fires, hurricanes, floods, etc.;

- secondly: global economic and social crises because of the Covid-19 pandemic,
traditional, long supply chains have collapsed and in many areas of the economy there
has been a turn towards a centripetal direction, i.e, local, quasi-autarkic economic
development, based on the local potential, including underused resources, better
waste management and social inclusion. The war in Ukraine andin the consequence
the embargo imposed on Russian energy resources caused a crisis on the energy
market and consequently on the food market. Inflation has risen dramaticaly all over
the world.

The Collaborative economy could be an answer to the above-mentioned global challenges.
Five key sharing sectors (P2P finance, online staffing, P2P accommodation, car sharing and
music/video streaming) have the potential to increase global revenues from around $15
billion now to around $335 billion by 2025. In the UK, these five sharing sect ors could

Y§280j] 08860808238 a6 Yy 6 | M4 disiwérr toguotd Al faterentoOUB "  ~ | 8
Veronique Laury, CEO of Castoramg15] P Blast retailers missed the first revolution in retail
15
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that digital technology brought: e -commerce. | amdetermined not to miss the second one:

which | believe is collaborative consumption. We will not be just a retailer in the future 8 we

will be anorganizationb § NG D2 Y8 UY§g60YBORIUYdDSBUYgJgUBDYRS Op

The Collaborative economy and collaborative consumption are driven by the development

of information, communication and cloud computing technologies, growing consumer

awareness, the creation of collaborative online communities as well as social media

trading/sharing [16].

Collaborative Economy sectors differ from traditional ones in three basic features[14]:

1)  Business models are hosted via digital ICT platforms that combine demand and
dynamically share bandwidth in real time.

2)  Transactions are made through various methods that offer access instead of full
ownership, such as sharing, subscription, resale swap and P2P.

3)  Shoppers like individuals, but as well as companies and local administrations are
more comfortable and fell more connected and locally anchored, being provided with
products in away that involves deeper social interaction than traditional methods of
trade and exchange.

The Collaborative economy results in the so-called social inclusion, engaging not anly the
main stream of social potential in the implementation of the principles of the Circular
economy, but also activating "by-a YOO N8 G Y0 s-808 IONwB NFWEFaOdLO D] Np

The FRONTSHL1P project will open room to test a few assumptions of the Collaborative
economy in practice. Companies and municipalities will be encouraged to test different
transaction methods such as: sharing, subscription, resale, swap/exchange and P2P

- Sharing: the most tangible will be the joint use of the RCBT, the open access ICT
FRONTSH1Pplatform supporting circularity - sharing access instead of full ownership.

- Subscription: companies can subscribe to offers from local NGOs or communities.

- Resale: by-products generated in technological processes within one CSS, as well as
CO:; or packaging, could be sold as desirable raw materials for production in other
CSSs otherwise they would become a waste.

- Swap: the FRONTSH1Popens the door to building relationships in the quadruple helix.
By anchoring business relations in the local environment, it will be possible to develop
new business models that are uncommon for the traditional economy. As part of the
project, local activities are planned, such as swapping organic waste forwaste bags
made of biodegradable plastic, or using the local currency received for plastic waste

- P2P: P2P technology and services could be adopted by different business activities
within CSSs. Semi-peer-to-peer services created within the RCBT and the
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FRONTSH1P platform could help to leverage CSSs' technology in practice. The
FRONTSH1P platform will allow to overcome the transaction costs of trust,
enforcement and information asymmetries that have traditionally been addressed by
using trust third parties, as banks have traditionally dealt with. While the RCBT wiill
not offer payment processing services as the professional P2P platform, the
FRONTSH1P platform as a semi-peer-to-peer platform will provide trustworthy, up -
to-date market information to help establish a buy-sell relationship in line of circular
and on-demand economy paradigms.

How is the app-economy megatrend addressed in the FRONTSH1P projec?

Starting in 2008, Apple has put the cornerstone for the app-economy vision and coined its
widely touted and trademarked slogan "There's an App for that." The app economy ideas
quickly migrated to Android and mobile platforms. Since then, tens of billions of mobile apps
have been designed and downloaded. Generally,the app-driven economy refers to the range
of economic activity performing in digital space and surrounding mobile applications. Mobile
apps and cloud computing technology created new opportunities for entrepreneurs and
changed the way business is done. Cloud computing technology gives users access to
storage, files, software, and servers through their internet-connected devices: computers,
smartphones, tablets, and wearables [18].

Already in 2012 Ray Kurzweil, the Google engineer and futurist said in an interview with the

Wall Street Journal, entitted T 8§ Ob 2 YNYVYUBj af 80 b & 83 SARidie Afica OYd S 8 G
has more technology at his disposal than the president of the United States did 15 years

ago."[19] A dramatic increase in the number of new business platforms, as well as in

smartphone connected consumers, simplfy and secure purchase flows, enables explosion

of new types of business models, represented by such business as:Uber - the largest

transport company without its own cars, Alibaba, Amazon - the world's largest wholesalers

without its own stationary stores, Airbnb - the largest tourist network without its own hotel

base and many others cases The digital transformation in line with the paradigm of the app-

driven economy is accelerating global socic-economic changes.It has a significant impact on

many areas of life, ncluding private life and social inclusion, social activity, but also public

administration, industrial structure and business networks.[20]

Essential to an app-economy and a collaborative economy as well as an on-demand

economy and finally 8 a circular economy development is business platform, managed by

a company or group that acts as an intermediary 0 Y8 §j] OONDJ0j 088 OYaagRsUaoB|
each other.
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Figure 5: The general assumptions to selfthinking platforms
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Platforms located in clouds technology are service-based systems enabling communicating

and carrying out transactions, also collecting, processing and sharing data in different
relationships user groups, i.e., B2B, B2C, C2C, B2B2C and B2C2CHigure 5).

Selected EU platforms for implementation of industrial or regional circularity - lesson

learned for RCBT development

Considering how to build an optimal platform , i.e., he RCBT that is supporting regional

circularity and addressing quadriple helix perspectives within the FRONTSH1Pproject - it is

worth to examine the examples of the followin g ones:

bricks  Venaer / Straps

eeeeeee

Reuse instead of waste.

More than 1 million building materials throughout Germany

1. www.restado.de (Figure 6)
C A B restadode
restado  he marketpiace for circular building materials
Figure 6: Reuseinstead of waste platform

What do you have 10 offer? > Sell bullding materials now

Recyclable construction and selective dismantling -

Mehr im Shop

Concular gepriifte Produkte aus dem Riickbau

Lol Znj

R

n
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http://www.restado.de/

The Restado platform is the largest marketplace for recycled building materials in Europe,
providing a circular solution, serving private and professional sellers and buyers. Materials
available on the platform come from ex-construction or oversupply or are left over from
various projects. About one million items worth over EUR 40 million are available on the
platform, i.e., bricks, wood, tiles, windows, doors and facade elements. Using the platform
reduces the level of waste and at the same time cuts CO, emissions. It is worth saying that
transactions carried out via the platform allowed to save over 1 million tons of greenhouse
gases.

2. www.circulor.com (Figure7)

(O dreulor.com

C irculor

Figure 7: Supply Chain Traceability Solutions Iatform

The Circulor platform is a tool for tracking goods and measuring external costs in the supply
chain. It improves the transparency of flows in the supply chain of the electro mobility

industry. It supports the development of a closed loop in the sectors related to the production

of lithium-ion batteries providing a platform for assessment, measurement and responsible
use battery acquisition. It is able to trace the origin of recycled materials and reducesuse of
new as well as reduces the carbon footprint resulting from the production of batteries for

electric vehicles. Circulor uses block chain, machine learning and 10T
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http://www.circulor.com/

3. www.circularbenchmarktool.eu (Figure 8)

€ (e} O 8 hitps//crcularbenchmarktooley o

The Clecutar Benchmark Tool is made possiie by [ irmee 2.
=y
=,
¥ IRCULAR Aboutthe CBT | Howtouseit = References / Pricing | FAQ / Contact € Login ‘

g

Introducing the Circular B'e,l"llj

Measure your regional circular performance and
benchmark yourself with other regions.

- Try CBT for free

Figure 8: The Circular Benchmark Tool platform

The Circular Benchmark Tool (CBT)[21] consists with ICT solutions for an effective
assessment to understand, visualize, and compare the transition towards a circular economy
for regions and provinces. One of the aims of the CBT is to act as replicable toolfor
knowledge exchange to improve regional circular performance and facilitate crossregional
learning about circular economy.

The methodology behind the CBT is developed in a stepwise approach based on learning,

validating and applying. It uses 6 overarching indicators addressing:

- Circular procurement: how a region and the regional stakeholders engage public and
private suppliers to increase procurement (anddo this themselves), based on circular
economy principles;

- Value chain activation. how a region stimulates circular value creation among
stakeholders, including businesses within and across supply chain, resulting in or
fostering systemic circular solutions;

- Access to funding: how a region enables access to public and/ or private finance
circular activities, projects andorganization that play a key role in the circular economy;

- Good governance how a region orchestrates, fadlitates, promotes and enables the
circular economy transition;

- Circular society: how a region creates awareness, motivates people, develops and
deploys circular knowledge and skills that contribute to the circular economy
transition;

- Integrated policy framework : how a region establishes and integratescoherent circular
policy domains to align policy, instruments and legislation with circular principles .
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http://www.circularbenchmarktool.eu/

The CBT is built on the maturity levels assessment: mapping, planning, doing, checking and
acting, leading by examples (Figure 9).

'1.MAPPING

ASSESSING THE BASELINE
SITUATION

B.LEA 2.PLANNING
~ EXAMPLE DRAWING A PLAN TO
JINSPIRING BEST PRACTICE REACH A DESIRED

ACROSS REGIONS SITUATION
MATURITY
LEVELS l
.CHECKING AND B OING

ACTING PERFORMING ACCORDING
MONITORING RESULTS 7O THE PLAN
FOR IMPROVEMENT

Figure9P 8 =; U 0a B+ 0 RISSBEMBBE NS OS NABY Y 8

The proof of concept of the CBT was developed within the Replace project, financed within

the Interreg Europe Program [22] and the IT solutions were worked out by the Northern

Netherlands Alliance. Finally, after discussion with the CBT management team on the
google meet communication platform, on Monday, January 9, 2023, we can conclude that
there is room for interesting cooperation between CBT and the FRONTSH1Pproject and the
RCBT as shown in (Figure 10).

A
A5

REPLACE

Interreg Europe

ANV ERICING SVERDA I R N I
European Union - G s
- European Regional
Development Fund
European Union
European Regional

Development Fund

Proof of Prototype Further
Concept (Im) development

Figure 10: Potential for cooperation across CBT andRCBT.
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4. www.mamodpad.wastemaster.pl (Figure 11)

Bezplatna wycena Twojego Problem z odpadem? Wyszukaj
odpadu! Nawet w 15 minut. ustuge i zaméw odbiér odpadu!

Rejestracja podmiotu oraz biezaca
obstuga firmy w rejestrze BDO, Poznaj oferte
pomoc przy sprzedazy odpadow

BEE
Figure 11: MamOdpad.WasteMaster Platform

The MamOdpad.WasteMaster Platform is a matchmaking tool, delivered only in Polish and
acts as a national waste exchange, joining waste producers and potential contractors.The
website is a database of information on a wide spectrum of wastes, such as: scrap, non
ferrous metals, electronic waste, used batteries, textiles, catalysts, medcal waste.
Interesting from the CSS1 perspective is info of such waste aswooden waste, wastepaper,
packaging waste, construction waste. CSS2managers can find on the platform data in scope
of bio-waste used cooking oil and municipal waste. For CSS4 devebpment will be useful
information of plastics, tires, RDF, chemical waste, used oil.
Entities - companies or individuals - interested in the MamOdpad Platform can find there the
right waste as well as order a collection or delivery service throughout Poland. The
MamOdpad.WasteMaster platform connects recycling companies and makes their offers
available to interested parties to reuse waste in accordance with the circular economy
paradigm. The platform brings together large and small companies as well as local
governments and individuals with recyclers, who offer waste purchase. The waste exchange
on MamOdpad.WasteMaster Platform works online.
It works across platforms:

- Android: https://play.google.com/store/apps/details?id=pl.wastemaster&pli=1 ;

- IOS operating system:

https://apps.apple.com/pl/app/wastemaster/id15333011597?1=pl
- web version: https://app.wastemaster.pl/offers (Figure 12).
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Additionally, to ensure proper segregation, the platform offers the option of ordering
containers for a specific type of waste collection, e.g., containers for wood, insulation
materials, etc. At the end of 2022 year , the most popular waste on MamOdpad.Waste Master
Platform was plastics.

Figure 12: WasteMaster Application

6. https://obec.ecta.si/(Figure 13)

[A: ( :— L\ Q Browse € Competencies 55 Dashboard & My Institution

The place where great ideas are born.

5]

. FOR FREELANCERS

Figure 13: The ECTA Platform

ECTA is a platform that enables the standardization and issuance of competencies and
credentials. ECTA platform can be an example how to identify circular economy
opportunities in the local labor market.
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The platform was developed under the OBEC project (One Block for Educational Credentials;
2020-1-SE01-KA204-077803) within an innovative Erasmus+ prdect which aim was to
explore the possibilities that Blockchain Technology in the educational field.

The main focus of the project was on how Blockchain Technology could issue certifications
that are trustworthy and recognized in various national contexts. This would be beneficial to
the speed at which migrants, exchange students, ex pats and those with alternative learning

backgrounds integrate into the labor market.

The ECTA platform adds to this aim competencieswhich are crucial for successfulintegration

at various levels. This is based on four main functionalities of the platform: generating

degrees and programs for educational institutions, generating competencies for learners,
Us9ys8U0Us7rB8 gYB j a6 myUssNj a0s0apse Oj asfténckée robsas e i
freelancers based on the projects they have been active in, and registration of competencies.
ubselaagslaseyyeonseoUj DedaYeOYgUasaseyYUsaUYYU] Ra8
courses and encode the competencies based on the contets of this program to the ECTA

platform (Figure 14).

6. IDENTIFYING CIRCULAR ECONOMY OPPORTUNITIES IN THE LABOUR MARKET L2 L2 ssued by CS
TOP DEFINITION

This person can identify Circular Economy opportunities in the labour market in order to find her niche

Base competencies @ Categories O]

entrepreneurship L6 Business

Figure 14: A competency-based on a training course

These competencies are categorized into base competencies and categories. Base
OYRGIS§0820054a8U0s89s8U080YB8j68miGj] U82080YRI80820UpBOD| ¢
ndaoUsGUs258¢gU0anOoipOBUDSEBOj 05YYUUBOYB|] 8OUY| fsUBaI
0y 0s8ea6gasreoanNeagOne] aendOgadeasaapyyYUBsij RINSOSB
Upon completion of a program, the freelancer collects multiple competencies. These

competencies will appear on the personalized freelancer page. Eventually, degrees will also

appear on this page creating an owerview of the educational track of record of the freelancer

(Figure 15).
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Education g

EURADA
Business planning and entrepreneurship Business planning and entrepreneurship

EURADA
Working in a Circular Economy Waorking in a Circular Economy

Figure 15: An overview of the educational track of record of a student

Employers have access to the ECTA platform to either encode competencies and programs

to the platform for their employees or recruitment purposes. This eventually increases the
employability of tb § 8 0 ) UY8 08 gf 082086Y9y860bsB8GUYI 83006j afBQE
main aim.

Summarizing: The lessons learned from the analysis [23] of the platforms portrayed above,

are at the core of RCBT.

The RCBT, planned within the FRONTSH1P projectisj 6 - ® ]9 k D2 Y phétinpeitso § YUR 8
all main assumptions of the architecture of cloud computing technology.

The RCBT, which is to support the circularity paradigm implementation in line with new

megatrends, addresses flows of all kind of assets: information, products, services[24].
Additionally , the RCBT will present information, looked -for circular development in real time

with up -dated geo-location.

The RCBT has been conceived as a set of otline tools for collecting and sharing information
concerning the available in the region feedstock and waste streams, needed for CSSg
technology implementation. Feedstock is understood broadly and refers to by-products from
production, but also marginal lands and unused administrative and social potential.

The RCBT will empower Circular Economy Brokers that will proactively engage
stakeholders and citizens in creating opportunities for circular business and social innovation.

The development of the operational model and methodology of collecting data, updating it
and sharing it to specific groups of stakeholders will be worked out.
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1.2. CircuPancture Model as a step towards circular
economic transition for the Lodzkie Region

The basic way to coordinate circular policy (D 2.1) 04 8 | 6 i RCBIF F&R8 610G Ug D0gNj U
module supporting and creating conditions for social, economic and environmental policies
in the region will be beneficial for public authorities.
The circular economy aims to minimize the negative effects of anthropopressure and isan
opportunity to continue the processes of socio-economic development. It is also a stage in
the evolution of the used-to-date socic-economic systems. However, both represent
insufficient motives to adapt the principles of its functioning. The traditional approach to
shaping and modifying the conditions of development policy relies on implementation of
new rules embodied in a new set of standards, regulations and incentives prepared by public
authorities. The traditional approach for development policy is ineffective in many territories.
As research results showed, in the Lodzkie Region there are many market failures and a low
integration of activities among various stakeholders(D2.1). These conditions reduce the
effectiveness of the traditional, arbitrary, holistic approach during implementation of circular
economy. Therefore, it needs bilateral intervention. Firstly, it is necessary to prepare
favorable conditions for the transformation of the economy at the regional level. A regional
Action Plan for Implementation of the Circular Economy is needed. Secondly, an active and
integrated bottom -up intervention is in high demand.
The operationalization of the Circular Governance Model will depend on (D2.6):
- development of the Circular Governance Model inthe Lodzkie Region, with particular
involvement of the community and other stakeholders,
- preparation of a policy roadmap.

The development of the Circular Governance Model isstruggling as it requires an approach
different from the typical methodology of strategic management. The high number of market
failures, the low level of interaction between local stakeholders and the ineffectiveness of

incentives, including the low level of GPP application, force the use of a different method to

implement and to manage a circular territorial cluster (D2.1). The transformation of the
economy from a traditional market model to a circular economy requires profound changes
not only in structures but also in the awareness of its participants. The existence of a circular
economy requires building new business models based on the following philosophy:

Collaborative economy, On-demand economy, App/web - driven economy.
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In systems/territories that do not have the ability to self-adapt to the circular economy,
a different approach for the implementation of the Circular Governance Model is necessary.
The philosophy of "small steps" aimed at achieving strategic goals using an adaptive
approach should be applied. It is important to implement innovative solutions. These
solutions should be implemented as a sandbox project. It means that they should be tested,
corrected and implemented on an ongoing basis. Such a way of achieving the goals will
enable their promotion and diffusion, as aconsequence of replication in other territories. For
this purpose, we propose to implement an innovative Circular Governance Model, which we
call the CircuPuncture Model (Figure 16).

e j e ¥

Model: CircuPuncture
circular+acupuncture

o
Figure 16: Circular Governance Model by dint of CircuPuncture

The name of the model comes from the combination of two words: “circular" and
"acupuncture”. The idea of the model has its roots in urban planning and ways of
reengineering cities [25]. CircuPuncture Model is:

- a method based on integrated tools of interpersonal and collective communication,
supported by ICT technologies ("app economy"[26]);

- methodology for implementing small -scale investments in a situation where it is
difficult to initiate and implement a holistic vision of development in one step or with
one large project;

- method of action to implement strategic goals involving in activities for development
individual stakeholders;

- a method of bottom-up action initiated by individuals/(stakeholders) aware of the
conditions and needs of the organization of the circular economy;
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- method of coordination and, consequently, integration of multi-agency, dispersed
sectoral and cross sectoral activities/(projects);

- the mechanism of coexistence of the social, economic and natural spheres based on
market logic;

- mechanism of coexistence of the social, economic and natural spheres based on
symbiosis and sharing;

To sum up, CircuPuncture is a strategy ofacting on a smaller, local scale.As stated above
CircuPuncture methodology relies on creating, organizing, managing and improving the
Circular Territorial Cluster (CTC). The local territory is treated as a laboratory for creating,
implementing and testing innovative projects - Circular Local Booster (CLB). CLB is then
ready for replication to other places in the cluster or to other CTCs.

CTC isnot a simple sum of industrial symbiosis and industrial clusters. It also contains
specific characteristics (more in D2.1). The CTC is not an ordinary industrial cluster because
it is not based on companies from the same sector or related sectors. This is a fundamental
difference. The CTC is not just industrial symbiogs because the primary objective of
operating in an economic network is not limited to SDGs and managing the closed cycle of
natural resources. The CTC is a kind of locally embedded economic network. Embedding in
this case has a strong link to the existene of short supply chains for raw materials and
goods. In this network, besides the classical actors for Helix models (Triple, Quadruple,
Quintuple Helix), citizens (Society) play an important economic role. Here, society is a co
producer, an active, econonic market participant. The CTC is a multisector network due to
the thematic scope of the Circular Economy. An important area of CTC interest is waste,
which is perceived as multi-component raw material. Therefore, their use involves partners
from various economic sectors. CTC is built on added value chains created between
companies of various industries. This type of relationship is based on both individual and
collective benefits. The functioning of this type of cluster requires an appropriate
environment 8 an entrepreneurial social ecosystem. It combines the properties of an
Innovation Milieu (industrial cluster) with the features of ecological systems by including
inhabitants as producers of goods and raw materials. The local community is a keyactor in
change and the missing link. The issue is not only about passive awareness. The local
community is obliged to engage in circular systems actively: by changing and adjusting its
norms of behavior, assuming the role of producers (prosumers), consciously shapg market
preferences and market demand, and independently providing each other services. The
circular economy is strictly territorial. This means that the properties of the territory - the
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properties of each of the key stakeholder groups are crucial forbuilding the competitiveness
of CTC.

Participants involved in the circular territorial cluster are partners (institutional or individual)
with varying degrees of autonomy and objectives. The independence of individual partners
fosters innovation and investigation. The cooperation between them is renewable and long-
term. The CTC enables access to scarce resources and skillst b § 6 = partnera share the
costs and risks of the projects. An important factor determining the network's
competitiveness is its members' complementarity and the synergy effect. Entities forming
this type of circular territorial cluster may belong to other networks at the same time. The
networking of actors, communication channels and management relationships is horizontal.
The traditionally understood organizational hierarchy loses importance, and the dominant
structure is flat. By moving away from formally independent units, better conditions for
cooperation are created. The coordination between parties is negotiation and agreement
rather than competition. Individual organizations and the entire circular territorial cluster have
higher flexibility and adaptability. There is a noticeable intermingling of market actors; such
arrangements are referred to as borderless organizations[27]. Partnership in this network is
based on mutual trust, shared ideology, and reputation [28].

The CTC uses an open inmvation model scheme. The processes of knowledge diffusion and
mutual learning are like collective intelligence choices. So, collective decisionmaking
capacity is more important than a potentially better individual solution in a particular
community. This method of optimizing choices results from limitations in the perception of
the circular economy market, concerning legal and formal barriers and market failure, and
secondly, the lack of incentives or differentiated effectiveness of incentive communication
models. CTC is a businessvehicle because profit is the strongest motivation for partner
involvement, including society. Hence, relationships besides cooperation between circular
economy market actors are also competitive. The business model fororganizing the local
circular economy market in the CTC formula can take many forms. Still,its important feature
is the dominant market nature of regulations, enhanced by CSSs (more in D2.1).

The CircuPuncture model requires tailored preparation of the communication and
transactional infrastructure, the involvement of circular brokers, coordinating institutions and
diagnostic information. The activities will concern the development of the RCBT, a set of on
line tools for collecting and sharing information regarding the available feedstock and waste

streams.
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Model CircuPuncture allows a set of good practices to be replicated in order to achieve the
benefits of cooperation on a territorially larger scale. Clearly, there is a need for proper
coordination of such a cooperation arrangement. Therefore we proposed the management
framework of the CircuPuncture model (Figure 17).

Circular Territorial Cluster (CTC)

COMMUNE (Mayor)

Social Dialogue

Local
Circular

Cluster N* COMMUNE
Coordinator «N" COMMUNE
cco) .N" COMMUNE

Circular Broker - Regional Circularity Booster toolkits

Figure 17: Management framework of the CircuPuncture model

Circular Cluster Coordinator (CCC)(example: ZM Bzura)6 an entity, association that initiates
and seeks participants for cooperation, and then coordinates and mediates in further stages
of operation. It is characterized by a high level of competence in communication, negotiation
and coordination of distributed units. The role of the CCC in establishing cooperation comes
down primarily to identifying key necessary competencies, negotiations between partners
and providing circular territorial cluster participants with advisory assistance in formulating
cooperation rules. Once the circular territorial cluster is operational, the CCC's initiative
mainly manifests in supporting and facilitating the network develop ment process and
searching for other market actors. The most important function of the CCCis to replicate the
CircuPuncture model to subsequent municipalities. Consequently, the aim is to ensure that
the conditions for a circular economy function in eachcommune. Of course, this transition
will consider local differences - each time, the CircuPuncture model should be adjusted to
the territory.

An essential link in this system is the local community, which must actively participate in the
implementation, oG 8§ Uj 0 OYaMNB8j 2f8f308NYIGRS208YyYB80bs568=000¢ga
They are perceived as ceproducers of final products and services. The Social Dialog Council

(SDC) will be a helpful body in relations with local communities. Its role is not only to intera ct

with society but also to ensure the efficient use of resources.
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The SDC guarantees the demaocratization of the management process, which is a condition
for the functioning of the circular economy. The SDC is a team of local community leaders.
Close cooperation between the Local Community Officer and the SDC is important for
creating and adapting circular development policy to local needs.

The RCBT platform, functioning as a Circular Broker of a cluster, is a space and a tool that
facilitates the imple mentation of CircuPuncture.
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2.Methodological approach to data sources

The development of circularity in the region is about building openness to changes among
local actors who create a functional system, and it also emphasizes that it is entirely
a subsystem of more complex existing systems. An important element are the databases
prepared at various levels of local government administration. The current approach to
analyze databases indicates the challenges faced by entities managing this data resource. It
leads to building the interoperability of databases supported simultaneously by the ir
openness. Open access should be understood in many dimensions in public administration
and inter-institutional collaboration. Data openness is also important for the science sector,
which can provide multidimensional research. The research results are easier to reach by
local communities, which are a primary link in building circularity.

Among identified gaps related to data accessibility are users outside the institutions
operating the databases that have difficulties or no access to their content. This situation
leads to longer decision-making chains that may affect the interest of circular economy
operators in resources that can be recycledand reused. Readers should also point out that
the best dataset, constituting tthe mother basep may become a geospatial database that
will link the other databases through the spatial location. It is because in the EU open access
to spatial data has been developed since 2007 based on the Infrastructure for Spatial
Information in the European Community (INSPIRE) directivg29,30].

Databases and the recommendation for their interoperability lead to the generation of an
interconnected vessel effect in database resources. This leads to synergy, which is
a desirable effect in any development process. Obtaining the synergy effect and regicating
solutions nationally and in the European Union will allow the development of an economy
of scale, which will significantly support the idea of building circular clusters. Interoperability
is also expected to lead to increased opportunities for linking different thematic databases
not necessarily directly related to the circular economy[31]. It will represent the added value
resulting from the creation of databases.

Studies on database interoperability (Table 1) indicate that institutional databases endeavor
to generate ties. An example of such databases isthose developed by Statistics Poland.

Spatial databases are also of great importance, with a high degree of interoperability locally
and in EU space, thanks to the INSPIRE Directiv§32,33].
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Table 1: Potential for interoperability in the Polish databases in the field of circular development

CONNECTION
WITH OTHER
DATABASES

SHORTCUT
NAME

SOURCE

Regional Fund for
Environmental Protection | . . . Lack of direct
1 Vi I E d %é Z e E https://www.wfosigw.lodz.pl/ ) I
and Water Management connection
in Lodz
National Science Centre Lack of direct
2 ' ! NCN https://www.ncn.gov.pl/ . I
Poland connection
http://isap.sejm.gov.pl/isap.nsf/downl Lack of direct
3 Waste Catalogue wC oad.xsp/WDU20140001923/0/D201 .
connection
41923.pdf
Database on Products, Lack of direct
4 Packaging and Waste BDO https://bdo.mos.gov.pl/ .
connection
Management
5 Reglstry of an Entities of REGON https://wyszukiwarkaregon.stat.gov.p TERYT
National Economy |
TERYT,
6 Local Data Bank BDL https://bdl.stat.gov.pl/bdl/start BDOT10K
. . . Registry of an
N | Official R . "
ationa) O. |qa gg@ter https://eteryt.stat.gov.pl/eTeryt/rejestr | Entities of
7 of the Territorial Division TERYT ) . .
teryt/aktualnosci/aktualnosci.aspx National
of the Country
Economy
The D f
8 e Database of BDOT10k | https://www.geoportal.gov.pl TERYT
Topographic Objects
Intellectual Property Lack of direct
9 . IPR https://uprp.gov.pl/pl .
Rights - e-Search connection
10 | Combined nomenclature | CN http://www.klasyfikacje.gofin.pl/cn20 Lack of @rect
23/12.0.html connection
Central register and - . . . .
. . o . https://aplikacja.ceidg.gov.pl/ceidg/cei | Lack of direct
11 | information on economic CEIDG o .
. dg.public.ui/search.aspx connection
activity
Polish
Tax Publishing House . e
12 X Publishing Hou GOFIN https://www.gofin.pl/ Classification
GOFIN sp. z 0.0. .
of Activities
An information and . .
. . https://www.biznes.gov.pl/pl/tabela - Lack of direct
13 | service website for - )
pkd connection
entrepreneurs

Source: own compilation

The challenge for circular region-building activities will be to build knowledge bases
connected with resources generated in each region. It should form the basis for cooperation
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https://www.wfosigw.lodz.pl/
https://www.ncn.gov.pl/
http://isap.sejm.gov.pl/isap.nsf/download.xsp/WDU20140001923/O/D20141923.pdf
http://isap.sejm.gov.pl/isap.nsf/download.xsp/WDU20140001923/O/D20141923.pdf
http://isap.sejm.gov.pl/isap.nsf/download.xsp/WDU20140001923/O/D20141923.pdf
https://bdo.mos.gov.pl/
https://wyszukiwarkaregon.stat.gov.pl/
https://wyszukiwarkaregon.stat.gov.pl/
https://bdl.stat.gov.pl/bdl/start
https://eteryt.stat.gov.pl/eTeryt/rejestr_teryt/aktualnosci/aktualnosci.aspx
https://eteryt.stat.gov.pl/eTeryt/rejestr_teryt/aktualnosci/aktualnosci.aspx
https://www.geoportal.gov.pl/
https://uprp.gov.pl/pl
http://www.klasyfikacje.gofin.pl/cn2023/12,0.html
http://www.klasyfikacje.gofin.pl/cn2023/12,0.html
https://aplikacja.ceidg.gov.pl/ceidg/ceidg.public.ui/search.aspx
https://aplikacja.ceidg.gov.pl/ceidg/ceidg.public.ui/search.aspx
https://www.gofin.pl/
https://www.biznes.gov.pl/pl/tabela-pkd
https://www.biznes.gov.pl/pl/tabela-pkd

between Eurostat and Statistics Poland and counterparts of national statistical bodies in all
EU Member States to build data sets in the scope of circular economy indicators. It is
particularly important for identifying circular economy needs both regionally and at lower
levels of administrative divisions, which will allow more acc essible adaptation of proposed
circular economy solutions.

Action taken on the circular economy should also include building databases on waste
imports between countries. Such projects lead to a distortion of the information available on

recycling, recovery and reusing in individual Member States. It is associated with a change in
the coding of waste. Such actions lead to a distorted assessment of circularity in the region
and the country or the EU. Measures to monitor the flow can be based on the SENT (Sstem

for Electronic Transport Supervision) IT system, which is used to circulate heatingfuel.

The biggest challenge regarding regional circularity-building opportunities is the collection
of real-time data supported by spatial references. Platform conneded to this goal will open
up an information base about the region's circularity-building potential. The spatial database
construction is expected to lead to multi-directional links between generators, recyclers, and
companies interested in using a specift type of waste. In the first instance, the platform will
focus on the collection of CSS data contained in theFRONTSH1P project. The next step will
be expanding it with new elements beyond the needs identified by the project partners. The
data exchange platform will become the basis for implementing circularity in practice.
Depending on the GIS database attributes used in the design process, it will be possible to
perform analyzes through object features and spatial analyses. In the latter case, readers
should note that the database will support planning the shortening of supply chains used by
companies interested in a particular resource type. The unification of the platform will allow
its implementation in other regions of Poland and the EU.

34

B +YzU nil 2gRN& YT U TRNRZARGS6 Uonéznd Ul zwW &YR Lol ZnRIin pnzZznfmUentNoi1dlH3¥apl ? s ? s



3.Data needs of RCBT

Information in its raw form is useless to any organization. Data pre- processing is one of key
elements allowing for its efficient use. Therefore, raw data should be processed and
translated into purposeful information: useful, justified and tailored to the profile of specific

stakeholders. "Tailor-made information” means the appropriate content considering data
needs of the recipients, the appropriate form, adjusted to competences and ability to read
and understand recipients, as well as the appropriate moment of its delivery.

Preparing accurate and purposeful information as part of the data processing process is
a considerable challenge. It requires the organizers of the data processing to know the
information needs of the recipients. The term "data processing"” means a series of different
operations that are performed on data in an automated or manual manner. It includes
activities such as collection, recording, organization, structuring, storage, adaptation or
modification, retrieval, consultation, use, disclosure by transmission, dissemination or
otherwise making available, alignment or combination, restriction, erasure or destruction of
data. Data processing in its essence refers to the extraction of information through
organizing, indexing and manipulating data. Information here means valuable relationships
and patterns that can help solve problems of interest [34].

From the perspective of the regional circularity development, purposeful information and
data processing are crucial for implementation of CSS as well as for creation complex
regional strategies or action plans, addressing jointly quadruple helix interests.

The next step is the identification of available databases, containing information, addressing
a0j] k8§bYNFfs8UaoBrfj0j862a58fanNegyYYsonsueO00Ds6-j
dating etc. The crucial aspects of databases investigation are to identify and select the

©
z
(@t
¥
o
Q-

appropriate codes, which enable purposeful information extraction. The data processing
stages will be performed by cloud computing solutions. The cloud computing tools will be
adopted and implemented to process appropriate data within FRONTSH1P project and
finally share the purposeful, tailored information for regional circularity development.

We have assumed several rules for processing and finally sharing the information on the
FRONTSH1Pplatform:
- information should be easy to find and brief.
- presentation of the information should be logical, of highly specific content and directly
relevant and to the needs of FRONTSH1Pc 8 a0j k8 b YNf s UaB8j af8j NNB ga:
project.
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- the clear, concise wording as well as a commonlanguage of benefit [35] should be
practiced on the FRONTSH1Pplatform.
- procedure of sharing the kind of information that users might not be actively looking

for, but knowing would benefit them.

All purposeful data on the FRONTSH1P project platform will be presented in readable,

intuitive formats such as charts, diagrams, and documentswhich stakeholders across the

project can easily understand and use (Figure 18).
The data processing tasks will be developed step by step by a team of data organization and
management scientists within WP2 undertakings and data processing engineers within
WP7 activitie s.

m i 01000100010101100 11010101100 11010 0101 01100 1101 0101100 11010 0010 111 01100 1000101 01101 00101011
°

Databases content © Identification of databases
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3.1. Overarching RCBT

RCBTis a set of tools that enable the implementation of the circular economy model into the
economic and social practice ofthe Lodzkie Region, and then into the other regions. The main
presumption and the benefit too are managing unused local potentials. By unused or so
called regional by-potential we mean:

- Firstly: locally available resources and raw materials, focusing attention on waste, but

also marginal lands, which are the basis for the development of technology under
CSS1, CSS2, CSS3 and CSS4. For thdevelopment of the circular economy from the
technological perspective, the Technological Booster Toolkit has been defined.
In addition to securing resources for technological processes for each CSS the
Technological Circularity Booster will collect and p rovide information on by-products
that may appear at various stages of production. The set of specific by products may
be offered for the other CSSs onan industrial symbiosis basis or for sale on available
markets. Sales directions will be determined by LCA and ecodesign analysis. Similar
LCA and ecodesign analyzes dedicated to final products of each CSS technologywiill
be carried outin scope of the final products.

- Secondly: locally available and not fully used institutional potential, espe cially in terms
of creating local policies in line with development of circularity. Local authorities on the
regional level (Lodzkie Region, as well as Campania Provincein Italy, Friesland in
Netherland, CCRDNorth-Region in Portugal and Sterea Elladain Greece), as well as
cities and municipalities and their associations, can significantly impact the
development of circularity. However, taking into consideration current development
megatrends: circular, ondemand, cooperative and app driven economy, their role is
changing. Local administration is expected to be an active participant in the transition
processesfrom a linear, hierarchical and consumption economyjncrementaly polluting
our planet, to a circular and environmentally friendly economy. Entrepreneurs and
citizens desire partner relations with local authorities and expect comprehensive
knowledge and communication skills from them. Simultaneously, they expect that,
considering the interests of individual companies and people, the local administration
will stimulate the local development of circularity, using a set of e.g., incentives, local
taxes and other means like special tailored subsidies, tax reliefs, targeted promotion,
etc.

Within the FRONTSH1Pwe assume that the implementation of the circular economy
model by local institutions will be orchestrated with the quadruple helix approach. In
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order to facilitate the implementation of the above objectives, local institutions will be
supported by a set of information tools 8 The Regional Institutional Booster Toolkit.

Thirdly: locally available but not fully used social potential that can be easily engaged
in entire CSSsenlargement. Moreover, the socialinclusion to circular local economy
development is a path for synergies in many dimensions: economic, ntellectual,
environmental. So, just as companies and local authorities are expected to have
comprehensive knowledge of economic megarends and communication skills, the
same expectations apply to NGOs and citizens.The Regional Circularity Social Booster
will support non -governmental organizations to create new values for local society,

establishing close, beneficial cooperation links to companies.

Open

Publications test beds

Operational level

Circular Economy

National Aperitech
funding PhD Networking Broker
schemes grants dinners Dissemination & Company
Hackathons , Replication visits
c“'“"“'h Contamination_
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Individual -... patents ‘Webinars
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Figure 19: The RCBT for FRONTSH1Pa 0 | k § b ¥gshméniya o

The cluster stakeholder community is at the heart of the FRONTSH1P systemic solutions. In
order to meet all the expectations presented in Figure 19 and to ensure the dynamic
development of CSSs, the OverarchingRegional Circularity Booster Toolkit (ORCBT) has
been planned, which is going to be in accordance with the current socio-economic
megatrends. The role of ORCBT is to provide the FRONTSH1Pstakeholders community with
tailored, key strategic information of interdisciplinary character, anchoring circular activities

in the current local reality in the global and European perspectives (Figure

UonézZnd Ul W @&YR Lol ZnjRT n

20).
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Therefore, the ORCBT consists of the following tools:

1)  Selected current market analysis (see sub-point 7.5) regarding the development of
circularity and useful for institutional, social and technological Toolkits. The ORCBT
will periodically review information bases where current research and reports
prepared by market research agenciesare located, e.g, market analysis under CSSs
interests, reports on the state of the environment or reports on social awareness
research in areas important for theregional circularity development.

2)  Compiling, updating and sharing the scientific knowledge in scope of circularity aswell
as the current regulations (see sub-point 6.8). By making the results of the latest
scientific achievements published in such databases as Scopusor Springer available
to the general public and all RCBTSs, together with admission to the open-source
knowledge repositories of leading university publications, the high scientific quality of
FRONTSH1Psolutions can be guaranteed.On the other hand, access to updated legal
regulations along the global, EU, national, regional and local levels, legal consistency
of all FRONTSH1Pactivities will be maintained.

3)  The VER Program(see sub-point 6.3), not only in scope of principles, but also practical
guidelines and tips on how to become an active participant in the Program will be made
available on the ORCBT.We believe that the VER concept will be attractive for all
stakeholders of FRONTSH1P communities, i.e.,for companies, local administration,
NGOs and citizens.

4)  Within the FRONTSH1P project the new concept of circularity brokers is launched as
Circular Economy Brokers Circular Ecanomy Brokers are seen more as cloud ICT tool
within the ORCBTthan a person dedicated only for circularity development for one or
more institutions. The Circularity brokers as a kind interface will be able to support all
RCBT - companies, local institutions, NGOs and citizens, offering specific tailored
information.

5)  The Circularity Broker will have his best companion, the circularity watch-dog 6 an
interactive tool for collecting and automatically transferring information to the selected
recipients in scope of their identified needs and offers, prepared by all FRONTSH1P
community stakeholders. The watch-dog will look after opportunities for the
development of local circularity, will track available waste and, more broadly, by-
products and by-potential, and after finding it, will announce it loudly. Moreover, it will
bring the acquired information to the recipients who are waiting for it. Then, the watch-
dog will look after the important data on command from the Circularity broker. In
practice, the circularity watch-dog - the interactive tool - will look for, find and
immediately transfer data to the identified recipients, guided by a set of appropriate
parameters.
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6)

7)

The task of Regional Circularity Booster Mapping (see sub-point: 4.5) is to generate
a geodatabase for mapping the studied Lodz Region in Poland, which will be
applicable to the other four regions of replication, in Portugal, Italy, Greece and
Netherlands. Mapping will enable the identification of favorable spatially inducible
synergies between waste or by-products suppliers and recipients, facilitating regional
logistics planning and implementation of material reuse, regeneration and recycling
technology cycles. Additionally, mapping, thanks to on-going visualization of the
region will not only contribute to stimulating circular industrial symbiosis but will
facilitate social and administrative involvement in expanding economic niches based
on CSSs technologies It will support eco-business creation, spread environmental
awareness and support development more participatory, responsible and
collaborative entrepreneurship.

The FRONTSH1P monitoring framework Circular economy monitoring system model
for the Lodzkie Regionaims to assess the results and progress towards full circularity,
including all dimensions: social, educational, public, governance, economic and
environmental, with the intention of being described as complete as possible picture.
Therefore, the monitoring system requires the development of a set ofindexes, indices
or indicators of qualitative and quantitate character, facilitating assessment of all areas
of regional circularity. The task of monitoring circularity requires the cooperation of all
partners and orchestration complementary knowledge and skills. The circular economy
monitoring system will be implemented and tested in the Lodzkie Region, then it will
be replicated and adapted for implementation in other EU regions.
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Figure 20: Scheme of the OverarchingRCBT
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3.2. Regional Circularity Technological Booster Toolkit

Recipients of the Regional Circularity Technological Booster

The mainrecipients of the Regional Circularity Technological Booster(RCTB)(Figure 21) are
primarily entrepreneurs developing technologies defined under CSS1, CSS2, CSS3 and
CSS4, in line with the circular economy paradigm and addressingEuropean development
megatrends. We assume that the RCTB will be useful both in the planning phase of
investing in circular projects and in the stage of developing economic activities based on the
use of all resources available in the region, mainly waste and by products materials.

Figure 21: The RCTB position among the full set of the FRONTSH1P toolkits

The recipients of the RCTB are therefore primarily small and medium-sized enterprises,
start-ups and natural person(s) willing to set up a circular SME.However, additional forms
of circular economic activity, such as publieprivate enterprises and social cooperatives, will
be supported by the RCTB.

The full list of the potential recipients of the messages and inspiration of the RCTB could be
incorporated with the classification of economicactivities, e.g.:
A Dealing with CSS1 technology:
- Manufacturers of wooden containers;
- Rental and leasing of other machinery, equipment and tangible good etc.;
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Recyclers of non-hazardous waste, especially wood packaging waste;

A Dealing with CSS2 technology:

Growing of other non-perennial crops;

Production of meat products, including poultry meat products;
Manufacture of prepared feeds for farm animals;

Manufacture of sugar;

Milk processing and cheese making;

Manufacture of bread;

Manufacture of fresh pastry goods and cakes;

Manufacture of soft drinks;

Production of mineral waters and other bottled waters;
Restaurants and other eating places;

A Dealing with CSS3 technology:

Wastewater treatment;

Flue gases emitters, e.g, industries producing energy, cement, iron or mining;
Anaerobic digestion plants;

Plants of fertilizers and bio stimulants;

A Dealing with CSS4 technology:

Manufacture of the rubber products;

Treatment and coating of metals;

Maintenance and repair of motor vehicles excluding motorcycles;

Building works related to e rection of residential and non-residential buildings;
Recovery of sorted materials;

Dismantling of wrecks.

Together with the entrepreneurs, who are the obvious recipients of the Regional Circularity

Technological Booster toolkit, public institutions and social organizations are the

beneficiaries of the Toolkit as well.

Public institutions can use information on the CSSstechnologies being developed and on

the needs of entrepreneurs in terms of e.g, materials and waste management to create

regional policies and regional governance models of circularity. In addition, local

administration can create suitable conditions for development of local circular networks or

regional industrial symbiosis.

42

B +YzU nil 2gRN& YT U TRNRZARGS6 Uonéznd Ul zwW &YR Lol ZnRIin pnzZznfmUentNoi1dlH3¥apl ? s ? s



Society 8 the FRONTSH1P stakeholder community and NGOs as recipients of the Toolkit
will encourage wider engagement in the circular economy development in area of e.g,
gaining new competencies or creating circular social enterprises.

Context of FRONTSH1P project goals and links with the Overarching, Institutional,
Social and Mapping Boosters

The RCTB enablesdevelopment of four CSSs technologies. In order to achieve the synergy
effect, the RCTB is embedded in Overarching Toolkit as well as it cooperates with other data
processing tools, supporting institutional and social aspects of circular economy
development and regional mapping.

The following links and interconnections among RCTB and all other booster toolkits are of

the greatest importance from the perspective of the entire FRONTSHL1P project goals

achievements:

RCTB-> ORCBT:

- Technological watch-dog: on-going watching for new resource supply opportunities
for CSSs- materials, waste, by-products and for new, demand for offer of by-products
and final products of CSSs,

- Circularity brokers: orrgoing matching CSSs needs and offers with the regional
circularity stakeholders, mainly with the business contractors and then 0 sharing with
the appropriate recipients, selected in accordance with the set of specific, dedicated
parameters;

- Monitoring system: on-going circular business assessment in economic, environmental
and social dimensions. The monitoring system, available on the Overarching Booster
Toolkit, will equip CSSs managers with a set of indicators and measurement tools to
conduct ongoing business self-assessment;

- Market analysis: on-going presentation and sharing the current regional, national and
European market context in relation to the CSSs technology;

- Scientific publication: on-going reviewing scientific databases in scope of circularity
and sharing the selected articles or books with the FRONTSH1IP a0 k8 b YNf 8§ Ud o
community in accordancewith their specific needs,

- VER concept: ongoing improvement of the VER concept of CO, management and
sharing the tailored procedures with the FRONTSH1P & § | k § b cqwniménilyairo
accordancewith their specific characteristics.
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RCTB -> Regional Circularity Institutional Booster Toolkit: ongoing sharing information in
scope of legal, environmental or

RCTB -> Regional Circularity Social Booster Toolkit: ongoing monitoring of regional social
engagement and sharing invitations to social events involvement as well as good practices
from other regions;

RCTB -> Regional mapping: on-going geo-visualization of the regional resource (materials,
waste, by-products) availability.

Main components of Regional Circularity Technological Booster

On the current stage of the FRONTSHL1P project performance, the Regional Circularity
Technological Booster consists of four specific algorithms, dedicated to each CSS step-by-
step development. Within the information procedure of data processing three main
components will be implemented;

1)  algorithms for providing each CSS with tailored information on raw materials
(materials, by-products and waste) necessary for production;

2)  algorithms for collecting data on by-products appearing during the technological
process of a given CSS and transferring them to recipients indicatedby LCA, firstly
among the FRONTSH1Pa § j k § b ¥gxmiéniya o

3)  algorithms for collecting data on final products and transferring it to recipients
indicated by LCA, firstly among the FRONTSH1Pa 0 | k § b ¥gsménitya o

The separate approaches to the dataprocessing layer of each CSS technology schene will
be integrated into one regional, unified collaborative information network. This should
facilitate the achievement of industrial symbiosis.

Contexts of benefits for the Lodzkie Regionand for the replication regions

The RCTB will help in regional transition towards circularity in the Lodzkie Region and then
8 in replication regions in EU.

The following benefits can be expected:

- the introduction of innovative circular technologies next to local community to the
every-day life that can be an example to follow -up;

- implementation the socio-economic regional course in line with the global megatrends
(Figure 2);
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- providing information on implemented circular technologies in the one-stop-shop
formula;

- promoting the 9R rule in economic practice in terms of waste management(Figure 4);

- limiting the amount of waste generated in the region;

- expanding the network of industrial cooperation with the participation of small and
medium enterprises, start-ups and natural persons as well as municipal enterprises
and social cooperatives;

- encouraging new business models development, focused on the improvement of
environmentally - friendly technologies;

- supporting the adaptation of professional education and skills to the needs of
developing the circular economy;

- promoting a community-cantered economy.
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3.3. Regional Circularity Social Booster Toolkit

Regional Circularity Social Booster (RCSB)is a space on the platform where one can gain
knowledge and tools to support the processes of social involvement in the circular economy.
The idea behind the RCSB is an open data exchange system that gives each user the
opportunity to introduce their own practices/tools that increase the circularity of households
and entire local communities (municipalities/communities/housing cooperatives). On the
platform, the user will be able to act in two distinct roles:

a) an entity that wants to improve its circularity through self -assessment and
implementation of selected tools (circular household and circular community, housing
cooperative, commune)

b)  an entity that wants to share good practice in the field of tools increasing circularity.

RCSBis intended to strengthen the development of circularity by p roviding access to tools
and information on opportunities to develop circularity.
The platform, due to its open nature, encouragesusers to share knowledge. The availability
of various data in one place facilitates knowledge and tools sharing to improve circularity
and involve citizens in the idea of a circular economy.

Recipients of the RCSB

The tool wil | be targeted at 4 main groups:

a) local government, mainly the lowest level, i.e., the commune, which will be able to
carry out an analysis and to implement a tool under the RCSB in order to strive to
achieve the highest possible indicators within the framework of the "circular commune"
idea.

b)  housing associations and cooperatives-on the level of communities/cooperatives are
introduced to Booster due to the wide possibilities of using tools. In the case of urban
communities, the involvement of the municipality itself may be too small. That is why
we introduce to the tool entities that in directly manage housing space and can conduct
effective activities at the level of increasing circularity.

C) residents who want to be circular - as part of the RCSB, it will be possible to self-
assess the circularity of the household. The use of the RCSB byhe resident will be an
element of information and educational activities carried out by local governments. The
a=;16 OONNB D02 0ONgrf s88 NOackabd 05§9008828 o0bs6 mOOUOGN
householdO p

d)  other implementers of activities for the circular economy.
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Context of FRONTSH1P project goals and links with other products

One of the key solutions to be developed as part of the project is the model of incorporating

residents into the circular economy. As part of the project, a definition of ' O090 Oh8§ 2 ao
engagement” was developed (D4.2). Considering its scope, the tool will enable evaluation

and support a) attitudes of direct residents (implementation of, among others, the 9R

principle) b) supporting activities under the responsibility tool recipients.

In accadance with the content of the definition, the Regional Circularity Social Booster

model and a set of tools relating to the direct behavior of residents and activities that can

support these behaviors have been developed.

As part of RCSB, we want to strengthen the idea of:

- circular commune/community/cooperative - RCSB will provide data and tools to
develop the idea of a circular community as a key element of the development of
citizens engagement. The RCSB will develop a selfassessment tool with a set of
indicators evaluating the municipality/community/housing cooperation. One of its
elements will be the degree of circularity of households.

- circular household - RCSB will provide data and tools to support the idea of citizens
engagement. Households will be able to assess their circularity through a self
assessment tool and use tools to develop circular behaviors. The household circularity
D2f8fBOONNBOSBY288YyYBODSBI2f D0joYUasyYyeonbsenC
that the set of tools for resident s should include incentives that can be launched by the
commune to increase engagement of its inhabitants.

The tools of the RCSB will relate to the specific waste and by-products indicated by the
FRONTSH1P project and the specificity of each CSS. However due to the various
dimensions of social behavior, the RCSB will also consider a broader view of circularity
issues.

RCSBwill include solutions resulting from individual Work Packages and CSSs:

1)  training programs on the use of 3D printing as an opportunity to develop a new branch
of the labor market (WP6 - CSS4)

2)  models and analyzes related to the establishment of local social enterprises in the area
of circular economy, creating opportunities for professional activation of people from
groups at risk of social exclusion WP4 (CSS2), WP6 (CSS4) and analyzes in the area
of W3 (CSS1) and WP5 (CSS3).
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3) a model for creating local microgrant programs as a tool involving residents in their
own activities in the area of circularity (WP7)

4)  model of a local currency tool encouraging participation in the circular economy (WP7)

5)  training programs for farmers on CSS2 (WP7) solutions

6) diagrams and examples of information and promotion activities in the field of
developing the idea of circular economy (WP7)

7)  educational programs in the field of circular economy (WP9)

RCSBis one of the five Boosters that are to function within the RCBT. Through its content,
RCSB is to strengthen the broadly understood social dimension of the circular economy.
The aim of the RCSBwill be to provid e knowledge and tools for circularity assessment and
the inclusion of the local community in the circular economy. RCSB will be based on open
data. The main source of data will be their own sources, including studies developed under
FRONTSH1P and external references. It is mainly the existing data, studies and tools that
will drive the content of the RCSB. Our idea is to integrate as much data as possible about
existing solutions on RCSB. The platform is supposed to make it possible for usersto use
data, but also supply the RCSB with own proposals of useful data that will relate to the tools
indicated in the RCSB.

How RCSBworks?

RCSB will be an open platform with the possibility of including solutions developed by

various partners. Functionaity will be ensured by the possibility of using examples and
solutions that are developed and implemented around the world. RCSB toolkit will include
the option to review solutions developed by other contractors and link them to their
websites/tools. This is to increase the possibility of exchanging information between various
creators and mutual promotion. The rules of posting materials on the platform will be
specified in the regulations.

The RCSBwill be used, among others, the following data:

- own sources - studies created as part of the FRONTSH1Pproject.

- external references - websites containing e.g., studies, models, good practices related
to the substantive topic of RCSB.

- external references to databases and analysis, e.g. regarding the situation on the
regional labor market.
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In order to access the data, the RCSB user goes through the process of registering and
setting up an account.

After logging in, the user has 3 choices:

1)  self-assessment of circular lifestyle.

2)  toview materials and use the content of the RCSB.

3)  to post own solutions and tools through the "add information" function .

UbSBORINSRS20] 00YeBYyBOj 0bBicesaraBOO0nbBYO)j] Dade ¥
household/community/cooperative/municipality. The report will indicate the level of

fulfillment of the circular assumptions. The results will be available in the form of e.g., an

axis with a score from 0 to 10. The level of circularity achieved as a result of the self

assessment should direct the user to the section with solutions, they can take to improve

circularity. In the case of path 3, each entry of new data into the database should result in

sending information to users about the update in the RCSB resourcegFigure 22).
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User
registration

Registered user can:

1) perform
autoevaluation

2) browse content
3) add data

Circularity
self
assesment

Selection of
proper tool for
circularity
development

Database of tools
for circularity
development

Circularity self
assesment of
community/
cooperative/
commune Autoevaluation report
indicates which solutions
Circularity ; can be implemented in
self order to be more circular
assesment

of

households

Examples of tools for
household circularity
development

Blockchain of rules for
implementation of 6R
rule

Examples of tools

for community/
cooperative/ commune
circularity development

Blockchain increasing
the awareness and
knowledge of circular
economy within local
community

Blockchain involving
citizens/inhabitants into
circular economy within
local community

Blockchain of analysis of
local labor market and
professional competences
development in the field
of circular econom

Block chain of tools for
development of
entrepreneurship in the
field of circular economy

Figure 22: Draft scheme of the Regional Circularity Social Booster Tookits.

Circularity Assessment Tools- self-assessment tool

In this section, RCSB users will be able to use the tools for self-assessment of their

circularity. The proposed set of diagnostic tools will allow recipients to determine to what

extent (at what level) of circularity they are currently (diagnostic aspect), and at the same

time to estimate the distance from the adopted pattern (normative aspect). The self

W &YR
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assessment will also result in identifying areas in which the ideas of circularity are
implemented and those in which additional actions should be taken.

A diagnostic tool dedicated to individuals - circular citizen/circular household, will include a
guestionnaire available on-line that will allow you to obtain a self -diagnosis (defining
attitudes and beliefs towards CE in 3 components: cognitive, affective and behavioral) and
to indicate areas where the ideas of circularity are implemented and where additional actions
should be implemented. Due to the need to data and their sensitive nature, feedback in the
form of a survey result will be available only to respondents.

Toolkits targeted at group entities - circular commune/circular housing cooperative/circular
housing community, were divided into two groups depending on the level of self -diagnosis
performed by the subject. It was assumed that there are two possible paths: simple diagnosis
and in-depth/extended diagnosis (optional). Therefore:

Diagnostic tools at the basic level include:

1)  aquestionnaire addressed to the diagnosed entity. The datasource in this case will be
the answers in the questionnaire.

2)  alist of indicators including selected quantitative and qualitative data at the disposal
of the entity, showing the level of its circularity.

3) a questionnaire addressed to residents/households iving in a given territory, partly
identical to the self-assessment tool dedicated to residents/households at the
individual level, extended by an analysis of their needs in terms of meeting the
requirements of circularity (what is missing?). This part ofthe diagnosis requires the
use of a representative sample to generalize the obtained results. The data source will
be the answers to the questionnaire.

Diagnostic tools at the advanced level include e.g, [36,37] (Table 2)

1)  interview scenarios (individual in-depth interviews IDI and/or focus group interviews
FGI) addressed to selected groups of respondents (local experts/entrepreneurs/
representatives of local authorities). Data source- respondents’ answers [380640].

2)  scenarios for conducting workshops using e.g, design thinking (work in small groups
with various stakeholders moderated by an expert), tools such as: Persona Matrix,
Problem Map, Discussion- round table, etc. Data source- as mentioned above [416
44].
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The result of self-assessment will indicate which Regional Circularity Social Booster tools

should be used to improve the diagnosed level of circularity. All tools will be available on
the platform in an interactive form [45049].

Table 2: Diagnostics self-assessmenttoolbox addressed for two types of recipients

TYPE OF RECIPIENT

TOOL EXAMPLES

DATA SOURCES FOR EVALUATION

LEVEL OF FULFILLMENT OF THE
CIRCULARITY REQUIREMENTS

Circular A aset of indicators for self- 1) EcoHarmonogram application
citizens/household assessing household circularity. https://app.ecoharmonogram.pl/gosp
A resident/household self- odarka- obiegu-zamknietego.
assessment questionnaire. 2) Information from respondents
showing their attitudes and beliefs
in presence of CE in3 components:
cognitive (knowledge), affective
(attitude) and behavioral (behavior).
Circular A self-assessment questionnaire of 3) Available quantitative and
commune/circular the diagnosed entity. qualitative data directly and/or
housing A a set of indicators defining the indirectly related to the level of
cooperative/circular level of circularity of the circularity of the diagnosed entity
housing community diagnosed entity. and the area covered by its
A and in the area covered by its operation, collected by the entity, by
operation. its appropriate units and
A self-assessment manual. institutions/enterprises subordinate
A self-assessment questionnaire to it and/or related to it, which can
and CE needs survey conducted provide such data
on a representative sample of 4) Information on the current activities
residents/households residing in in the field of circularity undertaken
the area of operation of the entity . by the entity and data showing the
effects of these activities in the case
of communes, publicly available
statistical data (local data bank
www.bdl.stat.gov.pl ) directly and/or
indirectly related to the level of
circularity in the commune area
respondents' answers showing their
attitudes and beliefs in presence of
CE in 3 components: cognitive
(knowledge), affective (attitude) and
behavioral (behavior) and their CE
implementation needs.
Source: own compilation
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Tools to implement a circular household

Tools, presented in Table 3 are addressed to residents in order to help them to implement

the circular household model.

Table 3: Toolbox for transforming households into the circular household model

ADDRESSED

PROBLEMS

EXAMPLE OF TOOLS

How to implement A information and educational materials on how
the refusing principle to develop an assertive attitude towards
in households? consumerism trends - how to say no
How to implement A information and educational materials, tools for
the reducing principle planning responsible purchases,
in households ? A database of good practices
How to implement A information and educational materials on the
the reusing principle principles of reusing.
in households? A database of good practices
A a catalog of solutions related to the reuse of
things.
How to implement A information and educational materials about the
the principle of repairing principle.
repairing in A database of good practices.
households? A list of repair points.
How to implement A information and educational materials about the
the principle of principles of repurposing.
repurposing thingsin | A database of good practices
households?
How to implement A information and educational materials on
the recycling policy recycling principles
(recycling) in
households
How to implement A information and educational materials on the
sharing principle in principles of sharing.
households A list of fair-share/ food sharing points.

DATA SOURCES

Own source; materials
developed in other
WPs of the
FRONTSH1P project
(especially WP 9)
External reference:
Portals and websites
of implementers of
other projects on the
topic of circularity
containing
descriptions of
tools/good
practices/solution
catalogs; e.g.: self
check questions:
https://sustainability -
success.com/6 rs-of-
sustainability -
lifestyle -9-3-

rs/?utm_content=cmp-
true
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How to implement A information and educational materials on the

the principle of

principles of leasing

leasing in A database of good practices
households? A list of leasing services

Source: own compilation

Tools for the implementation of the circular/community/cooperative/municipality

The aim of the first toolkit will be to provide information and knowledge about the circular

economy in the local community. The tool will contain a number of examples of materials,

information and educational activities that could be undertaken to increase awareness in the

area of circular economy. The tool is mainly intended to help representatives of local

governments/communities/housing cooperatives to conduct effective information campaigns

and education activities (Table 4).

Table 4: Toolbox for raising awareness and knowledge about the circular economy in the local community

THE TYPE OF THE TOOL

Tools for conducting information and
promotion activities regarding circular
economy in the local community e.g., how
to implement the 9R principles at the
household/community/cooperative/munici
pality level .

Tools for conducting educational activities
regarding circular economy in the local
community.

An educational tool on proper waste
segregation in a given
commune/community/housing
cooperative with a waste search engine, a

A

A

A

TOOL EXAMPLES

examples of handouts
examples of
information
campaigns

a model for creating
local Circular Days
(based on Parzczew)

examples of courses
and trainings for
different target
groups from children
to entrepreneurs
(materials developed
under WP 6 and WP
9)

EcoHarmonogram in
Parzeczew

examples of other on-
line applications

onéznd Ul zwW &YR

DATA SOURCES

A Own source - links to
promotional materials of the
campaign developed as part
of the FRONTSH1P project.

A Own source: Circular Day
model developed as part of
the FRONTSH1P project.

A Own source - link to the script

file.

A External reference:links to
websites with developed
courses and educational
activities in the field of circular
economy; e.g,
https://ekonsument.pl/p34_za

sada_3r.html

A External reference: links to
the websites with developed
examples of tools or
applications; e.g,
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guide on reading labels, upcycling, a
scanner of symbols from packaging,
sharing good practices.

https://www.ecoharmonogra
m.pl/

A tool intended for specific target groups, A city games A External reference:links to
differentiated by age, e.g, for childrenand | A outdoor games websites with educational
teenagers, showing how everyday things (escape room + information programs; e.g,
are made, what circular economy is and geocaching based on good practice example of city
why it is worth "taking care" of the waste e.g.) games in Finland:

we produce. https://my2050.fi/in -english/
Change of thinking from a linear economy | A short educational A External references:links to

to a circular economy, product life cycles.

videos

websites with educational
information programs; e.g,
Story of stuff video:
https://www.youtube.com/wa
tch?v=9GorgroiggM

Source: own compilation

The second toolkit for the implementation of the circular municipality will focus on tools

aimed at increasing the involvement of the local community in the idea of circular economy.

The tools are to enable specific solutions to be launched in the local community to increase

its circularity (Table 5).

Table 5: Toolbox for engaging citizens in the circular economy in the commune

THE TYPE OF THE TOOL TOOL EXAMPLES DATA SOURCES
Tools for conducting social A consultation A Own source; materials developed in
consultations in the area of model/toolbox other WPs of the FRONTSH1P project
circular economy at the local A examples of activities (especially WP 9)
level A External reference: Portals and
websites of implementers of other
projects on the topic of circularity
containing descriptions of tools/good
practices/solution catalogues
Tools encouraging selective A local currency model A External references:links to websites
waste collection developed by with examples of local currency
FRONTSH1P. models introduced; e.g,
A examples of solutions https://plasticbank.com,
in the field https://www.plasticsforchange.org/abo

R6 Uonéznd Ul zw &YR
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ut-us
https://hollandcircularhotspot.nl/ case/z
ero-waste-lab-waste-as-a-currency

A tool enabling the exchange,
collection, repair of items
(implementation of the 6 R
principles at the level of the

community/cooperative/municipa

lity)

A application examples | A

External references:links to websites
with examples of applications; e.g.,
EcoHarmonogram (EcoSchedule):
https://app.ecoharmonogram.pl/gospo
darka- obiegu-zamknietego

Source: own compilation

Tools for the development of social entrepreneurship (SE) inthe area of circular

economy in the commune

A tool addressed to people/organizations/municipalities willing to develop social enterprises

in the area of circular economy in the local community. The tool will include a list of case

studies of social enterprises operating in the circular economy, tools for creating

partnerships, templates of business plans and models developed in the project (Table 6).
Table 6: Toolbox for developing social entrepreneurship (SE) in the area of circular economy in the commune

THE TYPE OF THE TOOL

TOOL EXAMPLES

DATA SOURCES

A tool showing good SE A case studies of social enterprises A own source; materials
operating practices in the developed in other WPs of
area of circular economy the FRONTSH1P project,

i the toolkit will include
Tools for creating A partnership rules, contract/agreement reference to the
partnerships in the area of FRONTSH1P educational
circular economy and social platform developed in WP9
entrepreneurship A External reference: Portals

. and websites of
Tools diagnosing the A resource and needs analysis implementers of other
potential of the local A stakeholder analysis. projects on the topic of
community to develop A examples of surveys, lists of existing circularity containing
social entrepreneurship in data for analysis descriptions of tools/good
the area of circular practices/solution catalogs;
economy e.g. Green Loop Project

. . ) . ) https://www.greenloop -
Social enterprise creation A BMC's business model. sroject.eu/
tools A Dbusiness plan, market analyzes in the
area of waste management
Source: own compilation
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Tools for development of circular economy-based labor market in the commune

The aim of the tool is to increase access to knowledge about the possibilities of creating jobs
in the circular economy and available coursestraining and job offers. The tool is to increase
the competences of the commune inhabitants needed in the local circular economy system
(Table 7).

Table 7: Toolbox for evaluating and developing circular economy-based labor market in the commune

THE TYPE OF THE TOOL TOOL EXAMPLES DATA SOURCES
Analysis of trends in the A regional databases ondirections of A External references: labor
labor market in the circular labor market development market data maintained by
economy public employment services
Tools for the development | A training databases A External references: links to
of competences and A a catalog of professional trainings pages with current courses
professional qualifications developed under FRONTSHL1P, e.g, in and training to improve
in the area of circular the field of 3D design professional qualifications;
economy e.g.

https://www.udemy.com/topi
c¢/3d- printing/
https://www.coursera.org/co
urses?query=3d%?20printing
https://www.youtube.com/w
atch?v=EABJKS19BbA

Job offers database A databases of regional job offer A External references: Internet
portals containing

information about current job
offers with categories related
to the circular economy; e.g,
https://unjobs.org/themes/circ

ular-economy

Source: own compilation

Contexts of benefits for the Lodzkie Regionand replication regions

RCSBis of key importance for the development of the circular economy idea in the Lodzkie
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a)  conducting activities promoting the tool, e.g., advertising campaigns.

b)  introducing solutions encouraging local communities to develop the idea of circularity,
e.g. introducing evaluation criteria in regional funds that will consider the circularity of
the municipality and encourage self-assessment and anticipating appropriate actions
in projects to increase circularity indicators

c)  coordination of activities in the field of adapting tools and solutions carried out by
various regional entities cooperating with regional authorities.

Replication regions, similarly to the Lodzkie Region can directly transfer solutions from

RCSB to their communities. The open data entry system within the RCSB will allow

replication regions to supplement the tools with their solut ions that will be used to

implement the idea of "circular households" and "circular municipalities". Extension of the
RCSB with examples of solutions used in other partner regions will enable better data

exchange. This is an important element of RCSB's i@a that it can use practices from different
communities. This approach gives users the opportunity to learn about various practices and
tools and adapt them to their own use.
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3.4. Regional Circularity Institutional Booster

Regional Circularity Institutional Booster (RCIB) is part of an online platform that collects
RCBT. RCIB is to strengthen the development of circularity by providing access to
knowledge about the state of the level of circularity in comparison to other regions. RCIBis
a module which main function is to support management processes under the Circular
Governance Model.

FRONTSH1Pwill create a Circular Governance Model that allows territorial stakeholders to

manage their transitions towards circular value chains, going beyond the existing
conceptualizations of governance practices and including participatory,inclusive and socially
innovative governance frameworks. This model is based on five interconnected dimensions
implementing circular feedback loops driven by the Regional Strategy for Territorial

Transition: technology, environment, citizen communities, governance and economic
sustainability. This governance model allows exploiting the project results beyond local

boundaries allowing a participatory, open, inclusive and socially innovative approach that
includes key actors in the territories, such as publc authorities and civil society as
beneficiaries, as well as industry, farmers, NGOs, cooperatives, associations astakeholders

and key enablers in new circular value networks triggered by the four CSSs.

RCIB toolkit will be a benchmarking platform whose basic function will be reporting and

providing good practices (Figure 23).

Recommendations obtained from the RCIBtoolkit will concern (D2.4):

- the definition of political recommendations with impact on local CEAP;

- business recommendations regarding to new business models and new value chains
for companies involved at the regional level;

- social recommendations based on the developed model for citizens engagement and
reskilling, including labor market innovation;

- environmental recommendations with a life cycle and circular approach.

Public authorities will be the key addressees of reports from the analytical module. A special
role of initiation, showing good practices and coordinating the unorganized circular market
was assigned to local and regional governments. RCIB Toolkit is a platform supporting
circular public policies implementation.

The Institutional Booster Toolkit is especially dedicated to:
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- Regional authorities

- Local authorities

- Inter-municipal association
- Social cooperatives.

¢

.?. Regional authorities ¢Yy Local authorities ﬁ Inter-municipal association ﬂﬁSocial cooperatives

-

Analytical module

Circular Institutional > .
Benchmarking

Company Govemence

Framework of Database Architecture

Buisnodinoday
Bupuiyjey
Buisnodinoday

benchmark identification
identification of the gaps (distance)
identification the best practices

Report module

Addressee: .?. Regional authorities ,?'.Local authorities ﬁlnter—municﬁpal association 1 social cooperatives ‘
Scope: Q policy ret:ummendations(.D business recommendations Qsocial recommendations Qenvironmenhl recommendations ‘

Figure 23: Framework of benchmarking dedicated to the Regional Circularity Institutional Booster Toolkit
development.

Details on how to prepare the RCIBbenchmarking are presentedin Table 8.
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Table 8: Basic characteristics ofRCIBbenchmarking

CATEGORY FEATURE:

Type: Competitive benchmarking

Accessibility: Online on the RCBT platform after registering and logging in

Aim: (1) identification of the distance from the pattern,
(2) identification of good practices,
(3) improving efficiency

Report client A Regional authorities

A Local authorities

A Inter-municipal association
A Social cooperatives

Benchmark type: Competitive entity with the best results recorded in the system

ECElcEE el | level: Company, Society, Academy, Government
clEs o heinElpdale B 11 level: Rethinking, Repurposing, Reducing,Reusing, Recycling
Il level: if needed (will be defined during the research)

Basic research analysis of secondary sources, questionnaire interview (standardized), data of
methods and circular brokers
techniques

Data normalization The material collected during the research will be coded and inserted to the
method: scaling and database according to the algorithm. In the case of questions with an ordinal scale,
coding the values indicated by individual respondents will be directly entered into the

database. However, in the case of statistical indicators, the indicators will be
transposed on a ten-point scale using an interval, and in the next step they will be
coded and entered into the spreadsheet. The study does not assume the use of
weights, each of the variables has the same rank. The transposition of statistical
data on a n-point interval scale should be done according to the following method:

Y = Xnax = Xrin
n
variable x, Xmin @ minimum value of the normalized variable x

were Y¢ interval, Xmax @ maximum value of the normalized

Benchmarks: Indication of benchmarks appropriate for the client category at the level of areas
(synthetic benchmark) and sub-areas (sub-synthetic benchmark) based on the
maximum values of individual indicators (arithmetic mean of the maximum
indicator values)

Basic criteria for A resource saving;
IEEINPREE R EE S A democratization of decision -making processes;
A social engagement.

61

+YZU njl 5gRN& YT U T RNRZARG6 UonézntG Ul W &YR Lol =ZnRIn pnzznfUentNol1dio37a81 ?s?s | R



Basic best practice | category:
reporting criteria

(1.1) Systematicity and durability of solutions;

(1.2) Innovation (novelty) of the applied solution;

(1.3) Efficiency (effectiveness) of the applied solution,

(1.4) Ease of replication (initiative scalability) by other CTCs
(1.5) Possibility of implementation (difficulty)

Il category:

(I.1) Policy

(11.2) Business
(1.3) Social

(1.4) Environmental

Il category

(1.1) Relation to the CSS1 category
(I.2) Relation to the CSS2 category
(I.3) Relation to the CSS3 category
(11.4) Relation to the CSS4 category

Source: own compilation

The results of benchmarking are to support the coordination of regional policy activities in
the field of strengthening the circular economy. In particular, they will support the
preparation of Action Plan at the regional level and the implementation of circular missions
and challenges at the level of local policies. It is a tool supporting the implementation of the
Circular policy framework based on the CircuPuncture model

Different data sources will be used in benchmarking. RCIB Toolkit will benefit from the

following data:

- Primary data: own studies created as part of theFRONTSH1Pproject, source data from
benchmarking clients;

- Secondary data: external institutions™ databases containing data illustrating the state
of the circular economy. Among others, the data of the following institutions will be
used: Regional Fund for Environmental Protection and Water Management in Lodz,
National Science Centre Poland, Waste Catalogue, Database on Products, Packaging
and Waste Management, Registry of an Entities of National Economy, Local Data Bank,
National Official Register of the Territorial Division of the Country, The Database of
Topographic Objects, Intellectual Property Rights - e-Search (Table 8).

The mechanics of work on the Regional Circularity Institutional Booster module platform is
multi-threaded (Figure 24).
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Benchmarking is dedicated to four groups of users.The user has two options:
1)  entrance to the analytical and diagnostic module. Output: Gaps report;
2)  entrances to the best practice module. Output: Best practice report

For stakeholders operating at the local level: Local authorities, Intermunicipal association
and social cooperatives, a dedicated analytical and diagnostic module will be prepared as
part of FRONTSH1P.

In the case of the first group of stakeholders: Regional authorities, the user will be invited to
enter the analytical and diagnostic module developed, among others, by in SCREEN,
REPLACE projects: Circular Benchmark Tool (CBT)hftps://circularbenchmarktool.eu/how-

to-use-it).

Regional authorities

Local authorities

Inter-municipal
associations

Social cooperatives

Cireular Benchmark tool
(CET)

Best practice module

Analytical and
diagnoestic module

Best practice module

Analytical and
diagnostic module

Best practice maodule

Analytical and
diagnostic module

Best practice module

Input: preparing indicators
according CBT methodology
{results: Screen and Replace

project}

Input: raport, catalog,
description

Input: preparing
indicators according SR

Input; description of
own experience

Input: preparing
indicators according 5R

Input: description of
oW experience

Input: preparing
indicators according 5R

Input: description of
own experience

Figure 24: Draft of the Regional Circularity Institutional Booster Toolkits

Uonézni

U7 sw &YR

Lol ZnjRT n

Output: Circular
Regional
Benchmarking

Qutput: Good

practice list

Output: raport 5R

Qutput: report according
selected criteria

Qutput: raport 5R

Output: report according
selected criteria

Qutput: raport 5R

Output: report according
selected criteria
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In summary, local authorities and other RCIB toolkit users can achieve the following benefits

to strengthen their own circularity:

- better recognition / diagnosis of processes in the organizdion,

- information on development gaps in the area of CE implementation,

- good practices suggesting smart solutions,

- suggestions for updating local development strategies to strengthen circularity
(challenges and mission areas),

- identifying areas of dormant activity and challenges in this area,

- j Oj Us28aaBYyeobse0OsasyO0aByYyyeaolsaYobs§aldaVYBODh!

- disclosure of areas of possible CSS involvement for the competitiveness and
efficiency of closed loops.
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3.5. Regional Circularity Booster Mapping

A key step in the FRONTSH1P Regional Circularity Booster Mapping (RCBM)toolkit is the
generation of a geodatabase for mappingthe Polish Lodzkie Region under study, which will

be applicable to other four replication regions.

RCBM will enable the identification of favorable spatial -inducible synergies between waste
providers and recipients, facilitating regional logistic planning and the implementation of

circular technological circuits of material reuse, remanufacturing and regcling. The aim is to
boost industrial symbiosis, economic circularity and social involvement in active regional
intervention practices. Ultimately, it aims increasing a regional selfindependence, expand
technological niches and eco businesses, spread ecdogical awareness and support a more
participative and responsible entrepreneurship.

Georeferentiation, i.e., theassignment of a georeference to a location, is a keyissue when
addressing circularity mapping. A spatial system integrating descriptive information to the
location data is the basis for analysis and mapping, allowing to understand patterns and
relationships in a geographic context. Thus, communication is more efficient while allowing
better management and decision making.

Ontology of geospatial information

The representation of geospatial information within computerized systems has been widely
addressed and developed to provide suitable data manipulation, analysis and visualization
mechanisms[50,51]. A geospatial database or geodatabase is a database capable of storing
spatial data that contains three elements; i.e, feature classes, raster datasets or tables.
Among others, geodatabases allow centralized Geographic Information System (GIS) data
management, easiness to manage and access, and modelling of flow of resources along a
geometric network [52]. The access ofgeospatial data has increased widely using internet
services, which made available online interactive maps for stakeholders. These maps show
different levels of information that can be used according to the needs. The availability of
open access data and platforms allows the generation of maps for stakeholders-oriented
objectives. An example is given with Nomenclature of territorial units for statistics (NUTS)
geodatabase [53] where the information is available for geographical statistical units dataset
with attribute tables and respective areas (polygons). Other examples include Copernicus
Services, e.g.https://land.copernicus.eu/#with land cover classification such as Corine Land

Cover, Urban Atlas, etc. The interactive maps produced can also be made available through
e.g., Web Map Services (WMS) foreach of the stakeholders to use on their own GIS system.
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To solve geospatial data heterogeneity problems and support geospatial information
retrieval and semantic interoperability over the Web, the use of a geospatial ontology can
be considered, as it is a formal explicit description of concepts or meanings of words in a
well -defined and unambiguous manner [54]. In computer science, ontology is a data model
that represents a domain by detailing the entities that comprise it and the semantic
relationships between them. Ontologies generally include individuals, classes, attributes and
relations [52,54] . Geospatial ontologies represent geospatial concepts and properties for use
over the Web [54].

State of the art in scope of circular economy mapping

Local analyses of regional data collected through mapping tools were foreseen in several
research projects. The SCREEN projedwww.screen -lab.eu) involved 17 European Regions,
including the Lodzkie region, working together to define a replicable and scalable approach,
to support European Regions in the transition to new Circular Economycross-regional value-
chains. A mapping tool was used to map the baseline situation in these regions in terms of
existing technological, industrial, research and innovation, and education capabilities, as well
as emerging Circular Economy initiatives[55]. The DigiPrime project (www.digiprime.eu )
D20Ngfsfej 8ains0o9006as Vo WBsYDEE NBDHP WNHEBDDHY 60% HNBD
whose scope was to identify cross-sectorial and cross-regional circular economy value-
chains, based on the methodology developed within the SCREEN project. The original
methodologies and tools, further validated by a group of different international stakeholders,
were conceived as a powerful instrument for supporting regional officers in charge to foster

the transition towar ds a circular economy to have an overview of the existing and potential
value chains, as well as to be notified about possible new cross regional or cross sectorial
synergies and value chains [56]. The service enabled the use of the lean management
method of value stream mapping in the context of circular economy processes. BIOPLAT
EU project (https://webgis.bioplat.eu/#/map) promoted the market uptake of sustainable
bioenergy in Europe using marginal, underutilized, ard contaminated lands for non-food

biomass production through the provision of a web-based platform that served as decision
support tool. This Web Platform tool combined the Geographic Information System (GIS)
maps with the Sustainability for Europe and Neighboring countries (STEN) tool provided by
BIOPLAT-EU, to assess the sustainability of selected bioenergy investments on marginal
and underutilized lands in Europe and Ukraine [57,58]. The REPAIR project
(https://h2020repair.eu) provided local and regional authorities with an innovative
transdisciplinary open source Geodesign Decision Support Environment (GDSE) developed
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and implemented in Peri-Urban Living Labs (PULLS) in six metropolitan area [59]. These
strategies intended to promote the use of waste as a resource, thus supporting the ongoing
initiatives of the European Commission towards establishing a strong Circular Economy. The
CONVERTE project (https://converte.Ineg.pt/) identified different types of endogenous

biomasses generated in Portugal, that could be applied in the short medium term in viable
technological solutions to produce electricity, heat, energy vectors and advanced biofuels,
and that fulfilled all the sustainability criteria defined by the European Directives, in particular
the (EU) Directive 1513/2015 (ILUC). Three databases for georeferenced mapping in
mainland Portugal were created and implemented, namely: (i) areas/soils suitable for energy
crops; (i) areas/soils/waters suitable for the culture of microalgae; (i) and
agricultural/forestry species cultivated, the respective residues generated and that of
potential bioenergy interest for the national territory [60].

Context of FRONTSH1P objectives

A key step in the FRONTSH1P RCBT is the generation of a geodatabase for mapping the
stakeholders involved in the development of CSSs inthe Lodzkie Region under study. These
CSSscomprise circular approaches for the valorization of wood packaging waste (CSS1),
food and feed waste (CSS2), the reuse of wastewater and nutrients (CSS3), and the recycling
of urban and industrial plastic and rubber waste (CSS4). The circular approaches are
designed to be adjustable to other four FRONTSHL1P replication regions, i.e., the North

Region of Portugal, the Campagna region in Italy, the municipality of Livadia in Central
Greece, and Friesland province in the Netherlands.

RCBM will enable the identification of favorable spatial -conditioned/inducible synergies

between waste providers and recipients, facilitating regional logistic planning and the

implementation of circular technological circuits of material reuse, remanufacturing and

recycling. The aim is to boost industrial symbiosis, economic circularity and social
involvement in active regional intervention practices. Ultimately, it aims increasing a regional
self-independence, expand technological niches and ecebusinesses, spread ecological
awareness and support a more participative and responsible entrepreneurship.

Information in the maps

RCBM tool includes the geolocated information (geodatabase) of each stakeholder divided
into levels with increasing detail, which contain to specific map layers. The database includes
information on stakeholder identifiers, supranational waste and economic identifiers, specific
value-circularity levels, technological data, marginal lands and social indicators. The purpose
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is to allow a general characterization of each stakeholder and, if desirable, to move to
detailed surveys on the mapping platform within each CSS to drive specific interactions
within the same value circle (map-driven symbiosis).

Depending on the detail, the information can be made available at different levels of access
to the users of the RCBM, since it can refer to purely statistical data with information
accessible to the public, up to more detailed technological data for which the stakeholder
wishes to maintain some level of protection or claim restricted disclosure. Itis to be expected
that quantitative information and specifications within each CSS will tend to be of more
restricted access, which however should be managed bythe RCBT responsible so as not to
compromise the strong commitment of FRONTSH1P to the promotion of stakeholder
interactions.

In all cases, the importance of pursuing the harmonization of terms with a common
vocabulary, typical of the field of research, to be used in data collection surveys and
cartographic instruments should be stressed.

The information in the RCBM be divided into the following levels: (LEVEL 1) basic
identification data; (LEVEL 2) data about the type of waste and/or byproducts generated,
processed or managed; (LEVEL 3) distribution of the stakeholders by CSSs and specific
value-circularity level; (LEVEL 4) advanced circularity indicators relating to technological and
social/regional indicators that may be relevant in specific surveys andthat can be modified
for each replication region of the FRONTSH1P project.

Geospatial data

1) The data will be collected from specific questionnaires distributed to each stakeholder
who fills in the necessary information. The information will be converted into an Excel
file to create the maps.

2)  Georeferenced information is received from each stakeholder, by filling in the
respective longitude and latitude (in WGS84 -EPSG:4326) of their location. The data
will be imported and stored in the form of a geodatabase (gdb).

3)  ArcGIS (2023) software will be used for data processing and symbolization.

4)  Web Map Services (WMS), following Open Geospatial Consortium (OGC) standards,
will be published to allow t he visualization of information dynamically.

5)  The final project web map will be produced in ArcGIS Online to interactive display the
geographic information, organized as layers, on top of a basemap.
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registered map images from one or more distributed geospatial databases. A WMS request defines the geographic
layer(s) and area of interest to be processed. The response to the request is one or more gegegistered map
images (returned as JPEG, PNG, etc.) that can be displayed in a browser application. The interface also supports
the ability to specify whether the returned images should be transparent so that layers from multiple servers can

be combined or not.

OGC- Open Geospatial Consortium
https://www.ogc.org/standards/wms

ArcGIS Online is an online, collaborative web GIS that allows you to use, create, and share maps, scenes, apps.
layers, analytics, and data." ArcGIS Online enables users taaccess geospatial layers from worldwide locations,
create new content, and connect layers across the ArcGIS platform. In addition to web maps, applications are able
to be created from configurable templates for enhanced user experience.

Basemaps serve as areference map on which you overlay data from layers and visualize geographic information.

Basemaps are the foundation for your maps and provide context for your work.
ESRI
https://www.esri.com/en -us/arcgis/products/arcgis-online/overview
https://pro.arcgis.com/en/pro-app/latest/help/mapping/map -authoring/author-a-basemap.htm

Data required for each on-line map layer

LEVEL 16 Basic and unigue stakeholder identification (Figure 25)

1.1. Identification of FRONTSH1P stakeholders and respective geolocation.

Data requirements:

- Stakeholder identification and website
- Geo-located data of the stakeholder: GPS coordinates (WGS84)

The World Geodetic System 1984 (WGS84), EPSG:4326, is thereference frame used by the Global Positioning
System (GPS) and developed by the USA Department of Defense. It is now maintained by the U.S. National
Geospatial Intelligence Agency (NGA). WGS84 has been revised six times since its original realtation in 1987.

Department of Defense Agency, World Geodetic System 1984
DMA Technical Report, 2@ ed. 1991, USA

1.2. Classification of each stakeholder according to territorial and economicsupranational
identifiers (NUTS regions; Classification of economic activities in the European Community
(NACE)).

Data requirements:
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National and supra-national territorial identification of the stakeholder: Address,
county, NUT3 region, country.

Type of stakeholder (municipal, industrial or agricultural).

Economic classification of the stakeholder (NACE)

The Nomenclature of Territorial Units for Statistics (NUTS) was drawn up by Eurostat to provide a breakdown
of the economic territory of the European Union into territorial units to produce regional statistics and for
targeting political interventions at a regional level. The NUTS classification has been used in EU legislation
since 1988, however, it was only encoded into a formal Regulation of the European Parliament and the
Council in 2003.

The NUTS serves several objectivesit ensures harmonised standards in the collection and transmission of
regional data; It guarantees that published regional statistics are based on comparable data; It enables the
analysis and comparison of the socieeconomic situation of the regions based on harmonised data; Policy
interventions such as the European Structural and Investment Fundscan be specifically targeted to support

dicadvantaned and less comnetitive reninng

NACE (Statistical classification of economic activities in the European Community) is the acronym used to
designate the various statistical classifications of economic activities developed since 1970 in the European
Union. NACE provides the framework for collecting and presenting a large range of statistical data accading
to economic activity in the fields of economic statistics (e.g., production, employment, national accounts) and
in other statistical domains.
The statistics produced on the basis of NACE are comparable at European and, in general, at world level.
The use of NACE is mandatory within the European Statistical System.

NACE Rev.2, Statistical classification of economic activitiesn the European Community, EUROSTAT2008, ISSN 1977-0375
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Figure 25: Exemplary LEVEL 1 map layer with the basic and unique identification of each stakeholder Lodzkie region and detail of Parzczew municipality; based on

MSW data (2021)),
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LEVEL 26 Waste/feedstock type and value-circularity level

2.1. Identification of the type and amount of waste generated, received and/or processed by
each geolocated stakeholder Figure 26).

Data requirements:

- Type of waste/resource (major waste/resource type, e.g., municipal, industrial,
agricultural)

- Waste code (waste supranational identifier: European Waste Catalogue (EWC))
- Volume/Amount of generated/managed waste (by EWC)

- Optional if relevant: additional information in case of seasonality constraints

European Waste Catalogue (EWC) - the EWC is a list of waste types, established by the European
Commission Decision 2000/532/EC1, which categorizes wastes based on a combination of what they are,
and the process or activity that produces them. It provides a standard framework for the comparison of waste
data (statistics) across all member states.
The EWC is divided into 20 chapters, most of which are industry-based, although some are based on
materials and processes. Individual waste types are assigned a sixdigit code: the first two digits specify the
chapter, the next two specify the subchapter, and the last two are specific to the waste type.

Guidance on classification of waste according to EWG Stat categories

Commission of the European Communities, EUROSTAT 2010

2.2. Positioning of each stakeholder in the respective value circularity level.

Data requirements:

- Allocation of the geolocated stakeholder into defined value - circularity level(s):
1)  Gathering of core resourcesB ore mining, agriculture and farming
2)  Primary Material Processing0 separation, filtering, sieving
3)  Production 8 manufacturing and assembly, food processing

4)  Packaging & Distribution 8 warehousing, transportation, retail
5)  Use/ServiceB consumer use, service providng

6)  Collection B reverse logistics, separation

7)  Disposal 6 recovery, landfilling
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Figure 26. Exemplary LEVEL 2 map layer for the waste characterization and data in the associated information tagsaccording to the respective waste type and code

(Lodzkie region and detail of Parzczew municipality; based on MSW data (2021)).
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LEVEL 36 Stakeholder and CSSs(Figure 27)

3.1. Positioning of each stakeholder within defined CSSs

Data requirements:

Allocation of the geolocated stakeholder to one or more defined CSSs:
1) CSS1: Wood packaging

2) CSS2: Food and feed

3) CSS3: Water and nutrients

4) CSS4: Plastics and rubber waste

3.2. Within the selected CSSs, subsequent placement of each stakeholder by value

circularity level

Data requirements:

Stakeholder identification
Economic activity (NACE)
Position in a defined value-circularity level(s) (acc. to section 2.2. in LEVEL 2)

1) Type of waste (EWC)
2) Volume/Amount of generated/managed waste (distributed by EWC)

LEVEL 48 Advanced circularity indicators

4.1. Identification of land without current use

Data requirements:

Use data available from Urban Atlas 2018* (or updates)1 Copernicus Land

Monitoring Service,2 | RS NUB ONj 4483~ = P8n8UrleanB&OobY§gos Og L
2018 1 Copernicus Land Monitoring Service

Use data available from Statistics Poland (Statistics Poland - Local Data Bank) for

cities with more than 100 000 inhabitants

4.2. Technological indicators and distribution networks

Data requirements:

Industrial and/or processing capacity of the stakeholder
Involvement of the stakeholder in Research and Innovdion activities
Map of logistic centers, road and rail routes

4.3. Relevant social indicators

Data requirements:

Regional unemployment data / resident population (active population)
Identification of NGOs and similar civil society organizations
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https://land.copernicus.eu/local/urban-atlas/urban-atlas-2018?tab=mapview
https://land.copernicus.eu/local/urban-atlas/urban-atlas-2018?tab=mapview
https://land.copernicus.eu/local/urban-atlas/urban-atlas-2018?tab=mapview
https://land.copernicus.eu/local/urban-atlas/urban-atlas-2018?tab=mapview
https://bdl.stat.gov.pl/bdl/dane/podgrup/tablica
https://bdl.stat.gov.pl/bdl/dane/podgrup/temat
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Figure 27. Exemplary LEVEL 3 map layer of (a) stakeholder distribution by CSS and (b) distribution of CSS1 stakeholders byalue-circularity level(s) (Lodzkie region).
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4.Characteristic of data corresponding to the

needs of RCBT users

Data corresponding to the needs of users of the RCBT and collected on theFRONTSH1P
platform can be characterized in the following dimensions presented below.

Information necessary to manage raw materials, by-products and final products of
=1 1 @razéction, in line with the circularity paradigm:

1) external database, collecting information on available waste;

2)  external statistical information databases, collecting contact details regarding recyclers
0 the tailored lists of companies would being the potential suppliers of waste for
production within the CSSs;

3)  external statistical information databases, collecting contact details for owners of by-
products (before they are turned into waste) of their technological processes - the
tailored lists of companies and wholesalers, being the potential suppliers of by - products
for production within the CSSs;

4)  external statistical information databases, collecting contact details of the companies,
the potential contractors of the by-products (before they are turned into waste) of the
080baYNYYODO] N8 GUYOS a & ghé &ildredBlists of Gomphinies, @oukl Y NY Y U 8
being the most perspective potential consumers of by-products for their own production,
indicated considering LCA and ecodesign perspectives;

5)  external statistical information databases, collecting contact details of the companies,
0b38B8GYD8200j] N6OYa20Uj OpoYUasByYyeobseygoej NBGUYTF g
technology - the tailored lists of companies, would being the most perspective potential
consumers of by-products for their own production, indicated considering LCA and
ecodesign perspectives.

Information necessary to manage CQ

Management of CO, emissions and emissions reduction is a multidimensional subject because
it concerns, among others, setting climate goals, understanding the steps that will actually

contribute to mitigating the climate change affected by global warming, and finally develo ping

a technology that will bring us closer to success or may reduce the scale of problems related

to climate changes.

To manage emissions reduction we define goals, a time horizon and available methods
regarding ways to achieve improvement, for example, by improving energy efficiency. Once a
target is set, we can quantify the results of activities taken and risk in case of delays or failure.
However, organizations can only reduce emissions to a certain level finally, most companies

or end users will reach the limit where the only chance for further reduction will be through

E +YZzU njl 2gRN& YT U T RNRZARG6 Uonéznd Ul zwW @&YR Lol ZnRIn pnzZznfUentNolldie37081 ?s?2s I F



the voluntary offset programs (in the case of the FRONTSHL1P project, the emerging prototype
VER program). Participation in voluntary reduction schemes from the perspective of CQ
manags R$208a¢giidYUQ ae Dz 0 §adndcarasacdritriduiejtoth @ eedubtipnirO Y 2 8
global CO; emissions.

The most important information in development of VER programs is the benchmark value of
emissions before the project implementation. For that purpose, the baseline activity (business
as usual) needs to be defined. With this information, it is possible to assess whether the actions
taken as part of reduction projects will actually bring environmental benefits. As a part of the
baseline, information on the entire life cycle of a project or activity is collected to minimize the
risk of missing some emissions that are either generatedor unmeasured or could be double-
counted, which would disturb the transparency of the voluntary reduction system.

Key data areas, needed to be included in the process of C®@ emissions and reduction
management are:

- baseline,

- information on the emissivity of activity, known as business as usual,

- reduction target,

- level of decarbonization achieved.

Information necessary to assess the circular development in the region

The monitoring framework that will be developed in Task 2.3 will offer an overview on the

state of circular economy in the region, supporting the identification of important drivers for

circular development. The information needed to populate the monitoring framework will

cover the following aspects:

- Public sphere;

- Private sector;

- Education;

- Society;

- Environment.

In this context, multiple data sources are needed, from the regional databases to the national

and European: the presence ofstakeholders belonging to different areas of the Quadruple

Helix within FRONTSH1P consortium will facilitate the collection of dedi cated new indicators,

measuring specifically circular aspecs.

For example, data regarding circular economy in Higher Education,009 b 228 0 b5 8 mMf § Oj
macro area, representparticularly important indications regarding the level of commitment

toward circular transition and the readiness in the short term of highly trained workforce

endowed with specific skills to enable circular economy. Currently, data is collected by the

Universities for management purposes,having in the Consortium Higher Education insttutions

could facilitate the testing and the adoption of novel indicators, 4 § Ob 6] a8 e gROSUB Yy 6
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that successfully participated in University courses dealing with Circular Economypt3 ¢ ROSs U8
Y964a8asj00ps0asOlOYUkOaVYB80a8gR0OOYRYYBKODEYRUNDE YIB:
§O0YaYIBUP RY§gaoBYyBYgarfr DdDaYBD286MAAB] NNYO] 08f80YB8=0
The last indicator listed is also very important because it can be compared with the amount of

funding that private companies dedicate to circular economy, giving an important comparison

to evidence whether the main investor in circular economy is the public or the private sector

this can lead to new policy decisions, considering higher level educationin CEas a proxy for

short-term circular development.

Information necessary to consider the potential for the development of circularity on
the regional market

The competitiveness of the regional market is shaped by external and internal factors. This

includes the development of the regional circular economy. The most important external

factors include, first of all, EU policies. Internal determinants of development depend on the

efficiency of adaptation of circular solutions of regional stakeholders of the quadruple helix:

business, government, academy and society. Information is needed from each of these
stakeholders to consider the potential for developing circularity in the regional market.

The monitoring of the business sector in terms of the development of circular economy in

region should consist of the analysis of:

- data on industrial waste streams (data from, among others, Local Data Bank, Database
on Products and Packaging and Waste Management, incomplete data)

- data on the involvement of enterprises in the implementation of projects in the field of
circular economy (data from, among others: the Ministry of Development Funds and
Regional Policy, the Ministry of Agriculture and Rural Development, the Marshal's Office
regarding the implementation of projects under the financial perspective of European
funds for 2014 -2020 and 2021 - 2027; National and Provincial Fund for Environmental
Protection),

- data on expenditure on innovative activity in enterprises in relation to GDP (Central
Statistical Office),

- data on the share of renewable energy sources in total production of electricity (BDL);

- data on organic producers (BDL; Agricultural and Food Quality Inspection)

Government sector monitoring of circular economy development in the region should consist

of analysis:

- data on sustainable (including green) public procurement (data from the Public
Procurement Office),

- data on the implementation of ecological solutions in the field of energy (data of the
Central Office of Building Control: Register of Applications, Decisions and Notifications
in Construction Matters),
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- data on air quality assessment (according to point data available, for example: Chief

Inspectorate of Environmental Protection; Airly webpage: https://airly.org/map/pl/),

- data on wastelands (BDOT10k, Central Office of Geodesy and Cartography),

- data on water potential in ecosystems (BDOT10k Central Office of Geodesy and
Cartography).

Monitoring of the academy sector in terms of development of circular economy in region should

consist of analysis of:

- data on the involvement of scientific and research institutions in the implementation of
R&D&I projects in the field of circular economy (data from, among others: the Ministry of
Development Funds and Regional Policy, the Ministry of Agriculture and Rural
Development, the Marshal's Office regarding the implementation of projects under the
financial perspective of European funds for 2014- 2020 and 2021 -2027; National and
Voivodship Fund for Environmental Protection),

- data on gross expenditure on R&D activity in relation to GDP.

The monitoring of the society sector in the development of the circular economy in the region
should consist of analyzing data on the potential for social engagement. These ares are
described above.
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https://airly.org/map/pl/

4.1. Circular Systematic Solutions. Context ofImplementation
Plans of CSSs

41.1. CSS1

The main ideas of CSS1. How to use wood packaging waste and by -products of wood
packaging production and wholesale for boosting regional circular development?

Wood is one of the most common materials used in industry for packaging mainly due to its
versatility, strength, durability, reusability, antibacterial effects, no need of chemical treatments
and theoretical low environmental impacts. Indeed, wood crates, boxes, drums, reels, cages
and pallets are typically used to handle, store, load and transport not only fragile and heavy
goods, like machines and plants, but also products coming from the food sector.

After prolonged use, wood packaging might show defects or damage that make it not
repairable and reusable anymore and, once it becomes unsuitable for its original purposes, it
is usually discarded and disposed of as a waste.

According to CSS1 approach, wood packaging waste is firstly sorted based on its quality. High
guality wood (40% of the wood packaging residues collected) will be reused, refurbished, and
recycled to produce wooden goods. Low quality wood and wooden residues (60%) will be
gasified to produce heat and CQ, (through renewable gas combustion) and char. The
technological core of CSS1 is a biomass gasifier which acts as a polygenerative system,
coupled with a post carbon capture unit for CO,. Indeed, the gasifier is not only designed for
energy purposes, but also to produce valuable goods such as char to be used as pigment/filler
in plastics (as substitute of fossil fuel-based carbon black) or additive for compost and, after
gas combustion, CG to be used for industrial purposes (e.g., foaming agent in the plastic
industry) (Figure 28). This approach allows biomass gasification to be considered as a zere
waste process providing both renewable energy and bio-based products.
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Figure 28: Scheme of the CSS1 technological processes
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CSS1 implementation described above exploits only partially all the opportunities that the
gasification technology could offer.

In fact, in a wider perspective, apart from the production of renewable heat, char and CQ
foreseen by CSS1,the wood gas obtained by the gasification of biomass could be used in
combined heat and power (CHP) systems to provide both thermal and electrical power or
further purified and treated (biologically or chemically) to produce chemicals and synthetic
fuels with a wide spectrum of applications (Figure 29).

=

100 10101110110 0010 111 01100 1000101 01100 11011 100 11010 0010 111 01100 1000101 01100 110101100 101 0101 10 0010 111 01100 1000101 01100 11011 100 11010 0010 111 (g

Furniture
and other Heat and
wooden power
items

100 100 110101 01100 11011100 11010 0010 111 01100 1000101 01100 110101 100 101010110 0010 111 01100 100010101100 1101 LOADING

Grinding
with metals
separation

€02 for

CO2 capture industry

< b a

01100 110101100 110101101 01010110 0010 11101100 1000101 01100 11011100 11010 0010 111 01

Figure 29: Gasification technology potential .
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Data requirements

The application of a circular approach for thevalorization of wood packaging residues allows

the minimization of waste and all the issues related to its management, the preservation of
resources and the reduction of GHG emissionsand for the production of low impact products

such as wooden goods (e.g, furniture), renewable heat, char to be used as compost or as
pigment/filler in the plastic industry, and CO., for the industrial sector. Moreover, citizens could
play an active role in each stage of the valorization chain, increasing their awareness on
sustainability and circular economy, and indirectly benefitting from the environmental

advantages that the CSS will bring.

Ontology of the CSS1

Wood packaging waste includes all the materials deriving from wood items utilized in
transportation, storage and delivery of bulky products that get discarded by their users
because overworn, damaged, or no longer suitable for their intended use. The most common
source item in this space is represented by pallets used inlogistics. Pallets are relatively high-
value products with relatively long lifespans that undergo multiple cycles of reuse, and their
end of life typically involves a recovery of its manufacturing wood material. Such recovery takes
place by grinding the disposed of pallet, separating unwanted materials (e.g., metal parts), and
possibly reducing the material to coarse chips. In cases of highquality residual materials that
get discarded because the users cannot find suitable reuse, the recovery procedure simply
involves reintroducing the as received pallets into a secondary market. From research
conducted within FRONTSH1P (D3.1) and from previous information available to consortium
partners, a picture of high material recovery efficiency emerges relatively to current wood
packaging recycling into secondary markets from data collected on Poland and from a Northern
Italian operator.

Overall, the Polish data point to a national recovery of up to 87% of the wood that enters the

market, while the Italian operator reported a reintroduction of more than 90% of the materials

collected into secondary markets. Such secondary markets include primarily the production of
wooden panels for the construction industry (both as building materials and as ancillary

construction materials) and the use in energy generation (typically in combustion for combined
heat and power or simply for heat generation). The use of more advanced technologies for
energy recovery from the residues of packaging wood recycling processes at the currem
market conditions must primarily involve the exploitation of very low -quality residues that do

not find sufficient remuneration in current secondary markets through their conversion to
industrially relevant energy vectors, such as high-temperature heat and power.

In this context, gasification represents a technological solution potentially suitable for
decentralized exploitation of wood recycling residues that can support local industrial
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operations through energy provision. Gasification relies on the hgh-temperature conversion of
woody biomass to a combustible gas (syngas) that can be valorized in internal combustion
engines to drive power generation while supplying recoverable heat or in conventional boilers
to supply hot water. Full industrial setups rely on the combination of a gasification reactor and
either an internal combustion engine or a syngas fueled boiler. The full process train can either
be supplied by a single manufacturer or purchased from multiple ones. Most commercial
systems intended for combined heat and power production, or solar heat production typically
rely on air gasification technology. Several manufacturers are available in Europe supplying
small-scale solutions that range from tens of kW to less than one MW of power supply
capacity. Project partner Burkhardt (BKT) is one such example. As a fundamental byproduct
of the process gasification generates char, a carbonaceous material with high surface area that
potentially finds a wide variety of applications in existing industrial c ontexts, from the
adsorption of contaminants in liquid and gaseous effluents to the production of soil
OYefO000YasU0aoe=bjUcasagooj OONOOUBYYUBFOYyYSsUSsSad
chemical parameters including specific surface area, hydrocébon and heavy metals
contamination and contamination from other organic compounds.

Post-combustion carbon capture (PCC) is a process relying on the separation of carbon dioxide
from gaseous effluents derived from the combustion of various types of fuels. PCC enables
capturing climate pollutant carbon dioxide while making it available for industrial processes
that require pure CO; as a process fluid. PCC can rely on a set of technologies that include C®
absorption in a liquid solvent via chemical or physical processes as well as on novel
technologies making use of electrochemical systems. Context of FRONTSH1P, PCC will be
implemented as a downstream process integrated into syngas combustion for the separation
of pure CO, from combustion products, which will serve plastics manufacturing processes.

The use of novel technologies for the production of advanced energy vectors from residual
materials addresses the challenges posed by European directives on bolh waste management
(Waste Framework Directive) and renewable energy production (Renewable Energy Directive
Il - RED 1), that, among others, set a target for and overall 32% of renewable energy to be
produced by 2030 specifying clear emissions reduction targets. RED Il poses a 14% renewable
energy target for the transportation sector where 3.5% of the overall energy will have to be
supplied through so-Oj] NN8f 8 mj f o] e O5f 800YyJ g8 Napnej 8fs9y222092
have to be produced starting from residual materials rather than primary feedstocks. Instead,
the Waste Framework Directive introduced the concept of the waste hierarchy, regulating that
any residual materials that cannot be valorized through reuse or materials recovery (recycling)
should be exploited for energy recovery.
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Presentation of the FRONTSH1Paims context

Valorization of wood packaging waste through a CSS is one of the objectives of the
FRONTSH1P. By the development and demonstration of four different CSSs, FRONTSH1P
aims at ensuring a green and justtransition of EU regions, starting from the Lodzkie Regionin
Poland towards decarbonization and territorial regeneration, addressing the current
challenges and needs of the Regiors, transforming them into opportunities for economic
growth, social inclusion, as well as improvement of the quality of life for citizens, reconnection
between the urban and rural context.

The specific objectives of CSS1- a circular approach to wood packaging waste are:

1)  Creation of a new value chain based on wood packaging waste valorization, involving
the whole community and implementing the circular economy approach (refurbishing,
reusing, recycling, energy recovery);

2)  Coupling of biomass gasification for renewable heat generation and post-combustion
capture of CO, towards carbon negative emissions;

3)  Exploitation of char as pigment/filler in the plastic industry or as additive for compost;

4)  Exploitation of CO, as foaming agent in the plastic industry.

CSS1 technology of processing of pallets waste and technology of data processing
context

Technologies relevant to the data collection and processing context include the local
availability of both pre-treatment systems such as wood grinding and chipping, metal
separation, drying and pelletizing, gasification systems, syngas combustion and carbon
capture and separation systems. To this adds a network of engineering and construction
operators that can implement the technologies in real operational contexts of Figure 30.

* *PCA: 16.24.Z - Manufacture of
wooden containers

+ PCA:77.39 - Rental and leasing of institutional
other machinery, equipment and 0 3
tangible goods not elsewhere
classified "

4 OVERARCHING 5

PROCESS i REGIONAL

CIRCULARITY
BOOSTER 2

v

INPUT DATABASE OF
WASTE

code 1501 03 - wooden
packaging

starting point of
technical process

INPUT DATABASES
OF RECYCLERS

PCA: 38.11.Z - collection of
non-hazardous waste

PCAs sugested PCAs sugested
within LCA within LCA

*PCA - Polish
Classification
of Activities
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The CSS1 technology, in context of data processing, is based on four main sources of data:

1)  database related to the waste of pallets (wood packaging residues); this database is
composed of companies dealing with wood packaging waste (recyclers). Here we use
three codes for data processing: waste code, which characterizes of typeof waste
Table 9, Polish Classification of Economic Activities PKD), which characterizes type of
economic activities, gec location, which enables to present the available waste on the
maps (Figure 27).

2)  database related to by-products from the production of pallets (Table 10). Here, we
use two codes for data processing: PKD, which characterizes type of economic activities
with a geo-location, which enables to present the waste on the maps (Figure 26).

3)  database related to by-products from the wholesalers of pallets (Table 11). Here, we
use two codes for data processing: PKD, which characterizes type of economic activities
with geo-location, which enables to present the waste on the maps (Figure 27).

4)  information delivered by the Broker of Circularity.

Table 9 contains the waste code characterizing wooden waste:

- 15 - Packaging waste; sorbents, wiping cloths, filter materials and protective clothing
not included in other groups

- 1501 - Packaging waste (including separately collected municipal waste packaging
waste)

- 150103 - Wood packaging.

Table 9: Database of the pallet waste code

DATABASE OF THE PALLET WASTE CODES

WASTE CODE DESCRIPTION OF CODE

15 Packaging waste; absorbents, wiping cloths, filter materials and protective
clothing not otherwise specified

1501 Packaging waste (including separately collected municipal packaging waste)

150103 W ood packaging

Source: own compilation

Table 10 presents companies from the Lodzkie region, which in the registration documents

also declare activities related to wood packing.

The following columns of the table include: the exact address of the enterprise, NIP, REGON

6ag8PB8¥Uj 1 YOUB a&alys 8o Whpspddarkj Kavodowe - a register kept by the

President of the Central Statistical Office). REGON is also understood as the REGON
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identification number, i.e, a nine-digit identifier assigned to an entity in this register.), indication
whether the PKD code in a specific enterprise defines the predominant activity.

Companies entered into the CEIDG, which, among others, conduct activities characterized by
the PKD code 16.24.Z Prodwction of wooden packaging (manufacture of pallets, box pallets

and other transport packaging, of wood).

Table 10: Database of producers of pallets with PKD and geo-location in the Lodzkie Region (suppliers of by
products)

DATABASE OF PALLETS PRODUCERSIN THE LODZKIE REGION
POLISH CLASSIFICATION ACTIVITY CODE (PKD)16.24.Z

MAIN PRODUCERS (I":'X MAIN
OF SOCL:JSRSC:II.ES FOR ADDRESS DENTIRICATION|  REGON AYcETsl\//'LT(;( CN CODE
NUMBER)

1. Eurobruk 97-225 Ujazd, 7732084856 100532722 No 4415 20 20
0Gu <o0€la z%

2. Sylvia 91-7z77 ®16 01 7282236992 101561884 No 4415 20 20
ul. Traktorowa 63

3. | Tartacznictwo i 96-200 Rawa 7731008793 | 590165669 No 4415 20 20
Unji t R61T U &I Mazowiecka,
Lech Bojdo ul. Jana Sobieskiego 143
4. | Trans-Fer 95-080 Tuszyn, 7261635149 | 471313151 No 4415 20 20
oGu ~“Ainegzal
5 |dZT Wl o (Kangilil 97-310 Moszczenica, 7712614819 100824643 No 441520 20
Bajerowski Jarosty,
QGu ~ZAT B
6. | Salopak 99-Bz ¢ <RADY1| 8341579181 750717869 No 4415 20 20

ul. Piaskowa 3A

7. | Joma 97-2ss RZ3Iel € 7711801092 100150630 No 4415 20 20
Trybunalski,
ul. Zalesicka 153

8. | Tamtam Marcin 95-080 Tuszynek 7712324174 101568969 No 4415 20 20
GifuszalezZ | Majoracki,
0Gu £71 0Ff &RGI

9. |lalTaéid 96-? 2 ? AaR(Gn1al 8351017349 750238577 No 4415 20 20
ul. Rylsk 46
10. | Agromal-bis 98-200 Chaojne, 8272089159 731654483 No 4415 20 20

PI P RWT Baldwaki o Gy eAsnRNOFr

Source: own compilation
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Table 11 presents enterprises entered into the CEIDG, which, among others, conduct activities

characterized by the PKD code 77.39.Z Rental and leasing of other machinery, equipment and

tangible goods, not elsewhere classified (pallet rental).

Table 11: Database of rental and leasing of pallets companies inthe Lodzkie Region

RENTAL AND LEASING OF PALLETS DATABASE IN THE LODZKIE REGION

POLISH CLASSIFICATION ACTIVITY CODE (PKD): 77.39.Z

MAIN PRODUCERS

(TAX
Of SOSSRSCES FOR IDENTIFICATION
NUMBER)
1. |Alte- Motorrad Maria |93-Bzs ®1 6 U [ 7291417960 362503717 No 4415 20 20
Lenk-Berger ul. Pabianicka 130,
2. | APl Bartosz Walczak [95-s Es aNnZR®© 9471540338 472315956 No 4415 20 20
oGu wugTulnT
3. |<ZZARTZ T72n9-zss DNnI 14a 7321832920 473268331 No 4415 20 20
£1 1 GzexaUe Z Wielka,
0Gu £3IIDNZRGr
4. | Budomal 90-AB? ®160( 7281237038 | 471370893 No 4415 20 20
0 Gu EAl®RN225 1
5. DrGe: &l 6xU9-SEs ! GREUT| 9471768107 | 470982447 No | 441520 20
DxGzeUc?Z ®16F ez
ul. Warszawska 70,
6. |EltimT.B 92-sz A ®160( 7291186348 100879029 No 4415 20 20
ul. Zaspowa 22/24
7. |LagQl j 1StasidkA|l 99-307 Strzelce, 7752438866 100253778 No 4415 20 20
Karolew 9
8. | Granit-System 97-gz b8 ~ T UAza|l 7722117583 365545372 No 4415 20 20
gl FRGNDR ~ 1A
9. Hoss-Trans 95-080 Tuszyn, 7711388344 472938284 No 4415 20 20
0Gu <IfRFfzel
10. | IS InstalSerwis 95-080 Tuszyn, 9471004953 100813823 No 4415 20 20
ul. Rzgowska 1
Source: own compilation
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Table 12 presents companies entered into the CEIDG, which, among others, conduct activities
characterized by the PKD code 38.32.Z Recovery of raw materials from segregated materials
(sorting and granulating plastics to obtain secondary raw materials for the production of pipes,
flowerpots , pallets, etc.).

Table 12: Database of recovery of wooden material companies inthe Lodzkie Region

RECOVERY OF RAW MATERIALS FROM SEGREGATED MATERIALSDATABASE IN THE LODZKIE REGION
POLISH CLASSIFICATION ACTIVITY CODE (PKD): 38.32.Z

MAIN PRODUCERS (I,I:Ix MAIN
OF sog;e;:llzs FOR ADDRESS DENTIRICATION|  REGON Af;’é\//lil'g( CN CODE
NUMBER)

1. | Auto-Complex 95-s2s arldlal 7og0077560 | 472273666 No | 44152020
=77 ORUBDN RE

2. | Rolmech 99-416 Bednary, 8341526724 | 100782880 No 4415 20 20
0Gu Zs RoAE!

3. |Oimat 9-Bss ®2aZNTF g3s1161725 | 750045967 No 4415 20 20
DNhE€EZAaZNR5 e

4. | Petaso 97288 RZz&@l & 4719553818 | 592254549 No 4415 20 20
Trybunalski,
0Gu j0GZoUF |
303

inzs 9?8 BZI@I € 7715907384 | 384073820 No | 441520 20
pbUAQlGZaR é& Trybunalski,
ul. Belzacka 97B

6. | FHU Fagen 99-300 Kutno, 7751040920 | 100853751 No 4415 20 20
Krzesin 1
7. | Ramilla 99-Bs s ®2aZNDT g3u1504996 | 750780193 No 4415 20 20
“T AU NR
8. |Center Office Buro 90?87 ®1 6 U 7271505997 | 100672682 No | 44152020
Doradztwa 9Gu <I1fRUnI
Inwestycyjnego
CTTRWE 1T g
9. | KKR-Recykling 9B-svstLarnU&l n 7571805357 | 100773561 No 4415 20 20
®16F €7
ul. J.Kochanowskiego
71
10. |ABC-Ei67 sanz99BZE <ZGZUWY gagopo7824 | 750118755 No 4415 20 20

- Zbigniew Siekiera £UUT-EQR32

Source: own compilation
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Table 13 presents companies entered the CEIDG, which, among others, conduct activities
marked with the code PKD 38.11.Z Collection of non-hazardous waste.

Table 13: Database of recyclers of pallets waste with PKD and geo-location in the Lodzkie Region

NON-HAZARDOUS WASTE DATABASE IN THE LODZKIE REGION
POLISH CLASSIFICATION ACTIVITY CODE (PKD): 38.11.Z

TIN
MAIN PRODUCERS OF (TAX
SOURCES FOR CSS1 ADDRESS IDENTIFICATION RECON CNCODE
NUMBER)
1. | Fagus 91-AsB ®16U0J 7261060045 100201942 38.11.
ul. Stasia 11

2. | Roboty drogowe i ziemne. 97-220 Rzeczyca, 7731352645 591885383 38.11.
bUAoGZ WI UFY ni Glina36
drogowymi Mariusz Szulc

3. | Tamak 98-331 Nowa 5741432451 592092242 38.11.
<IT #ROnZNI
£xnUe&ina&inyé

4. | Torbud 932 7 F ®16U0J 9820304399 100558590 38.11.
ul. Torowa 12

5. | Rolmech 99-Bz A +*ZRnz3I1| 8341526724 100782880 38.11.
Bednary,
0Gu Zs ROoAEC

6. |FirmaUUA o (i Kamil 97-310Jarosty, 7712614819 100824643 38.11.

Bajerowski QGu ~ZAT E

7. | Petaso 97-2ss RZI&l € 7712253818 592254549 38.11.
Trybunalski,
QGu j0GZoUFT
303

8. | Staks 97-2ss RZI&l € 7712907384 384073820 38.11.
Trybunalski,

ul. Belzacka 97B

9. IRTFPR6UZUNZT U&4a99-300+%XaR &1 q 7751028333 610167618 38.11.
WZ RGZnl IEgkitabadR

10. | Center Office Biuro 90-303®1 6 U,[ 7271505997 100672682 38.11.
Doradztwa Inwestycyjnego |0 Gu <1 FmRLNT
JremaMi T g1 eU€E 7z

Source: own compilation
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Table 14 presents companies entered into the CEIDG, which, among others, conduct activities
marked with the PKD code 46.73.Z Wholesale of wood, construction and sanitary materials.

Table 14: Database of wholesalers of pallets with PKD and geo-location in the Lodzkie Region (suppliers of by
products)

DATABASE OF SELLERS OF WOOD AND CONSTRUCTION AND SANITARY MATERIALS IN THE LODZKIE
REGION
POLISH CLASSIFICATION ACTIVITY CODE (PKD): 46.73.Z

(TAX
IDENTIFICATION
NUMBER)
1. Trans ¢ Kop 61, 95-080 Tuszyn, 7711106498 590392655 No 46.01.
ue 2R0OT nT TR
61
2. |t 1 a alé6z/91-2722 ®16U( 9471194103 471992933 No 46.01.
Stefaniak ul. Morgowa 9
3. | Ania 95-080 Tuszyn, 7711639220 100338345 No 46.01.
Modlica 96
4. | Alte- Motorrad 93-Bzs ®16U0J 7291417960 362503717 No 46.01.
ul. Pabianicka 130
5. |Anga 98-200 Sieradz, 8271354501 731658334 No 46.01.
ul. POW 64a
6. | Architektura formy 90-EAg ®16U0J 7251035620 473238287 No 46.01.

T Guv EALENZT

7. Armet 99-107 Daszyna, 6661486439 101522157 No 46.01.
®QnNnnz As

8. Biurokreacja 95-s Es ! GReUT 7291396382 473085760 No 46.01.
®16F€Z(
Q Gu i 1 fFRUT
5

9. Udomal 90-AB? ®1 60 7281237038 471370893 No 46.01.
uLWAlERZTT Y
221/225

10. | Dam ¢ Dach 98-?7 Es HAINFF 8272186879 101263448 No 46.01.

ul. Lututowska 2

Source: own compilation

Data on wood waste producers was obtained using open online databases. After entering the
right keywords, the PKD database this database allow s identifying activity codes related to
wood and pallets.
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The available search criteria allow companies to be searched using filters. For the purposes of
the project, companies with a pre-defined PKD code were selected. The search area was
narrowed down to the Lodzkie Region. Unfortunately, the search engine does not offer the
possibility of sorting the search results. Therefore, it is not possible to rank the companiese.g,
from the largest to the smallest or according to turnover. Moreover, it is not possible to enter
the PKD code of interest as the main PKD cde of the entities searched for.

The companies, listed in tables 10-14 are an example and a test case showing that the RCBT
has large potential of merging stakeholders to initiate beneficial collab oration.

Benefits of implementing a data processing system addressing the underused potential of
wood packaging for the development of circularity in the Lodzkie Region and replication
regions.

Fundamental benefits relevant to data collection and processing include the following broad

indices:

- Reduced waste generated/increased materialvalorization efficiency;

- Reduced waste management costs for regional operators

- Reduced consumption of fossil energy vectors (e.g., hatural gas or coal) and related
savings;

- Reduced GHG emissions from energy generation for the industry

- Replacement of fossil-based materials with bio-based ones (e.g., pigments/fillers for
the plastic industry);

- Increaseawareness on the valorization potential of wood packaging waste .
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41.2. CSS2

Waste collection, treatment and their disposal cause environmental pressures i.e.,greenhouse
gases (GHG) and other air pollutant emissions and emissions to water and soil and threatens
biodiversity through littering. Environmental impacts of waste depend largely on the amount
and characteristics of the waste as well as its management. In addition to direct impacts from

waste management, generation of waste is generally a sign of awaste of resources, with the

associated environmental impacts of resource extraction and use.The shift from landfill to

more recycling and recovery that has taken place in many countries for anumber of waste

streams in the last 10015 years has clearly reduced the pressures of waste on the
environment.

If a wider perspective is taken, which includes the GHG emissions avoided by replacing virgin
materials with recycled materials and by using recovered waste instead of fossil fuels for
energy supply, the environmental benefits of better waste management are even higher [61].
Different waste or by-products (i.e, sugar-rich streams (fruits) and cooking oils), especially
from industrial sources, could be valorized in moder biorefineries as biobased inputs for the
creation of new materials, in substitution of virgin biobased feedstocks [62]. This approach will
reduce GHG emission linked to virgin material production (vegetable oils, sugars) and also
partially reduce the impact related to waste management. Often those by-products are already
collected and used for the production of low value product (ing redient in animal feed, biogas
production etc.), but within CSS2 we believe that modern biorefineries could have the
possibility to increase the added value of those products before those wastes/by-products
goes transferred for their actual use, recoveringfrom them new valuable feedstock.

The issues related to the valorization of this kind of biobased feedstocks are mainly related to
the seasonality of the products, purity, valuable products concentration, contamination,
stability and conservation of the feedstock and therefore the logistics related to its recovery.
But the valorization of the feedstock could allow biorefineries to diversify material origin and
better adapt to market price changes.

Whitin biorefineries biobased feedstock derived from waste and byproduct could be used,
following a fully circular approach, to produce certified biodegradable and compostable
bioplastic for Organic Fraction Municipal Solid waste collection. Those certified product [63]
could allow the collection of organic waste in material that in industrial composting condition

completely biodegrades returning to soil as biobased material, allowing the production of
high-quality compost. Produced compost could then be used as organic soil improver and
fertilizers in marginal lands. Those recovered lands could allow the production of low impact
vegetable oils that can enter biorefineries for the production of biolubricants. Scheme of the
CSS2 technological processes is given inFigure 31.
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An important issue to perform this closed cycle is related to the implementation of efficient

and organized waste collection systems in order to avoid material contamination of non-

compostable material in organic compost (such as: plastic and micro plastics, metals, glass
etc.). Therefore, a clear legislative programmingas well as appropriate data processing system

Figure 32 should be implemented in order to organize and define territorial approach based on

local and local characteristics.
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Ontology of the CSS2 technology

Agro-industrial wastes - materials obtained as wastes from the agricultural field and
agriculture-related industries from various processes such as the production of agricultural
outcomes such as fruits, meat, vegetables, dairy products, etc[64].

Biodegradability - The ability of an organic substance to turn into simpler substances through
the activity of micro-organisms (biodegradation). If the biodegradation process is complete, the
organic substance is converted entirely into simple molecules: water, carbon dioxide, methane
and new biomass [65].

Biolubricant - The term biolubricants applies to all lubricants, which are both rapidly
biodegradable and non-toxic to humans and other living organisms, especially in aquatic
environments [66].

Bioplastic - Biodegradable and/or bio-based plastic [65]

Biorefineries - Biorefining is the sustainable processing of biomass into a spectrum of bio
based products (food, feed, chemicals, materials) and bioenergy (biofuels, power and/or heat)
[67]

By-products - A secondary product from the industrial production of other products, that are
economically less important than these [65].

Compostability - The property of biodegradable organic matter (food and grass cuttings,
manure, some types of bioplastic, etc.) of being converted into compost incomposting plants
[65].

Compost - The result of bio-oxidation and humification of a mixture of organic materials (for
example, plant cuttings, kitchen scraps and gardening waste, such as leaves and grass
cuttings) by macro and micro-organisms in the presence of oxygen. The compost is used as a
nutrient for farmland [65].

Marginal lands - Farmland that is not used for agricultural purposes, unproductive for economic
or social reasons, located in areas characterized by natural disadvantages, in mountain areas
or other but which could be used for agricultural purposes through the intervention of means
normally available from the farm. They are usually referred to in different terms: unused,
degraded, insufficiently used, uncultivated, desolate and abandoned. Fallow land (land
included in the crop rotation system but temporarily uncultivated, worked or not, which does
not provide any harvest for the entire duration of the agricultural year) is excluded [65].
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OFMSW - The fraction of municipal waste consisting of food scraps and grass cuttings or
animal waste that comes from domestic or industrial sources [65].

Speciality crops 6 Fruits and vegetables, tree nuts, dried fruits and horticulture and nursery
crops, including floriculture, and can be defined as intentionally cultivated plants. Wild plants
are not considered specialty crops even though they may be used for the same purpose as
cultivated plants [68].

CSS2 technology in context of the FRONTSH1Paims

The main goal of the CSS2 is to develop methodology and toolkits to support the regional
transition to a more circular economy, promoting the use of various types of local sources of
waste as raw materials.

The CSS2, strictly interconnected with other CSSs, has key innovations in:

- CO:; assisted pre-treatment of agro-industrial waste combined with biotechnological
treatments for the obtaining of Free Fatty Acids (FFAs) as component for foaming
biomaterials;

- Establishment of innovative oil crops cultivations (i.e, sunflower, milk thistle) in marginal
and abandoned agricultural areas to obtain vegetable oils that can be transformed in
biodegradable biolubricants, insulating materials and locally available animal feed
supplements formulations;

- production of biobased building blocks (diols and dicarboxylic acids) from second
generation feedstock (from regional agro-industrial waste rich in sugars) for the
formulation of new compostable bioplastics (compostable bags for OFMSW
collection).

Input database of waste, depicted in Figure 32 is presented Table 15, which contains waste

codes characterizing waste from:

- group 02: waste from agriculture, horticulture, hydroponics, aquaculture, forestry,
hunting and fishing, food preparation and processing (30 types of waste from
subgroups: 02 01, 02 03, 02 04, 02 05, 02 06 and 02 07);

and subgroups:

- 02 01 - Waste from agriculture, horticulture, hydroponics, forestry, hunting and fishing

- 02 02 - Waste from the preparation and processing of food products of origin

- 02 03 - Waste from the preparation and processing of food products and stimulants
and waste of plant origin, including waste from fruit, vegetables, cereal products,
edible oils, cocoa, coffee, tea, as well as the preparation and processing of tobacco,
yeast and the production of yeast extracts, preparation and fermentation of molasses
(except 02 07)

- 02 04 - Waste from the sugar industry

95

E +YZU0 nji 2gRN& YT U TRNRZARG6 UonézZnid Ul zW &YR Lol ZnRin pnZznfmUentNoll@l637081 ? s ? s



- 02 05 - Waste from the dairy industry

- 02 06 - Waste from the baking and confectionery industry

- 02 07 - Wastes from the production of alcoholic and non-alcoholic beverages
(excluding coffee, tea and cacoa)

Table 15: Database of waste codes for CSS2

WASTE CODE DATABASE FORCSS2

WASTE CODE DESCRIPTION OF CODE

02

02 01

020101
02 01 02
020103
02 01 04
02 01 06
02 01 07
02 01 08*
02 01 09
020110
020181

02 01 82
020199
02 02

02 02 01
02 02 02
02 02 03
02 02 04
02 02 81

0203

W aste from agriculture, horticulture, hydroponics, aquaculture, forestry,
hunting and fishing, food preparation and processing

Waste from agriculture, horticulture, hydroponics, forestry, hunting and
fishing

Wash and cleaning residues

Waste animal tissue

Waste plant mass

Plastic waste (except packaging)

Animal waste

Wastes from forestry

Agrochemical waste containing hazardous substances

Waste agrochemicals other than those mentioned in 02 01 08
Metal waste

Dead animals and waste animal tissue representing specified and high risk
material other than those mentioned in 02 01 80

Dead animals and slaughtered out of necessity

Other waste not specified

Waste from the preparation and processing of food products of origin
Waste from washing and preparation of raw materials

Waste animal tissue

Raw materials and products unsuitable for consumption and processing
Sludge from in-house sewage treatment plants

Waste animal tissue constituting specified and high -risk material, including
waste from the production of meat and bone feed other than those
mentioned in 02 02 80

Waste from the preparation and processing of food products and stimulants
and waste of plant origin, including waste from fruit, vegetables, cereal
products, edible oils, cocoa, coffee, tea, as well as the preparation and
processing of tobacco, yeast and the production of yeast extracts,

preparation and fermentation of molasses (except 02 07)
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02 0301

02 03 03
02 03 04
02 03 05
02 03 80

020381
02 03 82
02 03 99
02 04

02 04 01
02 04 02
02 04 80
02 05

020501
02 05 02
02 05 80
02 05 99
02 06

02 06 01
02 06 03
02 06 80
02 06 99
02 07

02 07 01
02 07 04
02 07 05
02 07 80
02 07 99

Source: own compilation

Sludges from washing, cleaning, peeling, centrifugation and separation of
raw materials

Extraction waste
Raw materials and products unsuitable for consumption and processing
Sludge from in-house sewage treatment plants

Pomace, sludge and other waste from the processing of plant products
(except 02 03 81)

Waste from the production of plant feed

Tobacco waste

Other waste not specified

Waste from the sugar industry

Sludge from beet cleaning and washing

Non-normative calcium carbonate and sugar chalk (defection lime)

fruit remnants

Waste from the dairy industry

Raw materials and products unsuitable for consumption and processing
Sludge from in-house sewage treatment plants

Waste whey

Other waste not specified

Waste from the baking and confectionery industry

Raw materials and products unsuitable for consumption and processing
Sludge from in-house sewage treatment plants

Useless to use food fats

Other waste not specified

Wastes from the production of alcoholic and non -alcoholic beverages
(excluding coffee, tea and cocoa)

Waste from washing, cleaning and mechanical grinding of raw materials
Raw materials and products unsuitable for consumption and processing
Sludge from in-house sewage treatment plants

Pomace, must and fermentation sediments, decoctions

Other waste not specified

The following columns of the table contain: the exact address of the company, NIP, REGON.

REGON is also understood as the REGON identification number, i.ea nine-digit identifier

assigned to an entity in this register), indicathg whether the PKD code in a specific enterprise

determines the dominant activity.
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Table 16 presents companies enteredthe CEIDGdatabase, which, among othersthey conduct
activities marked with the PKD code 01.19.Z Other non-perennial agricultural crops.

Table 16: Database of plant production companies inthe Lodzkie Region

DATABASE OF PLANT PRODUCERS IN THE LODZKIE REGION
POLISH CLASSIFICATION ACTIVITY CODE (PKD): 01.19.Z

MAIN PRODUCERS e MAIN
o SOEE;ES FOR IDENTIFICATION AYCETSI\//|\I|T0Y
NUMBER)

1. | Fatima %-zss ®160U 8341586459 | 750812639 No 12.07.
Miedniewice 25

2. | Inter-Kell 95-060 Brzeziny 7272449060 100007803 No 12.07.
ul. Strykowska 1

3. | Elkon 95-047 Brzeziny 8331365811 101720360 No 12.07.
Lubiska-Kolonia 10

4. Brad 98-zss ®160 8311497165 731625808 No 12.07.
ul. Sienkiewicza 23

5. | 3MP 97-220 Rzeczyca 7732389076 101027647 No 12.07.
Sadykierz 18

6. | Adamczyk 97-B? Y HRG{ a/ [ 7691751906 101055052 No 12.07.
®Ingod6f ZNR B

7. | Adex 95-039 Sokolniki-Las 7321501169 472152514 No 12.07.
0Gu £1 1GXaRg

8. | Adkar 92-Bs? ®160U 7282250590 101670946 No 12.07.
0Gu HIEAT 6X¢

9. | Emilka 95-s2 Y i =1 €1| 7322000216 | 380812605 No 12.07.
ul. Zgierska 9

10. | Adrian Dawidowicz 93-Bgb ®160] 7292638261 101490434 No 12.07.

ul. Franciszka Plocka 15

Source: own compilation
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Table 17 presents companies entered into CEIDG, which, among others they conduct activities
marked with the PKD code 10.13.Z Manufacture of meat products, including poultry meat
products.

Table 17: Database of meat processing companies inthe Lodzkie Region

MEAT WASTE BASE
POLISH CLASSIFICATION ACTIVITY CODE (PKD): 10.13.Z

MAIN PRODUCERS (;IA’\IX MAIN
OF SOlCJSRéllES FOR ADDRESS IDENTIFICATION Af;’sl\lll\IITOY CN CODE
NUMBER)
1. | Luxor 94-2z AN ®1 6 01 7270005146 004287205 No 16.01.
u.HT €BU &
2. |[AT €AT 6 BT f R 26-340 Drzewica, 7991508920 385889802 No 16.01.
~zuUnRdz T60TTT zz!
3. | Euro- Sak 97-217 Lubochnia, 7731695049 590723589 No 16.01.
Olszowiec 63A
4. | Truck partner 95-047 Brzeziny 8331365811 101720360 No 16.01.
Lubiska-Kolonia 10
5. | Adkar 92-Bs? ®16U 7282250590 101670946 No 16.01.
0Gu HIEAT 6X¢
6. | Emilka 95-s2 4 WP I €1 7322000216 380812605 No 16.01.
ul. Zgierska 9
7. | Adrian Dawidowicz 93-B¢gd ®1 6 01 7292638261 101490434 No 16.01.
ul. F. Plocka 15
8. | AGJ 99-232 Zadzim, 7261724930 472266360 No 16.01.
Chodaki 29
9. |[HT €AT 6 njl 2697223 <U6E714a 7732233405 592265553 No 16.01.
al6GZn ] njZ & Remiszewice 5
wzuU
10. | Masarnia 26-2 27 @éAT anzx 7681729331 364605623 No 16.01.
HINDY=ZTfl14a zid

Source: own compilation
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Table 18 presents companies entered into CEIDG, which, among others they conduct activities
marked with the PKD code 10.91.Z Production of finished feed for livestock.

Table 18: Database of meat feed production companies inthe Lodzkie Region

BASE OF WASTE FROM MEAT FEED PRODUCTION
POLISH CLASSIFICATION ACTIVITY CODE (PKD): 10.91.Z

MAIN PRODUCERS (I,IANX MAIN
NO.| OF SOgnglES FOR ADDRESS IDENTIFICATION A\SSSIX\IB( CN CODE
NUMBER)

1. | Rolmech 99-416 Bednary, 8341526724 100782880 No 23.01
o0Gu 7Zs RoAE

2. | Abbapol 90-307 ®1 6 U 8941631085 931083838 No 23.01.
ALl RZAUQ6UE

3. | Abo-tech 96-100 Skierniewice, 8361852929 367818970 No 23.01.
ul. J.Zamoyskiego 31

4. | Emilka 95-s 2 ¥ vt I1 € 7322000216 380812605 No 23.01.
ul. Zgierska 9

5. | Adrian Dawidowicz 93-Bgd ®16U0J 7292638261 101490434 No 23.01.
uLF.RAZNET

6. | Agro 97-318 Czarnocin, 7730003635 590428057 No 23.01.
eAlanl zAs

7. | Agro-car 98-300 Ruda, 5761414255 160088203 No 23.01.
0Gu dGszizie

8. | Agro-Invest Poland 99-Bss ®IaZzZntf 8341515873 100238448 No 23.01.
Bratkowice 14

9. | Agropasz 98-313 Konopnica, 8321982376 100834713 No 23.01.
Anielin 1

10. | Agrox 98- ss EZRGo € 8322023293 | 100607957 No 23.01.
Sieniec 1D

Source: own compilation
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Table 19 presents companies enteredinto CEIDG, which, among othersthey conduct activities
marked with the PKD code PKD 10.81.Z Production of sugar.

Table 19: Database of sugar production companies inthe Lodzkie Region

BASE OF WASTE FROM SUGAR PRODUCTION
POLISH CLASSIFICATION ACTIVITY CODE (PKD): 10.81.Z

MAIN PRODUCERS (TAX MAIN
Of SOLCJSRSC:LES FOR IDENTIFICATION A\?I;I—SI\I/I\II-I(—)Y
NUMBER)

1. | Adkar 92-Bs? ®160 7282250590 101670946 No 17.01.
QGu HIEATG6Z

2. | Emilka 95-s2 4 WP sl € 7322000216 380812605 No 17.01.
ul. Zgierska 9

3. | Adrian Dawidowicz 93-B¢gbd ®1 6 01 7292638261 101490434 No 17.01.
ul. F. Plocka 15

4, |HT EAT 6 =0&€7Z92-BEs ®1 60 | 7280127081 470040780 No 17.01.
ul. Byszewska 4

5. | Arkadiusz Balcerowiak |98-160 8 1 6 F Z Rq| 8942751466 387602414 No 17.01.
Grabno 7a

6. | Atmmg 92-Fs? ®160] 7272362057 101810442 No 17.01.
u.<T ? RFZOUET

7. | Awero 91-¢ 73 ®1 60 | 7251098514 365880136 No 17.01.
ul. Z. Czarnego 10

8. [<TT&@AZWZRq |92-B27 ®16U0U | 7731067548 590747644 No 17.01.

Musielewicz Master ul. Ketlinga 23

9. | Bioever 95-s s A <1 1 qn| 7281714751 471633743 No 17.01.
RT ANFRaA AR

10. | Eko-Plan 97-Bss <RADNDY| 8321743507 592042209 No 17.01.
“Uu DIGNZGC
229/9

Source: own compilation
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Table 20 presents companies entered into CEIDG, which, among others they conduct activities

marked with the PKD code 10.51.Z Milk processing and cheese making.

Table 20: Database of dairy processing companies inthe Lodzkie Region

DAIRY PROCESSING COMPANIES
POLISH CLASSIFICATION ACTIVITY CODE (PKD): 10.51.Z

MAIN PRODUCERS (I'I:lx MAIN
OF SOURCES FOR ADDRESS IDENTIFICATION A\SSSIX\IB( CN CODE
NUMBER)
1. | Adkar 92-Bs? ®160( 7282250590 101670946 No 04.06
0Gu HRIEATG6Z
2. | "EMILKA" 95-s 2 Y WP I1 €| 7322000216 380812605 No 04.06
Zgierska, nr 9
3. | Adrian Dawidowicz 93-B¢gyg ®160( 7292638261 101490434 No 04.06
ul. Franciszka Plocka
15, lok. 4
4. | AGALO 95-006 Bukowiec, 7251890673 365840020 No 04.06.
ul. Nowa 16
5. | Agma 99-Bss ®IazZn| 8341742416 101154831 No 04.06.
ul. A. Mickiewicza 12
6. 90-F2 F ®160 7272826924 369672311 No 04.06.
ALE JAJCARZ 0Gu éuv TRIZ
lok. 13
7. | Top Green 97-545 Gomunice, ul. 8271964961 731492508 No 04.06.
Wojska Polskiego 86
8. | Artegon 94-7zE ®160( 7272613766 100540845 No 04.06.
ul. Krzemieniecka 20A,
lok. 48
9. | Atmmg Solutions 92-Fs? ®160] 7272362057 101810442 No 04.06.
< PRFZOUET
10. | Awero 91-¢g?23 ®160( 7251098514 365880136 No 04.06.
ul. Zawiszy Czarnego
10
Source: own compilation
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Table 21 presents companies entered into CEIDG, which, among others, they conduct activities
marked with the PKD code 10.71.Z Bread production; production of fresh pastry products and
biscuits.

Table 21: Database of bread production companies in the Lodzkie Region

WASTE BASE FROM BREAD PRODUCTION AND FRESH PASTRY AND BISCUIT PRODUCTION
POLISH CLASSIFICATION ACTIVITY CODE (PKD): 10.71.Z

TIN
MAIN PRODUCERS (TAX MAIN
OF SOURCES FOR ADDRESS IDENTIFICATI ACTIVITY CN CODE
CS2 ON YES/NO
NUMBER)
1. | Bioveri 95-z ss DNnNIT | a| 7321832920 | 473268331 No 19.04.
Wielka,
WESGNZRGNIT
2. | Kremiko 95-200 Pabianice, 7311820648 | 524036593 No 19.04.
ul. Morwowa 10
3. | Piekarnia- Cukiernia | 97-340 Rozprza 7281517826 100981740 No 19.04.
Niechcice Niechcice,

u.=fuU0&eInNnYsa

4. | Gredka 97-2ss RZ3Iel € 7712519305 | 100724491 No 19.04.
Trybunalski,
oGu ju érxzal

5. | Trojanka 97-B74Y HRG] af 7691845205 | 100977832 No 19.04.
0Gu RIfniele

6. |4user 9122z ®160 7262281848 362212813 No 19.04.
u.ks.é @l nZUAT a
<iftl10€z 2¢
7. IRZRET T NnZ1 &99-zss ®UNFT N 7750010472 | 610040705 No 19.04.
ETUOWZRI NET €¥RUONZNT T AT
8. | Ab Art Pracownia 91-23 ®16U 7261723209 | 472254634 No 19.04.
Reklamy ul. Brzeska 11
9. | Piekarnia Rustykalna [99-z ? s R Z N &R €| 7282123609 100713323 No 19.04.
Piekary 14
10. | Adam 95-s B £ U1 a RT|9471296743 | 100106037 No 19.04.
ul. Zachodnia 36
Source: own compilation
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Table 22 presents companies entered into CEIDG, which, among others, they conduct activities
marked with the PKD code 11.07.Z production of non-alcoholic beverages; production of
mineral waters and other bottled waters.

Table 22 : Database of soft drinks production companies inthe Lodzkie Region

WASTE BASE FROM PRODUCTION OF SOFT DRINKS AND PRODUCTION OF MINERAL WATERS AND
OTHER BOTTLED WATERS
POLISH CLASSIFICATION ACTIVITY CODE (PKD): 11.07.Z

MAIN PRODUCERS (TAX MAIN
OF SOlCJSSCZES FOR IDENTIFICATION Afgsl\//l\IITOY
NUMBER)
1. | Emilka 95-s2 4 WP sl € 7322000216 380812605 No 22.02.
ul. Zgierska 9
2. | Adrian Dawidowicz 93-Bg” ®160 7292638261 101490434 No 22.02.
ul. Franciszka Plocka
15
3. | Agnieszka Dadusz 98-zss ®1 0¢ 7651103673 731505168 No 22.02.
£3nilin B¢
4. | Alantoni 93-yz3 ®16U 7262501356 100889708 No 22.02.
oGu ~1Ti4Gzad
5. | Andre 90-As 3 ®1 60| 7292029711 386011496 No 22.02.

ul. Andrzeja Struga 11

6. | ATA 26-2 27 @Al an 7681004444 590396676 No 22.02.
ul. T. Chachulskiego 3

7. | Artegon 94-z7 7z ®16 01 7272613766 100540845 No 22.02.
ul. Krzemieniecka 20A

8. | Atmmg Solutions 92-Fs» ®1 60U [ 7272362057 | 101810442 No 22.02.
0Gu <IFfRFPFZE

9. | Awero 91-¢?23 ®1 60U 7251098514 365880136 No 22.02.
ul. Zawiszy Czarnego
10

10. (<T T @A ZWZRqQ 90-ABs ®1 66U | 7681681274 101313933 No 22.02.
oGu ?¢ ROAE
Kaniowskich 45

Source: own compilation
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Table 23 presents companies entered into CEIDG, which, among others, they conduct activities
marked with the PKD code 56.10.A Restaurants and other permanent catering establishments.

Table 23: Database of restaurants inthe Lodzkie Region

DATABASE OF RESTAURANTS IN THELODZKIE REGION
POLISH CLASSIFICATION ACTIVITY CODE (PKD): 56.10.A

TIN
MAIN PRODUCERS (TAX MAIN
OF SOURCES FOR ADDRESS IDENTIFICATI ACTIVITY CN CODE
CS ON YES/NO
NUMBER)

1. | Gastronomia 95-szY eAZanZ 7331214508 | 471690557 No 56.10.
£72GZzeUEZRiGX

2 | Kamienica 95-s 7Y eAXanZ 7331278075 | 521100072 No 56.10.
ul. Targowa 76

3. |Konrad 92-Bz? ®1 60 | 7282572431 | 100560902 No 56.10.
oGu azeznzel

4. | Mard - Pol 95-s Es | GRE UT| 9471295979 | 472329533 No 56.10.
®16F€Z(
ul. Targowa 22

5 |AB 94-75s3 ®160 7272477091 | 472958298 No 56.10.
ul. Pienista, nr 2

6. |Abra 93-BgF ®1 60U | 6581797580 | 292855005 No 56.10.
ul. Eugeniusza 22A

7 | Actes 91-27z 72 ®1 60U | 7261800861 | 472235944 No 56.10.
ul. Wersalska 47/75

g. | Monter 98-72 4 < AT UFf € 8271931453 | 731653294 No 56.10.
<zT1TUAT AaZNR

9. Mussana 95-070 Antoniew, 7260250140 471736555 No 56.10.
oGu éArzaziel

10 €€ GRnj UnjzU0V|95-s2» 8 WP =1 €1|7321260412 | 471984856 No 56.10.
Kupiecka 14

Source: own compilation

CSS2data needs and data processing

- List of agro-industrial transformers working in the region that deals with high sugar
content products (Fruits, cereals, sugar beet, etc.)

- List of agro-industrial companies using high quantity of high oleic oil for fried products
(industrial producers of potato chips, producer of fried products in industrial plants, etc.)

- List of by-products and waste codes for the products identified before.
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- Estimation of production and current processing of these products at national level in
Poland.

- Number of citizens in the regions,

- Number of households

- Perspectives in terms of polish current and future legislations regarding waste
collection.

Contexts of the benefits for the Lodzkie Region and thereplication region

- Fundamental benefits relevant to data collection and processing include the following
broad indices:

- Reduced waste generated/increased materialvalorization efficiency;

- Reduced waste management costs for regional operators related to reduced volumes of
unsorted waste;

- Reduced GHG emission from the substitution of virgin material with waste valorization
feedstocks;

- Production of energy through anaerobic digestion of organic fraction municipal solid
waste;

- Production of valuable compost reusable in agriculture from the management of organic
fraction municipal solid wastes;

- Reduced GHG emissions from energy generation;

- Replacement of fossil-based materials with bio-based ones (e.g., biolubricants;
fertilizers, bags for waste collection);

- Increase of awareness on the valorization potential of final biodegradable and
compostable products;

- Increased revenues for local farmers thanks to thevalorization and use of non-productive
lands;

- Territorial regeneration thanks to the cultivation of new crops in marginal lands and
thanks to the use of high-quality compost as remediation strategy.
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41.3. CSS3

How to use wastewater and flue gases as feedstock for microalgae biomass for
boosting regional circular development?

Wastewater is the water leftover (used water) after being used in anthropogenic activities
namely domestic, municipal, industrial, agricultural, and mining, among others, constituted by
a complex mixture of many different types of pollutants, which can cause aesthetic problems
(such asodors), disease causing pathogens (viruses, bacteria) and excess nutrients which can
trigger eutrophication, over stimulating the growth of plants. On the other hand, decom posing
organic waste as well as extreme sedimentation can uptake dissolved oxygen and threaten
the survival of aquatic life.

Untreated wastewater is a major issue. Its discharge brings a wide rangeof toxicity, especially
to aquatic life and other adverse environmental effects, being detrimental to society and to the
economy. The world population growth together with augmented urbanization, economic
development, global warming and the increasingly degradation of natural environments are
putting too much pressure over safe and sufficient water supplies which are becoming
increasingly scarce. A significant part of the solution is to produce less pollution and improve
the way wastewater is managed and treated.

An increasingly more circular, sustainable economy needs decreasing contamination of
ecosystems, and enhancing the treatment, recycling, and safe reuse of wastewater as a source
of water, energy, nutrients, and other recoverable materials. So far, safely reused wastewater
has been undervalued as a resoure to the bioeconomy. Regions such aghe Lodzkie region in
Poland must exploit the enormous opportunities created for its valorization.

Treated wastewater and reuse in municipal activities, sustainable agriculture, energy
production and industrial development should help to meet increasing demand.

Benefits considerably compensate for the costs of better wastewater management, with
positive impacts on life quality, public health, environmental and economic sustainability,
boosting new business opportunitis 8 8j 2 f 8 RYU88¢YUS882088RINYURS200
Wastewater should be pivotal in industrial symbiosis, as industry acts as a major water
consumer and wastewater discharger.On the other hand, there is a strong connection between
the increases of carbon dioxide (and other greenhouse gas emissions and global warming
together with climate change, which require urgent measures to protect earthc @cosystems as
well as humankind. Several attempts have been proposed to limit CO, (and other GHG)
emissions and slow down global warming such as the Kyoto Protocol (1997), the Paris
Agreement (2016) and the European Green Deal (2019), being the long-term outcome the
climate change mitigation towards the European ambition to be the first climate-neutral
continent by 2050. The European Green Deal is expected to transform the EU into a modern,
resource-efficient, and competitive economy, ensuring economic growth decoupled from
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resource use, no citizen and no region left behind, the develognent of a circular economy, the
protection of biodiversity and no net emissions of GHG by 2050. The topic of decarbonizing
the energy sector has been placedat the top of EU priorities.

Carbon capture and storage (CCS) technologies have been expected tde a major tool for
reducing atmospheric CQO, concentration, being pivotal in climate change mitigation.
Conventional CCS processes (geological, physical, and chemical) are known to be complex,
highly power intensive, somewhat expensive, and environmentally doubtful. Biological CCS
technologies using microalgae have been proposed as environmentally-friendly promising
alternative offering a completely different approachi not only to trap CO. but also to
immediately use it for circular energy production and generation of bio-based products,
creating value as well.

As microalgae grow in aqueous medium, directly dissolving CO,-rich gases through this
environment is a highly effective way of sequestering CO, to be further used as a biological
carbon source through photosynthesis using solar energy. Due to their higher efficiency, higher
CO:; fixation rates and higher biomass productivities compared to conventional higher plants,
microalgae production with flue gases can be used as a feedstock for biobased products ad
bioenergy, reducing carbon footprint and generating revenues. One ton of microalgae (dry
weight basis) uptakes roughly two tons of CO ., which means that an area of 1 ha (10000 nv?)
can capture approximately 6.7 tons/day of CQ,. Research proved that micralgae have utilized
successfully 908699% CO. from natural gas processing industries as well as 13615% of CO,
in flue gas composition from thermal power plants. Moreover, microalgae also absorb excess
nutrients and organic matter contained in wastewaters, playing a role in addressing water
pollution.

Since microalgae produced with flue gases and wastewaters still hold a great valorization

potential, CSS3 aims at presenting innovative bioremediation strategies for biological carbon
sequestration and wastewate r treatment together with the exploitation of the microalgal end -

products.

According to CSS3 approach, secondary wastewater is treated with microalgae. The
technological core of CSS3 is a photobioreactor which acts as a poly regenerative system,
coupled with a post carbon capture unit for CO,. Indeed, the FBR is not only designed for
energy purposes (biogas generation), but also to produce valuable goods such as biofertilizers
and biostimulants to be further used as substitute of either conventional fertili zers or organic
fertilizers but much better. So, CSS3 technology can be seen as a negative carbon and a zero
waste process and providing both renewable energy and bio-based products.
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The application of a circular approach for thevalorization of wastewate rs and flue gases not
only allows for the minimization of waste and all the issues related to its management, the
preservation of resources and the reduction of GHG emissions, but also for the production of
products with low carbon and water footprints suc h as biostimulants for the agricultural sector
and renewable biogas (biomethane), for the industrial, agricultural and residential sector as
well. Furthermore, citizens are expected to play an active role in different stages of the
valorization chain, increasing their awareness on sustainability and circular economy, and
directly and indirectly taking advantage from the environmental benefits that the CSS3 will
bring.

CSS3 proposes a hovel and universal solution independently of the origin of wastewater, while
consuming less energy and enhancing nutrients recovery like nitrogen and phosphorus from
wastewater. Previous results clearly demonstrated the potential of the microalgal -based
wastewater treatments for regenerating high quality water, from the effecti ve removal of
nutrients and subsequent use in agriculture, avoiding the use of chemicals, and fossilbased
fertilizers, saving energy and GHG emissions. SS3 can have various applications in
FRONTSH1P regions in treating either waste streams of the other SSchains or implemented
individually in agricultural, urban, and industrial wastewater applications. A modular micro -
algae wastewater management plant to develop a closed water cycle to reuse wastewater
more than once and to clean it and extract nutrients to be used in bio-stimulants before giving
the water back to the environment is expected to be used. BZURA, LNEG and STAM wiill
approach Polish, Italian and Portuguese regional authorities for replication, based on the
performances and results of the pilot in the Lodzkie Region. Of great support will be Parzeczew
and Carmasciando to demonstrate the feasibility for the local agriculture sector. Nevertheless,
further research is needed to scaleup from TRL5 to 7, to optimize the best treatments and
conditions, as well as the understanding of the bioactive activity of the microalga
biomass/extract and its effect on germination and improved growth of plants.

The presence of heavy metals, toxicity and pathogens should also be further investigated in
order to assess the impact of the biostimulant product developed on a sustainable and healthy
practice.

Ontology of the CSS3

- Anaerobic digestion - Process of biological degradation (treatment) of organic matter in
the absence of oxygen which occurs indigesters. Output: digestate (a more or less liquid
fraction) and biogas.

- Biogas- Gas produced by the biological degradation (fermentation) of organic matter in
the absence of oxygen. Crude (raw) biogasindicates the gaseous effluent discharged
from an anaerobic digester. Typical biogas composition: 60 to 80% methane, 30 to 40%
CO; and other minor gases (H:S, NHs, H>)).
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- Biomethane - Gas resulting after the purification step (or upgrading) of biogas that can
be adequate to be further injected into a gas network or utilized as a replacement for
natural gas.

- Biostimulants - Plant biostimulants are substances, mixtures, and micreorganisms
which, differently from straight fertilizers, are not as such inputs of nutrients, but
2808U0DS NS aaB aodoRGrGitiprs BroGepspse Phiyo &t an apldjtion to
fertilizers, with the aim of optimizing the efficiency of those fertilizers and reducing the
nutrient application rates and are by nature more like fertilizing products than to most
categories of plant protection products. Such products are therefore eligible for CE
marking under Reg 1009/2019 and excluded from the scope of Reg (EC) No 1107/2009
on Plant protection products (e.g., pesticides).

- Carbon capture and storage (CCS) process relying on the separation of carbon dioxide
from gaseous effluents, its transportation and final storage.

- Digester, or anaerobic digester - A sealed tank or container where the biological
anaerobic digestion of animal manure or organic matter occurs, and from which results
the production of biogas.

- Digestion- The breaking down of sludge and other waste biologically by
microorganisms, mainly bacteria. Results in by products such as methane gas, carbon
dioxide, sludge solids and water. Aerobic digestion requires oxygen, anaerobicdigestion
requires the absence of oxygen.

- Greenhouse Gas (GHG) An atmospheric gas, which is transparent to incoming solar
Uj fOj 00YeB80O0go6j OayudOae onse daeyUj Usfr8UjfOjodYel
greenhouse gases are carbon dioxide, methaneand CFCs.

- Microalgae - Microscopic eukaryotic organisms composed of single differentiated cells
able to obtain energy using chromophores. Generally single-celled but can occur as
filamentous or colonial (Definitions taken from EN 17399:2020 - Algae and algae
products - Terms and definitions.)

- Nutrients -Organic or non-organic chemical compounds essential for plant growth.

- Primary Wastewater Treatment-The first process usually associated with municipal
wastewater treatment to remove the large inorganic solid s and settle out sand and grit.

- Secondary Wastewater Treatment - Second biological process of digestion with
bacteria.

- Sludge - The solid waste material which settles out in the wastewater treatment
process, sometimes biosolids. Can be dewatered and reused odisposed of.

- Tertiary Wastewater Treatment - Wastewater Biological and/or Chemical polishing to
eliminate organics, solids, and nutrients.

- Valorization - Further use of a product in a value added application.

- Volatile solids (%VS)- Physico-chemical parameter expressing the amount of volatile
solids in a liquid sample.

- Wastewater - The water leftover (used water) after its use in anthropogenic activities
namely domestic, municipal, industrial, agricultural, mining, etc.
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Wastewaters : from challenge to opportunity

Wastewater (WW) coming from agriculture and industrial processes in the Lodzkie region
pollute s water streams triggering the degradation of local natural ecosystems as well as
arable land and causing water eutrophication. Maintaining extensive fertilization in the Lodzkie
region with a significant share of soil with agricultural phosphorus deficit leads to a
considerable reduction of soil production potential, since Phosphorus scarcity is becoming a
limiting factor for plant and animal production. CSS3 will enhance and validate in the region
agricultural and Industrial wastewater treatments with microalgae that will generate a
revenue stream through the production of bio-fertilizers and bio-stimulant from algal biomass
and will purify WW removing eutrophication agents.

Scheme of the CSS3 technological processesis given in Figure 33.
0100010101100 110101100 1010101 10 0010 11101100 1000101 01100 11011 100 11010 0010 111 0
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Figure 33: Scheme of the CSS3 technological processes

The actual annual production of WW nutrients from agriculture in the region approximates

360 thousand Mg/ha. If transformed into bio-4a ¢ ORgNj 29069 j URSUBj ff D00Yea| NB
of nutrients extracted by 2030.

From research conducted within FRONTSH1P CSS3 (D5.1) and from previous infamation

available to FRONTSH1P CSS3 consortium partners, high carbon and nutrient circular

recovery efficiency is expected from flue gases and secondary wastewatersin the Lodzkie

region. In this context, microalgae-mediated processes represent a technological bicbased

solution for cleaning waters and flue gases with significant energy savings compared to

conventional methods. This biological solution caneven be replicated locally and implemented

at a smaller scale by households.
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CSS3 contextof the FRONTSH1Paims

Valorization of water and nutrients (in wastewaters and flue gases) through a CSS3 is one of
the objectives of the H2020 6 Green Deal projectFRONTSHL1P.

By the development and demonstration of four different CSSs, FRONTSH1P aims at ensuring
a green and just transition of the Polish Lodzkie Region towards decarbonization and territorial
regeneration addressing the current challenges and needs of the Region, transforming them
into opportunities for economic growth, social inclusion, decarbonization, improvement of the
quality of life for citizens, reconnection between the urban and rural context.

The specific objectives of CSS3- a circular approach to water and nutrients are:

1)  draft the framework Technical and non-technical state of the art, requirements and
success criteria to satisfy the implementation of the technological and nor-
technological solutions required in CSS3;

2)  identify measures that have the strongest leverage for a sustainable-oriented
improvement of products through Life cycle thinking and ecodesign;

3)  develop CSS3 community-based innovation schemes to Reduce liquid and gaseous
wastes through Microalgae Biotransformation towards upgraded biogas (biomethane)
and bio-based products such as biofertilizers and biostimulants;

4)  develop CSS3 demo plant towards bio-based products;

5)  collect data in technological, economic, social and environmental dimensions and share
them on the RCPB tool.

CSS3 technology of processing wastewaters and flue gases and technology of data
processing context

Technologies relevant to the data collection and processing context include Carbon Capture
and Storage (CCS) from flue gases and a secondary and/or tertiarywastewater treatment
step(s) using microalgae biotechnology in photobioreactors. Data sources are the local
availability of both wastewaters and flue gases (carbon capture and separation systems, if
any), microalgal biomass production systems, biomass sepration and utilization for agriculture
purposes, anaerobic digesters construction and operation, biogas utilization and/or purification
towards biomethane and further final uses. To this array of data should be added a network of
engineering, construction operators and technicians that can implement the above mentioned
technologies under real operational context.

The CSS3 technology in context of data processing(Figure 34, Figure 35) is based on several

sources of data:

1) database related to the wastewater treatment plants (WWTP). This database is
composed of entities receiving untreated (raw) wastewater from different releasers
(regardless of the type, could they be companies, industries, municipalities, agriculture
associtions) yielding treated water as a final product/service. In Poland, there is no code
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for wastewater because it is not treated as waste. For stabilized municipal sewage
sludge a code is allocated as follows: 19 08 05.

2)  database related to flue gases emitters mostly industries producing energy, cement, or
mining. Two codes for data processing are used: PKD, which characterizes type of
economic activities with a geo-location, which enables to present the flue gases
availability on the maps (Figure 27)

3) database related to the main anaerobic digestion plants as receivers of microalgal
biomass for energy valorization in the Lodzkie Region (receivers of microalgal biomass
as intermediate product for biogas-biomethane production). Again, two codes are used
for data processing: PKD, which characterizes type of economic activities with gee
location, which enables to present the anaerobic digestion on the maps(Figure 26)

4)  database related to the main plant fertilizers/biostimulants wholesalers as end-users of
microalgal biomass for bio-based products valorization with PKD and geo-location in the
Lodzkie Region(Table 24).
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Table 24: Database ofwastewater treatment plants in Lodzkie Region

DATABASE OF WASTEWATER TREATMENT PLANT IN THE LODZKIE REGION

FLOW RATE Q BODS5

OWNER/USER TN kg/ TP kg/
m3/year kglyear giyear giyear

1. leT onjzal wneT 0F NPT Gn 69782631 607109 609202 43963
Ju Zu a4 ®zIéfZ

2. |72ZRoUegz HIEAT 6 EZ63 707267 4505 30688 255
a eAzanZRr

3. |TZRUEZR RIFTRBOYZONDK 4758723 20938 50142 1460
i KanalizacjiSnju 7 XuvXuv & *F

4. | Solan INVESTMENT Sp. z 0.0w 304234 1572 2189 56
eAZin

5 ["J0GO"-®1 6F €T énlAéf Z 72570 829 1506 601

Mleczarskaw ®odzi

6. l[eT ognjzal wnf¥ UF NPT G 5679351 27431 47763 1135
0.0. w Kutnie

7. /BT P R6UZUNZET Ueas e3 3885260 21629 38998 2030
Komunalnej w Radomsku

8. |HT €A1 6 EZ¢6KandirdgGiPhz Z 217453 629 100 228

9. |Moszczanka-€ W ? [ 3 OnjInjl 4699029 19877 34162 2303
@AZNDfnl X 6Av zZ?/[-3

e>GRUfTneus = 6Av Zs

Source:https://www.wios.lodz.pl/Wykaz_oczyszczalni_sciekow,34 , 2017

Table 24 is an exemplification of data framework for the CSS3 development.
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https://www.wios.lodz.pl/Wykaz_oczyszczalni_sciekow,34

41.4. CSS4

Elastomers are one of the three main groups of polymer types, along with thermoplastics and
duroplastics. Vulcanized elastomers, i.e, rubber, are used to manufacture a wide range of
items, which, due to their unique properties, versatility, flexibility, mouldability or insulation
properties, are used in many industries. The bestknown rubber products include pneumatic
tires or seals. The rubber is also used to make many other items, such as children's toys,
thermal and acoustic insulation, electrical insulation mats, electric cables, shoe soles, conveyor
belts, etc. In the vast majority of cases, in order to make rubber from elastomer, it is necessary
to carry out a vulcanization process, which gives these materials their unique functional
properties. During this, cross-links are formed between macromolecules (made up mainly of
carbon atoms). These bonds, in a nutshell, are more stable than the bonds in the
macromolecule which makes material recycling of such materials virtually impossible.

According to the approach described in CSS4, rubber products would be processed to produce

products that could be reused in industry. The core of the proposed solution is the pyrolysis

process. Rubber waste would be collected and then reinforcements in the form of steel wires

or cords (found, for example, intires or conveyor belts) would be separated from them. After

this separation, the rubber waste would be milled to obtain ground rubber. This material can

then be subjected to various processes, such as:

- reuse with vulcanization promoters to obtain different types of mats,

- treatment with bacteria that can convert the gum into cellulose,

- and, most importantly for CSS4, preheated to get rid of the halogen elements present in
the waste.

Once the halogens have been removed the ground rubber can be pyrolyzed to produce oils

(used as lubricants, plasticizers, etc.), pyrolysis carbon black (filler, sorbent, etc.), synthetic gas

that can be burned to produce heat and carbon dioxide (e.g, polymer foaming).

Ontology of the CSS4

Elastomers - are polymeric plastics or natural materials that are characterized by their ability
to deform reversibly under the action of mechanical forces, while maintaining the continuity of
their structure. Elastomers are a broader group of materialsthan rubbers, which are only one
class of elastomer.

Rubber - an elastomer made up of aliphatic polymer chains (for example, polyolefins) that have
been cross-linked to some extent during the vulcanization process.

Polymers - chemicals with very high molecular weights that are made up of repeated units
called mers.
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Vulcanization - the chemical process of crosslinking polymer molecules leading to rubber.

Pyrolysis - a degradation process occurring at high temperatures and carried out without
oxygen or other intentionally added reactants.

Halogens - chemical elements of the 17" group of the periodic table. These include fluorine,
chlorine, bromine, iodine, astatine andtennessine.

Presentation of the FRONTSH1Paims context

Valorization of wood packaging waste through a CSS is one of the objectives of the H2020 6

Green Deal projed FRONTSH1P.

By the development and demonstration of four different CSSs, FRONTSH1P aims at ensuring
a green and just transition of EU regions, starting from the Lodzkie Region in Poland towards
decarbonization and territorial regeneration, addressing the current challenges and needs of
the Regions, transforming them into opportunities for economic growth, social inclusion, as
well as improvement of the quality of life for citizens, reconnection between the urban and

rural context.

The specific objectives of CSS4(Figure 36) - a circular approach to urban and industrial

plastic/rubber waste:

1)  tooptimize a high TRL pyrolysis system for chlorinated compounds;

2)  to further develop a high TRL supercritical CQ expansion system for insulating
biomaterials;

3)  to demonstrate low-cost 3D printing for repairing household appliances.

Figure 36: Scheme of the CSS4 technological processes
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