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This deliverable provides the TRANSFORMER -Babpsroperating in four European regions (Emilia
Romagna (Italy), Lower Silesia (Poland) Rblar AredGermany), and Western Macedonia (Greece)) with
a solid evidencdase for decisiomaking regarding their needs and potentials for accelerating their
transformation towards climate neutrality. It supports the TSL process in identifying the regionahgballe

and possible topics for transition and developing a vision for transformation, as well as develoging a

implementing feasible Pilot use cases. Moreover, the case studiessajgmrt the development of

strategies for a longerm implementation of the TSLs.
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Acronym Meaning
CH Methane
Cl Composite Indices
CO Carbon monoxide
CQ Carbon dioxide
CQeq Carbon dioxide equivalents
DM Deutsche Mark (German Mark; former currency of Hexleral Republic of Germany
ECSC European Coal and Steel Community
EDGAR Emissions Database for Global Atmospheric Research
EEA European Environment Agency
EQI European Quality of Government Index
EU European Union
EUR Euro6 OdzZNNBy 0é s €0
EUROSTAT  |[Statistical office of the European Union
Fgases Fluorinated gases
GDP Gross Domestic Product
GHG Greenhouse gas (emissions)
GVA Gross Value Added
GWP Global Warming Potential
IBA International Bauausstellun@nternational Building Exhibition)
ISIC International standard industrial classification of all economic activities
Mt Million ton
NACE Nomenclature of Economic Activities
(statistical classification of economic activities in the EU)
N20 Nitrous oxide
NOXx Nitrogen oxide
NUTS Nomenclature of Territorial Units for Statistics
(hierarchical system for identification and classification of spatial reference units in the EU
OECD Organisation for Economic @peration andDevelopment
PCT Patent Cooperation Treaty
PLN Polish zlotyofficial currency of Polarkl T 00
PM Particulate mattef(PM2.5 referring to particles with a diameter of 2.5 micrometers or smal
and PM10 referring to particles with a diameter of 10 micrometers or smaller
PPS Purchasing power standard (EUROSTAT)
PPT Purchasing power parities
PV Photovoltaics
QRAFT Quantitative Regional Assessment Framework for Transition Sugies
RCI EU Regional Competitiveness Index
RE Renewab# energy /energies
RER Regione Emili&omagna
RES Renewable energy sources
RIS Regional Innovation Scoreboard
SPI European Social Progress Index
SUMP Sustainable Urban Mobility Plans
TSL Transition Supetab
WP Working package
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This deliverable provides the TRANSFORMER -Bapsroperating in four European regions (Emilia
Romagna (Italy), Lower Silesia (Poland), the Ruhr Area (Germany), and Western Macedonia (Greece)) with
a solid evidence base for decisioraking regarding theineeds and potentials for accelerating their
transformation towards climate neutrality. It supports the TSL process in identifying regional challenges
and possible topics for transition, developing a vision for transformation, as well as developing and
implementing feasibleFilot use cases. Moreover, the case studies also support the development of
strategies for the longerm implementation of the TSLs. Therefore, the target audience comprises all
stakeholders in the respective TSL regions, particularly those with limiteghissnto the transition
requirements of their region. The case studies are also designed to empower knowledgeable stakeholders
to reflect on existing narratives about their region. A third possible target readership includes other
regions interested in initiating a TSL process to understand how to conduct a case study for their region
FYR K2g (GKS GNIyaixdAz2y yFENNYdIA@S Oy O02yySOod G2 |

Regarding the developments in the TRANSFORMER project, this deliverable provides an understanding of

the TSL activities and action plans in context of the larger transition needs that the regions are currently
facing. First, it provides an extensive disgan of the results of the QRAFT analysis (Quantitative Regional
Assessment Framework for Transition Supabs) for each of the TRANSFORMER regions. Second, it
undertakes a complementary document analysis (qualitative). And third, it analyzes experiewseand

workshops on stakeholder analysis and the assessment-ofeaied concrete project idea&ilot use

cases) to achieve climate neutrality. The deliverable is designed as complemeriterpadiverabless. 1,

OPHIE YR odo YR FdzyOlAzya |a GKS &A0ASYGATAO aol O

After a concise introduction in Chapted#picting the relevance of the case studies developed here and
introducing the structure of the document, Chapter 2 conceptually frames transition needs and potentials
for achieving climate neutrality at a regional scale from a TSL perspective. Basad, dhehesearch
design of the case study for ansilyg the regional transition needs and potentials is presented, and the
methodologies and data collection are discussed. In Chapter 3, the deliverable hightighds/érse
challenges and opportunities for each region on their way to achieving climate neuteaitjaRomagna

is a wealthy region with high innovation capacity and a strong industrial sector, but its entggive
industries and transport secta@ignificantly contribute to climate changad poor air quality. To address
these issues, the TSL is fostering bicycle infrastructure and developing sustainable electric mobility
solutions. In contrast, Western Macedonia's economy was completely dependent on lignite mining and
energy generation ahis now facing a fundamental soggaonomic transformation with the phasmut of

lignite mining by 2028. To mitigate the potential negative effects and simultaneously become climate
neutral, the TSL is focusing enonomic diversification and the development of innovative solutions in
the energy and transport sectors, as well as circular economy approaches in agriculture. In Lower Silesia,
lignite mining, energy generation, energytensive industries, and unsustable transport and mobility
sectors affect air quality and contribute to climate change; to mitigate these effects, the TSL is developing
sustainable and convenient mobility solutions and incorporating citizens' opinions in emtatsd
decisionmakingprocesses. The Ruhr Area faces a challenging transition due to its high energy demand
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and limited local renewable energy production; hydrogen is considered a critical cornerstone for the
region's path to climate neutrality, though it carries substantial risks, particularly concerning the future
availability of green hydrogen.

Based on the transition needs and potentials, as well as the experiences of implementing the TSL in the
four TRANSFORMER regions, five criteria for feasible TSL governance arrangements are discussed: (1)
political legitimacy of the TSL process, (2) reflexnonitoring capacity, (3) lean organization and low
financial requirements, (4) continuous and unbureaucratic access to financial means for transition
projects in the region, and (5) diverse, cresxtorial expertise. Based on these criteria, a #arm
strategy for the implementation of TSLs is developed in Deliverable 3.3, focusing on the organizational
structure, including the supporting stakeholder coalition, the TSL coordination team, and the reflexive
monitoring board, as well as transition projeilot use casgovernance. Overall, the results of the case
studies conducted in this deliverable support the development of a vision and a coalition of supporting
stakeholders, as well as the identification and implementatioRitdt use caseand actn plans of the
TRANSFORMER project.
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Accelerating the shift to climate neutrality is essential to mitigate the escalating threats posed by climate
change. Urgenand comprehensivactionsareimperative to prevent catastrophic consequences, such as
rising sea levels, extreme weather events, and disruptions to global ecosystems, which would impact the

livelihoods and welbeing of communities worldwid€lPCC, 2021)Considering the intricate social,

economic, and environmental connections among potential pathways to achieve climate neutrality, this
transformation presents a highly complex challenge that demands innovative and comprehensive

solutions(UN, 2022)

The TRANSFORMER project addresses this challenge by focusiaggomnc transformation at a regional

scale to accelerate the transition towards climate neutrality: Tnansition SupeiLab approach (TSE)n

a TSLJiving lab methodologies are adapted and applied to developcfeate) with all relevant
stakeholders from the quadruple helix a vision for a regional transformation and a portfolio oSleatge
systemicsolutionsfor climate neutrality,net-zero emissions and moreresilient future The systemic

transformation within TSLs catalyses large and diverse communities to innovate for systemic changes that
accelerate the transitionThe systemic transformation is addressed by developing and implementing a
portfolio of connected solutions (e.gRilot use casgswhich engage multiple leverage points at the
intersection of socidechnical regimes simultaneously to achieve a rapid and more efficient
transformation? This approach is developed and tested in the TRANSFORMER project over the course of

two years (92022/8-2024) in four European regiorEmiliaRomagna (Italy), Lower Silesia (PolaRuihr
Area(Germany), and Western Macedonia (Greece).

The goal of thi®eliverable2.3 isto provide thesefour TRANSFORMER Supabs with a solid evidence
base for decisiommaking regarding theineeds andpotentials for transformation. It aims specifically at

supporting the first steps in the TSL process of identifying the regional challenge and possible topics for
transition and developing a vision for transformation, as well as identifying, developing and implementing

feasible Pilot use casegsee Deliverables3.1, 3.2, and 33. Moreover, the case studies also aim at

supporting the identification of additional solutiongPilot use cas@go foster a transition of multiple
socictechnical regimes simultaneousind thusfacilitating the development of strategies for dong-

term implementation of the TSLgDeliverable3.3). Therefore, the target audience comprises all

stakeholders in the TSL regions, particularly those with limiejhts into the transition requirements

of their region. However, the case studies are also designed to empower knowledgeable stakeholders to

reflect on existing narratives about their regio® third possible target readship are other regions

1 The definition and description of the TSL approach in this chapter was discussed and written jointly by the members
of the TRANSFORMER Project Consortium. This definition is also included inDeliverable 2.2.

2 For example, developing green hydrogensolutions for simultaneously transforming the mobility and the industrial
ugevgtO" Hgt" ¢c" oqtg" fgvckngf" gzrncpcvkgp" gh" ngxgtcig"
Deliverable 2.1.

3 Deliverable 3.1: Recommendations for Transition SuperLab coalitions building, empowering of vulnerable and
marginalised groups, and vision process (URL not available yet); Deliverable 3.2: Definition of Transition Supef_ab use
cases (URL not available yd); Deliverable 3.3: Transition SuperLab Action Plan (URL not available yet).
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interested in initiating a TSL process to understanding how to conduct a case study for their region, as
wellashowtheNI YyaAdA2y yINNIGAGS OFly O2yySOG G2 | ¢{[ Qa

To achieve these objectives and to establish a framework for conducting a comprehensive analysis, the
initial step involveslefining the transition needs and potentials of regions to mitigate GHG emissions
from a TSL perspectiv& his perspective is crucial as it serves as a fundamental crit&¥idhout it,
assessing the transition needs and potentials of regions becomes an expansive task fraught with potential
pitfalls, such as grappling with high levels of abstraction that fail to capture the complexity of regional
realities as well asubjectivity in the selection of data and indeX&tura et al., 2021)Consequently, the

first question to address is:

1 What are the transition needs and potentials of a region within the context of the TSL approach,
and what methods can be employed to assess them?

Based uponthe definition of transition needs and potentials and tradeveloped mixedmethod
framework,the following key questions will be analysed:

1 What are thespecifictransition needs and potentiatsf the four TRANSFORMHERBL regions?

1 What are themost important topics/sectorfor the regionsto becone climate neutral?

1 What are feasible solution®{lot use casgdor supporting the transition @iverable3.2)?

1 What additional topics anRilot use casdsave the potential to facilitate the transition of multiple
sociotechnical regimes simultaneously and support the lbeign implementation of the TSL
(Deliverable3.3)?

To meet these objectives, thieliverable is structured as follows: The subsequénapter 2will develop

the methodological framework for assessing the transition needs and potentials for the transformation of
regions within the TSL approach, while also identifying necessaryaddtdiscussinghe limitations of

this deliverable. In Chapt&; the developed frameworls applied toanalysethe four TSL regioria the
following order:EmiliaRomagna, Lower Silesia, Ruhr Area, and Western Macedonia. ,FGtadiyterd
concludeswith a reflection and assessment of the choseethodologicabpproach, along with an outlook

on further research needs.

This deliverable is written in a way thatan beread as a standlone document. However, it is part of a

series of deliverableaspart of the TRANSFORMER project.pais of Workingpackagen 2y daal LILIA Y 3
defining, and categorising of Transition Super 6 3¢ ® ¢ KS | A WorkidghacKageAisito 2 @S NI f
generate relevant scientific knowledge for the TSLs ané feider readershipespecially the scientific

community, policymakers and transition practitionewgithin the TRANSFORMER project, as the title of

this deliverable clearly states, this deoant especially aimat delivering an evidence base for decision

making as part of the action plans. These action pl@deiverable 3.3) one for each of the four
TRANSFORMER regions, are a key result of the projectaifiéy construct a solid strategy of how to

continue the activities started in TRANSFORMER (pilot project of only 2 years duration) within each of the
regions beyond the project duratioihis deliverable will providan understanding of the TSL activities
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and action plans ithe context of thelarger transition needs the regions are currently facifigus, it is to

be understood as complementary the Deliverables3.1, 3.2 an®.3. In short, this deliverable functions
as thescientificdbackboné for the justification of theaction plans.

The fourcase studies provideid Chaptei3rely on a methodology for assessing regional transition needs
and potentialsfrom a quantitative perspectivethe Quantitative Regional Assessment Framework for
Transition SupekLabs (QRAFTYhis methodology, along with a brief exemplary discussion of the

guantitative indicators for the regions, was developed in Deliveratfe As Figure 1 indicates, he

deliverable at hand goes beyond thidlimee ways:Frst, it providesan extensive discussion of the results

of the QRAF&nalysisfor each of theTRANSFORMER regions. Secibnohdertakes a complementary

document analysis (qualitative). And thiitl analyse expert interviews and workshops on stakeholder

analysis and the assessment afcreated concrete project idea@®ilot use casggo achieve climate

neutrality *

I Quantitative Regional Assessment Framework for TSLs (QRAFT) I

| Transition needs | Transition potential

| rQuantitative analysis

Transition potential of a region in context of the TSL approach

Co2eq per capita Economy & Political &
i i social

H Environmental
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readiness index Performance
Index

Co2eq per sector Regional
Competitiveness European Social

index Progress Index

CEl per sector

I

\

RE potential

||

o ] Case studies for the four TSLs |

Expert interviews &
} workshops

QRAFT & statistical analysis

- GHG emissions &
Transition Potentials (Cl)
- Socio-economic
resources
- Inclusiveness &
equality

Document analysis

Transition needs &
potentials (SWOT)

Ecol Resilience & Transition readiness
vulnerablllty assessment (CERTH)*

Ecological resilience & natural lesources

Ecology

Saclo -economic resources

Awareness
Transition

i | Synthesis of regional needs and potentials |

Indicators for assessing
specific needs of TSL topics

! (Transition need & Doteqtial Potential for |mplen:|ent|ng _a TSL:
i of aregion Innovation, Experimentation,
Co-creation

( Transition “topics”

potentlals

J

needs

Social
Inclusiveness & equality

\ Acceptance

Economy

‘ Governance arrangements & transition policies

Identify the transition

challenge & topics Identify stakeholders

vision & a goal
for the region

ro»:reate a transition

Identify possible /
feasible transition
pathways/scenarios

Develop an Action
Plan with
stakeholders

Assess the transition
readiness of your region
& identify weak points

Co-create suitable
“pilot use cases”

Important steps in the TSL process

53582 3sn 10]id,, | !
Sunuawajdw)
1591 3)1|-|eay

Monitor & assess the success of the transition process

Figurel: Applied mettodologies for the case studiesSource: own design.

“Vig"fghkpkvkgp"qgh"vjg"

vgto"
Deliverable 3.2. Pilot use cases are defined asY e-ayeated concrete project ideas to achieve climate neutrality, promote
systemic transformation through innovation and be developed and implemented with a focus on a regional

LRkngv"wug"ecugy"ycu

transformation. Furthermore, Pilot use cases have the following characteristics:
- They define a goaloriented set of interactions between different actors;
- They help identify all relevant issues and resources for the development of Transition Super Labs;

- They evaluate the feasibility of these project ideas;
-Theyarerealnk hg" gzr gt kogpvu. "
from Deliverable 3.2, p.9; URL not available yet).
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Concerning the placement of this deliverable withiTSL process, conducting case studies in the depth
with which they are presented heisrecommenddas part of the assessment of the transition readiness
of a region and identification of ve& points.

Defining the transition needs towards achieving climate neutrality on a regional scale and assessing the
potential for the reduction of GHG emissions from a TSL perspective require different conceptual
considerations. In this context, it is important to derstand what thinking about accelerating
decarbonisationfrom a TSL perspectivaeans.Therefore,Chapter 2.1starts with exploringdifferent
conceptual considerationfor the case studiesBased on thisthe case study desigfor analysing the
regional tansition needs and potentiafor achievingclimate neutraity is dewelopedin Chapter2.2.
Chapter 2.3 complements this effort by discussing methodologies and data collection specifically.

As largescale societairansformations, tansitions are highly complex processes that typically span over
several decades and show an intricate mtdtritorial embeddednes§Coenen & Truffer, 2012; Kdhler et
al., 2019) Consequentlyany attempt to accelerate such a process towards a specific gdhls tase a
significant contribution towards climate neutrality, requires engaging \@itiajor unknowns and even
aunknowables. Engagingvith uncertaintiesand complexitiesiecessitates continual critical monitoring
of both. executedand plannedactions from a transition perspectiyvehis ensures that endeavoursalign

with the overall goal ofichievingsustainability(van Mierlo, 201Q)In the four case studies about the
TRANSFORMER regions, we take up such a transition perspective. We dadhtigis imerdependent
steps or movements. Firstly, we conducb & NR Qigw afaly§is of the regioflansition needs and
potentials through applying the previously developed QRAFT methodologgcto region and critically
discussing the resultSecondly, we zoom in Examine the activities determined by the four TSLs in the
context of vision developmenand the selection ofPilot use casewithin the transition assessment
context And thirdly,we partially zoom out again to reflect on what additional action can complement and
support thePilot use case® unfold the potential for reaching regional climate neutrality.

Regardinghe firststepwK Sy O2yAARSNAY3I | NBIA2yQa ySSRa | yR
it isnecessary to also keep in mind the largastainability and future stability of the regicBustainability

is typically characterized as having three dimensighe ecological, social, andconomicdimension

(Purvis et al., 2019\sFigure2 depicts, regional transition needs and potentials are highly related to each
other, and both are unfolding into the three sustainability dimensions.

15 Funded by
the European Union

LJ:



transformer

.
| Competitiveness b

¥

Transition Carbon-intensive & B Socio-economic Transition
non-sustainable < - resources ial
needs economic system ! 7 potentials

A

¥ political ™ economical Innovation bf’

i Political & economic lock-ins | N readiness
’ = .. Economy -
Inclusi & i N - N ».
nelusiveness & - | ficceptance | i Acceptance i+ political
equality e —— <
N A pport

N P
PP

Governance arrangements
for sustainability transitions

;

Vision for transition

Pilot use cases Portfolio of solutions

Strategy for long-termimplementation of the TSL

Figure2: Regional transition needs and potentials according to sustainability dimensi@wmirce: own design.

Assessing regional transition needs and potentials is an exceedingly complex and laborious task.
Therefore it is necessaryto start the analysis with a focalizing goal in mind. In this analysis, as stated
Fo2@Ss GKS 321t A& G2 3IAJPilotlaSeNchsess Qht »fEng trainsdtion( K S
challenge the region is currently facing. To do this,ifhgortant to understand what is meant by the TSL
approach (discussed in the following sectiort KS ¢ { [ ) dnd doghitR lde@fe€ understanding of

the role of regions and the possibilities of the regional scale in the context adisabtlity transition
(discussed inthe sectian! Y RSNA Gl YRAY3I GKS NRtS 2F GKS NEIAA2Y

The TSL approach is a still evolving concept. In the prebaiverable2.1, as part of the TRANSFORMER
project, we developed a working definition for TSLs, which was discussed and refined in several workshops
with the whole Project Consortium.

A TSL can be described as a lagge living lab for systemic transformation: in a Tihg lab
methodologiesare adapted and applied to develop together {meate)¢ with all relevant stakeholders
from the quadruple helix a vision for a regional transformation angartfolio of large-scale systemic

5 The definition and description of the TSL approach in this chapter was discussed and written jointly by the members
of the TRANSFORMER Project Consortium. It is also included irDeliverable 2.2.
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solutionsfor climate neutrality,net-zero emissions and resilient future Thesystemic transformation
within TSk mobiliseslarge and diverse communities to innovate for systemic changes that accelerate
transition at scale.

Thesystemic transformatiorwill be achieved by developing and implementing a portfolio of connected
a2f dzii A 2 Bilét usé GaSedd © & K A O multifle/I@vkeray8 pointsat the intersection of socie
technical regimessimultaneously in order to achieve a rapid and more efficient transformdtion.

Therefore, the adaptation of living laimethodologies to a largecale and with a focus on systemic

transformation can be regarded as the core characteristics of a TSEi@see3):

1. Adaptation and application of enriched living lab methodologiescfeation, experimentation
and evaluation)
2. Aiming at largescale systemic solutions for a rapiensition to sustainability

systemic change simultaneously

Natural environment
(Socio-ecological interactions)

Academia

Co-creation &
innovation

Business /

! T

Industry

Civil society

Real-life test /
experiment

B

Multi-method & problem driven

Government

Evaluation

__________________________

Portfolio of
large-scale
systemic
solutions

1] [2]

EIRE
[s] [-]

-

Systemic change:
rapid transformation
towards climate
neutrality and
sustainability

Figure3: Elements of a Transition Super LaBource: own design adapted froleliverable2.1 (URL not available yet).

In order to develop the case study design, we first have to gain an understanding ofegltatsare in
context of a TSL approach and, based on that understanding, discuss how to assess the transition needs
and potentials of regions.

6 For example, developing green hydrogensolutions for simultaneously transforming the mobility and the industrial

ugevgto"

Hqt " c"

Deliverable 2.1 (URL not available yet).
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In TRANSFORMER, we reg@ub-national) regions as a highly promising scale to fostesystemic

change, as they function @burning glasseswhere different sections of soci@chnical regimes (e.g.,
transportation, industry, food system) materialize and inters¢tawhon & Murphy, 2012) In
TRANSFORMER we explore the possibilities to address the regional scale for creating change at the
intersection of multiple societal systems simultaneously. However, in this regard the regional scale is still
underresearchedand no unified approach to assess the climate chamdgged transition needs and
transformation potentials of regions exist so {atansmeier et al., 2021; Mura et al., 2021; Stanickova &
Melecky, 2018)

The significance of the spatial dimension in sustainability transitions is widely acknowledged by both
researchers and practitionef€oenen & Truffer, 2012; Hansen & Coenen, 2015; Maucorps et al., 2023;
Morais Mourato & Wit, 2021; OECD, 2023; Uyarra et al., 2017; Wolfram & Frantzeskaki,|2Q4is)
context, the regional scale is gaining increased attention, as it represents a geographical space that serves
y2i 2yfe Fa | af Ayl éwherdoiasalling pdiicies regllatipris 2agdlfrémediok® S f
are implemented; and the localevel¢ where specific sustainabiliielated projects, such as wind power
plants, are permitted and implemented. In this perspective, regions are regarded as geographical spaces
wherein various socitechnical regimes are situated, and holistic solusa@an be developed to harvest
aeySNHe STFSOGa o6[1 KNI YR / Kf Soylf I Nadghtodeveldp OK & Y dzi
a portfolio of crosssectoiial solutions to achieve a fundamental systemic transition and, at the same time,
@Yl tf ¢ to8syabliskRe€onomic and political) participation processes that consider the cultural and
social context of a transition. Moreover, regions are stilDf 2 & S ¢ to the/ @tideAsKand other
stakeholders, which helps them to identify with the transition process and creates tangibility to the
developed and implemented solutions. These aspedadentification with and awareness of the need for

a transition, as well asstablishing processes for participatibmre widely regarded as prerequisites for
creating support and acceptance for the necessary fundamental structural cti@mgelkowskavliszczuk

et al., 2022; Flanigan et al., 2021; Gdlz & Wedderhoff, 2018, 2018; Leiren et al., 2020; Lutz et al., 2017;
Macht et al., 2023; Wirth et al., 2018; Zoellner et al., 2008)

Based on the extensive literature on transition research (ibid.) and our insights from the TRANSFORMER
project in four TSL regions, we find strong evidence that the regional scale has comparatively very high
potential for developing a portfolio of crosectorial solutions for systemic transition, which are still
manageable and feasible. This manageability applies to various aspects including stakeholder
management, resource allocation, and knowledge exchange. The national scale in comparison, due to its
size, would lose the aspect of a manageable portfolio, while more local scales do not have the breadth
and variety of sectors for a truly cressectoial approach.

Ly GKA& O2yGSEGT AG A& AYLRNIIYyG (G2 KAIKEAIKEG GKIF
YR @ RYIANRAGING § AfdnStionalseliding BeCidlimi@ddhy ivatural, economic, social,
or cultural functionalspatial relationships, such as commuting zones, trade areas, or distinguishable

7 As our understanding of the regional scale in a TSL concept evolves throughout the duration of the project, some of
the elements of this discussion are already included in Deliverables 2.1 and 2.2, and we partially quote ourselves
verbatim.
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labour markets where interactions are the defining factor, and borders can beg(@aicvers et al., 2009;
Hansmeier et al., 2022; Koschatzky et al., 20B)iticaladministrative regions, on the other hand, are
delineated by governmental or administrative boundaries, with precise and often legally established
borders. States, counties, and cities fall under this category, emphasizing governance, ijpmisdrud
administrative control (including the regional NUTS classification of the EDab&R26). While functional
regions highlight interactions and interdependence, polite@ministrative regions prioritize governance
structures. The former is dynamic and purpabe/en, accommodating changes based on functions, while
the latter is more static, empasizing political and administrative control within defined borders (ibid.). In
TRANSFORMER, we aim to combine both perspectives that can support the creation of functional cross
sectofial governance mechanisms in interaction with existing poli#achhinistrative structures and
processes (such as steering boards or even formal authoritiesgessing transition needs and potentials
within the context of a TSL, therefore, requires a particular focus on -®acinomic structures in the
context of existing governance arrangemerniiis is a key guidance for the focus of the case study design.

Moreover, for the four case studies presentiecthisdeliverable,it is important to keep in mind the vast
differences between regions in general, which agpliesto the four TRANSFORMER regions. These
differences also necessitate adjustments and individualizations with regard to the methodologies applied
in each of the case studies.

Building on ourunderstandingof regions as functional and politieatiministrative spaces, and through

an evaluation of existing frameworks supporting the assessment and developmeetafbonisation
strategies(Bos et al., 2022; Hawila et al., 2014; Ivanova et al., 2017; Ogwumike et al., 2024; Redriguez
Pose & Bartalucci, 2023; Velten et al., 2023)r focuswill be on exploring various dimensions for
assessing the transition needs and potentials of a region towards achieving climate neutralifialiéee

5 and Table6 for an overview and an explanation of the used indicators and composite indices in the
QRAFT antiable7 for an overview of the environmental and sog@oonomic indicators).

In the first step, it is important to understand the needs for the necessary comprehensive systemic change
of a region to become climate neutral. Therefore, it is crucial to emphasizeultherability of a region

to climate change thus highlighting the costs of the "businessusual scenario(Schremmer et al.,
2018) This provides the context for the analysis regarding the regional needs and potentials for the
transition.

Regarding the main goal of becoming climate neutral, régtuction of GHG is by definition one of the
YIAY UOGNIyairAdAaAzy ySSRad ¢KSNBEFT2NB:X o0l aSR dzRy
C NJ Y S gQRHBIEIN atsecond step thearbon intensity of the economy and society assessed, and

8 Spatial planning (incl. regional planning as well as the NUTS classification of the EU regional policy) and political
responsibilities are closely tied to the administrative organization of individual countries ( Gouardéres (2023);
Koschatzky et al. (2022). Therefore, a functional perspective on regions must always be integrated into political -
administrative structures and processes.

9 See Deliverable 2.2; for some topics, such as GHG emission, the NUTS 3 level was included to allow intraregional
analysis.
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the most important sectorghat needs to be transformed are identifiesieTablel for a brief description
of the QRAFT an@lable5 for an explanation about the key indicators). Focussing on GHGeq, GDP and
GVA, the two following questions will be answered:

1 What are the current state and trends of the region regarding the carbon intensity of the economy
and society?
1 What are the most important economic sectors and transition topics in the region?

However, aspects of ecological as well as secmnomic resilience and vulnerability also present
important transition needs, which simultaneously affect the transition potential, either directly or
indirectly. Therefore, in the next stepcological and soci@conomic resourcewvill be analyzed from a
guantitative perspective (QRAFT) using existing composite indices, while also highlighting key statistical
indicators. This step will address the following questions:

1 How does the region score regarding its economic competitiveness and innovation capacity?
1 What are the soci@conomic resources of the region for the transition?
1 What are the ecological resources, especially regarding the development of renewable energy?

Tablel: Descriptionofthed v dzk yGAGF GA GBS wSIA2y It | 4aSagYSyai owNd! YCEWOEN] F2N ¢

Source: own compilation (based dbeliverable2.2)10

¢CKS avdzZ ydAGEFEGAGS wSIA2y Lt ! aa$adUSvlv wCKICYVH S 6 ZAN
measure transition needs and potentials on the NUTS 2 Level based on existimgpbéioly accessible statistica
datafor the territory of the European Union. The accessibility of the data sets used ensures that the metho
can be easily replicated and used. QRAFT is designedoas for gaining a datadriven understanding of the
importance of different possible TSL vision topiegthin a region fo stakeholders with limited knowledge abo
their region. It also enables knowledgeable stakeholders to question existing narratives about their re
necessary. The insights generated through the QRAFT methodology will feed into later steps ofgiecds
(i.e., developing pathways and scenarios for transformation, developing feasible solutions and contribu
assessment frameworks developeddeliverable5.1). As such, the primatsrget groupfor the use of the QRAF
methodology are regionthat plan to initiate a TSL (TSL follower regions, e.g., as part of the TSL User Foru
6.4)). A second target groupcludesinterested parties seeking to identify regions that could significantly ber,
from a TSL approach. QRAFT fesas two key questions:

What are the current state and trends of the region regarding the carbon intensity of the economysaeibty?
In thefirst step of the QRAFT frameworkve focus on two indicators to gain a general overview of the regi
Greenhouse Gas (GHG) emissions andttoss Domestic Product (GDR) the context of the transition toward
climate neutrality, GHGS YA daA 2y & IINB ylddNItte& 2yS 2F GKS |
GNXyairidAazya |yR GKSAN NBFJQAECD) 2023R$ng DR by a yindlicatar Vi
development and general wdlleing is in contrast a highly debated subject in academia as well as inpalidyg
(Coscieme et al., 2020; Kovacic & Giampietro, 2015; van den Bergh, B6@8yer, GDP is genera
considered to be a robust indicator of economic performance and in the context of climate transitions it ig
used together with the GHG emissions to assessCbon Emission Intensity (CBf)the economy(Acquaye
etal., 2018; EEA, 2011, 2011; Muraetal., 2021y KS aSYA&aaArz2ya AyaSyairdisq
of emission per unit of economic output (measured in kg/EUR of the GDP), reflect[s] a country's:

10 The description in this table is a summary of the description included in Deliverable 2.2 (URL not available yet) and
consists mostly of verbatim quotes from our own Deliverable 2.2.

20 Funded by
the European Union



transformer

1 level of energy efficiency;
1 overall economic structure (including the carbon content of goods imported and exported);
1 wGKS8 OFNb2y O2yiSyid 27F (KEEARPIAINEHE O2yadzySR

What are the most important economic sectors and transition topics in tegion?

After assessing the current state of the region regarding GHG emissions and analyzing if there is a
decoupling the economy from GHG emissions,sbeond stefnvolves analyzing theHG emissions per secto
This allows us to identify which sectors contribute most to climate change in a specific fEgiput the climate
impact of the economic sectors into perspective and identify the most important sectors for the econon
relate these emissions to tremploymentand GVAGross Value Addedoer sector?

Based upon the identification of the most important sectors and activitiles topics of a region need to b
further analyzed. However, even though we already identified relevant indicadoch an analysis requires
mixedmethod approach and experts who can interpret the data in a corseecific way'?

Based orthese quantitative assessmentsegionaltransition goals and policievill be discussed and
reflected upon inrelation to previously identified transition needs and potentials. Given thatietal
acceptance and supporare vital in democratic systems (Stapper, 2023; Wuppertal Institute, 2022),
existing comprehensive surveys will be used to examine societal awareness of transition needs and their
support for a transitionFollowing this, theransition needs and potentialsvill be summarized and the
vulnerability of a region to transitidAwill be discussedhrough a regional SWOT analysis

| Case studies for the four TSLs \ Interpretationsof transition needs and potentials
e e were analysed collaboratively with project
/" -GHGemissions & | | Transition needs & : — ]
Transtion Potentias (Ci | |_potentials swor) | [ Stakeholder analysis _ partners, running parallel to theevelopment of
- Socio-economic i Governance 1 [ Assessmentof | L. . i
resources | arangements & polces )| |_Pictuse cases ) the TSL vision and Pilot use casel this
= Inclusiveness ~ T N T oy " 1 . . . . . .
cwaity AL ity | | asessment ke document, theywill be briefly outlined within their
e N regional context, serving as a basis for discussing
Ecological resilience & ral F - . .
/ A \ additional Pilot use cases and strategies for the
Ecology . .
/ long-term implementation of the four TSLs
."f | Awareness Socr'a-el:anwr:l’t resources
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/
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Figure4: Case study design.
Source: own design.

11 Due to the different statistical classifications of the sectors (GHG: EDGAR, OECD, IPCC; economy: NACE, ISIC; see
Chapter 2.3), no direct comparison can be conducted, and the statistics have to be carefully interpreted.

12 Egpecially as some topics are closely connected to specific cultural preferences (e.g., mobility) or are completely
dependent on complex socio-ecological interactions (e.g., agriculture). Therefore, the indicators have to chosen
carefully and interpreted in a context-specific way.

13 For example, regions with significant employment shares in sectors with high greenhouse gas emissions and low
GVA encounter distinct challenges when transitioning to climate neutrality (OECD, 2023).
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In conducting the case study, we employed a mirezthod approach that incorporated several key
elements to ensure a comprehensive investigation and analysis: initially, we conducted a thorough
document research and analysisexamining relevantiterature, reports, and publications by other
research projects? In parallel to this desk research, we organized in tandem with TRANSFORMER partners
(RUB & BMR) several projenternal workshops for conducting stakeholder mappings and SWOT analysis
of the regions as well as workshops for vision building and Pilot use case development (ENakL, RUB
BMR). Additional stakeholder workshops as well expert interviews were conducted by our partners in the
four TSL regions. This information was also used irD#lwerables 3l and 3.2!° Additionally, some
partners in the TSL regions subcontracted specific studies to expert agencies to support the development
of the Action plans for thePilot use casepart of the Deliverable3.3) that have been evaluated and
partially included in the case studies.

Regarding thguantitative analysishased on th€QRAFT methodologye relied on data that is available

for all (or at least most) EU regions on a NUT&v2l. The data was collected in a single Excel file, which

is designed to be easily accessible, usable and extensible. The collected data was then evaluated with
descriptive statistics and pivot tables and compiled into tables, figures, maps and interdatiument

for better visualization and interpretation (for an overview of the used data and a description of the
composite indices se€able4, Table5, Table6).

EUROSTAWas the main source for socazonomic data because of the opaccess availability of the

data and the existence of NUTS 2 (and partially NUTS 3) level data. However, with regard to electricity and
energy statistics at a regional leviélhad to be supplementedith OECD data. The problem was that the
OECD data is partially outdated (e.g., the latest statistics on regional electricity generation are from 2019).
Even though the OECD statistics provided a valuable addition, statistics on consu(epio energy or
agricultural goods) do not exist for the EU regions at a NUTS 2 levelaidadix{st only for certain EU
regions accessible through the respective national statistical offices).

Regarding GHG emissions, we used the most accurate and constantly uptiaitesions Database for
Global Atmospheric Research (EDGARNich provides GHG on the regional (NUTS 2) and local level
(longitude and latitude), also per (economic) secto@n a NUTS 2 level, the EDGAR database provides
GHGemissiondata (totals and per sector) in Excel files already assigned to the correct NUTS codes.
However, GHG emissions in the EDGAR datahasenly partially assigned to NUTS 2 or 3 levels:

14 For this desk research, different sources were used: Academic catalogues (e. g. the Library of the Ruhr University),

Web of Science, SCOPUS, Google Scholar arydespecially for more detailed and current project information Y the search

gpi kpg" ulgging40"

15 Deliverable 3.1: Recommendations for Transition Super-Lab coalitions building, empowering of vulnerable and

marginalised groups, and vision process (URL not available yet); Deliverable3.2: Definition of Transition Super-Lab use

cases (URL not available yet).

16 The interactive documents are currently still in the development phase. The goal is to embed the document (*.html -

based) in the Knowledge Hub (see Deliverable 4.3; URL not available yet) https://transformerknowledgehub.imet.gr/
“Vjig"uGokuukgpu"qgh"1JIl"ctg"gzrtguugf"kp" mvqgp"-EQ4rgnsIPGCuk pi "1 nq
AR5 and they include fossil CO2 only, CH4, N20O and# c u dCrpHa et al. (2023).
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Domestic shipping, domestic aviation, and offshore fuel exploitation emissions are not allocated to any
NUTS?2 region, but for completeness, reported at NUTSO (country) é&veissions from international

shipping and aviation are excluded from the calculation due to their international fea(Gréppa et al.,

2023) An overview of the EDGAR sectisishown inTable2. As the data about GHG emissions on a local

f SPSt Aa 2yfeé FaaAdySR (29 0RNZEGdRSa aAXBRyYf KBGO &R &
NUTS3 regiongseeTable3 for detailed description and references)

Table2: Overview of the EDGAR secto&ourcetable taken from the Excel file of thEDGAR databasé

EDGAR sector| Sector description
Energy Power generation

Combustion imanufacturingindustry, oil refineries antransformation industry, chemicag
Industry processes, fuel exploitation, iron and steel productioan-energyuse of fuels, non
ferrous metals and nometallic minerals production, solvents and products use

Buildings Energy for buildings
Transport Roadtransportation, railways, pipelines, affad transport
. Agricultural soils, agricultural waste burning, enteric fermentation, manure managem
Agriculture S o .
indirect NO emissions from agriculture
Waste Solid waste incineration, landfillsastewaterhandling

Other emissions

Indirect Indirect NO emissions
Int_Avi International aviation
Int_Ship International shipping

Dom_Avi Domestic aviation

Dom_Ship Domestic shipping

Regarding the interpretation of the dati#'s essential to highlight and bear in mind tlmitations of the

data availability*®: As described above, data on a regional level (for all EU NUTS 2 regions) is generally
very limited. However, this is especially problematic with regard to data that focuses on consumption
(e.g., energy, agricultural goods and industrial products)shsvn later, this problem of focusing on

Gt NP RAdzOESRY ! O02dzy G Ay ¢ -0 ARR Y1200 DdzR2iyARWAELIG AQlYY 0S¢
regard to interpretation(Davis & Caldeira, 2010Regionghat export energy or goods areaot solely
responsible for the GHG emissiotditimately, these emissions are caused by the consumption of goods
and services, which largely occurs in other regiofsother important limitation of a quantitative
approach is that statistical data can be interpreted in various ways. Using composite indicators already
helps by having this interpretation and weighing conducted by experts (e.g., the financial capalfitities
region versus the availability ohighly skilled employees to assess innovation readiness and
competitiveness of a region). However, the interpretations of the composite indicatorslsoerery

18 Source of the table: EDGARV8.0_total GHG_GWP100_AR5_NUTS2_1990_2022.xlsx; Excel shaktp hURLy;
https://jeodpp.jrc.ec.europa.eu/ftp/jrc -
opendata/EDGAR/datasets/subnational_NUTS2/v80_FT2022_GHG_NUTS2_v2/EDGARvV8.0_total GHG_GWP100_AR5
_NUTS2_1990_2022.zip Table slightly adapted. See for complete references Chapterd-cvc " uqwt egun" dgnqy?o0
19 This section is mostly taken from our Deliverable 2.2 and partially quoted verbatim.
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contextspecific (e.g., scores for ranking of regican®), therefore, should always be carefully interpreted
with the guidance of experts.

In addition, the limitations regarding the timeliness of data pose a severe restriction: For some key
indicators, only data from 2020 (e.g., GVA per sector at NUTS 3 level) or 2021 (e.g., GDP at NUTS 3 level)
exist. The economic recovery following the Coti@d pandemidDelardas et al., 20223 not reflected in

this data, and it must be taken into account when interpreting older date statistics about GDP per
capitaof 2021 and 202 Table7). In addition, we observed minor discrepancies in various indicators

(e.g., population size, unemployment rate) between EUROSTAT and national statistical offices. These
differences can mostly be attributed to variations in data collection methodologies,asuttte reported

date for specific years and the exclusion of individuals in training from unemployment statistics.

Despite these limitations, our mixedethod approach allowed us to gather a comprehensive range of
gualitative and quantitative data, enabling a holistic understanding of the TSL regions. The continuous
cooperation and exchange of information with project partners was pivotal in discussing obadditi

Pilot use cases as well as strategies for the-tengn implementation of the four TSLs at two Consortium
meetings andan additional workshop in April 2024 (s@eapter 3 andDeliverable3.3).

Table3: Short description of incorporating data inSRudio and developing maps (GHGource: own compilation.
Emissions Allocation

To determine the specific regions associated with the emissions data, we utilize the “st_within™ function fr
"sf' package, developed tebesma and Bivan@023) This function efficiently matches emissions data fr
the Eurostat database to their corresponding geographical regions or communities based on coordinates

Filtering & Cleaning
Data cleaning and transformation processes are conducted using the “dplyr’ and “tidyverse™ packages, :
by Wickham et al(2019; 2023)These tools facilitate various operations such as filtering (e.g., selecting bet
NUTS3 or NUTS2 units), grouping, and aggregating emissions data by region or year.

Maps
The ‘tmap” package byfennekes(2018)is employed to visualize emissions data across different regior
districts. Data classification into intervals is performed using the "classint" packadgvagd (2023) The
geographical data (shapefiles) are sourced from the Eurostat database, curdtedhtbyet al(2023)

Dashboard

For dynamic data presentation, we leverage the “flexdashboard™ package developel@bBuie et al(2024)
which enables the creation of interactive HTML dashboards. These dashboards provide a versatile plat
displaying various data indicators through multiple visualizations.
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This section provides an overview and description of the quantitdtdyeindicatoraused in the case studies. The methodological approach for
collecting the quantitative data is explained in Chapter 2.3 and analyzed in Chaptéis3section begins with an overview of the main
environmental and socieconomic indicatorsTable4), followed by a description of the use of data about GHG emissions from the EDGAR
databaseTable5). InTable6, composite indices used in the QRAFT methodology are described irftletail

Table4: Environmental and soci@conomic key indicators to discuss important transition needs and potentials of the four TSL reddansce: own compilation

Topic Indicator Interpretation Source
E_conon_1|c !\/Ia_croeconomlc GDPS LILJA A XBDF’edév@Iopm@ﬁﬁ Indlcator for economic resources and EUROSTAT
dimension indicators national (NUTSO/1), regional (NUTS2) economic growth;
. 20112022 ' d? | level GDP is used to calculate the Carbon

[years: 20142022] and local level (NUTS3) emission intensity (CELQeq (kg) / GVA

[years: 20112021] (EUR) of the economy

GDP percapité D5t LJJa AY ¢ EUROSTAT

national (NUTSO0/1), regional (NUTS2)

[years: 20112022] and local level (NUTS3)

[years: 20112021]

Development of GDP per capita

national (NUTSO/1)egional (NUTS2)

[years: 20112022] and local level (NUTS3)

[years: 20112021]

GVApersectod G 2 G | f | Y2 dzy ( Indicator for assessing the importance o| EUROSTAT

GVA per sector) GKS SO02y2YA0O &SO0i 2| Statistikportal Ruhr

NUTSS; year: 2020 both high employment shares and high

20 Some of the following descriptions have already been included in Deliverable 2.2 and are mostly verbatim quotes from our own deliverable.
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NUTS 2year: 2021

i2 GKS
(OECD, 2023)

(NI yAAGAZY

Topic Indicator Interpretation Source
Economic Macroeconomic | Employment per sector (NACEhare of emissions per capita in key manufacturin EUROSTAT
dimension indicators total employees) sectors are likely to be the most sensitivg Statistikportal Ruhr

Unemployment rate(share ofunemployed
people [15 to 74 years] as a percentage of
the labour market}!

NUTS2; year: 2021

Development of the unemployment rate
NUTS2; years: 2042021

Indicator foreconomic transition potentia
and socieeconomic challenges

EUROSTAT
Statistikportal Ruhr

Longterm unemployment(share ofpeople
[15 to 74 years] unemployed 12 months al
more as a percentage of the labour marke
NUTS2; year: 2020

Development of the longerm
unemployment rate
NUTSZ2; years: 2032021

Indicator for economic transition potentig
and socieeconomic challenges

EUROSTAT

Statistikportal Ruhr

21 The source for the regional labour market information down to NUTS level 2 is the EU Labour Force Survey (ELLFS). This is a quarterly household sample survey
conducted in all Member States of the EU, the United Kingdom, EFTA and Candidate countries. Pleas note, that we have partially observed strong deviations between
EUROSTAT and national statistical offices (see EUROSTAT and respective national statistical office for different methodologies [e.g., time of reporting, aggregations
etc.].
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Topic Indicator Interpretation Source
jouee(.:onomlc Demography Population size:Number of inhabitants Ove;all c?mlp)?r|son and basis for per EUROSTAT
imension capita calculations
(NUTS3; 2021 and 2022) P
Population densityNumber of inhabitants Overall comparison EUROSTAT
per kn? (NUTS3; 2021 and 2022)
Share of different education levels Indicator for transition potential EUROSTAT
(percentage of people from 25 to 64 years (innovation and competitiveness) Statistikportal Ruhr
- Less than primary, primary and
lower secondary education
(levels G2) [ED@2]
- Upper secondary and post
secondary nodertiary education
(levels 3 and 4) [ED3_4]
- Tertiary education
(levels 58) [ED58]
NUTS2; year: 2022
Social . Indicator for economic transition potentig EUROSTAT
) ) At riskof-poverty-rate (percentage of total . . _ _
inclusiveness & opulation) and socieeconomic challenges (inequalit
equality Pop and socieeconomic disparities):
NUTSZ2; year: 2022 G¢KS LISNE2YAE oA
disposable income below the risk-
poverty threshold, which is set at 60 %
the national median equivalised disposal
AyO2YSé 069! wh{¢! ¢O
27
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Topic

Indicator

Interpretation

Source

Socieeconomic

Awareness of

Survey about the awareness of climat

Indicator about the awareness ofimate

European Sources

Agriculture & Forestry(NUTS2; percentag
of land-use in 2018)

anthropogenic carbon sinks

dimension climate change . change and its impacts and acceptance | Online
. ) change impacts . o .
impactg climate mitigation and adaptation
NUTS1 (Germany, Greece) or NUTS2 (|| Strategies
Poland)
E.colog|.cal Surface Area Area(ki?) (NUTS3: 2021) Overall comparison EUROSTAT
dimension
Landuse Indicators used to discuss the potential ¢ EUROSTAT

Statistikportal Ruhr

Land use with heavy environmental impac
(NUTS2; 2018)

Land use with heavy environmental
AYLI OG Ay Ot dzRS &
energy production; industry and
manufacturing; water and waste
treatment; construction; and transport,
communication networks, storage,
LINEGSOGADBS 62N aé

ay

This data serves as an indicator for
assessing the extent of unsustainable la
use.

EUROSTAT

Statistikportal Ruhr

22 https://www.europeansources.info/record/climate

-change-9/
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Topic

Indicator

Interpretation

Source

Ecological
dimension

Air quality

Air pollution in PM2.5 (average level ir|
pg/m3  experienced by the populatior
(NUTSS3; 2020)

Premature deaths attributed to exposure tc
fine particulate matter(PM2.5), per 100.00(
inhabitants. Regional data for the E
Member States at NUTS lev&IAnnual data
for 2020. Source: European Environme
Agency (EEA)

Air pollution levels, particularly PM2.5
concentration, is a key indicator for
FdaSaaiay3d | NBIAz2yY
and public health risks associated with
respiratory and cardiovascular diseases
0 286A01AZ HAMDD

RE potential

Share of renewable energy (RE)
electricity generation (2019)

Key indicator for the sustainability of the
electricity sector.

OECD

Potential generation of energy from wind
solar and biomass on a NUESel for the
20102050 period. For methodology refer t
(Ruiz et al., 2019)

Potential for transforming the energy
sector, which is considered one of the
most crucial crossutting topics for
transitioning to climate neutrality.

ENSPRESRuiz et al.,
2019)
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Table5: QRAFTGHG emissions and carbon intensity of the economy and societyegsridicators to assess transition needs thfe region. Source: own compilation.

GHG

Topic Indicator Interpretation Data source
Carbon intensity of| Caeq per capitg CQeq (t) per capita i Comparison between regions: Lower#ff] EDGAR (GHG)
the economy anqg(2021 and developmer 2021 () per capita is better

society: where doeg
your region stand ang
what are the trends?

between 201312021) on a
NUTS 2 level.

In addition, based on mor
recent data from EDGARis
analysishas been conducte
on a NUTS 3 level (including
gases)

Development of C§q
(t) per capita betweel
2011-2021
(2011=100%)

Comparison between regions: High
decrease (%) of G& (t) per capita i
better. Indicator for assessing th
progress of decarbonising the region

EUROSTAT
(Population)

Carbon emission intensit
(CEl)of the economy (total
(2021 and developmer
between 20112021) on a
NUTS 2 level.

CQeq (kg) / GDP ppg
(EUR) in 2021

CElemission per unit of economic outp
measured in kg/EUR of the GD
Comparison between regions: Lower CI
better (less emissions per econon
output).

In addition, based on mor
recent data from EDGAR,if
analysis has been conduct
on a NUTS 3 level (including
gases)

CEl: Cgyq (kg) / GDH
pps (EUR) between
2011-2021
(2011=100%)

Comparison between region
Higher decrease (%) of CEIl is bet
Indicator for assessing the progress
decoupling economic output and GH
emissions.

EDGAR (GHG)

EUROSTAT
(Population, GDP
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Topic Indicator Interpretation Data source

Carbon intensity ol CQeq emission by sector] CQeqper sector (kton) Indicator for identifying the sectors, whi EDGAR
the economy: which (total & share of emission contribute most to climate change.
sectors contribute (2021)
most to  climate
change Share of emissions |
sector) (in % of a
sectors)

Lower CQ@yq per sector (total and sharg
means it contributes less (regardless
economic  output and econom
importance of sector)

GVA of economic sectol Total GVA per sect(Indicators for assessing the econofEUROSTAT (G

GHG (NACE) (2020 and (million EUR) importance: employment per

development between2010 . o o P B sector)
2020) Share of GVA (in % |9 02y 2 YA O 2 dzu LJdzi 2 ¥

all sectors)

Employment per sectd?

Employment per sector Total employees peg

sector
(2020 and developmer
between 20162020) Share of GVA (in %

all sectors)

23 Note that, in contrast to Deliverable 2.2, the CEI per sector is not included due to different methodologies. The Economic sectors (NACE) and EDGAR sectors
(GHG)differ too much for a useful comparison (e.g., energy sector) .
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Table6: QRAFTComposite indices for assessing the transition potentialregjions in the context of the TSL approacBource: own compilatior{included inDeliverable2.2).

Fields of transition
potential

Composite index

Explanation of using the CI in the QRAFT methodology

Relation to TSL core|
elements

Economy:
competitiveness &
Innovation

EU Regional
Competitiveness
Index 2.0

A comprehensive framework for evaluating and comparing the competitiveness
regions on a NUTS 2 level (Sexble27in the annexXor detailed description).

The competitiveness of a region is closely linked to its capability of transformatior|
regard to the required economic resources and necessary political and-esoaimmic
structures for experimentation, innovation and-coeation in a comparative emeinment.

Regions with a comparatively high RCI score = more capable to experiment, innovate
create

Economic
performance &
resources for
transformation

Potential for
- co-creation &

experimentation
(resources and
structure)- innovation

Regional
Innovation
Scoreboard 2023

Innovation readiness is closely linked to the capability of experimentation, innovatio
co-creation. Therefore, the innovation readiness of a region can be regarded
prerequisite for finding and implementing solutions for a fundamental transition of
social and economic structures of a region (SkEsble 28 in the annex br detailed
description).

Regions with a comparatively high score = more capable to experiment, innovate -
create

Political and economi
resources and
structures for
innovation

Potential for
- innovation
- experimentation

Political
framework &
social structures

European Quality
of Government
Index 2021

The European Quality of Government Index (EQI) is a stvassd assessment focusing
the quality ofgovernance at the regional (sutational) level within the European Uni
(EV). This index utilizes survey data collected in 2010, and subsequently in 2013, 2(
2021. The primary focus of the survey is to gauge citizen perceptions and expe
regarding public sector corruption, as well as their views on the impartiality and qua
various public services (s@able29in the annex dr detailed description)

The EQI reflects the trust of citizens in public services and their perception of having f
socially just opportunities to participate. This is a prerequisite for the participation of cit
and social acceptance of the fegaching actions needefdr a fundamental transition. It

also a very basic prerequisite for establishing a beneficial environment fareedion
processes.

Regions with a comparatively high score = better potential for inclusive partici
governance arrangements (perceived by citizewhjch is a prerequisite for participatiq
and cocreation.

Government &
regulatory framework

Potential for

- participation & ce
creation (trust in
political processes an
public services)
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Fields of transition
potential

Composite index

Explanation of using the ClI in the QRAFT methodology

Relation to TSL core|
elements

European Social
Progress Index
2020

The Index measures social progress in European regions at the NUTS2 level, usin
components that are further aggregated into three broadimensions describing bas
intermediate and more subtle aspects of social progresspectively

- Basic human needs

- Foundations of wellbeing

- Opportunity

The ESP reflects the inclusiveness and social justicel{@iely andopportunities) of g
society. This is a prerequisite for the participation of citizens and social acceptance
reaching actions for a fundamental transition. It is also a very basic prerequisi
establishing a beneficial environment for-creation processes (se€able30in the annex
for detailed description).

Regions with a comparatively high score = better potential for having inclusive partici
governance arrangements (perceived by citizens) which is a prerequisite for partic
and cocreation

Social structures with
regard to human
needs, wellbeing and
opportunities

Potential for

- co-creation (social
inclusiveness & social
equality)

Environmental
potential

Land cover and
land use

&

RE potential

As highlighted irFigure3, the environment is integral part of socerological interactiong
and a region needs to have a suitable environmental potential for implementing the
efficient transition scenarios/pathways.

i The area and share dénd cover and land usde.g., agricultural farmlang
conservation areas) reflects this basic environmental potential and is releva
finding suitable transition scenarios in general.

1 For specific transition scenarios/pathways and TSL topics, additional indi
need to be considered (such as: Water Scarcity Index; Soil degradation inde
of the resilience of ecosystems [e.g., BEBRbclimatic Ecosystem Resilience Ing
etc.). However, this variety already indicates, that this is not manageable i
realm of the QRAFT methodology (that is designed aseasyto-use self
assessment).

RE potential
1 Environmental potential for of the crog8dzi G Ay 3 G2LIA O &Sy
relevant for most of the TSL topics* and transition scenarios/ pathways.

* (agriculture, industry/ manufacturing, transport & mobility, circular economy etc.)

For all TSL topics
relevant
environmental
potential for
supporting a transitior|

For the crossutting
G2LIAO aSyS
GNI yaaridazy
environmental
potential for RE (PV,
Wind and biomass) ol
a regional level
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At the beginning of this chapter, we willovidean overview of the four TRANSFORMER regions as a brief
introduction to the cases, thus highlighting their diversity. This section also includes a brief reflection on
the regions regarding their vulnerability to climate change. Based uponwmeatvill analyse separately
(Chapters 3.2 to 3.5) the transition needs and potentials of each of the four TSL regions as described in
the previous chaptersbeginning witha brief(1) overview of the regioni 2 G ®R8STAY S G KS
GKS aeadsSy Ay (Geobétal., 20R2BakEd0d tNi, thi)aransition need to achieve
climate neutrality will be assessedocusing on the most significant economic sectors contributing to
climate changeFrom this perspective, th@) socioceconomic and ecological transition potentials the
regions will be analysed and summarisedorm of a regional SWOT analysiBhese transition needs and
potentials guided the development of tHd) TSL visions and Pilot use cag@éP3) which will be briefly
portrayed before finally discussing treverall strategies for the longterm implementation of the TSLs
(Chapter 3.6).

In TRANSFORMER, we focus on four re¢sees-igure5): EmiliaRomagna (ltaly), Lower Silesia (Poland),
Ruhr Area (Germany) and Western Macedd@Gieeece) These regions hawery different characteristics
for example, the population of EmitlRomagna was in 2@early 17 times akrgeasthat of Western
Macedonia(seeTable7). Significantisparitiesalso apply tdevels ofeconomicdevelopment(e.g., GDP
per capitg, which will have a major effect aregions'ability to develop strategies fadaptingto climate
change.

Leverage points k¢ Jrey Mobility
s A
35 (

* Development of Circular
(/ ) \ hydrogen infrastructure : v/ Economy
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g ( 7T ) Development of rail S \ 41/ Energy
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Figure5: The four TRANSFORMER TSL regions and their topics of int&astce: own desigftaken from the project
proposal and slightly adapted).
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Table7: Key statistics for the four TSkgions. Source: own compilation based on data from EUROSTAT.

Yearf* | EmilizRomagna | Lower Silesia | Ruhr Are&® Western Macedonia
Area(km?) 22,453 19,947 4,438 9,462
. 2021 4,438,937 2,857,364 5,102,484 262,052
Population
2022 4,425,366 2,845,944 5,094,817 253,954
Population density | 2021 198 143 1,150 28
(population/km? 2022 197 143 1,148 27
GDP (pps) 2021 171,517 81,506 162,116 4,477
(mio. EUR} 2022 184,274 91,373 no data 5,549
GDP (pps) per 2021 38,700 28,300 31,772 17,100
capita(EUR) 2022 41,600 31,600 no data 21,400

In this regard, it is important to highlight that the impacts of climate change vary considerably between
the regions. A general comparison shotlat the socieeconomic costs for climate inaction would be

most severe in Southern Europeith up to more than 4% of welfare change (share of GBfecially

caused byn increasednortality rate due to heat stresgEuropean Commission, 2019)
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24 |In the quantitative perspective we aim at using the most recent data that exists for all NUTS 2 and NUTS3 regions.

However, for some key indicators, only data from 2020 (e.g., GVA per sector at NUTS 3 level) or 2021 (e.g., GDP at

NUTS 3 level) exist. The economic recovery following the Covid19 pandemic is not reflected in this data, and it must
be taken into account when interpreting older data (see Chapter 2.3 about limitations of the quantitative approach).

25 The RuhrArea is not classified as a NUTS 2 area. It encompasses parts of three distinct NUTS 2 regions. To perform
an analysis of the Ruhr Area within its precise spatial boundaries, it is necessary to examine aggregated data from the

NUTS 3 level.

26 Gross domestic product (GDP) at current market prices by NUTS 2 regions [nama_10r_2gdp]
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These results are also reflectediire datafrom the ESPON climate research proj@gavarro et al., 2022)
Southern countrieg the EWenerally face higher risks, while northern countries experience lower¥isks.
However, under very high emissions scenarios, risk increases across many countries, particularly in coastal
areas, indicating a potential spread of risks traditionally associated with southern regions

Regarding the expected impacts of climate ch&hgeour TRANSFORMERions we observe thaton
average, the risks in thRuhr Areaare significantly lower compared to EmilRomagnaThis has various
reasons. For instance, ioomparison to theRuhr Area EmiliaRomagnahas a significantly higher
vulnerability to coastal and river floods, which are expected to increase in both frequency and intensity
(IPCC, 2021; Navarro et al., 2022)e heavy environmental and economic impacts of the floods in Emilia
Romagna in 2023 underscore the critical importance of climate mitigation and adaptation ¢Xoitghi

& Domeneghetti, 2024; Emilidomagna Region, 2024bJhese strategiesieed to account forthe
significantdisparitiespresentwithin the regions: for example, within theuhr AreaDuisburg presents

one of the hghest (0.42), while Bottrop exhibits one of the lowest (0.07) risks among all the NUTS
regions within the four TRANSFORMER regions (see ESPORN this)underscores the necessity of
developing mitigation and adaptation strategies tailored not only to regional but also local needs. In an
overall assessment, however, all analyses indicate that the costs of climate inagtweigh the socie
economic costs of implementing comprehensive systemic changes across @ur&iesan Commission,
2019; IPCC, 2021; Navarro et al., 2022)s consideration must be taken into account when discussing
the costs associated with the phasing out of unsustainable industritbe next chaptersespecially given

the severe impacts it may have on certain regi@ECD, 2023)

2Z7Vjg"ciitgicvgf"tkumu"ocr"mctg"vjg"tguwnv"gh"eqgodkpkpi
(baseline climate, low emissions scenario, intermediate emissions scenario or very high emissions scenario in 2070 -
2100) and way of considgt k pi " gzr quwt g" * c Navagrom et al.202)t The igpact ghkins gnelude heat
stress on population, coastal flood on infrastructure, industry, and service sectors, river flood on population, river flood
on infrastructure, industry, and service sectors, flash floods on cultural sector, wildfire on environment, droughts on
primary sector. The spatial distribution of climate risk in Europe shows similarities between scenarios with absolute
and relative exposure, although minor differences exist.

28 Aggregated risks under the Intermediate emissions scenario (2070-2100 RCP4.5) with absolute exposure (ibid.).
2%4Ygkijvgf"eqodkpcvkgp"gh"rj{ukecn"*ygkijv"203; +."gpxktqgpogp
(0.1) potential impacts of climate change. Weights are based on a Delphi survey of the ESPON Monitoring Committee.

]e_" Korcevu" ecnewncvgf"cu" eqodkpcvkgp" qh" tgi kgpecn" gzrquwtg"
sensitivity. Climatic changes calculated on the basis of the IPCC SRES A1B scenario as median of the changes between

1961-1990 and 2071-2100 of 12 ENSEMBLES climate modelgy (N&varro et al. (2022). No data for Western Macedonia.
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RISK - Aggregated risk

Intermediate emissions scenario (2070-2100 RCP4.5)
with absolute exposure
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.
. g © ESPON, 2022
Cotmrcndiy e avpsn gins Domepnt
*Dark grey: No data Source: ESPON-CLIMATE Update, 2022

Origin of data: COPERNICUS, RDH, PESETA, EUROSTAT, ESPON, EIGE, 2022
Regional level: NUTS 3 (2016)
@ UMS RIATE for administrative boundaries

Figure7: Aggregated risks. Intermediate emissions scenario (22200 RCP4.5)vith absolute exposure.
Navarro et al.(2022 p.116).
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As described above, the case study will begin by providing a drefview of the region(3.2.1)to
GORBSTAYS (KS 02dzyRINASa 2 ¥GeusfetSal., 2028Bassdvon thig, thd S NI a
transition needsto achieve climate neutralityill be assessed, focusing on the most significant economic
sectors contributing to climate change (3.2 Bhe identification of these transition needs hallow us to

narrow down the otherwise too complexanalysis of thesociceconomic and ecological transition
potentials of the region Theseclosely intertvined transition needs and potentials will bthen
summarisedn form of a regional SWOT analy43.2.3).These identified transition needs and potentials
guidedthe TSL vision and Pilot use cas&ich will be briefly portrayedéh Chapter 3.2.4 The results of

the chapters about the four TSLEkapters3.2-3.5)will then be incorporated irChapter 3.6 in an overall
discussiorabout strategies for the longerm implementation of TSLs

EmilizaRomagndRegione EmililRomagna; RER)a region imorthernltaly located in thesouthern region

of the Upper Italian Plain along the Po River, bordering Veneto and Lombardy to the north and the Adriatic
Sea to the east. lencompasses an area of more than,@®km2 and extendssouthward into the
Apennine Peninsula, bordered by Tuscany, Marche, and the Republic of San Marino, with Piedmont and
Liguria to the westlt has apopulation of 4.4 millionand it consists of9 provinces includingone
Metropolitan City (CittaVietropolitana). The most populous city, Bologna, is the capitathaf Emilia
Romagna&Region(OECD, 2022)

xT JN AT Padova

.

Figure8: EmilizRomagnaRegionand its location in Italy Source:Geoportale 3D (regione.emilimomagna.it) 30

30 https://mappe.regione.emilia -romagna.it/#share=g -c4511548320f6834c9a7a2d5d3062fe9
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EmiliaRomagnds one of the wealthiesbf the 20regions in Italy with a GDPps)per capitain 2022 of
41,600e @ne of he most importantsectors in EmiliaRomagnais the industrial sectqrspecifically
manufacturing (see Chapter 3.2.2 This sectoris characterized by its automotive and motorcycle
industries, as well as its food productianich areinternationally very competitivOECD, 2023)

The authorities in EmiliRomagna have clearly identified the risks associated with climate chiaege

Table8 for a brief overview of the political systenBased on overarching national pglbjectived!, RER

setAy GKS awS3iazylft {GNXdS3e Onn o (EmiliaRbSaggRa Regba, NJ { dzd
2020b)ambitious goalso achieve a GHG reduction®5% until 2030 and becoming climate neutral until

2050(ibid., p.119). These goals are embedded in a complex setipéctivesfor sustainable development

that F AYa 0 aRSO2dzJ Ay3 3INR g {ifd., p.36)Ror &chiediRgNa® sooiaflyy O |- )%
acceptable transitionL Y ONB I aAy3 O0A2RAGSNBEAGET AYLINRGAY3I | ANJ
SO2y2YAO03 a20Alf 3 SyogiNRWYDPYHIIEa IR R2Y SNNRS 2tNROTE R
/ f A Y (EmiRomagna Region, 2020a, 202%aYo achievethese goals, the region has identified

energy, sustainable mobility andcircular economyaskeytopics(ibid, seeDeliverable3.2).

In the next section, we will explore how the importance of these sectors is reflectediifGHG emission
intensity, thus indicating the necessity of transforming th&rhis will serve as a significant indicator for
assessing the region's vulnerability to the required transitiBar example, regionsith significant
employment shares in sectors withigh greenhouse gas emissioard low GVAencounter distinct
challenges when transitioning to climate neutraf@ECD, 2023)

31 |taly ratified the Kyoto Protocol in 2002 and the Paris Agreement in 2016. Building upon these significant treaties,

Italy developedthe@ K pv gi t cvgf Pcvkgpecn" Gpgti {"cpf"Enkocvg" RncpY" *KPGE+"
climate neutrality by 2050 (Ministry of Economic Development (2019)). According to Jensen and Seppélé (2021), this

commitment to climate neutrality is intertwined with other policies aimed at promoting sustainability, such as the
uCevkgp"Rncp"hqgt "Kortgxkpi"Ckt"Swecnkv{}y

32 According to Emilia-Romagna Region (2022) " f k hhgt gpv" ceeqorcp{ kp
Pgwvtcnkv{" dghqgqtg" 42724" jcxg"dggp" korngogpvg
actions to be implemented over time, so that their 'sum' will resultintheng v " pgwvt cnkyv
(ibid., p.65).
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Table8: Brief overview of the political system dRegion EmilieRomagna Source: own compilation.

A TSL can be regarded as a new form of governance arrangemen@h@pter 2.1). However, a TSL is 1
implemented in a political void and, thereforeyust be designed to be complementary to existing politic
administrative structures (se€hapter 3.6). This brief overview of tie 3 Apdlijic@l ystermaims to highlight
some of its main existing political structureéghe specific political decisianaking processes and participatic
processes need to be carefully analyzed in detail for different togoickPilot use cases (s€eliverable3.3 for
the specific contexts of thRilot use casgs

The political system of EmillRomagna is characterized by a mtiktred structure that mirrors the broader Italia
governmental framework. At its core is the Regional Government (Giunta Regionale) and the Regional A
(Assemblea Regionale), both which play crucial roles in shaping policies and administering affairs withir
region(Assemblea Legislativa, 2024)

The Regional Government, led by the President of the Region (Presidente della Regione), function
executive branch. The President is elected by popular vote and is responsible for representing the
implementing laws, and overseeing the adrstmation of government departments. The President appoi
several assessors (Assessori), each responsible for a specific area of governance, such as health,

infrastructure, and economic development. Together, they form the Giunta Regionaleh fimctions as the
regional cabine{Assemblea Legislativa, 2024)

The Regional Assembly serves as the legislative body of {Rwoifiagna, akin to a regional parliament. It
composed of elected representatives known as regional councillors (Consiglieri Regionali). These coung
elected through a proportional repsentation system, with the number of seats allocated to each political p
based on their share of the vote. The Regional Assembly holds the power to pass laws, approve the
budget, and oversee the actions of the Regional Government througbugcommittees and commissior
(European Committee of the Regions, 2024a)

EmiliaRomagna's legal system operates within the broader framework of Italian law, with regional regul
and policies enacted by the Regional Assembly and implemented by the Re@mrexinment. The region i
divided into administrative departments (Dipartimenti), each tasked with specific functions such as m
energy, agriculture, and transportatiofRegione Emili&komagna, 2024)These departments work to delive
services to residents, manage resources, and implement regional policies in alignittetioth regional and
national legislation.

Within this governance framework, the TSL specifically aims at implementing complementary processes
involvement of citizens. In addition, the TSL is supposed to support interdepartmental coordiwitionRER s
regional authority for fosterig the development of crossectorial solutiongor climate neutraity (see TSL visio
andPilot use caseis Chapter 3.2.4).
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As described above (s€hapter 2.1), regional transition needs and potentials are closely interrekated
influenced by the ecological, social, and economic dimensions of sustaindhilihe context of the
overarching goal of achieving climate neutrali@HG emissiongre, by definition, one of the main
indicators that needto beanalysedIn this regard,hie overallGHG per capitan EmiliaRomagnasnearly

the same as th&U averag® but higher than the rest of ItalgseeFigure9 andFigurel0). Regardinghe

carbon emission intensity of the economye observea strong declineof GHG per GDHhis overall
positive trend of decoupling economic growth and emissions of GHG can also be seen on a local (NUTS 3)
level, even though with strong disparities: Piacenza has by far the highest GHG emissions per capita and
CEland Riminithe lowest valueqsee Figure12 and Figure13). However,in this contextit must be
highlighted that this data pertains to thgroductionand not to the consumption of goods and services:
Rimini, with its strong tourism industry, utilizes a significant amount of resources (energy, agricultural
products, etc.) that are produced elsewhere. Therefore, this data does not necessarily reflect the actual
ecologial footprint of the regionSamoraArvela et al., 2018)

Emissions

(0.169,3.58]
(3.58,5.29]
(5.29,6.69]
(6.69,8.02]
(8.02,10]
(10,13.8]
(13.8,422]

— s )
0 10 20 30 40 50 60km

Figure9: GHG per capita in 2022 in Italy and EmiRamagna.
Source: own design based on data from EDGAR (CO2eq) ¢
EUROSTAT (per capita).

|
jo— — | 2
0 50 100 150 200 km

°

33 Based on the classification of the EDGAR data. Accorind to the UNFCCC classification the GHG emission per capita
for Italy is below EU average (7.1 versus 7.8 CO2 eq t per capita). Se€hapter 2.3 for explanations.
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Figurel0: Average CO2eq per capita (t) of the EU (NUTS !
regions), Italy and Emili&omagna.Own compilation based
on data from: EDGAR (CO2eq) and EUROSTAT (per capi
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Figurell: Development of the CEI (CO2eq [kg] / GDP pps
[EURY]) in the EU (NUTS 2 regions), Italy and ERiienagna.
Own compilation based on data from: EDGAR (CO2eq) af
EUROSTAT (GDP pps)
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Figurel2: Average CO2eq per capita (t) of the EU (NUTS !
regions), Italy, EmiliERomagna and its NUTS3 regiorBwn
compilation based on data from: EDGAR (CO2eq) and
EUROSTAT (per capita).
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Figurel3: Development of the CEl (CO2eq [kg] / GDP pps
[EURY]) in the EU (NUTS 2 regions), Italy, EARlienagna and
its NUTS3 regionsOwn compilation based on data from:
EDGAR (CO2eq) and EUROSTAT (GDP*pps)

The sectors contributing most to climate change2022 wereindustry, transport, and energy. Even
though we can see a shift tormore carbonrefficient economyin most of the sectors in EmilRomagna

especiallyin waste management and transpothis progress is not enough to meet the climate targets of

the region of reducing GHG emissions by 55% until 2030 and becoming climate neutral untir20Bs0

Romagna Region, 2020According to the EDGAR dbtse we can even see an increase of GHG

34 Only the period from 2011 to 2021 is covered, as EUROSTAT lacks data for GDP at the NUTS 3 level for 2022.
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emissions totalgbut also GVA the agricultural sectig®® a sector that not only contributes to climate
change but has, especially in the case of conventional agriculture, negative effects on biodiversity,
groundwater and air qualit{l eogrande, 2024; Voccia et al., 2024y qualityis particularlyimportant as

it has a direct effect othe life expectancy of inhabitants (segplanationbelow).

Nevertheless, the most important sectors regarding GHG emissions and air qualitgdasty, energy
and transport Regarding the transition needs of the industry of ErRleanagna, it is important to
emphasize that it is strongly linked to the regional key topic of developimg@ar economy?® The same
applies to the crossutting topic of energy, whichktronglyintersects with industrial processes, circular
economy andhe transportsector.

45000
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Figurel4: CO2eq (kt) pesector in EmiliaRomagna.Own compilation based on data from: EDGAR (CO2eq)

EmiliaRomagna Regioh @ 2 F 0 Sy NBTFSNNBR { andubtdal digticts Biarfcd £ St | Yy R
Bianchi, 2019, ®©5). a network of small and mediwsized enterprises (SMESs) clustered in industrial
districts, where businesses specializing in similar industries are located in close proximity to one another.
This proximity fosters collaboration, knowledge sharing, andvation (ibid.), which contributes to the

high competitiveness of the industrial sectrEmiliaRomagngVrontis et al., 2018)

According to EUROSTAT, more than 520,000 people are employed in the industrial sector-8yACE B
most of them in manufacturing(NACE C)The importance of the manufacturing sector is also clearly

35 The deviations from other sources (Emilia-Romagna Region (2018)), which report a decrease in GHG emissions in
the agriculture sector, can partially be explained by the fact that in the EDGAR database, the agricultural sector
encompasses all related activities, including agricultural soils, agricultural waste burning, enteric fermentation, manure

management, and indirect N20O emissions from agriculture as well as all related gases, including F-gases.

36 As mentioned in the introduction, the region has identified energy, sustainable mobility, and circular economy as key
topics for achieving climate neutrality and sustainability Emilia-Romagna Region (2020a, 2024a)
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reflected in theshare of regionaGVA (sed-igurel5). The most importantmanufacturing clusters (see
Figurel6) ared YSOKI YA Ol f Sy 3aAYySSNAY3IAZ | dzi2Y20ABST OSNI Y
YI G§SNR I f 3QECDYER2)T22 RE

While most of these sectors demonstrate 8 publc scmnstration,  EMILIA-ROMAGNA

health and social work;

Compal’atlvely h|gh Ievel Of arts, entertainment

NACE O-U

Agriculture
MACE A

competitiveness, they are confronted with
the challenge of needing to undergo
fundamental changes tosupporting the
transition to climate neutrality, while
simultaneously maintainng their
competitiveness One compelling example e e
highlighting the complexity of this ~ wee

transition challenge is the automotive

industry in EmiliaRomagna Against the Figure15: Share of GVA per sector in Emilkomagnan 2020.

background of an alreadynfavourable Own compilation based on data from EUROSTAT.

developmentof the Italian automotive sector in generéZirpoli, 2023Y this sector faces multiple

OK I t f Sy 3 Sapturédin tiie fdurhdier agronyrMADE standing for newMobility trends around

the world, the arrival ofAutonomous technology, the development and useDijital features, and the

rise of powertraingE S O (i NJA (Mar£2htilethaR, 020, [5). In thiscontext, electrification is regarded

4 awiB8KS Yz2ald NBftSOFryld ORAaO2ylGAydzAide FIOG2NDB ol
Ay (GKS LRGSNINIAY R2YIFAYI ¢ A {(WMorzéng of 3.52D20300Nb8 T2 NJ
only the reduced number of componertand the introduction of completely new required components

(such as battery packs) need to be addressed through increased investments in R&D, workforce training,

and diversification of productio¢zZirpoli, 2023)but the successful electrification of the automotive sector

also necessitates entirely new services and infrastructure, "such as fast charging stations and battery
recycling systemgMorzenti et al., 2020, [.0).

Trade & Transport
Information and MACE -1

This highlights thetrong linkages betweemanufacturing (e.g., automotive industrygircular economy
(e.g., battery recycling) and thenergy as well astransport sector (e.g., fast charging stationsJhis
emphasizes the necessityf developng well-aligned crossectorial solutions.This is particularly
important for the transport and mobilitysector, asa just transition to climate neutrality requirgmt only
completely newtechnologicabut alsosocialtransportation solutions, such as accessible and affordable

37 According to Zirpoli (2023, p.6),tj g" pwodgt "gh"rtgf wegf " xgj kengu"kp"Kvecn{"jcu
ectu"cpf"egoogtekcn" xgjkengu"kp"3,;;2"vg"]e_"ctqwpf"722.222
considered). Nevertheless,v j g" cwvqoqgqvkxg"kpfwuvt{"uvknn"utgrtgugpvu"qgpg"qg
starting from 2000, the crisis of the FIAT production model, culminating in the merger between FCA and PSA, has led

to a significant contraction in production and, consequently, in turnover, Italy remains an important player but risks

lagging behind, threatened by the competition from other European countries. There is a need for structural reforms to

address persistent issues, investments in R&D and workforce training, diversification of production, and a revival of the
ngecn"rwdnke"vtcfbd)gtvcvkgp" kpfwuvt {4

ByCu"owej "cu":7"rgtegpv"qgh"vjg"rgygtvtckp"eqorqgpgpvu"qgh" KEGU
(BEVs), as the vehicle architecture is simplified from around 1,400 components to fewer than 200 and fully integrated

platform solutions forthe r qy gt vt ckp. "uwej "cu"vjg"umcvgdqgctf"ejcuuku. "ctg"Kk
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public transportation, as well as sedad convenienbicycling infrastructuréJenssen, 2021; Pazzini et al.,
2022)

The developedPilot use cases RER, evolving around sustainable mobility solutionsiitgyahd electric
mobility, seeChapter 3.2.4), should therefore be assessed agaihi& crosssectorial background:
reducing GHG emissions in the transport sedtmstering a sustainable energy system and simultaneously
supporting the transformationof the important regional manufacturingautomotive) sector by
developing acircular economyThe latteris regarded as particularly importanhecessityfor achieving
climate neutrality and a sustainable econo(®aleari, 2024; Romei#®erdomo et al., 2022)

Regional industries

a. Regional production b. The technological poles
VLA S Parma Mo Ferrara
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/ T I, X 1 ~Pharmaceutics | YAdvanced mechanics | v Cultural heritage
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i Langhirano medicine
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Figurel6: Regional industries Source:Bianchi and Bianch2019, p.67).

CirculareconomyCE} A Y4 G NBRSAAIAYAYyI GAYRdAdZAGNAFf aeadsSvya
GKS GKNBS YIAy O2YLRyYySyGa 2F (KS LINEZRdzQGalkegigt O& Of S
al., 2017, pl), with the goal ofminimizing waste and resource consumption by maximizing the reuse,
recycling, and repurposing of materials throughout the production and consumption cyidérahisition

G2 I OANDdzt I NI S O2 y asvadnajdsirategyiidR SistanabNigs ahtl ddiRpBtiRivehess ind

the mediumlong ruré (Compagnoni, 2020, 4716) In this regard, Emilid&omagna Region is considered

a pioneerin Italy. it was the first Italian region to implementspecific lavihat fostered the development

and adoption of circular economy principléSani et al., 202Ff In combination withan innovative

ecosystem in RER that is characterised tyla N2y 3 LI NIOYSNBKALI 0SG6SSy GKS

39 According to Mencherini et al. (2020, p.130)yvj g" eqorngzkv{"qgh"vjg"tgiwncvgt{"htcog)
participating to pilot actions of circular economy and IS having the aim of identifying new pathways for by -products

reuse. Especially in Italy, where different institutional bodies are involved in the authorization process, companies often

fear to incur penalties trying experimental solutions forwaste valorisation. Therefore, even if innovative solutions are

developedti g{ "ghvgp" fg"pqv"uweeggf"kp"tgcej kpi"vjg"octmgvo0oy
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'y R O2 Y (Shnyek &,2621, pa920)* this led to an overall positive trend in trseibstantially
increasednumber of companies that adopt circular economy princigleowever, in a study from

Antonioli et al. (2022we can also seél KI & G iKS RAAGNAOdzGAZ2Y 2F OA NDd
mediumsized firms, especially those belonging to low and medium technetdggsive sectors,
Y2NB2@SNI O2YLI yASa Ay (KS LINRPOAYOSa 2 fnendliRSYy |l | YR
al., 2022, p57). In addition, this study shows that the cresstting topic of energy is addressed by a
comparatively small share of companigseeFigurel7)./ 2y aA RSNAyYy 3 GKIFI G GKS d&aAyRd:
Fo2dzi 2yS GKANR oO0o0cx20 2F FAYIf SySNHe O2yadzYLliiazy
convert their production cycles into a new dimension of circularity, reducing energy consumption,
gradudly increasing the use of renewable resources and allowing, at the end of their life, the recycling

and reuse of materials and componeg{#linistero dell'Universita e della Ricerca, 20222)p.

Total Emilia-
Circular innovations BO FE FC MO PC PR RA RE RN
Romagna

Water reduction 4%, 6% 3% 4% 11% 3% 3% 3% 5% 4%
Raw material reduction 15% 15% 7% 15% 9% 14% 10% 15% 12p4 13%
Design change to reduce

material use 8% 10% 5% 8% 4% 8% 7% 10% 6% 8%,
Use renewable energy 5% 6% 4% 5% 6% 6% 3% 5% 6% 5%,
Reduce electrical energy 7%| 6% 1% 6% 4% 6% 5% 5% 9% 6%
Design for durability 8% 11% 4% 8% 4% 1205 8% 9% 5% 8%,
Design for disassembly 3%, 6% 4% 4% 2% 3% 4% 5% 1% 4%
Design for repairability 6% 7% 6% 10% 2% 10% 6% 6% 1% 7%
Design for recyclability 6% 7% 2% 5% 4% 5% 3% 5% 5% 5%,
Use biomaterials 8% 10% 8% 6% 6% 6% 10% 7% 6% 7%,
Waste reduction 9% 14% 7% 10% 7% 9% 8% 7% 9%, 9%
Reuse waste within own

productive process 4%, 4% 2% 4% 4% 5% 7% 5% 6% 4%
Deliver waste to other

firms 8% 6% 6% 9% 5% 4% 10% 4% 5% 7%,

Figurel?: Percentage of responding companies that state they adopt the various types of Cl by pro{@@eBologna; FE:
Ferrara; FC: ForlLesena; MO: Modena; PC: Piacenza; PR: Parma; RA: Ravenna; RE: Reggio Emilia; RN: Rimini)
Source:Antonioli et al. (2022, p.67).

WKp"cffkvkgp. "uvwfkgu"jcxg"ujgyp"vjcv"mniggitcrjkecn"rtgzkokyv
[industrial symbiosis] ] € The involvement of production districts is useful in order to have several companies
pertaining to a single value chain and geographically close, but it is really difficult without a managing authority of
reference. Also, the involvement of industrial associations, able to aggregate large numbers of companies, is a success
factor in order to create exchange networks and try to influence policies. More in general, the Emilia- Romagna
experiences confirm the important role of coordinating organizations as ena blers for IS experiences, extensively
eqxgtgf" kp" vj g('Merdhemmikevay (22, j139)"' 1 € _ Y

41 According to GreenERTy] ¢ _ @5§0vcompanies have been identified as belonging to the green economy in 2022,
with a turnover of over 90 billion euro and 300,000 employeesYEmilia-Romagna Region (2023, p.21). In a survey
conducted by GreenER (2022, p8), nearly 42% of the responding companies reported providing green products and/or
services.

46 Funded by
the European Union



transformer

As mentioned above,i KS Ay RdzAGNRAFIE &a2aitSy 2F wOw aGroaz2zNba |
O 2 vy a dzY (Minhisterg/dell'Universita e della Ricerca, 20222)pand nearly 50% of the electricity (see

Figure 18). Therefore,reducing energy consumption in industrial processes while simultaneously
transforming theenergy sectorby substituting fossil resources with renewable energies is regarded as
essential for transforming multiple sectarsndustry, transport and mobilityy simultaneously

In this regard,EmiliaRomagna decideth its regional development strategy on the ambitious gaal t
transition to 100% renewable energyntil 2035(EmiliaRomagna Region, 2020b,§1). However the
greatrenewable energyRB potential of EmiliaRomagnaespecially for PV andind energy,hasso far
only been utilizedto a very limitedextent (see Chapter 3.2.3 Onlybiomasé® and PVare contributing
significantsharesto electricity generatior(seeFigurel9). Despite EmilidRomagna's significant potential
for energy generation based on biomass due testtengagriculture sectd¥, the sustainabilityof this
energy sourcés controversially discussgdlarongiu et al., 2022; Tamburini et al., 2020; Valentini, 2020)
In the case of EmiiRomagnaltis is partially related to the emissions generated in agricutbuvehich
havean additional negative effect on the alarming state of #Hiequality in the Po region. However, in
this regard, the transport ahmobility sectoris even more problemati@and requires a fundamental
transition.

42 Share of energy from renewable sources in gross final energy consumption.

43 As a share of the thermoelectric electric ty generation displayed in Figure 19. For an overview of the different RE

sources see: https://www.terna.it/en/electric _-system/statistical -data-forecast/evolution -electricity -
market/production -renewable-sources

44 According to a study from Valentini (2020),w] v _j g" rgqvgpvkcn" fgxgnqgqrogpv"qh"vjg"dkq
Italy is extremely high in the short/medium term: 8 -10 billion m3 within the 2030 equal to the 11%-13% of the current

gas consumption and great than the domestic production (Source CIB T Biogas Italian Consortium). In Emilia-

Romagna, the availability of waste biomass is considerable (more than 17.000.000 t/year manure CRPA, 2015), the

natural gas grid is widespread, and an industrial excellence is present in the field of components for nat ural gas fuelling
uvecvkgpO"Vjwu. "vjg"rqvgpvkecn"hgt"vjg"fgxgngrogpv"qgh"c"dkqgogv
45 A study by Marongiu et al. (2022) shows, that ucnoquv " vj g" vgvecn" coqwpvVv" @t6laret koct {" g
ceeqwpvgf " d{(bid.,pt7h.ewnv wt gy
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Figure18: Development of the share of electricity Figure19: Development of electricity generatioGWh)by
consumption per sectofagriculture, residential, industries| source(wind, PV, hydrogen power, thermoelectriéh Emilia
services)n EmiliaRomagnaGWh)between 2000 and Romagnabetween 2000 and 2022

2022 Sourcewww.terna.it4 Sourcewww.terna.it4?

The transport and mobility sectoris crucial for all economic activities and strongly related to the
competitiveness and innovation capacity of a regi{dig et al., 2019; Palei, 2015; Skorobogatova &
KuzminaMerlino, 2017) In this context, Emilil®omagna has quite a dense road and railway syStenal
scores in comparison to the three other TRANSFORMER TSL regioravavage in their road transport
performance’® A problematic aspect in context of sustainability and climate neutrality is the extremely
high motorisation rate in EmiiRomagna, which is among the highest in the EU Fsgare20).

46 https://www.terna.it/en/electric _-system/statistical -data-forecast/evolution -electricity -market/consumption -

electricity -sector

47 https://www.terna.it/en/electric _-system/statistical -data-forecast/evolution -electricity -market/production -
electricity -source

48 Emilia-T g o ¢ i p c 1,40Ckm bfmailway network and 258 stations YEmilia-Romagna Region (2024b).

49 Population accessible within 1h30 by road in a neighbourhood within a 120 km radius. Please note that accessibility
is only one of many indicators that need to be considered for assessing the transport performance (e.g., safety,
comfort, costs for mobility, etc.). However, due to limited (and comparable) data availability, we focus on this frequently
used indicator.
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Figure21. Premature deaths attributed to exposure tfine
particulate matter (PM2.5), 2020 (per 100 000 inhabitants
by NUTS 3 regions)Source (slightly adapted): European
Environment Agency (EEA); retrieved from EUROSTAT.

This high motorisation rate is strongly reflected in the poor air quality of ERdiaagna (seBigure23).

Within the transport system, road transport alone accounts for 48% of the NOx emissions, 29% of the CO

emissions and to 19% of fine particulate matter (PM10) in the Po Iflirongiu et al., 2022, 7.4).52

This poor air qualithas a direct effect on life expectancy: According to an analysis by the EEA; Emilia
Romagna has one of the highest shares of premature deaths attributed to exposure to fine particulate

matter (seeFigure2l).

50 With 880 vehicles per 1 000 inhabitants (by NUTS 2 region),Emilia-Romagna has one of the highest values in the EU

and the highest value of the four TRANSFORMER TSLs.

Source: https://ec.europa.eu/eurostat/documents/7116161/17557903/1101EN. pdf

Statitics available on EUROSTAT

(online data codes: tran_r_vehst, demo_r_d2jan

51 https://ec.europa.eu/eurostat/documents/7116161/17557903/1204EN. pdf

52 For detailed statistics on road transport emission see Marongiu et al. (2022, p. 76) and for the whole transport sector
(including air, water and rail): Emilia-Romagna Region (2021b).
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Figure22: Motorways and highways in EmiiRomagna Figure23: Number of days exceeding the average mean of
Region. Source:EmiliaRomagna Regio(2021a, p9) 50ug/m3 (2017).

Source:EmilizRomagna Regiof2021a, p.11)

The regional authorities hawaearly identified the necessity ofiprovingthe air quality by implementing
adwS3IAZ2Yy I LyAr&ENI i & RARTERL 20245t Npecifically identifies theecessity

of fundamentallytransforming thetransportationsystem todecrease itiegative environmental impact

(ibid.). However,simultaneouslya costefficient andhigh-performancetransport infrastructure needs to

be ensured to suppoeconomic activities anchaintainingthe competitivenes®f the region.The strategy

for achieving this isto develop ' y Ay GS3aANI 4G4SR Y2o0AftAde &dae2aasSy:zr KA13
transport, sustainable mobility, development of technological innovation, and functionally organized
trafficé (EmiliaRomagna Region, 2021a, 12} ! OO2NRAy3I (G2 GKS awS3aiazylt |
(PRIT,) specific measures are dossng on enhaning the railway infrastructure and public transport
systemthe constructionof cycle infrastructure as well as supporting ttevelopment of electric mobily
infrastructure(EmiliaRomagna Region, 2021b)

However, multiple studies shofEmiliaRomagna Region, 2021a; Hrelja et al., 2013; Rau & Scheiner, 2020;
Ruhrort, 2023}hat transforming the mobility system bears a high potential for conflagsit implies

competition for limited space and exclusion of usage (e.g., parking spots versus bicycleAarbs).

transport systemdirectly affectsnot only economic activities, bualsothe daily life of all citizenghis

processhas to be carefully managebhcluding citizens in this transition is therefarecessaryo ensure

an inclusive, just and socially accepted developm@hie overarchinggoals of the regional plans er

GNI yatlFiSR 2y GKS f2O0IMobillyS @By argliatDdzZalibKyD&t 62y
local context, for example regarding the specific requirements for cycle infrastructure in the city of
Bologna(Metropolitan City of Bologna, 2018)

Another crucial aspect that needs to be considemdthis contextis the adaptation ofinfrastructure to
climate change: the flood in EmiRRomagna in 2023 highlighted the vulnerability of the infrastructure:

A % 4 A X

GhaB62NB GKIYy mMZInnn NRIFRa woSNB6 | TTSOGSR o6& TFt22F

53 As described in ART-ER (2022, 2024) the Regional Integrated Plan for air quality (PAIR) specifically aims at involving
the municipalities of Emilia-Romagna region and including citizen’s opinion in developing inclusive and socially
accepted solutions (ART-ER, 2022).

50 Funded by
the European Union



transformer

I LILINE EA Y (St & (EmittaRomagnd Regich y2028bdia}>¢As these extreme events are
expected to occur more frequently and intemgeue to climate change (see introduction @iapter 3),
sustainable mobility solutions also need to be designed in a more resilient way. In the next section, we
will analy® the overall transition potentialsf the regionfor becoming climate neutralwith a particular

focus o transforming the key sector for achieving a crssstorial transformation: the energy system.

As mentioned inChapter 2.1 regional transition needs and potentials actosely intertwined each
influencing the other and manifesting across the three dimensions of sustainalilisessing the
transition potentials of a region for becoming climate neutral therefore requaessideringsocial,
economic and ecological/ environmental aspects. In this chapter, we will conduct this analysis focussing
on the evaluation of different composite indices and selected indicag®sKigurel).5® The results will

then be summarised in a regional SWOT analysis.

Regarding the potential for transition, treconomic performancegspecially thecompetitivenessand

innovation capacityare of crucial importance. In this regard, EmiR@magna scores comparatively high
(seeTable22 and Table23).5° This applies especially to indicators referring to macroeconomic statistics

(e.g., disposable income per capita, and GDP per capital-igeee25): As mentioned above, Emilia

Romagna is one of the wealthiest of the 20 regions in Italy. Even though theX®gvisthdemic had severe

effects on the economy of EmidRomagngEmiliaRomagna Region, 2024khe rise of GDP per capita
from31500c AY HnHm AY ARmEenhyRAOI (Sa “FhisapphRafsdto B2 y 2 YA
labourmarket, which is characterised by a comparatively tagjourproductivity and low unemployment

rate (seeFigure26).

54 These numbers are not reflected in the statistics of the Regional Competitiveness Index and must be considered
while interpreting the data. However, according to Emilia-Romagna Region (2024b)k v " y ¢ u " g that ik Septenhédr " 1
2023 the railway network will be operational again. For the road network, after the motorway functionality has been
restored, the road links are currently estimated to be functioning by December 2023 at 80% for state and provincial
ones and at 60% for municipal onesy" * kdkf 0. "r 0" 368 +0

55 Please note that these composite indicators often refer to the same data (e.g., labor market statistics, GDP, perceived
corruption etc.). In this section, selected indicators will be discussed for analyzing competitiveness, innovation
capacity, quality of government, and social progress that reflect these topics most accurately. For an explanation of
these compositie indicators, see Table 27 to Table 30.

56 This does not apply to the overall score of the RCI, in which EmiliaRomagna only averages (see Table 22). This
shows the limitations of composite indices, which weigh a set of indicators (e.g., GDP versus transport performance),
which might distort the actual competitiveness. In addition, the overall competitiveness is not necessarily reflected in
key sectors of the economy, which can be, in contrast to the rest of the regional economy, highly competitive .

57 In the following sections, mostly data from 2021 will be used as most of the GHG emission data and data on
economic sectors (GVA, employment) only exist until that year. In all the following analyses, it has to be considered
that after the Covid-19 pandemic, an economic recovery has taken place (seeTable 7 for the strongly increased GDP
in all regions). Additionally, the flood in 2023 in Emilia-Romagna (see below) had severe effects on the economy,
especially in the agriculture sector but also in the transport & mobility sector. These sectors have not fully recovered
yet Emilia-Romagna Region (2024b)
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EmiliaRomagna economyisnot 10

only highy competitive (see .

section about manufacturing anc ., 34
circular economy aboveput also
has | GSNE aldNRy
ecosystens, characterised by the
highed share of R&D expenditures
in the business sect®&r as well as EU27 Italy Emilia-Romagna
innovation expenditures per W Education level: 0-2  m Education level: 3-4 Education level: 5-8

20 23

person employed in Inr]OvatlveFigure24: Comparison of education levels the EU, Italy and Emili&omagna

SMES$? of all the four TSLs. This i%percentage of people from 25 to 64 years)

clearly reflected in the high©wn compilation based on data from EUROSTAT.

number ofinternationalpatent application®. However, for an innovative region like Emik@magna, the
share of the population (seeigure24) as well ashe shareof employees with a higher education degree
(ISCED-b) iscomparatively lowAsde]ducation, and in particular higher education, is usually seen as an
important driver of innovatior Xtés low ranking of Emili&omagna has to be addressed if the region is
to fulfil its potential forcy XABY Y 2 @ (EBIG Eufopean Service Innovation Centre, 2012)5!

58 All R&D expenditures in the business sector (BERD)

59 Sum of total innovation expenditure by SMEs in Purchasing Power Standards (PPS) Denominator: Total employment
in innovative SMEs.

60 Number of patents applied for at the European Patent Office (EPO), by year of filing. The regional distribution of the
patent applications is assigned according to the address of the inventor.

61 Please note, that even though this quote is from a study conducted in 2013, this overall ranking has not significantly
changed: According to the Regional competitiveness index, EmiliazRomagna scores in comparison to the other two
TSL regions (Western Macedonia and Lower Silesia) very low. Only the RuhArea has a lower score (see Chapter 3.4).
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Figure25Y D5t 6 LJLJA 0 ofdBeNEU QWTSA2( || Figure26: Unemployment rates (people aged 15 to 74
regions), ltaly and Emili®omagna.Own compilation years§?for the EU, Italy and Emili&®omagna.Own
based on data from EUROSTAT. compilation based on data from EUROSTAT.

As mentioned above, economic aspects represent only one dimension of sustainability. Economic factors
are closely intertwined with other socioolitical and environmental factors that influence transition
potential. Regarding thesocial and politicaldimensions of transition potentialthe European Social
Progress index provides a useful basis for a detailed assessment. In this regardR&mégna scores

with the exception of advanced educatigrabove average or even the highdst most of the indicators
(seeTable24). ¢ K &t-riskof-LJ2 JSNIié NI GSé> 6KAOK Aa 2yS 2F GKS
social disparities, is with 7.3% (EUROSTAT) the lowest of all four TRANSFORMERW&SIes, as the

GDP per capita of the NUBS$egions in Emili&®omagna shows, there are strong disparities regarding the
economic situation of the citizens within the region ($8gure27).

62 The source for the regional labour market information down to NUTS level 2 is the EU Labour Force Survey (ELLFS).
This is a quarterly household sample survey conducted in all Member States of the EU, the United Kingdom, EFTA and
Candidate countries. Please note that we have observed discrepancies between these EUROSTAT statistics and the
data provided by the national statistical offices.

63 | ower Silesia scores second best (9%), whereas the RuhrArea (21.6%) and Western Macedonia have significantly
worse values. Sources: EUROSTAT and for the RuhArea: Statistikportal Ruhr : https://statistikportal.ruhr/
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Own compilation based on datirom EUROSTAT.

In the context of the social angdolitical dimensionsof transition the results from the European Quality
of Government Index (se€able25) indicate an important limiting factor for the transition potential:
regarding the assessment by the citizens of EFilanagna about the quality impartiality®® as well as
the corruption in the provision of public serviégsthe region scores in comparison to the NQ2T8gions

in the Ruhr Areacomparatively lowHowever, this result has to be carefully interpreted as it partially
reflects the situation that was still characterised by the uncertainty due to the d®vghndemic
(Charron et al., 2022; Toshkov et al., 2022¢vertheless, it still reflectan alarming trend in Emilia
Romagna that shows'dack of interest(64.9%) and lack of trust in thpolitical system (25.5%)ISTAT,

64 Questions from the questionnaire: How would you rate the quality of ] ht go" xgt { " r qq t)"..publit g z
educationinyourarea?4 +" evj g" rwdnke"jgcnvj " e the plicaffrae in yaur' akeg?' (Charrontet ¢ t
al., 2022, p. 12). For complete questionnaire see (Charron et al., 2022).

65 Questions from the questionnaire [from strongly disagree to strongly agree]: 1) Certain people are given special
advantages in the public health care system 2) The police force gives special advantages to certain people in my area.

3) All citizens are treated equally] ht qo " ci t gg" v qih thekpublia edugagion eyst€n-iti ngy area0 " D+" evj g"
rwdnke"jgcnvj " ectg" Uy thevpglioe"fdcp Ih my drea.td)ylrc the' atea Where | live, elections are

conducted freely and fairly. (Charron et al., 2022, p. 13). For complete questionnaire see (Charron et al., 2022).

66 Selected questions from the questionnaire: Corruption is prevalentin] ht go" uvt qpi n{ " fkuci tgg"vqg" u
o{"ctgcXu" ngecn" r W ih ke publieeatly care syftemvignoyGaread " Sntthie police force in my

area. 4) People in my area must use some form of corruption to just to get some basic public services. 5) Corruption
kp"o{"ctgc" ku" wugf"vqg"igv" ceeguu" v qCharmorget &.c2022 wm h3clK).tForr t k x k n g i
complete questionnaire see (Charron et al., 2022).
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2020, p.1).5” This is problematic, as the fundamental transition of the secionomic system to becoming
climate neutral requires a high level of trust, acceptance, and support among all stakehblakeisek &
Cook, 2012; Uslaner & Badescu, 2004)

In this context,a survey from the European Investment Bank in 2023/24 sffoivk I-edonotnic and

financial" aspects @ 0 X SaLISOALl f f & G A Yo NB peic&ved b gitzanm=24Fof t A GA y 3
EmiliaRomagna & o0 A 33SNJ OKI f f Sy 34%) (HIBRD2A ThhisGstalsovafléctdd irdtiel y 3 S ¢
dominant opinios (63> 0 G KIF G0 GKS &a32@0SNYyYSy( vithoatdffeddng thR R NS & a
LIS NE 2 v | 1° ardd dz@hS fiahisition to a low carbon economy can only happen if inequalities are
addressed at the same tinag66%)’* Regarding the employment opportunities due to this transition, a
majority 60%) expects that théclimate change measures wilteate more jobs than they wiltlestroy
existngone§ O09L7? HAHNOLO®

Finally, for gaining a comprehensive understanding of the region's transition potentials, it is essential to
considernot only its economic and socipolitical aspects but also itscological and environmental
dimensions of sustainabilityln this regard, we have t@fine the focus, ashis broad pespective would

require analysinghe availability and ecaymically feasibl€sustainableutilisation of naturalresources

alongside assessing tloeirrent state of ecological processes for different sectors, such as agriculture,
fishing, forestry, mining, water and waste management, as well as tourism. Therefore, the fodues will

on the NB 3 A fvgtdd thpic: the potential for the development of renewable energywhich is a
prerequisitefor transformingthe energyas well as the transpodystem

As mentioned abovehe transport sector contributes to a very large degree to poor air quality and is
directly related to a high share gremature deaths (due to exposure to fine particulate matter; see
Chapter 3.2.Zor figures and statistics). However, due to the importance of the transport sector for
economic activities andompetitivenes®f a regionthe transition towards a more sustainable transport
system has to be carefully manag@th et al., 2019; Prus & Sikora, 2021jis is particularly important as

67 However, this phenomenon of a lack of trust in political institutions can be regarded in many European regions and

different contexts. This is, for example, shown in a study from Lalot et al. (2022) about the relation of trust in context

of the Covid-19 pandemic, by Lamb and Minx (2020) in context of national climate policies, or by Guiso et al. (2024) in

context of economic insecurity.

68Swgu v\k/h:atmre thaithree biggest challenges that people in your country arecurrently facmg’)q, Ugwt eg<" GKD" *424
(Excel

sheetltaly+0 Vig"tghgtgpegu"ctg"nkuvgf"kp"vjg"ejcrvgt"nmgFcvc"uqwt e
69 The results of these surveys additionally show the shift in perceived challenges. In an earlier survey from the EIB

(2020), Teconomic and financial" aspects (85" +. " gur g e k ¢ n n { "6I%), hageobean gefceiv@g by Hitizens

(n=147) of Emilia-Romagna cu" dkiigt" ejcnngpigu" v4{6éop "Someen EIB o(2020): ej cpi gy
https://www.eib.org/attachments/survey/climate _-survey-citizens -perception-climate -change-impact -all-data-en.xIsx

(Excel sheet:ltaly). The references are listedintheCj cr vgt " wFcwvc" uqwt eguy

“TQwguv Fgwaf t{ qgw" wolrgovgrneneneshould address climate change without affecting your personal
budget40 " Uqwt eg"” GKD" * 4246 +0

TQwguv gma'f 4 { gw" Juglfe"trangition/te a low carbon economy can only happen if inequalities are
addressed at the same time. Source EIB (2024).

72 Question: What impact do you think the measures adopted by your country to fight climate change and protect the
environment will have? Answer: They will create more jobs than they will destroy existing ones (60%). Source: EIB
(2024).
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the mobility system bears a high potential for confljctsvolvingcompetition for limited spaces and
exclusion of usagéEmiliaRomagna Region, 2021a; Hrelja et al., 2013; Rau & Scheiner, 2020; Ruhrort,
2023) The regional authorities have, therefore, developed a set of priothigss focussing on enhancing

the railway infrastructure and public transport systetime constructionof cycle infrastructure as well as
supporting the development of electric mobility infrastructuimilizaRomagna Region, 2021b)

In this regarda positive development in achieving a more sustainable transport and mobility system are

the large investments in the railway network of the Erdiiamagna Regidft G NS adz GAy 3 Ay
AYONBLI &S Ay GKS LI a@&SifaBdnhgha Ragiok,\eB28bRE5) yf additio Bié NA& £
regional authorities have implemented policies that aim at supporting and promoting local public
transport, as well as electric mobilit¢oncerning the advancement of cycling,tlas most sustainable

form of mobility next to walkingBertini et al., 2023; Bucchiarone et al., 2Q2@re is a plario construct

Y2NB GKFIY wmZann 1Y 2F a0eOtS LI GKa Ay dz2NBly | NBI &
FYR f 20t (EiigdRbrBagrdRelyiorS 2024b,1¥.4) This will not only improve the safety and
convenience of commuting, but it also creates competitive options for more sustainable Urban Freight
Transport (UFT) and Last Mile Logistics (LML) via cargo (BlkBSE, Alliance for Logistics Innovation

through Collaboration in Europe, 2015; Gonzalez et al., 2023)

In addition, policies have been implemented for supporting #fierementioned electrification of the

0N YALR NI YR Y20AfAGe aSOG2NIoeée AyadlttAy3a auwzpn
gSI1Sad INBlFra wla ¢Sttt Fa LINRY2GAY IEMiliSRoBa@iaNA O OK
Region, 2024b, @.74) If the needed electricity is generated by renewable energies, this will not only

support the improvement of air quality in urban areas significarly,it will also create incentives for

the automotive industy to accelerate the transformatiomy developing more sustainable means of
transportation (seeChapter 3.2.2

However, as mentioned above, EmiR@amagna habkeen utilizing its great potential for the development

of renewableenergies(Ruiz et al., 2019)nly to a very limited extenso far(for an overview of onshore
wind power potential in the EU sdgégure28 and for solar power potentidfigure29).”* Even though RE

is supposed to replace fosbiised energy production completely until 20@miliaRomagna Region,
2020b, p81), only biomass and PV acentributing significant shasgo electricity generatiorso far(for
statisticsand figures se€hapter 3.2.2 In this context, PV is expected to play even a greater role, as it is
not only very coskefficient and (in areas with sufficient solar potential) alrehiyhlycompetitive (Vakili

et al., 2022) but it also has a low potential for conflicts. This is particularly the case for roBfbp
(Palladino & Calabrese, 2028jowever, even large grouatounted PVsystems, which are competing

73 According to Emilia-Romagna Region (2024b, p.155) , the regionhas 1,400 km of railway network and 258 stations.

74 Ruiz et al. (2019) give an overview of solar, wind and biomass potential for energy generation on a NUTS2 level. The

corresponding datasets from ENSPRESO4Yn EU28 wide, open dataset for energy models on renewable energy

potentials, at national (NUTSO0) and regional levels (NUTS2 for the 2010-2050 periody" ¢t g" cxckncdng" xkc" vj
URL:https://data.jrc.ec.europa.eu/collection/id -00138
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with agriculture for limited space(Sacchelli et al.,, 2016have in comparison to wind power a
comparativelylow conflictpotential (Leiren et al., 2020; Meister, 201&ven though Em#-Romagna has
with its strong agriculture sector great potential for energy generation based on biomasghe
sustainability of this energy source is controversially discufgkedongiu et al., 2022; Tamburini et al.,
2020; Valentini, 2020As mentioned above, this is in the caseeaiiliaRomagnaartially related to the
emissions generated in agriculture tHavean additional negative effect on the alarming state of ée
quality in the Po regionHowever, energy generatiofnom (agricultural) wasteparticularly, exhibits a
high potential for sustainable energyoduction when compared to other methods of energy generation

(ibid.). This would be aecessity for fostering a (more) sustainable electribiyged transport and mobility
system.

75 According to a study from Valentini (2020), ] v _j g" rqgvgpvkcn"fgxgnqgrogpv"qh"vjg"dkq
Italy is extremely high in the short/medium term: 8 -10 billion m3 within the 2030 equal to the 11%-13% of the current
gas consumption and great than the domestic production (Source CIB T Biogas Italian Consortium). In Emilia-
Romagna, the availability of waste biomass is considerable (more than 17.000.000 t/year manure CRPA, 2015), the
natural gas grid is widespread, and an industrial excellence is present in the field of components for nat ural gas fuelling
uvcvkqgpO"Vjwu."vjg"rqvgpvkcn"hgt"vjg"fgxgngrogpv"qh"c"dkqgogv
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Before we briefly portray the related Pilot use case in Chapter 3.2.4, we summarise the transition needs

and potentialsof EmiliaRomagnan a regional SWOT analysis.

Table9: Regional SWOT analysis astanmary of the transition needs and potentialsf becoming climate neutral in context
of the TSL approachSource: own compilatior®

Strength
(helpful internal factors)

High GDRper capitg and economic resource
for transition

High competitiveness and innovation capac
Strong regional governance collaboration
between regional authority and municipalitie
OG@SNIAOIEE AyidaSNF Of
Diverse economywith strong development
towards a circular economy; competitiv
sectors in manufacturing, agriculture, ar
services

Dense transport infrastructure and favourab
geographic location

Strong political support for a transitio
towards climate neutrality (sustainabl
mobility, RE development, promotion ¢
circular economy)

Weaknesses
(harmful internal factors)

Economic  dependence on tradition
industries with strong veteplayers (e.g.,
automotive)

Comparatively low trust in instiutions (EQI)
Unstructured coordination between th
various regional departments and the seve
regional plansd a K2 NAT 2y (| £ ¢
coordination)

Opportunities
(helpful external factors)

EU funding for innovative actions (circul
economy, sustainablemobility, ecological
agriculture)

EU and national targets for RE developmen
Increasing demand for sustainable tourism
well as sustainably produced products a

goods(e.g.,agricultural producty

Threats(external)
(harmful external factors)

Comparatively high vulnerability to climat
change impactgcoastal and river floodings
Uncertainty about national legislation
(regarding climate action)

Global economic fluctuations (expestiented
regional economy)

76 This regional SWOT analysis is tased on a comprehensive document analysis and two workshops conducted in the
realm of WP2 and WP3.
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Wind onshore, potential for electricity generation, [MWh/km?]
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Figure28: Wind onshore, potential for electricity generationSource:Schremmer et al(2018, p.17).

Disclaimer The designations used and the presentation of material on this map do not imply the expression of any opinion
whatsoever on the part of the map creators or publishers concerning the legal status of any country, territory, city, or afea

its authorties, or concerning the delimitation of its frontiers or boundaries.
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Solar energy, potential for electricity generation, [MWh/km?]
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Figure29: Solar energy, potential for electricity generatiorSource:Schremmer et al(2018, p.19).

Disclaimer The designations used and the presentation of material on this map do not imply the expression of any opinion
whatsoever on the part of the map creators or publishers concerning the $éafals of any country, territory, city, or area, or of

its authorities, or concerning the delimitation of its frontiers or boundaries.
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As described in the chapter about the methodological approach (Chapter 3), the assessment of transition
needs and potentials, as well as the analyses of the political framework, has been a continuous and
iterative process conducted in tandem with the prcijgartners (WP2, WP3, WP4, WP5) and has been

the guiding aspect in developing a vision for the TSL, coalition builbétigdrable3.1), and identifying

the most important Pilot use caseBdJiverable3.2). A summary of the vision and Pilot use cases is
included inTable10. The continuous exchange of information between the WPs of the TRANSFORMER

project has been vital for developing these case studies as well as the Actionpatiaeréble3.3) for

the specific Pilot use cases. The discussiostrategies for longerm implementation is based on this

cooperation and will be included in Chap86 andDeliverable3.3.

Table10: EmiliaRomagna: The vison arfilot use caseat a glance.Source: summary of théescriptions included in
Deliverables3.1 and3.2.
The vision:

TheEmilizRomagna regional authorithas set an ambitiousrget to achieve carbon neutralitpy 2050, and has formulate
a comprehensive plan encompassthegee key pillars: energy transition, sustainable mobility, and circular economy

In the realm ofenergy transition the region is heavily investing in renewables, aiming for a 50% share in its energy
2030, while also prioritizing energy efficiency measures in buildings and industry. The faustanable mobilityinvolves
promoting public transportation, bicycles, and electric vehicles, coupled with investments in charging infrastructurs.
to reduce emissions from freight transport include endorsing intermodal transportation and cleaner fuels:Fomikeya is
also chanpioning acircular economy investing in waste reduction and recycling facilities, and advocating sustai
production and consumption practices.

To expedite the transition, @&ransition Super Lakbt the regional level has been implemented, serving as a framewor
collaborative initiatives. Focussing on energy and mobility topics,vikien developmentprocess has identifiedhree
interconnected goals: promoting cycle mobility, enhancing mobility management to reduce traffic congestion,
optimizing the use of electric vehicles and charging infrastructure in urlsantres

The pathways to realizing this vision involve incorporating cycle mobility guidelines into future tenders and fu
opportunities, coordinating mobility management activities with local managers, and creating a centralized regional d
for electric vehicle chaing stations. These initiatives are crucial not only for achieving sustainable mobility but al
fostering broader transformations in sectors like industry and tourism.

The Pilot use cases

Pilot use case 1Development of a regional cycling mobility cartography and network, new cyclability guidelines and
shift survey

Pilot use case 1 aims to standardize cycle mobility indications, collaborating with RER's cartography department to
practical map for cyclists. These indications, incorporated into tenders and funding opportunities from 2023 onwa
inform the creation of Emilid&Romagna’s cycle paths. Initially focusing on local accessibility and safety, the goal is to e
a regional cycle mobility standard applicable across municipalities and potentially nationally. This initiative aligiER&
sudainable mobility policies, addressing environmental concerns, transport safety, and quality of life. Stake
involvement is crucial to develop a comprehensive cpedestrian mobility system emphasizing accessibility, qua
recognition, and safetyRER also supports initiatives promoting cycling culture to encourage bicycle use and maxin
regional network's effectivenes3he final aim is also to create a permanent worlgngup composed by atjuadruple helix
stakeholderson EmiliaRomagnaegional cycle cartography amgcle mobiliy.

Pilot use case 2Promotion of mobility management coordination activities to be carried out together with the area mq
managers and company mobility managers

Pilot use case 2 focuses on implementingbility management strategies to address urban transport issues like conge
and air quality. It aims to promote sustainable tralbehaviourthrough coordinated efforts with area and company mobil
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managers. This involves initiatives to improve hetmavork and hometo-school mobility, particularly for passengers wi
reduced mobility and those in rural areas. RER adopts inclusive policies benefiting marginalized groups such as
immigrants, elderly, and people with disabilities. For example, students frorinkceme families can receive free bus tray
cards. The goal is to enhance accessibility, reduce energy consumption, and create a more sustainable transportatio
The final aim iso create a permanent working group on Emitamagnanobility managementtomposed byepresentatives
from municipalities, companies and university involvanga,company anduniversitymobility managers

Pilot use case :Xreation of a centralized databaaed networkat the regional level including all data etectric vehicle (EV|
charging stations

Pilot use case 3 is about the creation of a centralized database at the regional level including all data on electihaegidg
stations (e.g.GPS coordinates of the charging stations, number of recharges, quargiteiay supplie@very hour) in order|
to optimize the existing infrastructure and improve the useelactric Vehicles (EVs) as an important sustainable mok
solution.The final aim is to crea@permanent working group oBEVmobility to increase collaboration between municipalitie
national energy manager (GSE: Gestore Servizi Energetici), EV charging stations companies, university and.civil sog
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As described above, the case study will begin by providing a drefview of the region(3.3.1)to
GORBSTAYS (KS 02dzyRINASa 2 ¥GeusfetSal., 2028Bassdvon thig, thd S NI a
transition needsto achieve climate neutralityill be assessed, focusing on the most significant economic
sectors contributing to climate change (3.3.2). The identification of these transition mekddow us to

narrow down the otherwise too complex analysis of theciceconomic and ecological transition
potentials of the region. These closely intertwined transition needs and potentials will be then
summarisedn form of a regional SWOT analy4.3.3). These identified transition needs and potentials
guided theTSL vision and Pilot use cas@gich will be briefly portrayed ighapter 3.3.4.The results of

the chapters about the four TSIGHaptes 3.2-3.5) will then be incorporated iGhapter 3.6 in an overall
discussiorabout strategies for the longerm implementation of TSLs

Lower Silesia is one of the 16 provinces (voivodeships) of Poland, situated in the southwestern part of the
country. It covers an area ofearly 20,000km? and shares borders with the voivodeships of Ludiejs
Greater Poland, an@pokkieto the north and east, and with the Czech Republic and Germany to the
south and westLower Silesitaad a population of nearly 2,846,000 in 2022 (Sable7) andis divided

into 30 counties (powiatspf which four are city countieseeFigure30 and Figure31 for the maps and
Tablellfor abrief overview of the political system in Lower Silesia)

Figure30: Location of Lower Silesian
Voivodeship in Poland.
Source: Wikipedi&

Figure31: The counties of Lower Silesi&ource: Wikipedi#&

77 https://en.wikipedia.org/wiki/Lower_Silesian_Voivodeship#/media/File:Lower_Silesian_in_Poland_(+rivers).svg
78 https://en.wikipedia.org/wiki/Lower_Silesian_Voivodeship#/media/File:Woj_dolnoslaskie_adm.svg
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The biggest city and the capital of the regiokMsoclaw. With a GDP (pps) per capitaofegBDe AY H N HH Z
Lower Silesia ranks second highest of all the provinces in Poland (EUROSTAT), however, with strong
disparities among the counties within the regiRynio & Zakrzewskas OG 2 NL. { X HAHH D

Copper mining and refining industry, especially inllegnicaD 52 A5 ¢ / 2 LIsInbldf héirdodt NA O
important economic activities in Lower Silesfar (detailed description see next sectiprAfter the
OSaaldAazy 2F KINR O2Ff YAYAy3 OUGAGAGASA Ay GKS |
devastating impact on the economic, social and environmental situation in theegitre (European

Union, 2023, p3), only lignite plays a significant role in the regional economy and (national) energy
generation.The lignite power plant in Turéw, with a capacitynefarly 1,800 MW is one of the largest

power plants in Poland, contributing nearly 70% to the national power generationfronx coal
(European Union, 2023, ppc3). TheTuréwpower plant is not only one dhe largest GHG emitters in
Europe, but the open pit Turéw coal miaksohas severe environmental effe¢tsuch as air pollution and
contamination and deterioration of the groundwatér A dzl g A dijatled #oraHcrogborder

conflict with the Czech Republmd Germany(Wréblewski et al., 2023Pue to the importance of the

coal mine and power plant for the lodabourmarket and the national energy system, the concession for
lignite mining in the Turéw mine was extended by the Polish governmentto @044 A Y12 SiG I f &3
However, with the development of thélLower Silesia Energy Stratégy 2022 (Instytut Rozwoju
Terytorialnego, 2022bmore ambitious plans of accelerating the shift to climate neutrality have been
developed in the regionwith this drategy, the regional governmenspecifies the goal of becoming a
climate-neutral regionby H n p n imprévingthe energy efficiency of buildings, transport and energy
sectors, and electrification of thiansport sectoé (European Union, 2023, ppc3). Another specified

goal is toreacha13m > a Kl NB 2 F & Jahdr8ayice with shEHN@ErahEnySTratedyyyfor
Climate NeutraEuropé (ibid.). As an overarching goahe strategy aims at transforming the energy,
transportation and industrial secteiin order to improve the poor air quality in the regiom. the next

section, we will explore howhe transition need®of these sectors, particularly energy and transport, are
reflected in their carbon intensity
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Tablel1: Brief overview of the political system of Lower Silesi&ource: own compilation.

A TSL can be regarded as a new form of governance arrangemen@h@pter 2.1). However, a TSL is 1
implemented in a political void and, therefore, has to be designed to be complementary to existing pa
administrative structures (se€hapter 3.6). This brief overview of the political system of the region is

intended to portray some of the main existing political structures of the region. The specific political de
making and participation processes need to be careaniglysedn detail for different topics and Pilot use cas
(seeDeliverable3.3 for the specific contexts of thBilot use casgs

The political structure of Lower Silesia consists of various institutions responsible for governance, legislat
administration. At the apex of the political systemtle Regional Government of Lower Silesa NJ

al NaTlFrol126alA 2 2 2S 4% Rdaded lby tReRérsfid Toff thed Volv&iasRipo a | NA
Wojewddztwa). The Marshal is elected by tRegional AssemblySejmik Wojewddztwa) and serves as {
executive authority responsible for implementing regional policies, managing the regional budget
representing Lower Silesia's interests at the national lével2 f y 21 ft D& 1 A | NJ .ITRe Regoga
Government comprises departments and offices led by appointed officials who oversee specific areas
infrastructure, culture, education, anéconomic development

Nevertheless, th&overnor(Wojewoda) is the representative of the central government, appointed by the P
Minister. Their term lasts for five years, and they are responsible for ensuring the implementation of state p
supervising public administration, coordinating reapes to disasters, and representing the Council of Minis
at state events and foreign visits. They also oversee the actions of local governments and handle appeal
provincial judicial decision§.heir role is distinct fom that of the Marshal of the Voivodeshipelected by the
Regional Assembly and responsible for implementing regional decisions.

The Regional Assembly serves as the legislative body of Lower Silesia, composed of elected representatiy
ascouncillors(Radni). These councillors are ditg&lected by the residents of Lower Silesia and are respons
for enacting regional laws, approving the regional budget, and overseeing the actions of the R
Government. The Regional Assembly convenes regularly to deliberate on matters affecting theared)itm
ensuretransparency and accountabilitin governance.

Lower Silesia's legal system operates within the broader framework of Polish law, with regional regulatic
policies formulated by the Regional Assembly and enforced by the Regional Government. The region is
into administrative units, each respsible for delivering public services and implementing regional policig
areas such asnergy, transportation, and environmental protectior{Dolnyslask, 2024)

Against the background of negative experiences with the transition of the economy of the Lower Silesia C¢
during the 1990s (sesectionabove), the TSL specifically aims to provide a complementary mechanism to e
governance arrangements for including citizens' opinions in regional degisaiing processelacing civi
society at the heart of the coreation process and involving all regional stakeholders from the quadruple
(including universities, enterprises, local government representatives, NGOs, engaged citizens, and the
aims atdesignnginclusive, accepted and economically feas#aergy and transport solutian
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As described above (s€hapter 2.1), regional transition needs and potentials are closely interrelated and
influenced by the ecological, social, and economic dimensions of sustainabilihe tontext of the
overarching goal of achieving climate neutrali@HG emissiongre, by definition, one of the main
indicators that need to be analysebh this regard, the overall greenhouse gas emissions per capita
Lower Silesiare significantly above the EU average, and after a strong increase from 202@phenae
come close to the national average of PolgseleFigure32 andFigure33). The main reason for this strong
increase (in addition to the recovery from the COYfpandemic) was the commissioning of a new
power plant unit in 2020 at the Turow power plafEuropean Union, 2023 the NUTS3 region
JeleniogorskiseeFigure35). Despite this strong increase in GHG emissions per daptie last decade

we observe a significant declinetime CEl oL.ower Silesia, indicating progress in decoupling economic
growth from GHG emissions. This does not apply, of course, to all its NUTS 3 regions, especially to
JeleniogorskiseeFigure36). However, in this context, it must be highlighted that this data pertains to the
productionand not to theconsumptionof goods and services: The electricity and heat generated in the
Turow power plant is consumed in other regions of Polasdvell(European Union, 2023, pp¢3), and
thus, this data does not reflect the actual ecological footprint of the regions.

Emissions

(0.169,3.58]
(3.58,5.29]
(5.29,6.69]
(6.69,8.02]
(8.02,10]
(10,13.8]
(13.8,422]

C
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Figure32: GHG per capita in 2022 in Poland and
Lower Silesia.Source: own design based on data
from EDGAR (CO2eq) and EUROSTAT (per car.
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Figure33: Average CO2eq per capita (t) of the EU (NUTS ]
regions), Poland and Lower Silesi@wn compilation based
on data from: EDGAR (CO2eq) and EUROSTAT (per capi
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Figure34: Development of the CEI (CO2eq [kg] / GDP pps
[EURY]) in the EU (NUTS 2 regions), Poland and Lower Sil
Own compilation based on data from: EDGAR (CO2eq) af
EUROSTAT (GDP pps).
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Figure35: Average CO2eq per capita (t) of the EU (NUTS }
regions), Poland, Lower Silesia and its NUTS3 regi@sn
compilation based on data from: EDGAR (CO2eq) and
EUROSTAT (peapita).
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Figure36: Development of the CEI (CO2eq [kg] / GDP pps
[EURY]) in the EU (NUTS 2 regions), Poland, Lower Silesia|
its NUTS3 regionsOwn compilation based on data from:
EDGAR (CO2eq) and EUROSTAT (GDP%ps).

Thesectors contributing the most to climate change 2022 areenergyandtransport According to data

from EDGAR, we have observed in Lower Silesia over the last decade a shift towards a more carbon
efficient economy indbuildinggé and dindustr€ sectors. However, in other sectors, particularly

dTransporgé, we have seen an increase in greenhouse gas (GHG) emissions. Therefore, in the following
analysis, we will particularly focus on these sectors, which have also been identified by regional authorities

as key sectors in need of transformation.

79 Only the period from 2011 to 2021 is covered, as EUROSTAT lacks data for GDP at the NUTS 3 level for 2022.
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Figure37: CO2eq (kt) per sector in Lower Silesi@wn compilation based on data from: EDGAR (CO2eq).

[ 26SN) {AfSaArAl aAa | KAIKfaSRAWYERNEQ TRSRHINBBEK RyB(Z O3 §/¢
Sikorski, 2023, [21). With a GVA 0151.7 billion PLN in 20Zihid., p.23; seeFigure38) and the largest

share of employmend { G F GA&GAOF f h T hé&@lustkial seétaN® LOWEF Sil&sia is 0fH 0 0
crucial importance for the economy

A partizlary & & G N2y 3 02y 0!

Public administration, health and

social work; Industry (except

industrial activity was also maintained in the arts, entertainment Atk ma———)

NACE A NACEB, D, E

NACE O-U

area of the voivodeship related to the presence Financ, insurance,
2F 02 LIS RELIRSEG @ { reommies
p.23)¢ the Legnicadd 02 35 ¢ / 2 LILIS
(LGOM).5dzS (2 AGa a¥Fl @
geographical and transport terms near the

border with Germany and Czechia ¢ AtleA | oo
industries in Lower Silesia, particularly LGOMN o O o

benefit from a high production value i

accompanied by equally high dynamics ofigure3s: Share of GVA per sector in Lower Silesia in 2020.
growth, fostering a conducive environment for Owncompilation based on data from EUROSTAT.

the development of innovative industry sectofd.the same time, the industrial sector is by far the biggest
energy consumethat accounted for more than 30% of the regional energy dem@nstytut Rozwoju

Terytorialnego, 2022b, 4.20). 95% of the regional GHG emissions were relatesh&rgy(generation of

Manufacturing
NACE C

80 AccordingtotheUv c vk uv kecn" Qhh k e gl)ik2022,24%)(27B,81¢) bi'thé Redpte wér enfployed in the
industrial sector (236,426 of the m in manufacturing).
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energyandits use) (ibid., p10). It is obvious thahe goal of achieving climate neutrality in Lower Silesia

until 2050¢ as specified il KS & [ 2 6 SNJ { A f § EeduiresaScyhpstE @decafbdniddtian $f3 &
theNEIA2Y GKIFG A& aOdNNBy Gt e f S(Chistiachseret af, QRRH.AY G KS
Currently, RE only accounts for 10.3% of total electricity productionH&pee39).2! It is obvious that

energy efficiencyand thedevelopment of renewable energiésveto be significantly increased achieve

G w9{ AKINB 2F T1tm: Ay G201t Sy SNBR206MRERYAGAZ2Y |
Rozwoju Terytorialnego, 2022b, b).

The war in Ukrainéhas significantly elevated
the importance of transitioning the energy
system in publicdiscoursed | f dz& I NI
HAHOT A dz] g , kathhg: to
fundamental questioning of transition
strategies Concerns aboutrergy security and
affordable energy costs led to discussiol
about thed @R8 St & Ay aKdz
20KSN) F2aairt TPkl LI
2022a, p710) and about the introduction of
nuclear powerd | f dzi I NOT &.1At the (i g s
same time, there is recognition of the o o

B 32.4-635(7)
importance of renewable energy developmen™  «* = L
despite controversial discussions surroundiriggure39: Share of Rif total electricity productionin the Polish
Ala GRAANMYZLIGA OS¢ STTFYHER2 5 + Tt dzOlddz2t GAy3a SySNBe@

(Lower Silesia: 10.3%)

source Given the importance of the coal
P Source (slightly edited): Central Statistical Office (2024).

industriesin the region,this fossil source is

promoted & |y 2LJiA2Yy F2NJ adloAftATl Ay3da GKS SySNBHe adeai!
t2f YR I O0NBFRSNI RAaO2dzNES 2y O2Ff Qa FdzidzNB Ay t
nicheissues, suchasmide ¢St FI NS 2NJ YAYS FAYIYOAy3IA: gAlK2dzi F
F dz(i deISNY 2 OK SE)P | L yp3l Hyndain&K 390f 5 GKS GRSOSE2LIVSyd 21
08 RAALIMzOSa | Y2 yEd)ans &remaing uhcear Adw RIS NdEiétyithin their specific

local context; envisions the future formaffordable, secure and sustainable energy sysfeanghurst &

Chilvers, 2019)This is particularly important in Lower Silesifjch still has an important coal industry

and the challenging experience it has faced durihg phaseout of hard coal miningHajduga et al.,

2022) Therefore, or of the Pilot use cases spiically addresseghis lack of clarityoy testing methods

of assessing anohcorporatingcitizen€bpinions in political decisiemaking(see deaiption in Chapter

3.3.5).

81 The dateilaed analysis of the energy sector is included in the technical report form the Instytut Rozwoju
Terytorialnego (2022a).

82 Pleas note, that the related study is in Polish. It was machine translated by Google.

83 Central Statistical Office (2024): Statistical data on the economy of fuel and energy in the Lower Silesian Voivodeship
between 2010 to 2022. https://bdl.stat.gov.pl/bdl/pages/regionalareas/AtlasRegionowBDL.aspx
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The opinion of citizens is equally important in another challenging topic in the regi@msport and

mobility. This sector is not only related to large GHG emissionsKggge37), but it also contributes

significantly to the poor air quality in Lower Silesia, which has severe effects on the life expectancy of
citizens (se€&igure21) 2 However, at the same timéhe transportsectoris vital foralleconomic activities

and strongly related to the competitiveness and innovation capacity of a re@ignet al., 2019; Palei,

2015; Skorobogatova & Kuzmiiverlino, 2017) As the data from EUROSTAT shdvigufe20), Lower

Sikesa has a very high motorisation rate (number of vehicles p80Q inhabitants, by NUTS 2 regions)

and, according to a comprehensive study Rgsik et al(2017), deficits in the public bseeFigure40)

and railway transport (se€igure41). In theDevelopment Strategy dhe Lower Silesian Voivodeshtpe

GwLIB 22N GNF YALRNI fAyla 27F -NIXBA 202 MD2RBBEIKMA DO Sy 1 NE
Lower Silesia, 2013, p1)l YR G KS aOdz8 Yy SELX 2A 0SSR LRGSYyGAlLt 2F NI )
mining ares (which currently is focussing mainly on freight transppr) 6 A R®0 | a ¢Sttt I a
GNJF YALRNIO +F@FAfFOATAGE O6AYyOfdzRAY3I O02yy Sailk NAKE f @&
Office of Lower Silesia, 2023,3%) have been clearly identified as crucial tasks for achieving the policy

goal of developing sustainable transport solutions and improving transport availability.(ibid

Dostepnosé potencjalowa
Potential accessibility

[ RN
-
[ =

Figure40! OOSaaAoAft Ale o0& o0dz iFigure41Y 1 OOS33aA0AfAGE 68& NI A
0 NR L¥ o6 SolrceRdsik et al@017 p.215) 0,0347). Source:Rosik et al(2017, p.220)

However a transition from individual car traffic to more sustainable public transport requires high
investmentsin the infrastructure to make it accessibt@mnvenient more ecological as well as affordable

0 Y @\&ainkiewicz et al., 2023; Lewandowski, 2019; Smolarski et al.,.2018i)s regarda study about

the bus and train connections between towns in Lower Silesiavslthat ad cidh &uality rail transport
generally increases the demand for transport servieesl 8 pioped development of transport offer
plays a key role in the functioning of public transport systems, the backbone of which is rail trénsport
(Smolarski et al., 2019, Bl). ¢ KS a i dzRe I f &nfler cofidRiansi of tralidpart mérket

84 According to Development Strategy of Lower Silesian Voivodeship 2030 of the Oct uj cnXu" Qhhkeg" gh" N
(2023,p.12). "] v_j gkt "ockp"uqwteg"ku"gokuukqgpu"htqgo"kpfkxkfwecn"j
cpf"fqgoguvke"ugevqt. "htqo"tqgcf"vtcpur qbeveélopnmeft Stlatedy oflaverk cn" ct gc
Silesian Voivodeship 2030 is in Polish [Uvt cvgi kc" Tqg| yql w" Yql gy~ f]landywas'maahinep g ¥ n~ u mk
translated by Google.
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deregulation, bus carriers have developed a competitive network which is not complementary to rail
transport. As a consequence, the deregulation of the transport market has increased the risk of transport
exclusion (ibid.)® This highlights the importancéof a supralocal, integrated public transport policy
GF1Ay3 (NI yaLR NI (Srslérékicals, 2009, BB)yTK 8 NP DD RBZA (1§ i NI y & LI2 NI
KFE@S AGa 2NRAIAYya Ay (GKS LIt AOe 207 sankidwickgfblof S RS
2023, p.20). accessibility, affordability anthe convenienceof transport as well asn cologially)

sustainalle energy systenshould be placed in the centre of the plannifgefore describing the related

Pilot use case ifthapter 3.3.5, we will analyse the overall potential for the transition of the region, with

a particular focus on transforming the energy system as a prerequisite for also making the transport sector

more sustainable.

As mentioned irChapter 2.1, regional transition needs and potentials asely interlinked, and both
evolve within the context othe three sustainability dimensions. Assessing the transition potentials of a
region for becoming climate neutral, therefore, requiresnsideringsocial, economic and ecological/
environmental aspects. In this chapter, we will conduct this analysis focussing on the evaluation of
different composite indices and selected indicators (Bagurel).g The results will then be summarised

in the form of a regional SWOT analysis.

Regarding the potential for transition, theconomic performancegspecially thecompetitivenessand
innovation capacityare considered to be of crucial importandéhecompetitivenesof Lower Silesi@s
comparatively high irthe national context (fifth place)but below the EUaverage In the overall
comparison Lower Silesia only ranks 4put of the 234 analysed regions in the R@egarding
innovation capacity, Lower Silesia even scores worse and is well below the EU averdggbl(s2g).

These low scores of the RCI and $ki@nglyreflect the macroeconomic indicators of Lower Silesia (e.g.,
GDP per capita and disposable income), as well as the lowrlpbmductivity (seeTable22) 8 In addition,

the innovation capacity of Lower Silesia is characterised by comparatively low innovation expenditures
per person employed in innovative SMERE&D expenditures in the business settas well as number

85 The study by Smolarski et al. (2019, p. 38) 1indicates that under conditions of deregulation and lack of coordination
of transportation system development, most bus connections duplicate the railway system. This means that there are
activities related to competition between both modes of transport (r ather than their mutual complementarity). If
transportation systems in the area under study are not based on integrated public transport, many towns will face the
risk of transport exclusion. This will increase the peripheral character of the area and redu ce its competitiveness, which
may adversely affect the pace of its social and economic development. ] This requires the creation and
implementation of a supra -local, integrated public transport policy taking transport exclusion into account. Y,

86 Please note that these composite indicators often refer to the same data (e.g., labor market statistics, GDP, perceived
corruption etc.). In this section, selected indicators will be discussed for analyzing competitiveness, innovation
capacity, quality of government, and social progress that reflect these topics most accurately. For an explanation of
these compositie indicators, see Table 27 to Table 30.

87 GDP (in terms of PPS) relative to the number of hours worked.

88 Sum of total innovation expenditure by SMEs in Purchasing Power Standards (PPS) Denominator: Total employment
in innovative SMEs.

89 All R&D expenditures in the business sector (BERD)
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of innovative SMEs collaborating with otfeThese deficits are clearly reflected in the low number of
internationalpatent application® (seeTable23).

40000 12

35000 10

30000 8
25000 6
20000 4

15000 2

10000 0
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

el average em=Poland —e|ower Silesia e FU27_2020 emmm=Poland —e=—lower Silesia

Figure42y D5t 6 LJILJA O LISNJ OF LJA { | |Figure43: Unemployment rates (people aged 15 to 74
regions), Poland and Lower Silesi@wn compilation based | yearsy2for the EU, Poland and Lower Silesi@wn
on data from EUROSTAT. compilation based on data from EUROSTAT.

However, this current state can be misleading as it ddoet reflect the significant economic

GNF yaF2NXYIGA2y GKS NBIA2Yy KIFa dzyRSNH2yS Ay (GKS
RADSNEATAOI (i (Gazyajeza®t alk, ORI (i THE iS Aof only clearly reflected in the low
unemployment rates of Lower Silesia ($6gure43) and the increasingly high diversification grade of the
labour market, but also the high share of tertiamgucation(seeFigure44) that significantly increased in

the last decadéGuznajeva et al., 2023, {).%

% Number of SMEs with innovation co-operation activities. Firms with co -operation activities are those that have had
any co-operation agreements on innovation activities with other enterprises or institutions.

91 Number of patents applied for at the European Patent Office (EPO), by year of filing. The regional distribution of the
patent applications is assigned according to the address of the inventor.

92 The source for the regional labour market information down to NUTS level 2 is the EU Labour Force Survey (ELLFS).
This is a quarterly household sample survey conducted in all Member States of the EU, the United Kingdom, EFTA and
Candidate countries. Please note that we have observed discrepancies between these EUROSTAT statistics and the
data provided by the national statistical offices.

93 According to a study by the OECD (2020, p38) Lower Silesia is only surpassed by the Warsaw region:, 7 8' " gh" vj g"
population in the Warsaw region completed tertiary education compared to 34% in Lower Silesia, the second best-
rgthqtokpi "Rgnkuj"tgi kgp0oy
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In addition,
GwiBKS
zones w X & less developed areas of the

region [whichlallowed toreduce inequalities
between more and less developed areas of

the region, and stimulated innovation and
SO2y2YA0O RSOSt ®udapwali Ay
et al., 2023, p5). These emerginmnovation

clusters, for exampleompaniedocussing on
innovative PV technologies in Lower Silesia,

are considered to have a high potential for
stimulating regional economic growth and
capacity (DrelichSkulska &
Jankowiak, 2019; Peszat & Szlachta, 26M17)
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94 This shows the limitations of assessing the region’s potential only from a quantitative approach. Therefore, we aim
in the case studies to put the quantitative assessment within the context of qualitative analysis. However, due to the
limited scope of this deliverable, additional studies have to be conducted, focussing on specific sectors and industries.
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Nevertheless, from a soceconomic perspective, we can stibservevery high disparities within the

regionthat have a direct impact on the transition potentids 5 dzS -iérth manbl&afiching and ties

with traditional sectors characterised by capital intensity, huge involvement of natural resources, low
STTAOASYOE& | yR yS3l (RS & Balr@wskPs yOYi2yNd | fD), Sspehidiyr( aldo
postmining coal areas, such@sKk S 2 | Oo-NBaOKy B dadi Attt FI OS a4l Odzi S LINZ
high levels of social exclusion. Compared to 2019, forecasts suggestrithadditional 50,000 people will

leave the subregion by 2030. Although not as high as in the first years after mining activities ended in the
[26SNI {AfSaAly /[/2Ft .l aiays {KSegioaysSt¥ihi hyBedt B Yoiver NI G S
{ At Eardpean Union, 2023, p)and the GDP per capita is compared to the City of Wroclaw extremely

low (see Figure 45). Thesehuge disparitiesl f & 2 I LILX &iskdf-Povetiy6 (1 &8¢ i 6 KA OK A
comparisonto the Polish average sigmdint lower (EUROSTAT), however, with huge dirggonal
disparities(European Union, 2023, B). Theseeconomiadisparitiesmustbe kept in mind when assessing

the transition potential from asocial and plitical perspective In this regard, the European Social

Progress index provides a useful basis for a detailed assessmemmarisorto other EU regions, Lower

Silesia scoreswith the exception of advanced educatiSand personalsecurity?® ¢ below averageThe

GBS NE f 2 dealih@@mNMSE Ay Wihdhe important subindicatorslife expectancyseltperceived

health statuscancer death rate, and heart disease death rateparticularlytroubling, as iis not only a

very important indicator fothe quality oflife, but also for social cohesidfRonseca et al., 2019)hese
sociceconomic circumstances can be considered sig@ificant constraint othe transition potential, as

they directly influencethe attitudes of the citizens in the region to the decarbonisation procéadée
implementation of energy transition may have a great impact on the current assessment of transition

goals aswella® O A (i pdrcBpfici{PBF Of A YI G AdzOXK I ASE T LId

In this regard, a survey from the European Investment Bank in 2023/24 $howsl G & SO2y 2 YA O
FAYFYOALtbh FaLISOGa otm20r SalLISOAlLtfte aAyONBlFaSR C

[26SN) { AfSaAl Fa o0A3IASNI OKI f f S yIHisis aldokcleafly réflécted Y I (i S
AY GKS R2YAYIY(d 2LAYA2Y o6cm:r0 {KI { witheuSaffertB@t®S NI/ Y Sy i
LISNE2Y | % 6ld3RE ST § aGKS GNIyaadgazy G2 F €26 OF Nb 2)

FRRNB&A&aSR i UK®Regarding thailempdyrbent@gpdsianiti@s due to this transition,

9 Tertiary education attainment; Tertiary enrolment; Lifelong learning; Female lifelong education and learning

9% Crime; Safety at night; Money stolen; Assaulted/Mugged

97 S w g u v Whatmare theithree biggest challenges that people in your country are currently facmg'?q, Ugwt eg<" GKD" *424
https:// ib -all- (Excel

sheet: Poland) The references are listed mtheCJ crvgt"gFcvc"ugwteguyo
9% The results of these surveys additionally show the shift in perceived challenges. In an earlier survey from the EIB
* 4 2 4 &oenonfic@nd financial" aspects (52%)c pf " T,e n k o ¢ v g "hae been pgreefved Dy3citizeris (n=153)
of Lower Silesia nearly as equal challenges. However, Taccess to healthcare and health servicesY(78%)was perceived
as the main challenge by the citizens Source: EIB (2020): https://www.eib.org/attachments/survey/climate _-survey-

citizens-perception-climate -change-impact -all-data-en.xlsx  (Excel sheet: Poland). The references are listed in the
Cicrvgt"nuFcvc"uqwteguy

YQwguv Fgwat t{ qgw" wolrgovgrneneneshould address climate change without affecting your personal
budget40 " Uqwt eg"” GKD" * 4246 +0

W Qwguv gpva'f # { g w"]uelHe trangitiorvte a low carbon economy can only happen if inequalities are
addressed at the same time. Source EIB (2024).
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P

2yte | aft A3IKG YIFI22NRGe oppm:r0 SELISOGazr KFG GKS a0
gAff RS&AGNRe SEA&GAY3T 2yS&aé 69L. HAHNOD ! BDUtAYy Al Gl
of (hard) coal mining Lower Sileéi#ajduga et al., 2022)he regional authorities are therefore challenged

to create trust in the developed strategies for the transition process. However, in this regard the European

vdzk t Ade 2F D2@SNYYSyid LYRSEé¢ AYyRAOI (SaedRdifensOA (& A
have a limited trust in political institutions: regarding the assessment by the citizen’s of Lower Silesia

I 62 dzi ( KSimpadiliti’’Aas &ell as the corruption in the provision of public sen/8esthe

region scores in comparison to other analysed regions comparatively low (Charron et al., 2022). These
limitations regarding the socieconomic and political dimension of sustainability are of crucial
importance for the overall transition potentiaf the region.

In the context ofleveloping clean energy (industries)da sustainabléransport sectolin the region, the
abovementionedenvironmental dimension of sustainabilitys of great importance: Together with the
economic and socipolitical dimensions, it constitutes the overall transition potential of a region. In this
regard, we have to narrow down the focus, as it would require to analyse the availability and ecdlyomica
feasible (sustainable) usability of naturasourcesas well as the current state etological processes for
different sectors, such as agriculture, fishing, forestry, mining, water and waste management, as well as
tourism. Therefore, the focus whle on theNJ 3 Apatghtakfor the development of renewable energy,
which is a key topic fgphasingout of coalrelated activities(Christiaensen et al., 2022)eveloping a
GANBSY KeRNRISY Ay TN &G Nblzfed aetifes in theynRustiiaNdndArarBm A y 3
sector. This is a prerequisite fachieving climate neutrality and increasing theopair qualityin Lower
Silesidal NEKFf Qa hF¥FFAOS®2F [26SNI {AfSaAl I HANHOD

Ly GKA& NB3IAFNRI &idzRA $iotodoktaics and Wirtd igendrafion farg guBexidly { A £ S &
perceived to be a viable option for reducing the environmental impact of energy sources while
simultaneously showing significant potential to reduce dependence on conventional fuels and to increase

local energ securitg (Jurasz et al., 2018n combination with energy storage infrastructure, RE in Lower

101 Questions from the questionnaire: How would you rate the quality of ] ht qo " xgt { " r qq tl)..vpgblicgzegnngp
education inyourarea?4 +" evj g" rwdnke"jgcnvj " e the pplicaiférae \n yaur'ateg? (Chajrantet ct gc A" 5
al., 2022, p. 12). For complete questionnaire see (Charron et al., 2022).

102 Questions from the questionnaire [from strongly disagree to strongly agree]: 1) Certain people are given special

advantages in the public health care system 2) The police force gives special advantages to certain people in my area.

3) All citizens are treated equally] ht qo " ci t g g" v q Ihth& public edgcation"systenCin thyeareaO " D+ " evj g "
rwdnke" jgcnvj " ectg" Uy thevpglioe"fdicp Ih my dreae.td)ylrc the' atea Where | live, elections are

conducted freely and fairly. (Charron et al., 2022, p. 13). For complete questionnaire see (Charron et al., 2022).

103 Selected questions from the questionnaire: Corruption is prevalentin] ht gqo" uvt gqpi n{ " fkuci tgg"vag"
o{"ctgcXu"ngecn" r 4dihtheeplblicehgatihccare sysfem ingny &read " Snthe police force in my

area. 4) People in my area must use some form of corruption to just to get some basic public services. 5) Corruption
kp"o{"ctgc" ku" wugf"vqg"igv"ceeguu" v qCharmorget &.c2022 pm h3cl&K).tForr t k x k ngi
complete questionnaire see (Charron et al., 2022).

104 As Jurasz et al. (2018) point out, the above-mentioned discussions about the utilization of nuclear energy Thas

remained purely in the planning stagey " * k d k f, €. Bbhdahdwigz eb al., 2023), and the development of nuclear

powerr ncpvu" *gxgp" vjg" cfxgtvkualll mostdikely take "dgradesnabuild,"thtese &iedvofy t u T4+ " vy
energy is hardly a viable option for accelerating the transition to climat e neutrality. Despite the comparatively high

support (at least in contrast to Germany) for nuclear power that was highlighted in a study by Bohdanowicz et al. (2023),

nuclear energy will not be included in the case studies.
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Silesia have a comparativedigh potentialfor PV(seeFigure46) and for windpower' for a reliable and

economically feasible generation of electridilyid.).

Figure46: Potential for the development of photovoltaic
electricity in the Lower Silesian Voivodeship.

Source: The World Bank (2019): Global Solar Atlas 2.0,
Solar resource data: Solargis. Retrieved from (slightly
adapted):Instytut Rozwoju Terytorialnega2022b, p.26).

Figure47. Development areas for wind energy in the Lowe
Silesian Voivodeshibased on the Spatial Conditions for
the Development of Wind Energy in the Lower Silesian
Voivodeship in relation to the 10H principle.

Source Instytut Rozwoju Terytorialneg@2022a, p152)

However, especially wind power faces strong restrictions in Lower SiléBiatytut Rozwoju
Terytorialnego, 2022&F which significantly reduceits actual usable potentia(see Figure47). This
indicates thatthis Sy @A NB Yy Y Sy (i | potertial lia§ © ke regaiddddrom a socieeconomic
perspectived Ly GKA&a O2yGSEGEZ | &iddzRRé I 62 dzi
economic factors are pivotal in this development. Many studiesw that this applies not onlyto the
affordability of energy costdut alsoto the economicandthe political participatiorin the development

of RE(Gajdzik et al., 2024; Klagge & Meister, 2018; Meister et al., 2020; Schmid et al., 2020; Walker &

DevineWright, 2008) @mmunity-led sustainable energy initiatives ariherefore, regarded aa very
promising approach for increasing the acceptanteitizens and in this way fosteriragtruly sustainable
energy transitionHowever, including citizens in the political decisioaking process is a challeni it

has the ambition to be truly inclus and justipid.). This challenge will keddressedy one of the Pilot

105 For GISbased analysis of the wind power potential see the studies from the Instytut Rozwoju Terytorialnego (2022a,
2022b)

106 The study by the Instytut Rozwoju Terytorialnego (2022a, p.153) e ngct n{ " rgkpvu" qwv . "
energy in the Lower Silesian Voivodeship, similarly to the entire country, was slowed down by the entry into force of the
so-called "Distance Act"144. Pursuant to the act, a new wind farm will be allowed to be located at a distance of no less
than 10 times its height (counting with shovels) from residential and mixed buildings and areas that are particularly
xcnwcdng"htqgo"vjg"pcvwtcn"rqgkpv"”
Polish and was machine translated by Google.]
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use cases in Lower Silesia that will be briefly describ&hapter3.3.5 after the following summary of
the Lower Silesian transition needs and potentials in formrefggonalSWOT analysis.

Before we briefly portray the related Pilot use case in Chapter 3.3.4, we summarise the transition needs

and potentials of Lower Silesia in a regional SWOT analysis.

Tablel2: Regional SWOT analysis as a summary of the transition needs and potemtidlecoming climate neutral in
context of the TSL approactsource: own compilatiort®?

Strength Weaknesses
(helpful internal factors) (harmful internal factors)

1 Highly skilled workers Economic  dependence on tradition

1 Low unemployment industries with strong vetglayers (e.g.,

1 High GDP (per capita) in national comparis( copper mining and refining)

1 Strong developmenttowards a diversified Particular strong fossbbased energy secto
economyin the last two decades (veto-player)

1 Strong industrial base (beginning to devel Comparatively low trust in institions (EQI)
and implement green technologies ar Strong intraregional socieeconomic
sustainable practices) disparities

1 Strong copper industries and copper resour Dependence on road transport (lack of r
(as a crucial resource for electric mobility). freight transport infrastructure); poorly

1 Innovation policies should prioritize th connected rural areas (limited public transpdg
development of special industrial zong system)

(focussing on innovative technologies such Negative experience of coal phasat
photovoltaics (PV) and hydrogen) impeding trust in(institutions and transition

1 High potential for RE (PV) processes

Comparatively low innovation capacity
Restrictions regarding on shore wind energy
Opportunities Threats(external)
(helpful external factors) (harmful external factors)

1 EU funding for innovative actionsydrogen Comparatively high vulnerability to climat
solutions, circular economy, sustainabl change impacts
mobility) Uncertain national energy policies (e.g.,

1 LYONBIF&aSR RSYlFIYyR T2 versus nuclear energy)

(due to increased electric mobility) Global economic fluctuations (expestiented

1 Crosscountry support forthe phaseout of copper industries)
lignite-related mining and energy activities

1 National energy strategy focussing ¢

reduction of energy imports / increasin

energy security (sincéae war in Ukraine)

107 This regional SWOT analysis is kased on a comprehensive document analysis and two workshops conducted in the
realm of WP2 and WP3.
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As described in the chapter about the methodological apprdq&@ttapter 3), the assessment of transition
needs and potentials, as well as the analyses of the political framework, has been a continuous and
iterative process conducted in tandem with the project partners (WP2, WP3, WP4, WP5) and has been
the guiding aspet in developing a vision for the TSL, coalition buildDaigerable3.1), and identifying

the most important Pilot use caseBdJiverable3.2). A summary of the vision and Pilot use cases is
included inTablel3.

The continuous exchange of information between the WPs of the TRANSFORMER project has been vital
for developing these case studies as well as the "Action pl&edi/érable3.3) for the specifi®ilot use

cases. The discussion about additional feasible Pilot use cases and strategies fternong
implementation is based on this cooperation and will be included in Ch&@tad Deliverable3.3.

Table13: Lower Silesia: The vt andPilot use caseat a glance.Source: summary of the descriptions included in

Deliverables3.1 and3.2
The vision:

LGOM and Lower Silesia aim éarbon neutrality by 2050with strategies at various levels. Lower Silesasrgy strategy
focuses orlocal emission reductioncomplementing KGHM{ghe copper mining company, one of the biggest in the wo
that operates in LGOM)lan for emission cuts by 2030. The TSL envisdensemission transport in LGOMemphasizing
infrastructure, renewable energy, and community support. To address regional challenges, stakeholder collaborat
harmonization are essentiallhe Lower Silesia TSL prioritizes energy and transportaugments, given the region's hig
energy demand. Electrification is key, with the majority of Lower Silesian Railway vehicles already electric or hybsisingc
transport exclusion in smaller municipalities is crucial, enabling doweraemission slutions. These efforts shape the visiq
for emissionfree transport in the Copper Valley mining region, emphasizing the interdependence of energy and trg
sectors.

The Pilot use cases
Pilot use case :1Convenient transport connections for the benefit of the environment

Pilot use case 1 in Lower Silesia, within the TRANSFORMER TSL framework, addresses the pressing need for
transport solutions in the Copper Valley region. Inspired by the new rail link in the LGOM area, the focus is on de
public transpor alternatives to private cars. The aim is to reduce carbon emissions and alleviate transport exa
particularly for the region's mining industry workforce. Proposed solutions include optimizehibesnnections tailored tg
community needs, aimingo shift commuter habits towards greener options. Through stakeholder collaboration
community input, the TSL plansaoalyseand implement the most effective transport solutions. The kb@gn vision involves
systemic changes in daily transportation, with electrified trains and cadomscious buses playing key roles. Soluti
developed in Lower Silesia could serve as mddelsther regions, contributing to broader environmental sustainability gq
across Poland and Europe.

Pilot use case Develop a framework for integrating public participation methods in enegtated decisiormaking

Pilot use case 2 focuses on integrating public participation methods in engeggd decisioamaking, particularly in the
LGOM region. Originally planned to address energy transition, the outbreak of the war in Ukraine and subsequent ene
reshaped its scope. The use of Discrete Choice Experiment (DCE), a novel apptbachSh context, aims to gauge pub
preferences and enhance citizen involvement in decisiwking processes. The success of this method could set a prec
for broader apgktation across European regions and other TSLs. Interviews with key stakeholders highlighted the si
impact of the energy crisis on opinions and the need to consider civil society preferences. Stakeholders inclu
government representativestransportation officials, energy experts, and KGHM executives. The project inc
comprehensive survey development, data analysis and evaluation to assess the survey's impact on political and ¢
decisions.
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As described above, the case study will begin by providing a drefview of the region(3.4.1)to
GORBSTAYS (KS 02dzyRINASa 2 ¥GeusfetSal., 2028Bassdvon thig, thd S NI a
transition needsto achieve climate neutralityill be assessed, focusing on the most significant economic
sectors contributing to climate change (3.4.2). From this perspectivesdbieeconomic and ecological
transition potentialsof the region will be analysed and summarisedorm of a regional SWOT analysis

(3.4.3). Finally, thdeveloped TSL vision and Pilot use caé&4.4), which were guided by the identified
regional transition needs and potentials, will be briefly portray@tie results of this chapter will be
incorporated inChapter 3.6 in an overall discussiabout strategies for the longerm implementation

of TSLs

The Ruhr Area is a region in the state of North Riifestphalia (NRW) named after the river Ruhr which
runs along the southern part of the region (degure48andFigure49). In 2022, nearly 5.1 million people
lived in an area of 4,438 Kinrmaking it one of the largest urban agglomerations in the EU.

2 AGK I D5t LISN) OFLAGE 2F FLIWINBEAYFGSt&@ e€eonHZtnn A
national average, though very high disparities exist within the region. In addition, unemployment rates

are also significantly higher on averagethanin NRW D SNXF y& Ay 3ISYSNIf 64SS &8
LR GSYydAlLfaég o0St2600d
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Figure48: Location of the Ruhr <" — =2 O | B S 05558 Fvetanes
Area within Germany. P, '
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Figure49: The Ruhr Area as part of the three administrative districdgnsberg,
Disseldorf and Minster.Source: Wikipedi&®

108 https://upload.wikimedia.org/wikipedia/commons/thumb/b/b2/Locator_map_RVR_in_Germany.svg/140px -
Locator_map_RVR_in_Germany.svg.png

109 hitps://upload.wikimedia.org/wikipedia/commons/thumb/0/07/Ruhr_area _-administration.png/800px -Ruhr_area
administration.png

79 Funded by
the European Union



https://upload.wikimedia.org/wikipedia/commons/thumb/b/b2/Locator_map_RVR_in_Germany.svg/140px-Locator_map_RVR_in_Germany.svg.png
https://upload.wikimedia.org/wikipedia/commons/thumb/b/b2/Locator_map_RVR_in_Germany.svg/140px-Locator_map_RVR_in_Germany.svg.png
https://upload.wikimedia.org/wikipedia/commons/thumb/0/07/Ruhr_area-administration.png/800px-Ruhr_area-administration.png
https://upload.wikimedia.org/wikipedia/commons/thumb/0/07/Ruhr_area-administration.png/800px-Ruhr_area-administration.png

transformer

Unlike the other three TSLs, the Ruhr Aigraot a politicadministrative unit with a capital and a regional
government (sedablel4for a brief overview of the political system and related challenges in the sections

below). The Ruhr Area is part of the three administrative distritsg{erungsbezirjeArnsberg,

Diisseldorf and Miinsté’ y R A& 2NHI yAaSR Ay ( KRegiohalwediahd RufB I A 2 v | f
RVR). The RVR consists of 11 independent ditiess{reie Staddeand four districtsKreisg.

¢KS wdzKNJ ! NBI g1 &4 RSAZONAROGSR FT2NJ YIye RSOIFRSa | a
activities and fossil energy generation characterized the region and led to the settlement of energy
intensive industries such as iron and steel as wellh@snical industries. Despite massive government
subsidies, coal mining was not competitive anymore, leading to a complete-l&sé hard coal mining

AY Hamy® & day2 2GKSNI NBIA2Y Ay DSN¥XYlyeée IyR 2S5ai(Ss
and by the coal and steel industry as tiRuhr Area (Reitzenstein et al., 2021, B3), this significant

transition affected notonlyitssoci® 02 y 2 YA O & ( NHzO (i dzNB 06 deh diRfN&2 SAid & f NS
p.25.9 @3Sy (K2dAK (KS NBIAZ2Y KIF& YIRS &hibAsgdetohody y i & i ¢
gAGK | Reyl YANMHArar&NIorddder, 202 () iadNgiry andnanufacturing, especially

the energy and GHG emissiontensive chemical and steel industry, still play a significant role in the

regional economy*? Against the background of a tense labour markend the perception of still being

an industrial regiorg the maintenance of the steel industry in the region is of key political importance.

This is clearly reflected in the ambitious vision forthe regioch ¢ 6 SO02 YAy 3 GKS 3INBSySai
Ay ( K §RegiénbliefRand Ruhr, 2022b 5). The implementation of hydrogen solutioissegarded

as a cornerstone for maintaining the enefiggensive industries while simultaneously becoming climate

neutral until 2045Regionalverband Ruhr, 2022blowever, this strong political focus on hydrogen should

be critically reflected: Even though there is a widespread consensus that hydrogen will play a central role

in the transition of energy systems and industrial processes (especially climate né&egfareduction),

the availability of (affordable) green hydrogen is far from being sed¢@erniauskas et al., 2021;

Wauppertal Institut, 2021)To avoid the creation of unsustainable path dependencies, the main goal of this

case study is, therefore, to critically reflect if the development of a hydrogen ecosystem in the Ruhr Area

is aligned with the overarching goal of becoming climate neutal to what extent it matches its

transition needs and potentials.

110 Which are also NUTS2 regions.

111 See section below for more detailed description.

112 However, though the manufacturing industry still plays an economic (and political) role in the Ruhr Area, according
to Rohl (2019) the share of GVA from the industrial sector is below the state (NRW) and national average (see section
below).
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Tablel4: Brief overview of the political system of the Ruhr Are&ource: own description based on Deliverables 3.1 and 3.2.
A TSL can be regarded as a new form of governance arrangement (see Chapter 2.1). However, a 1
implemented in a political void and, therefore, has to be designed to be complementary to existing politic
administrative structures (see Chapter6B This brief overview of the political system of the region is (¢
intended to portray some of the main political structures of the region. The specific political deciaking and
participation processes need to be carefully analysed in detail fiderent topics and Pilot use cases (s
Deliverable3.3 for the specific contexts of tHeilot use cass).

The Ruhr Area does not have its own distinct political entity, as it falls under the jurisdiction of v
administrative bodies at different levels of government. On the state level, the Ruhr Area is governed by tf
of North RhineWestphalia KordrheinrWestfaler), which is one of the 16 federal states of Germany. The g
government, led by theMinisterprasidentand the State Parliamenténdtag, are responsible for overseeir
state policies, legislation, and administration. Furthermore, within the State Parliament, there are v
committees and working groups overseeing other areas such as Labour, Health, and SocialBAffafrean
Committee of the Regions, 2024b)

Despite encompassing parts of three counties within NRWisseldorf, Arnsberg, and Minstgrthe Ruhr Ared
lacks an independent regional government. Rather, its affairs are managed within the larger gove
framework of North Rhin&Vestphalia (state rad counties), and there are few statevel institutions specifically
designated for the area beyond the local government I¢vah de Loo & Hanske, 2023)

The Ruhr Regional Associati®egionalverband RUhRVR) fulfils the role of the overarching administrative en
tasked with coordinating interests within the Ruhr Area. It encompasses statutory bodies, name
Verbandsversammiung & ¢ K S wdzK NJ t VelihniidanéghlsaddihERegdidadirektarThese bodies
wield authority over the organizational structure of the RVR, which consists of four divisions: Regional d
(Bereich Regionaldirektpr Economic ManagementBéreich Wirtschaftsfihng), Planning Area Bereich
Planung, and Environment and Green InfrastructureBefeich Umwelt und Griine Infrastruk}u
(Regionalverband Ruhr, 2022The RVR is responsible for state regional planning in the "Ruhr Metropo
has been involved in drawing up a Ruhr regional plan which has been implemeafted a process that laste
more than a decade (starting in 2011 February 2024Regionalverband Ruhr, 202Zhis long duration o
developing the regional plan is primarily attributed to the intensive and comprehensive participation pr
involving authorities, municipalities, and citizens (ibid.). However, it also highlights some challenges re
fragmerted responsibilities and competing interests among multiple responsible authorities that the TSL
Ruhr Area faces.

The TSL in the Ruhr Area specifically tries to address these challenges by implementing a mechanism th
the joint development of ideas by different departments, networks, and institutions. As hydrogen solutio
perceived as a key topic for traforming the regional economic structures, they have also led the proce
coalition building and the development Bilot use case

As described above (see Chapter 2.1), regional transition needs and potentials are closely interrelated and
influenced by the ecological, social, and economic dimensions of sustainability. In the context of the
overarching goal of achieving climate neutsgl GHG emissiongsre, by definition, one of the main
indicators that need to be analysed. In this regard, the overall greenhouse gas (GHG) emissions per capita
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in the Ruhr Area are significantly higher than in the EU and the rest of Germaridaesh0), despite a

strong decline observed over the last decaB@g(re51). AsFigure53 shows, there are strong disparities

within the region, with an exceptionally high decrease in GHG emissions per capita in the NUTS 3 region

2F GDStASY{ANDKSYe€sZ LINAYFNREE RdzS (2 GKSUBAKdzI R2 gy
2021, p44). Regarding the carbon emission intensity of the economy, there is a notable decline in GHG
emissions per GDP (CEl), even surpassing that of the rest of the EU and slightly exceeding that of Germany
(seeFigure52). This overall positive trend of decoupling economic growth and GHG emissions is also
evident at the local (NUTS 3) level, albeit with significant disparities, particularly evident in the case of
Gelsenkirchen (seleigure54).

Emissions

(0.169,3.58]
(3.58,5.29]
(5.29,6.69]
(6.69,8.02]
(8.02,10]
(10,13.8]
(13.8,422)
Missing

Figure50: GHG per capita in 2022 Bermany and the Ruhr Area
Source: own design based on data from EDGAR (CO2eq) and
20 760 70 km EUROSTAT (per capita).
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Figure51: Average COZ2eq per capita (t) of the EU (NUTS ] Figure52: Development of the CEI (CO2eq [kg] / GDP pps
regions), Germany and the Ruhr Area (aggregated NUTSY[EURY) in the EU (NUTS 2 regions), Germany and the Ruf
data). Own compilation based on data from: EDGAR Area (aggregated NUTS3 datawn compilation based on

(COZ2eq) and EUROSTAT (per capita). data from: EDGAR (CO2eq) and EUROSTAT (GDP pps).
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Figure53: Average CO2eq per capita (t) of the EU (NUTS 2 regions), Germany, the Ruhr Area (aggregated NUTS3 data without
Herne) and its NUTS3 region@wn compilation based on data from: EDGAR (CO2eq) and EUROSTAT (per capita).
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Figure54: Development of the CEI (G&x [kg] / GDP pps [EUR]) in the EU (NUTS 2 regions), Germany, the Ruhr Area
(aggregated NUTS3 data without Herne) and its NUTS3 regi@vwsn compilation based on data from: EDGAR (&) and
EUROSTAT (GDP pps).

113 Only the period from 2011 to 2021 is covered, as EUROSTAT lacks data for GDP at the NUTS 3 level for 2022.
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According to the Statistjortal Ruht*4, the sector contributing by far the most to climate change in 2020

is the 'Industrial sectot' (though, due to a different methodology, including most of theergy
sector/energy generation): Within this sector, electricity generation accounts for 37.9% and the steel
industry for 37.4% of the overall GHG emissions of the Ruhr Area in(R@dg§ & Kempermann, 2021,

p. 24). Other important sectors contributing to GHG emissions &ien$port” and 'households!®.

While a significant reduction in GHG emissions in the industrial sector resulted from the shutdown of
energyintensive industries and fossil power plants, the reduction in GHG emissions in transport was
comparatively small, indicating the need for more guwhensive sustainable mobility solutions. The
relatively modest reduction of GHG emissions in the "households" sector highlights a remaining challenge
AY DSNXIyeQa hyalngdhd theimalinguation.A 2 v

As mentioned in the introduction, industry and energy are regarded as key sectors in the Ruhr Area for a
transition to sustainability. In this regard, hydrogen solutions are considered as a cornerstone for this
transition. Therefore, the following analysigll focus on a critical reflection ohydrogen solutions,
particularly for the transition of thenergy systenand the industrial sectoin the Ruhr Area.

However, to assess the transition needs and potentials, as well as the policy goals of the Ruhr Area, it is
fundamentally important to understand itsociceconomic developmentand the (evolved and
constructed) identity of the region that is closely connected to the energy and industrial sector. Therefore,

a brief introduction about the history of the Ruhr Area is given to highlight its social, political and
administrative fragrantation and the economic and politicdbminance of the coal and steé@hdustry,

GKIFIG aaft26SR R2¢6y aidNHzOGdzN» £ OKIFy3IS FyR AYLISRSR
industries started to decline at the end of the 1958itzenstein et al., 2021, B4). The effects of this
structural changeand the social, political, and administrative fragmentation of the Ruhr Arean be
regarded as one of the most significant limitations of its transition potential.

114 The EDGARdatabase accounts for the greenhouse gas emissions of different sectors at a NUTS3 level. However,
in the case of the Ruhr Area, we have observed significant deviations and, therefore, utilize data from the regional
statistics office. Statistik portal Ruhr: https:/statistikportal.ruhr/ _ Please note that due to this differing methodology,
comparisons of greenhouse gas emissions per sector to other TS Ls are limited.

15Thesector, gwugj gnfumn"gpeqor cuugywk rvfjlgp iGFL CT" ugevgt "
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The RuhrArea was only sparsely 1000

populated before industrialisatic#’, 90000

and besides a few larger cit#é&it was fzzzz

mainly composed of villages. With the .,

rapidly increasing expansion of the scow

coal and steel industry during #°%

industrializationrs G K$S a2 6 32222

around the individual colliery sites ..,

[and] [flrom the middle of the 19th , 1 B B B B BB EBE
Og y_ L] dZN‘E dzy. l] 7\ f l] K 2012 2013 2014 2015 2016 2017 2018 2019 2020
number of inhabitants increased
tenfold to approximately 3.8 A f f A-2u)oks caeq (ki) per sector (without energy) in the Rulérea.

(Dahlbeck et al., 2021, B0). This Own compilation based on data from: Regionalstatistik Ruhr, Data fror
F2a0SNBR (KS aRSH®tazebv&yti 2F GKS

Ruhr[area] t® dzNB LIS Q& Y2 ad A YL} NI IéyKeil &\Vizettedud S0¢3) R0fadd la@2 y dzND I |
the foundation for the regional identity of being tieA y R dza (i N lofGerfa&y. NI f | Yy R €

P FTGSNI GKS {SO2yR 22NXIR 2INE GKS NB3IA2Y S@Sy Al AyS
285340 DSNXIyeada SySNBHeé adzlJ &@é GKFG LINPPBARSR Ay (K
O2yadzYLIiA2yé | yR Y2NB (KI g mingdifithe RaANB §HEMpichyedall,d K NR
2018, p.7). Employment in the mining sector rose to approximately 500,000 in the Refar until the

end of the 1950% 5 dzZR N dz S 19).flt 8 BfteremphadsizedltBdt the strong development of the

mining and steel sector was an important factor enabling BeSNXY Iy GSO2y2YA O Y]
(Wirtschaftswundey after the Second World Wab 5 dzZRNdz SéG | f ®X  HThis girdng D NJ 6 K S
economic growth in Western Germany led to an increased demand for labour, which resulted in the
conclusion of recruitment agreements with other countrié&$ While approximately 14 million people
YAINF GSR G2 2Said DSN¥YlIyezr GKS wdzKNJ ! NBI Tl OSR |
AYRAZAGNRLFE | NBFa Ay a2dziKSNYy DSNXIye wX8 gAlK (K
Y dzYo SNJ 2 F (Kefl & Weltdiau y2013, §25). As this loss of workforce could not be compensated

W Trade, commerce, services Industry Households Transport & Mobility

116 Please note, that due to a different methodology, the sectors are not identical to the sectors from EDGAR and

EUROSTAT.

117 According to Keil and Wetterau (2013, p.20), in 11840 only some 240,000 people lived in the area4, 0

18T gug" ekvkgu"ygtg"eqgppgevgf " d{ " mgtagnlyanvngportant pnititarykraag Butlegen ny gi YY" v j
more a prime trading route which extended from the mouth of the river Ruhr via the cities of Milheim, Essen, Bochum,

Castrop, Dortmund and Unna to the river Weser and finally to the river Elbe and allowed an active WesEast exchange

of goods. The hamlets along this trading route evolved into trading places, free imperial cities and in some cases into
Jcpugcvke" Ekvkguy" * MgkKb"JqyY9ggtv gt ow.g" 4IJIHn.nygd™ @2Rvkgu" ygtg"ug
coastal trade grew in importance. And finally, the administrative disruption of the 17th and 18th centuries German

Reich is reflected by the administrative fragmentation of the areas along the ri vers Rhine, Ruhr, Emscher and Lippe.

Even if these towns had charters they did not exhibit urban structures; the population mainly relied on agriculture and
vig"etchvu"ygtg"dwv"unkijvn{"urgekcnk| gfy"*kdkfO."ro0o"33+0

119 Recruitment agreements (Anwerbeabkommen) were made with Italy (1955), Spain and Greece (1960), Turkey

(1961), Morocco (1963), Portugal (1964), Tunisia (1965), and Yugoslavia (1968) (Keil & Wetterau, 2013.

85 Funded by
the European Union



transformer

(@]}

& GKS NrdAz2ylFrftATFOGA2Y 2F OAYyRdzAGNALFf O LINRPOSaasSa:x
GKS AYYAINI A2y 2F 25ENBAITY 62N] SNEE OGAOARDPI LD

Simultaneously, the Rulrea faced since the late 1950gla-industrialization YR I & i NRy 3 GRS
0KS YAYyAy3 a ¢Stf a GKS adGdSSt AyRdza((N&pchayS 27T
al., 2018, p9): since 1957, more than 320,000 employees lost their jobs in the coal mining sector in just

one decadgseeFigure56), mainly due to increased mechanization. This sharp decline continued in the

next decades due to rising imports of cheaper coab dzZRNdz S 20)f Thése competiive LIO
disadvantages in an increasingly globalised economy also affected the steel and iron industry.

1996 Suez crisis & liberation of coal price
1958 Begin of the coal crisis
~ 150 Mt hard coal 1964 Import coal cheaper than domestic coal
production —§ - 1968 _Begin of subsidies for domestic coal sale -First structural policy program for Rubr area & -Foundation of RAG AG
~ 600,000 employees - { - 1973 140l crisis

in hard coal mining

1974/75 Begin of the steel crisis
1979 290il crisis
1980 "Action program Ruhr” — End of “Bodensperre”
1989 Begin of "IBA Emscher Park”

1990 Reunification & EU influence in structural policy grows

1951
Foundation )
of the ~ 2000 Growth orientation of EU structural policy, focus on
ECSC "lead markets”, increased decentralization & participation

2007 Law 1o end hard coal subsidies
2018

End of hard coal subsidies

“Economic miracle™ — end of production

1951 1964 1968 1980 1989 1990 2000 2007 2018

Figure56: History of hard coal and structural policy programs in the Rénea since 1951For a description of the policy
programs, see section (anfdotnotes) below.Source:Herpich et al(2018, p.14)

Even though this process of @edustrialization started already in the late 1950s, the predominant
O2yOSLIiA2Y AY GKS F2tff2gAy3 RSOIRSa ¢l az aiuKIFd GK
G2 DISHMRNGz SO 2Mdf K SHaSv sy Rdgd G NA Sa aF2NYSR | L2 6 SNFo
dzy A 2y & | y RHetp@Hehal, R@R P)iXKd 0 Gaft 26SR R2gy &l NUzOG dzNJ f
RADGSNEATFAOI GA2Y 2 F(ReilzénhSein dBal A2D231 | f4). TRIO®RKR of degional

120Kv " ku"wpf kurwvgf."vjcv"vjg"ugeqpgqoke"oktceng4"yqwnfp  v"jcxg
However, the large labour immigration and (due to its anticipated temporary character at least in the beginning)

insufficiently managed socio-geqgpqgoke"” mkpvgi tase Kagilgatet thev deeelomgmerk @fusignificant

structural inequalities that resulted from the fundamental structural change of the Ruhr Area already beginning in the

late 1950s. Numerous studies controversially discuss th is complex issue of wtructural inequalites4" c pf " k puwhhk e k g
Tntegrationu vt ¢ v g i k g uirdhidramts ih Westdsgrnmany (and even thetermti k p v g i itsadf s kcaptpotel'sially

debated). However, a study by Schihrer (2018) shows, that the fact that labour immigrants were expected to stay only

for a limited time, and weren’t expected (or entitled) to become citizens. " cnt gcf { " j kpfgtgf " vjg" ukfgp
eqwpvt{."cpf."vjgtghqtg. " v]j &) Byénpghough sigeificdntqpmdiesavkas npaklenirkneagyp v n { " * k d
areas, a study by FernandezKelly (2012) emphasizes in this regard, Yhat the nature of the education system in

Germany remains deeply “'unequal,” “hierarchical” and “exclusive.” This study also demonstrates maintaining the
octikpcnk]|] gf"rqukvkgp"qgh"Vwtmkuj "ejknftgp"kp"lgtocp{"ogcpu"v
is still a barrier to having access to education and the labour market of Germanyt," * k ®&).f 0" . r O
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developmentd K R RA & I-GSNE dA2 f 2F1FdzSy 0Sa T2 NJGrabKked, 1995 3 A 2y O &
p.260)Y LG KIFIR GKS STFSOG GKFG a0 NHzOGdzNY £ LRt AOeé Y8
through technological modernisation and by supporting workers who were facing continuous income

f 2 4 §RBitzeénstein et al., 2021, B4). Even thougrstructural policy measureand large subsidies)

GoSNB |oftS G2 IttSOGAILIGS ySIALGAGS 02y aSldsSyoSa ¥F2N
ddzO0OSSR Ay IRRNBaaAy3d (KS ai NbzQiaRikNE €S (LIN@2TE Yian Mgirs |
Fda I NBadzZ §z adKS ANRBY |yR aitdSSt AyRdz i (GabhsB RdzOSR
1993, p.257)

{AYyOS (KS 0S3aAyyAy3a 2F (GKS wmopcnaz LREAGAOFT &dzLlLJR
economic base of the region and fostering innovation in economic sectors other than the coal and steel
aSOWBNIRNIz S 2F) weteSimplementguX Howa®der, the success of these programmes was

OSNE fAYAOGSR a GLREAGAOIE GKAY1AY3 FAYSR G 2yS
one economic branch, for example, the health sector, which would be able to reghlaa®al and steel

A Y R dziRéitkddistein et al., 2021, p4).

Among these initiatives was the foundation of the first university in the Ruéa, the Ruhr University
20KdzYx GKFG adGFrNISR 2LISNY GA2ya BANY vmaecpyzs (12K (06SS ¢

t NP 3 NI ¥2ini@780NeEdzR Ndz S (i 29). Everithodgh thep& progddmmes have been partially

successful?®they were not able to effectively address the overall negative development of the regional

economy(Bogumil et al., 201%) G4 ¢ KS dzy SYLX 28 YSyid NI GS Ay G4KS wdzKN

Mp®m LISNJ OSyid | a O2 YL} NB R (GtaBheryl998, 513N | @¥ySID SN 24514 (1

not just a few traditional industries that have been affected by crisis. Everdwutimology industries and

GKS aSNIAOS aSOiG2N &>XB NbASNBNE (iBNE g 0AD AMedgnombsS ¢ KA &

transformation procesfacilitated the development of significant structural inequalities in the Ruba.

In this context, the extremelfigh debt of the municipalitiegsee Chapter 3.3.3) is still a burden that

severely limits the regional potential for transitigRegionalverband Ruhr, 2023)

ryjg"uFgxgngrogpy tRtgct aghWwejgt g§h" 39" dknnkqgp" Fgamdaneofig " Oct m" * g
objectives was to foster the diversification of the economy and attracting new businesses (Fwf ~ w" gv "pc28)0 . " 423 ; .
uQpg" mg{"qduvceng"vg"cvvtcevkpi"pgy"dwukpguugu"vg"vjg"tgikagp
the cities, were in the hands of coal mining companies. But even if they were not using the land anymore, they were

unwilling to sell it as they feared that new companies in the region could increase the competition for cheap and/or
swcnkhkgf" ncdgwt 0" Vj ku" dgjcxkgwt" gh" vjg" okpkpi " eqorcpkgu" yc
*uDqfgpurgttgy+y"medmy 0yOu Vg kmuf "ug g foyips8p " vj g 3; 1 2u” *ugg" "
2Cu"c"tgcevkgp"vg"vjg"uQkn"etkuguy" kp"3;95"cpf"3;9;"cpf"vjag'
vig"Twjt."vjg"nCevkgp"Rtqitco"TwjtY"ycu"korngogpvgf"kp"3;9,; <"
and innovation support, ecology, culture and the labour market. One goal of the program was the better coordination

of the various measures by the federal government, the state and municipalities. Although a majority of the measures

were still implemented in an isolated way, the result was a more dialogue-oriented approach to policy making. The

program improved the RuhrAt gc Xu" ukvwcvkgp"kp"vgtou"gh"ughv"ngecvkqgp"hcevq
cultural activities, etc.). Although it led to the creation of several new technology centres, it was not able to substantial ly

diversify the economy, as large partq h " uwduk f kgu" uvknn" ygpv "R vyj"gdwe'ge®0 .c'p4d 2 Au;v.g g
123 For example, the settlement of the automotive factory ™pelijin the 1960s on a former mining area in Bochum (even

though the factory was closed in 2015), or the development of research institutes and universities, such as the Ruhr

University Bochum, which became one of the biggest employers in the city of Bochum (Bogumil et al., 2012, p. 45).
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As a reaction to this negative developmestructural policy changed significantly at the end of the

1980€ NBF20dzadaAy3a aid26l NRa | Y2NB NBIA2ylFfAaSR | LILIN
of the millennium, with a sector expertiswiented structural policy which promoted the model of a
"Metropolis Ruhr™ in which individual regions have différenl G SR | NB | (Reitz2rBteirSeE 4lJS NI A & S
2021, p34Xp {AYdzZ (Gl yS2dzafex LINRPINIYYSaz adOK a GKS 4L
(IBA Emscher Park; s@able150 = G KIF G0 aF20dzadaSR 2y AYLINRBGAYy3I GKS |
ONF YAaF2NYAY3I F2N¥SNI AYRAZZAOGNRLFE &aAGSa Ay dardateddz G dzNI
K A a i fRuizenséein et al., 2021, B4) were initiated. In combination with complementary policy

programs and stakeholder dialogues (such as the Ruhr conféféneehich aimed at improving research

YR SRdzOFGA2Y |a ¢Sttt 4 RSOSt2LAYEAS dZRNENSBYET Y S
the RUhrANB I YIRS aA3ayAFAOlNyiG ai S HasedieBonomNwity & dygamdy & A Y
a S NI A O qAraiaS8CScHadder, 2022, p): This knowledg®d | 8 SR SO2y2Ye& GOl y o0dz
developed knowledge infrastructure with many universities and research institutions. However, this basis
Ffa2 akKz2g¢a oSI{1{ySaasSa Ay GKS dzy A & NdiskylrasSaich NB a2
institutions. The receptiveness of the regional economy for impulses from knowledge and technology
transfer is, therefore, limited by the still underdeveloped knowledge economy. It could be boosted by
knowledgeintensive business stattps from and in the vinity of universities and research institutions,

thereby strengthening the regional economy endogenoustyr translatiod?*6 ¢Kiese, 2019, @4). In

GKAa NBRERENREIK(I&S2yi2zYe |yR ASNBAOSada o0AyOf dZRAy3 NB
which is characterised by high growth rates and already has a significantly higher share in employment

than the steel industryRegionalverband Ruhr, 2022c¢)

Nevertheless, it is important to emphasize that this economic transformation Istluotural inequalities
that affects the potential for a (just) transition. Against the backgrounigti unemployment rates and
very highdebt of the municipalities(see Chapter 3.3.3), theemaining industry and manufacturing,
especially the energy and GHG emissiaansive chemical and steel industry, still plays an important role
in the regional economy and in politics.

124 The Ruhr conference(Ruhr-Konferenz) of 2018 was initiated by the State Government of North Rhine-Westphalia
cpf"ckogf"cv"cp" kpenwukxg" fkcngiwg" ykvj"uvemgjgnfgtu" cpf" ek
education & science as well as sustainable energies were identified as key pillars for the transition of the Ruhr Area.

125 Please note, that the study is in German language and the translation is not strictly literal.
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Tablel5: The International Building Exhibition Emscher Park (IBA Emscher P8dgrce:Reitzenstein et al(2021, p41).
The International Building Exhibition Emscher Park (IBA Emscher Park) is very often quoted as an exan
successful transition / I YL St 3 / 2SySys wnmtT 5dzRNdz SiG I @]

LYy GKS wmopynaz (GKS 9YaOKSNI NAGSNI gl a 2yS 27F GK
industrial activity in the RuhArea had already moved north following the availability of coat leaving the
Emscher region with many very unattractive pasustrial sites. To respond to this legacy, a new progran
was launched, the soalled “International Building Exhibition Emectark™ (IBA Emscher Park). In some w
this programme marked a new approach in the structural policy of thier Rrea. It focussed on improving th
quality of life in the region. Between 1989 and 1999, more than 120 projects were implemented and sup
08 Ay@SaldySyilia eAlGK | @2 dz¥% wd thirds cameprond pulflié¢ budyefs obe
LRfAGAOKE fS@Sta 69! FTSRSNIE tS@Stz adalridsS SO
included measures to implement an underground sewage system, to improve water qualitg deslidlop new
living spaces for citizens and nature. The touristic attractiveness of the region was increased by trans
F2NYSNI AYRAZAGNA L aA0Sa Ayid2 Odz ( dzdlatéd history Riherhire
17 technologyOSYy i NBE& 6SNBE ONBIFGSRXZ FyYR YAYAy3 RIYI3S:
approach of IBA Emscher Park successfully improved the quality of life in the region and thus supporte
location factors. With a shotterm view on employmentthe programme itself managed to create only few n¢
jobs. But it is generally acknowledged that it did increase the attractiveness of the regisn for companies
YR F2NJ lj dzi (RaitfeRsEiR et al2 2001 HM)E £

Even though the decline in the industrial sector and the increased importance of the service sector is
clearly reflected in the employment statistics (déigure57), the industrial sector (including energyis

still important regarding the employment and GVA ($égure58). However, these numbers also show

GKFIG GKS aARSyidGAGEee 2F 0SAyYy3a 'y AYRAAGNRAFIT NBIAZ2Y
employment in manufacturing, that was in 2020 well below the German and NRW average.

126 DM = Deutsche Mark (former currency of the Federal Republic of Germany 0" Vj g" vgt p" mtgeny"” ogcp
cfl wuvgf yo
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Figure57: Employment in the Ruhr: coal mining, production, and service industries.

SourceKlute and Kenway2023, p.4).

However, especially theteel industrystill plays an important economic and political role: The Ruba

has by far the largest share of steel production in Germany and of the 80,000 people directly employed in

this industry, approximately 54% work in the RAhea. Most of this industry is located in Duisburg, which

is still the largest steel location in Euroffeegionalverband Ruhr, 2022c; Wirtschaftsvereinigung Stahl,

20230 b SPOSNIKSE Saasz GKS RSOftAYyS 2F (KS adSSft AyRdzad
of the steel ecosystem show that there have been enormous staff cuts in recent decades: while the
Duisburg coal and steel industry of the 1960s employedrad 60,000 people, today this figure is around
HMZInnn wX8d 5SALIAGS GKA&A Sy2N¥2dza RSOt AYS Ay SYL
SYLX 28SNJAYy (GKS OAle 2F 5dzA&do0dz2NH wX86d LYy FIRRAGAZY
indirect employment of the sector, which is not included in the statistics, should be emphasised. If
suppliers and other service providers are included, experts assume that a total of around 40,000 people

are employed in the steel sector in the citysofdzA a qGittidg €t al., 2024, 207).

However, thesteel industry in the RuhArea faces multiple challengedirst, strongcompetition with
companies in other regions that have comparative advantages (e.g., lower labour and energy costs);
second, a significardecrease in steel deman¢ke.g., in the automotive industry) due to substiution by
other materials, such as composites (e.g., carbon fibre); and third, the isSB&IGf emission the
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context of becoming climate neutral, not only due to the energy demand but also due to the currently
used reduction agent cokStroud et al., 2024) &2 A (i K n n spthe siXiktégfated®steelvibrkd [in
Germany] account for 86% of emissions from iron and steel production in Gemqalfof these come
FNBY 5 dzA a QWeNEGermang, Y@3, Bl). In this regard, the company thyssenkrupp Steel
Europe AG is by far the biggest GHG emitter that accounts with itsrelattd activities in Duisburg for
16.2 Mt CQalone (ibid.):?” This is more than the overall GHG emissions of the entire county of Latvia
(with a population of 1.86 million and 11.11 Mt £&£&missions) in 202@Crippa et al., 2023, 149)

20.5 2480
17.5

13.3

Maintaining competitiveness g,
while transforming into a g
climate neutral industry is a s
huge challenge that the steel ;g0
companies in Duisburg (and o0
other  regions) currently 5o
face!?® Hydrogen solutions 400
are regarded as the 00
cornerstone for the transition 200

of the production process 100 63 is
(replacing coke as a reduction oo
agent) and the energy system Fubr area (RVR) North Rine-Westphalia

. Trade, transport, catering, information and communication
(as energy Came_r and energy M Financial, insurance and business service providers, real estate and housing
StOI’&gE). There is a common B Public and other services, education, health, private households

understanding that without Manufacturing

S Mining, energy and water supply
strong subsidies by the Federal  mconstruction
and State level these W Agriculture, forestry and fishing
companies will not succeed in

their transformation (Miller- _ -
North RineWestphalia in 2020

"A‘molld’ 2024') Even th?ugh the (values for agriculture, forestry and fishing: Rulirea: 0.2; NRW: 0.6). Source:
a9 I'2YYAaanh 2 Youn KeligRbased MekwWBUNRIZ22, p.17)128
state aid approval for German

federal and state government funding of the "tkH2Steel” decarbonization project in a total amount of
I NBdzy R (¢ 2 (bysdedkiugh BteebElnE AG, 2023)pthis will only replace one out of the
four currently active blast furnacéMuller-Arnold, 2024)

Figure58: Share of Gross value added by economic sectors in the Reda and

It is obvious that huge resources will have to be invested to transform not only the steel industries, but
other industries (such as chemical industries, or cement production) and endeigd activities.
Realising the vision of hydrogéased ecosysterthat creates new and innovative jolgsestimations

127K p e n wdoking plahts, blast furnaces, blast furnace gas power plants, and processing plants4 " * k di&f 0. " r 0

128 The figure was translated from German into English. The original figure from the NRW.BANK (2022) is based on

data from vj g¥'qoumkpi " I'tgqwr " yPcvkqgpcn" Ce e (Arbgtskeis Ydikswitsgchaftichégf gt cn" U
Gesamtrechnungen der Lander) (ibid.).

129 This is reflected in the currently controversial debate over the takeover of the steel industry from Thyssenkrupp4by
MMgvapum )u"jgnfkpi"eqorcp{."GREIO"Vjgtg"ctg"hgctu"vjcv"fwg"
would result (Muller-Arnold, 2024).
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range from 20,000 to 130,000 employees in NRWichalski et al., 2019, @) ¢ will depend on the
availability of skilled worker¢Grimm et al., 2021)as well as the cosfficient supply (generation,
distribution and storage) of the needed electricity and hydrogen (see section below). This will be a key
focus of the discussion of the transition potentials in the next section.

However, as this section has shown, thsasition potentials are considerably limited by the structural
inequalities resulting from the process of deindustrialization (e.g., extremely high debts of the
municipalities) and the political and administrative fragmentation of the RuArea. These limitations
will be discussed before focussing on the potentials for implementing a hydrogen ecosystem.

As mentioned irChapter 2.1, regional transition needs and potentials are highly related to each other,
and both are unfolding into the three sustainability dimensions. Assessing the transition potentials of a
region for becoming climate neutral therefore requires consiagrsocial, economic and ecological/
environmental aspects. In this chapter, we will conduct this analysis focussing on the evaluation of
different composite indices and selected indicators (Bgirel).r*° The results will then be summarised

in a regional SWOT analysis.

Regarding the potential for transition, treconomic performancegspecially thecompetitiveness and
innovation capacityare of crucial importance. In this regard, the results of the composite indices must be
critically reflected, as the Rulrea is part of three different NUTS2 regions ($able21). The structural
inequalities of the Ruhfrea are, therefore, only inadequately reflected. Even though the NAY€§ions

that the RUWPANB I A& LI NI 2F &a02NB O2YLI NI 6A@Ste KAIK
highest labour productivi#§?, disposable income per capitdand potential market size expressed in
GDP23 Table 22). However, these numbers also include Rhgrforming cities like Dusseldorf or
Wauppertal that are not part of the Rulfrea. If only the RuhArea is considered, we can see thhe

most frequently used indicator for assessing the economic performance of a r&fdhper capita, shows

that the region scores well below the average of the rest of Germany. In addition, the statistics also
highlight the huge disparities within the region that very well refiestructural inequalities (seEBigure

59).

130 please note that these composite indicators often refer to the same data (e.g., labour market statistics, GDP,
perceived corruption etc.). In this section, selected indicators will be discussed for analysing competitiveness,
innovation capacity, quality of government, and social progress that reflect these topics most accurately. For an
explanation of these composite indicators, see Table 27 to Table 30.

131 GDP (in terms of PPS) relative to the number of hours worked.

132 Net adjusted disposable household income in purchasing power consumption standards (PPCS) per capita (index
EU27=100).

133 Index GDP (PPS) EL27=100 7 EU-27 average computed as population weighted average of the NUTS2 values.
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Figure59Y D5t 6 LJIJA O LISNJ OF LA Gl 6 AY € 0 RhFAreddgPeg@dd NOTIS3S dath withoutNS I A 2 Y & 0
Herne) and its NUTS3 region®wn compilation based on data from EUROSTAT.

Even more important for assessing the economic performance and the competitiveness of the regions is
the extremely high debt of its municipalitiesegFigure60). Many of the municipalities in theuhr Area
simply do not have the resources for the necessary investments that are required for the comprehensive
transition towards climate neutrality and sustainability (e.g., for modernizing public buildings, or public
transport) (Dahlbeck et al., 2024)
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Source:Regionalverband Ruh{2023, p.11).

This high debt of the municipalities is also related to the social welfare benefits that the municipalities
must provide due to unemployment rates considerably above those in the rest of Germany and North
Rhine Westphalia (se€igure 61). However, we can also see strong inAtegional disparities of

unemployment, with highest values in Gelsenki

rchen and lowest in WesedFiga=62).
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Figure61: Development of the unemployment ratem
Germany (Bund), NortfiRhine Westphalia (NRW) and the
Ruhr AreaRuhrgebiet).

Sourcevan de Loo and Hansk@023, p.859).
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Figure62: Unemployment rates of the NUTSregions in the
Ruhr Areain 2023.
Sourcevan de Loo and Hansk@023, p.859).

134 Development of loans to secure liquidity (Entwicklung
DESTATIS
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As mentioned in the case study of EmBRamagna (see Chapter 3.2.2), th@nsport sectoris crucial for

all economic activities and strongly related to tb@mpetitiveness and innovation capacityf a region

(Ng et al., 2019; Palei, 2015; Skorobogatova & KuzMgwdino, 2017) In this regardihe Ruhr Areghas

one of the densest transport infrastructure networks in Europe, including Europe's largest inland port in
DuisburgRegionalverband Ruhr,2028c) ¢ KS ¢ 3S23aINJ LKA Ot LR AAGAZ2Y Ay
FRGIFYydlF3S QOGKIG68 ®XB8 aKz2dAZ R 0SS dzaSR Ay |y 2LIGAYIf
That is why sound motorway, railway, shipping and air traffic systems are of utmaathiip - (Ked & ¢

Wetterau, 2013, p70). Even though th&uhr Arezhas a very dense motorway infrastructtit® traffic

2k Ya RdzS G2 GKS avYl aaiag@gsS FNBAIKG yR t2y3 RAAGEYO
OAOARDPO fAYAG Ada UGNYyYyAaALRZNI LISNF2NXYIFyYyOS &airadayAiATaiol
existing solution to relieve thiorry freight traffic is the combined transport (rail/road, road/waterway

and rail/waterway), as containers can be transported not only on roads but also on rails and waterways.

This is important because freight transport on the regional waterways ibedtilv the capacity limit, even

AT GKS GNIXyaLRNI @2fdzyS 2F {KS(KeilgWettgrau, 013@0)3 | G A2 Y
This aspect is significant for developing the distribution infrastructure for hydrogen and ammonia by ship

(see section introducing the related Pilot use case below).

In addition to the transport infrastructureresearch and educationnfrastructure are crucial for the
competitiveness and innovation capacity of a region. Even though the process of establishing universities
and research institutes in thRuhr Areastarted comparatively late (see Chapter 3.4.2), nowadays there
is a welldeveloped knowledge infrastructure with universities, several universities of applied sciences
and several research institutes (seigure63). However, the innovation capacity is significantly limited by

a lack of resources (e.g., studentprofessor ratio), and in relation to its population of Balllion, the

Ruhr Areahas a belowaverage number of nomniversity research facilities compared to other
metropolitan regions (e.g., Berlin or Munidiijiese, 2019, [¥1). Additionally, as mentioned earlier, the
transformation to a knowledgé I & SR S EbRlyh2 Nodsted by knowledgetensive business start

ups from and in the vicinity of universities and research institutions, thereby strengthening the regional
economy endogenouslpyvn translatior*% €Kiese, 2019, [¥4).

Despite the comparatively high number of enrolled students inRl@r Areasocial inequalities are also
reflected in the lower share of higher education in the populati6énf the Ruhr Areacompared to

Germany and the rest of the EldeeFigure64). Regarding the availability of skilled workers for the
RSOSt2LYSyid 2F (KS KERNRIASY SO2aeadsSyz (KAa R2Sa
stage of market launch, meaning that demand farskills on the labour market has been relatively low

to date. At present, the demand for a skilled workforce is met by training existing staff in partmwlar [

135 1The network of 4,700 kilometers of regional roads is highly connected, with a remarkable share of motorways; the
share of the Metropolis Ruhr is 12.9 percent, in contrast to the 7.4 percent NRW average and just five percent for the
whole of GermanyY(Keil & Wetterau, 2013, p. 70).

136 Please note, that the study is in German language and the translation is not strictly literal.

137 percentage of people from 25 to 64 years (source: EUROSTAT).
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translation*% ¢Grimm et al., 2021, (). **° However, in the medium term, an increased investment in
hydrogen infrastructure is expected to boost the hydrogen economy, increasing the demand for skilled
labour. This growing demand for personnel may result in exacerbating skill shortages that pytémtia

the development of a competitive hydrogen ecosystem (ibid., p. 8). A stronger focus on education, training
(e.g., construction), studies (e.g., engineers), and (applied) research is, therefore, of crucial importance
for developing a hydrogen ecpstem(Ronsiek et al., 2024)
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the Ruhr Area(signatures not true to position). Figure64. Comparison of education levels in the EU,
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As mentioned above, economic aspects represent only one dimension of sustainability. Economic factors
are closely intertwined with other socioolitical and environmental factors that influence transition
potential. Regarding theocial and political dimension®f transition potential, the European Social
Progress Index provides a useful basis for a detailed assessment. In this regard, the thr@ad¢fibhS

that the Ruhr Areds part of, Disseldorf, Arnsberg, Minster, score very highTab&e24). However, as
mentioned above, this aggregation may be misleading as it does not reflect the structural inequalities of
the Ruhr Are®® wS 3| NR-AsKAELIF BSNIGG GNIF 1S gKAOK Aa 2yS 27
assessing social disparities, it is obvious thaRbhlr Aredaces a significant challenge: tReihr Arednas

08 TFI N (i KiskokIVARSNIGE aMIii S¢ 2 (BeeRigkréss) MBomhirayoa with tie b w2

138 Please note, that the study is in German language and the translation is not strictly literal.

139 Even though a study byRonsiek et al. (2024) show, that for the hydrogen ramp-up, T higher number of people with
building trades, energy technicians, and electrical technicians will be needed in the medium term. These professions
are already experiencing shortages in the labour market, and in many of them, the labour supply is expected to become
even tighter due to demographic change4 " * k d3;fplease’ not®, that the study is in German language and the
translation is not strictly literal ).
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extremely high municipal debts in the region, it could be expected that these negative factors are also
reflected in the assessment of the government performance, which would affeqidlitical dimensions
of transition.

In this regard, the
Ruhrgebiet —

results from the L 196]
European Qua”ty of Region Aachen 17,5

182
Government Index

iniana N

(seeTable25) about e
th iy, I T
. © .. qua yl Ostwestfalen-Lippe
impartiality’2  as . 148
well as the  Bergisches Lana I 7T

. 140]

corruption in the
provision of public
service$® show a
high level of trust in

public institutions 0% 5% 10% 15% 20%
by the citizens of the Figure65: At-risk-of-poverty rates“%in NRW 2014 and 2018 by region.
three NUTS Ruhr Area(Ruhrgebie}, Aachen regionRegion Aache)y Rhineland Rheinlang; Eastern

] WestphaliaLippe Ostwestfalen-Lippg Bergisches Land (Bergisches Lagath Westphalia
regions (beSt scores (Stdwestfaler), Minsterland Miinsterland). SourceMinisterium fur Arbeit and Gesundheit
of the four und Soziales Nordrheiwestfalen(2020, p.255).

TRANSFORMER TSL regions). However, this might not be the case Rohth&reawith its social

disparities, structural inequalitiesnd high debts of its municipalitiess studies aboutthe s6 f t SR af S ¥
0 SKAY R NB 3 [Geeyektal., 2028 RofrigiEpse & Bartalucci, 2023hese social inequalities

are expected to cause a lack of trust in institutions. However, as a studyiigpmers and Deckép023)

shows, this is not the case for tRuhr AreaBased on a comprehensive survey (Bigire66), they show

that the institutional trust in the federal government, federal parliament, unions, justice system and
O2dzNIiax YSRAFX YR GKS LREAGAONE LI NGASAE Aa KAIKS
reasons for the higher level of fitical support may be that politicians in the Ruhr region have been more

jrws 2018

Sldwestfalen 2014

Munsterland

140 Number of people with an equivalised income (new OECD scale) of less than 60 % of the median equivalised income
of the North Rhine-Westphalia population per 100 people in the corresponding region, in private households in each
case. Source:

“Mswguvkgpu" htgo"vjg"swguvkgppcktg<"Jgy"yqgwnf" {qw
gf wecvkgp"kp"{qwt"ctgcA"4+"evjg"rwdnke"jgcnvj"ect
al., 2022, p. 12). For canplete questionnaire see (Charron et al., 2022).

142 Questions from the questionnaire [from strongly disagree to strongly agree]: 1) Certain people are given special

advantages in the public health care system 2) The police force gives special advantages to certain people in my area.

3) All citizens aretrec vgf " gswecnn{ "] htqo"citgg"vqgq" fkucitgg_<€e"C+" ekp"vjg"
rwdnke"jgecnvj"ectg"u{uvgo" kp"o{"ctgcO" E+" ed{"Vvjg"rgnkeg" hqt
conducted freely and fairly. (Charron et al., 2022, p. 13). For complete questionnaire see (Charron et al., 2022).

“3ygngevgf "swguvkgpu"htqgqo"vjg"swguvkgppcktg<"Eqttwrvkgp"ku"rt
o{"ctgcXu"ngecn"rwdnke"uejggn"u{uvgo0"4+"ekp"vjg"rwdnke"jgecr
area. 4) People in myarea must use some form of corruption to just to get some basic public services. 5) Corruption
kp"o{"ctgc" ku" wugf"vqg"igv"ceeguu"vqg"urgekcn" wphed&.tForrt kxkngi
complete questionnaire see (Charron et al., 2022).
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successful than in other former industrial regions in cushioning the social hardships of structural change
by means of various state development and support programnoes [translatiot*8 ¢Klppers &
Decker, 2023, 679 Ly (KA & NBIFNRZ AdG OFy ftaz2 68 SELSOGS

9YAOKSNI t I NJ ¢ 2N GKS wdzKNJ O2yFSNBYyOS 06aS8SS / KI LJi¢
institutions.

Bundesregierung Bundestag Gewerkschaften
00% D D e =i e
75% :
453 40.7 435
50%
25%
0% 3 2.5 4.7 4.8 5.8 5.4

Justiz & Gerichte Medien Parteien

0 —fl— —f— . D N R

75%

50% 61.4 58.7

Bund (gesamt) Ruhrgebiet Bund (gesamt) Ruhrgeblet Bund (gesamt) Ruhrgebiet

I gar kein Vertrauen wenig Vertrauen [l groBes Vertrauen ] sehr groBes Vertrauen

Figure66: A comparison of institutional trust in Germany and the Ruhr regighne values for Germany as a whole include the

wdzKNJ NEIA2y0d CNRY G(G2L) t STAOY Ayaldaddziazylt (GN¥zad Ay GKSX TSR
(Bundestag); unions (Gewerkschaften); justice system & courts (Justiz & Gerichte); media (Medien); political parties

(Parteien). Answers fronteft to right: no trust at all (gar kein Vertrauen), low trust (wenig Vertrauen), high trust (grof3es

Vertrauen), very high trust (sehr groRes Vertrauen). Data basis: FES/Infratest dimap survey 2019.

SourceKippers and Deckg2023, p.676)

This trust in institutions is of pivotal significance, as the fundamental transition of the-scaimmic

structure requires the support and acceptance of political measures by the citizens BitiveArealn

this context, a survey by the European Investment Bank in 2023/24 8o & a SO2y 2 YA O | yR
FaLlSoda oyw:>r0r SalISOALfte aAYONBIaSR O2aRhimeT  AJA
Westphalid*® & 0A 33ISNIJ OKI £ f SyasSa (KI y“BhiSis AlS6 refiebtedkhe y 3 S ¢

144 Pplease note, that the study is in German language and the translation is not strictly literal.
“Wsswguvkgp<"nyYjcv"ctg"vjg"vjtgg"dkiiguv"ejcnngpigu"vjcv"rgaqr
(2024): https://www.eib.org/attachments/survey/eib _-climate -survey-2023-2024-dataset-all-countries -cop28.xlsx

(Excel sheet: Germany). The references are listedintheCj cr vgt " 3ZFcvc"ugqgwt eguyo

146 No data for NUTS 2 levels available.

147 The results of these surveys additionally show a fundamental shift in perceived challenges. In an earlier survey from

vjg" GKD" *4242+." uGeqgpgqoke" cpf" hkpcpekcn$" curgevu"RHIMe6' +" j c X

98 Funded by
the European Union



https://www.eib.org/attachments/survey/eib-climate-survey-2023-2024-dataset-all-countries-cop28.xlsx

transformer

R2ZYAY Ll yi 2LAYA2YaA épTa:so 0KIFG GKS withicuzaBentiigntBey & & K2
LISNE2Y | #% 6 bIzR RSGKL GGKS GNIXyaAaldAzy dnedualife®ase Ol Nb 2
FRRNBaaSR i GK®R egardfr@ enuplbymsm opmourities due to this transition, a
YFE22NAGe 6pTz0u SELISOGA GKI GOt AYI UGS OKIFy3aS gAff

2024)150

The latter assessment (albeit from the citizens of all NRW and not only froRuiieAregis particularly

problematic: Against the background of the still persistent structural inequalities resulting from
deindustrialization(Lengyel et al., 2022, p76), especially high unemployment and municipal debts, a

holistic approach for the region is required that focuses on its most important transition needs. However,

GKS aFFOG GKFEG GKSNB Aa y2 dzyRA&aLlzi SR NBEZEKeEY Il £ OS
& Wetterau, 2013, p33) and increases the risk of municipalities competing with one another about

limited resources rather than collaboratirggas happened numerous times in the p&Bbgumil et al.,

2012; Goch, 2003; van Houtum & Lagendijk, 2681)

Nevertheless, there are several examples that indicate a gradual shift towards a more regional, inclusive

and holistic approach: the establishment of the Ruhr Regional Assoéfafieagionalverband RUNRVR)

in 2004 was an important step, especially for drawing up a Ruhr regional plan which has been
implemented- after a process that lasted more than a decade (starting in 201d)February 2024
(Regionalverband Ruhr, 2024jowever, it also highlights again the challengesRiudar Areas facing

regarding fragmented responsibilities and competing interests among multiple responsible authorities.
bSOHSNIKSE Saaz AdG Ffaz2 KrFra G2 0SS SYLKIFaAl SR GKFG
Ay GKS [SAoyAl I 34 & AQKIBR2 yUEK SO ' owo[ NIR | RIZ & aliehdiod O A LI { 3
planning process that has garnered significant interest and recognition far beyoridutiieAreallt is

considered an innovative cokro dzi A 2y (G2 (GKS FTdzZNOKSNJ RSOSt 2ZARYSYy (i 27
- Akademie fur Raumentwicklung in der Leib@iemeinschaft, 2019, [@). In addition, the Ruhr

Westphalla as smaller ejcnngpigu” vjcp" u,enkocvg e]CpIgL-I, *82' +0°
. Ici " .

(Excel sheet Germany) The references are Ilsted intheCj crvgt"noFcvc"uqwt egu4yo
“sswguvkgp<"uwYgwnf"{qgw"uc{"vjcve"]le_"[qwt"igxgtpogpv"ujqgwnf"c!
dwfigvy0o" Uqgwteg" GKD" *4246+0

Wswguvkgp<" gYgwnf " {qgqw"uc{"vjcve"]le_"Vjg"vtcpukvkqgp"vg"c" nqy
addressed at the same time. Source EIB (2024).

150 Question: What impact do you think the measures adopted by your country to fight climate change and protect the

environment will have? Answer: They will destroy more jobs than they will create new ones (57%). Source: EIB (2024)

151 The reasons for this still dominant political fragmentation are controversially disputed. However, a study by van

Houtum and Lagendijk (2001, p.758)u wi i guvu" Yvj cv"c"rgnkvkecn"ejgkeg"ycu"ocfg"p
area, but to divide it among the different political regions. The Ruhr area was and thereby stayed an intersection of the

different political regions in North Rhine -Westphalia. It seems likely that the political will, of mainly the dominant

political party still, the Social Democrats (SPD), to divide and thereby stay incontrol in the different regions, instead of
kp"vjg"Twjt"ctgc"cngpg. "jcu"rnc{gf"c"tqng"gh"ugog"korqgtvcpeg
152 As the Regionalverband Ruhrhighlights in their publication (2018), the RVR has a long history though: In 1920 the
uCuuqgekcvkgp"gh"vjg"Twjt"Eqgcn" Tgi kg p Hwag falkded by thepmunicipglitied c p f " Twj t
and districts of the Ruhr Area and in 1979 renamed to TMunicipal Association for the Ruhr RegionY(Kommunalverband

Ruhrgebiet [KVR]). Since 2004 the association is called Ruhr Regional Association (RVR)
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conference initiated in 2018 (see Chapter 3.4.2) can also be regarded as an attempt for developing more
regional and holistic approaché®ahlbeck et al., 2023}

Against the background of initiating more inclusive and botigprapproaches, citizen assemblies like the
"Blrger*innenrat” in Duisburg, focusing on participatory approaches for discussing policy goals and
developing hydrogen solutions, can be regarded ggomising way of developing inclusive and socially
accepted solutions (Bergische Universitat Wuppertal. Institut for Demokratieund
Partizipationsforschung [IDPF], 2023)

¢KS NBadzA# Ga 2F GKA& &. NNASNFAYYSYNI (¢ O06AGK np LI |
0S0OIdzaS (GKSe& RS@St2LISR aASOSNIf YIAYy LRfAOe NBO2YY
2 A LINRRdzOS 3INBSYy Keé RuitRavBwy to enargyfsefidficiéntydandlcrdatidridfa & A 0 £ S
20aé¢ 8)addsiRutaneoudtptrictly avoidinggd NBt 8 Ay 3 SEOf dzAA @Sdadd 2y A Yl
G i KI G ,HEaNGRiGyS taking place without respecting human rights and environmengééption in

0§KS LINRPRdzOAYy3 O2dzyiNAS&a¢ O0A0ARDLOD

[V =N

This goal leads us to thecological and environmental dimensions of sustainabilityat constitutes

together with the abovedescribed economic and socipolitical dimension the region's transition

potentials: thepotential for the development of renewable energy as a prerequisite for generating
GANBSYy¢é KeRNRIASyASARY dadses NIEKFMZYy B KS t Af2G dasS Ol aSa
SYSNHE o6StSOGNROAGE:ET KSIG FYyR KE@RNRISYyoO RSYIlIyR&AE
G F LILIE A200 OKASERANERRI SY Ay KSFGAy3Ié gAftf 0S ONASTFE & LI2NJI
Thecostefficient generation of hydrogemwill determine the scope and pace of the hydrogen ranmp

G OdzNNByid F2aairf LINAROSaz ¢S asgd hpd®den ang renewads NI 3 S
KeERNRISY w2F8 | LILINGIrESY)PgdiaEha¥giewende hrill Suidehio &S 2021.1).

¢tKS 0O02aid 2F NBYySglofS KEeRNRISY A athelcshorrerdlableé RSG S
electricity; (2) the annual operating hours of the electrolyser, ocaked capacity factor; and (3) the

St SOUNRf&asSNI aeadsSyYy O2aiaéd OAO0ARDLOD

153 Even though Dahlbeck et al. (2023) argue, Tihat this approach was accompanied by a lengthy decision-making
process. In some cases, this resulted in projects deemed worthwhile not being funded or being funded only at a later
date, due to a lack of or insufficient funds. A separate budget would also have given the Ruhr Conference more weight
in public and political perceptionY" * kdkf 0. "r 0" 3; +0

hat This approach was accompanied by a lengthy decision-making process. In some cases, this resulted in that
projects deemed to be worthwhile could not be funded or could only be funded at a later date or only at a later date due
to a lack of or insufficient f unds. A separate budget would also have given the Ruhr Conference more weight in the
public and political political perception.
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Figure67: Production cost of renewable H2 compared to fossdsed H2with and without carbon capture. SourceAgora
Energiewende and Guidehougg021, p.14).

Guidehouse based on BNEF (2021), Prognos et al. (2020), Hydrogen Europe (2020), Gas for Climate (2020), Agora Energiewende

and AFRY Management Consulting (2021). The price range fobfmsil HNS ¥t SOdGa 'y A YLIX A QkA02001 Nb 2y L.
increasing t&100/(CQA Y Hnon® C2NJ yI GdzNIF £ 3AF&X + LINKR OS -BaFeddwitmoarachK A & | a3
capture is assumed to be around 75%

If we take a look at the first aspect that determines the hydrogen costs, the availability oeftomnt)
renewable energywe can see that thé&kuhr Areahad in 2020 a comparatively low share of RE in its
electricity (9%, se&igure68) and heat consumption (1.1%, sEegure69), with the largest shares in
biomass (Regionalverband Ruhr, 2022a,22). In addition, theRuhr Areahas ¢ despite its dense
populationg still a significant potential for the development of RE.

154 Data about the potentials of RE (wind, solar radiation, biomass, water power) for NRW on a NUTS3 level can be
downloaded here:
https://www.energieatlas.nrw.de/site/Media/Default/Dokumente/202205_Potenziale_Energieatlas NRW.xIsx
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Figure68: Renewable energies (in green) in the Ruhr
metropolis - share of total electricity consumption.
Source:Regionalverband Ruh{2022a, p24).

Figure69: Renewable energies (in green) in the Ruhr
metropolis - share of total heat consumption.
Source:Regionalverband Ruh{2022a, p25).

A study from 2016 on the potential for the development of wind power inRludr AregGertec GmbH,
2016)showed that the greatest potential for the development of wind energy can be found in the more
rural communities. By far the greatest potential was identified in Dorsten, followed by Haltern am See
(seeFigure70). Together, the two municipalities have more than a quarter ofRiuéir Areés total wind
potential. However, as already mentioned in the case study of ERdilaagna (Chapter 3.2.3) and Lower
Silesia (Chapter 3.3.3}strictions for wind power reduce this (theoretical) potential significantly: in their

Y2aid NBOSyd Fylfeaias GKS wtw GARSYGATASAE | LI2aai

of all suitable areas in North Rhiigestphalia pwn translatio®6 éPolzin, 2023, d). However, PV is

less controversial and especially the development of PV on rooftops has a significant potential that should
be used for maximising the sustainable electricity generation irRiler AregseeFigure71). This form

of renewable energy is not only cesfficient and competitive, butc unlike the development of
windpower ¢ also has only very limited potential for confli¢G6lz & Wedderhoff, 2018; Leiren et al.,
2020; Zoellner et al., 2008)

155 Please note, that the article is in German language and the translation is not strictly literal.
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Figure70: Wind energy potential in theRuhr Arealin GWH/a) in 2016.Source:Gertec GmbH2016, p.60).

Ausbaupotenziale Photavoltaik (auf Dachflachen)

(in GWn/a) o

[ <50 ]
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Figure71: Photovoltaic potential on rooftops (in GWH/a) in 201&ource:Gertec GmbH2016, p.70).
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However, a densely populated region like fRahr Areawith its energyintensive industries, will not be

able to become fully seBufficient based on RE. This is particularly the case if the electrification of mobility

and transport is further developed, and if additional electricity demand for the gemerati hydrogen is
considered (se€igure7?2).

14.3% 28.1%

(23.6 TWhX46.2 TWh) Sektoren

Hl Haushalte
E GHD

I Industrie
B Transport

5.8%
(9.5 TWh)

51.8%
(85.3 TWh)

Figure72: Structure and regional allocation of electricity demand in NRW in 205@ctors: Housing
(Haushalte); Trade, commerce and services (Gewerbe, Haushalt, Dienstleistungen [GHG]; industry
(Industrie); transport (Transport). Sourc€erniauskas et a(2021, p.75).

Figure73: Distribution of final energy demand for hydrogen in 20%0nly including hydrogen demand
from industry, which is supplied externally). Sectors: Cement (Zement), steel (Stahl); petrochemica
(Petrochemie), industrial furnaces (Industrietfen). Sour€erniauskas et a(2021, p.77).

Recklinghausen

Duisburg

Rhein-
Kreis
Neuss

Rhein-
Erft-Kreis

TWh/a
>10

The huge demand for green hydrogésee Figure73) must therefore be met by imports from other
regions, which have a larger potential for the development of renewable en&gligure74 shows,
many areas in Europe have a high potential for the generation of green hydrogen (even though the

sustainability of the local/regional water supply for the generation of hydrogen has to be critically

monitored). One of the TSL regions, Western Macea, is currently developing a hydrogen ecosystem

to transform their economy from a lignileased economy (mining and energy generation) to a diversified,

climate neutral and sustainable economy (see case study of Western Macedonia). A cooperation between

iKSasS (g2
which expects that the import of hydrogen respects human rights and environmental protection in the

NEIA2ya

producing countries.
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