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Abstract 

This deliverable provides the TRANSFORMER Super-Labs operating in four European regions (Emilia-

Romagna (Italy), Lower Silesia (Poland), the Ruhr Area (Germany), and Western Macedonia (Greece)) with 

a solid evidence-base for decision-making regarding their needs and potentials for accelerating their 

transformation towards climate neutrality. It supports the TSL process in identifying the regional challenge 

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

implementing feasible Pilot use cases. Moreover, the case studies also support the development of 

strategies for a long-term implementation of the TSLs. 
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Executive Summary 

This deliverable provides the TRANSFORMER Super-Labs operating in four European regions (Emilia-

Romagna (Italy), Lower Silesia (Poland), the Ruhr Area (Germany), and Western Macedonia (Greece)) with 

a solid evidence base for decision-making regarding their needs 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 feasible Pilot use cases. Moreover, the case studies also support the development of 

strategies for the long-term implementation of the TSLs. Therefore, the target audience comprises all 

stakeholders in the respective TSL regions, particularly those with limited insights into 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 

ŀƴŘ Ƙƻǿ ǘƘŜ ǘǊŀƴǎƛǘƛƻƴ ƴŀǊǊŀǘƛǾŜ Ŏŀƴ ŎƻƴƴŜŎǘ ǘƻ ŀ ¢{[Ωǎ ŀŎǘƛǾƛǘƛŜǎΦ 

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 discussion of the results of the QRAFT analysis (Quantitative Regional 

Assessment Framework for Transition Super-Labs) for each of the TRANSFORMER regions. Second, it 

undertakes a complementary document analysis (qualitative). And third, it analyzes expert interviews and 

workshops on stakeholder analysis and the assessment of co-created concrete project ideas (Pilot use 

cases) to achieve climate neutrality. The deliverable is designed as complementary to the Deliverables 3.1, 

оΦнΣ ŀƴŘ оΦо ŀƴŘ ŦǳƴŎǘƛƻƴǎ ŀǎ ǘƘŜ ǎŎƛŜƴǘƛŦƛŎ άōŀŎƪōƻƴŜέ ŦƻǊ ǘƘŜ ƧǳǎǘƛŦƛŎŀǘƛƻƴ ƻŦ ǘƘŜ ŀŎǘƛƻƴ ǇƭŀƴǎΦ 

After a concise introduction in Chapter 1 depicting 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. Based on this, the research 

design of the case study for analysing the regional transition needs and potentials is presented, and the 

methodologies and data collection are discussed. In Chapter 3, the deliverable highlights the diverse 

challenges and opportunities for each region on their way to achieving climate neutrality: Emilia-Romagna 

is a wealthy region with high innovation capacity and a strong industrial sector, but its energy-intensive 

industries and transport sector significantly contribute to climate change and 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 and is now facing a fundamental socio-economic transformation with the phase-out of 

lignite mining by 2028. To mitigate the potential negative effects and simultaneously become climate 

neutral, the TSL is focusing on economic 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, energy-intensive industries, and unsustainable 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 energy-related 

decision-making processes. 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) reflexive monitoring 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, cross-sectorial expertise. Based on these criteria, a long-term 

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 project/ Pilot use case governance. 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 implementation of Pilot use cases and action plans of the 

TRANSFORMER project. 
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1 Introduction 

Accelerating the shift to climate neutrality is essential to mitigate the escalating threats posed by climate 

change. Urgent and comprehensive actions are imperative to prevent catastrophic consequences, such as 

rising sea levels, extreme weather events, and disruptions to global ecosystems, which would impact the 

livelihoods and well-being of communities worldwide (IPCC, 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 focusing on systemic transformation at a regional 

scale to accelerate the transition towards climate neutrality: the Transition Super-Lab approach (TSL).1 In 

a TSL, living lab methodologies are adapted and applied to develop (co-create) with all relevant 

stakeholders from the quadruple helix a vision for a regional transformation and a portfolio of large-scale 

systemic solutions for climate neutrality, net-zero emissions and a more resilient future. The systemic 

transformation within TSLs catalyses large and diverse communities to innovate for systemic changes that 

accelerate the transition. The systemic transformation is addressed by developing and implementing a 

portfolio of connected solutions (e.g., Pilot use cases) which engage multiple leverage points at the 

intersection of socio-technical regimes simultaneously to achieve a rapid and more efficient 

transformation.2 This approach is developed and tested in the TRANSFORMER project over the course of 

two years (9-2022/8-2024) in four European regions: Emilia-Romagna (Italy), Lower Silesia (Poland), Ruhr 

Area (Germany), and Western Macedonia (Greece). 

The goal of this Deliverable 2.3 is to provide these four TRANSFORMER Super-Labs with a solid evidence 

base for decision-making regarding their needs and potentials 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 cases (see Deliverables 3.1, 3.2, and 3.33). Moreover, the case studies also aim at 

supporting the identification of additional solutions (Pilot use cases) to foster a transition of multiple 

socio-technical regimes simultaneously and thus facilitating the development of strategies for a long-

term implementation of the TSLs (Deliverable 3.3). Therefore, the target audience comprises all 

stakeholders in the TSL regions, particularly those with limited insights 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 region. A third possible target readership 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 in Deliverable 2.2. 
2 For example, developing green hydrogen-solutions for simultaneously transforming the mobility and the industrial 
ugevqt0"Hqt"c"oqtg"fgvckngf"gzrncpcvkqp"qh"ngxgtcig"rqkpvu"*ҵngxgtu"qh"ejcpigҵ+"cpf"vjg"rqtvhqnkq"crrtqcej"ugg<"
Deliverable 2.1. 
3 Deliverable 3.1: Recommendations for Transition Super-Lab coalitions building, empowering of vulnerable and 
marginalised groups, and vision process (URL not available yet); Deliverable 3.2: Definition of Transition Super-Lab use 
cases (URL not available yet); Deliverable 3.3: Transition Super-Lab 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 

well as how the tǊŀƴǎƛǘƛƻƴ ƴŀǊǊŀǘƛǾŜ Ŏŀƴ ŎƻƴƴŜŎǘ ǘƻ ŀ ¢{[Ωǎ ŀŎǘƛǾƛǘƛŜǎΦ  

To achieve these objectives and to establish a framework for conducting a comprehensive analysis, the 

initial step involves defining the transition needs and potentials of regions to mitigate GHG emissions 

from a TSL perspective. This perspective is crucial as it serves as a fundamental criterion. Without 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 as subjectivity in the selection of data and indexes (Mura et al., 2021). Consequently, the 

first question to address is: 

¶ 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 upon the definition of transition needs and potentials and the developed mixed-method 

framework, the following key questions will be analysed:  

¶ What are the specific transition needs and potentials of the four TRANSFORMER TSL regions? 

¶ What are the most important topics/sectors for the regions to become climate neutral? 

¶ What are feasible solutions (Pilot use cases) for supporting the transition (Deliverable 3.2)? 

¶ What additional topics and Pilot use cases have the potential to facilitate the transition of multiple 

socio-technical regimes simultaneously and support the long-term implementation of the TSL 

(Deliverable 3.3)? 

To meet these objectives, this deliverable is structured as follows: The subsequent Chapter 2 will develop 

the methodological framework for assessing the transition needs and potentials for the transformation of 

regions within the TSL approach, while also identifying necessary data and discussing the limitations of 

this deliverable. In Chapter 3, the developed framework is applied to analyse the four TSL regions in the 

following order: Emilia-Romagna, Lower Silesia, Ruhr Area, and Western Macedonia. Finally, Chapter 4 

concludes with a reflection and assessment of the chosen methodological approach, along with an outlook 

on further research needs. 

The context of this deliverable within the TRANSFORMER project 

This deliverable is written in a way that it can be read as a stand-alone document. However, it is part of a 

series of deliverables as part of the TRANSFORMER project. It is part of Working package н ƻƴ άaŀǇǇƛƴƎΣ 

defining, and categorising of Transition Super-[ŀōǎέΦ ¢ƘŜ ŀƛƳ ƻŦ ǘƘƛǎ ƻǾŜǊŀƭƭ Working package is to 

generate relevant scientific knowledge for the TSLs and for a wider readership, especially the scientific 

community, policymakers and transition practitioners. Within the TRANSFORMER project, as the title of 

this deliverable clearly states, this document especially aims at delivering an evidence base for decision-

making as part of the action plans. These action plans (Deliverable 3.3), one for each of the four 

TRANSFORMER regions, are a key result of the project. They aim to 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 duration. This deliverable will provide an understanding of the TSL activities 
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and action plans in the context of the larger transition needs the regions are currently facing. Thus, it is to 

be understood as complementary to the Deliverables 3.1, 3.2 and 3.3. In short, this deliverable functions 

as the scientific άbackboneέ for the justification of the action plans.  

The four case studies provided in Chapter 3 rely on a methodology for assessing regional transition needs 

and potentials from a quantitative perspective, the Quantitative Regional Assessment Framework for 

Transition Super-Labs (QRAFT). This methodology, along with a brief exemplary discussion of the 

quantitative indicators for the regions, was developed in Deliverable 2.2. As Figure 1 indicates, the 

deliverable at hand goes beyond this in three ways: First, it provides an extensive discussion of the results 

of the QRAFT analysis for each of the TRANSFORMER regions. Second, it undertakes a complementary 

document analysis (qualitative). And third, it analyses expert interviews and workshops on stakeholder 

analysis and the assessment of co-created concrete project ideas (Pilot use cases) to achieve climate 

neutrality.4 

 

Figure 1: Applied methodologies for the case studies.  Source: own design. 

 

 

4 Vjg"fghkpkvkqp"qh"vjg"vgto"ҵRknqv"wug"ecugҶ"ycu"fgxgnqrgf"fwtkpi"vjg"hktuv"ukz"oqpvj"qh"vjg"rtqlgev"cpf"ku"kpenwfgf"kp"
Deliverable 3.2. Pilot use cases are defined as Ҷeq-created concrete project ideas to achieve climate neutrality, promote 
systemic transformation through innovation and be developed and implemented with a focus on a regional 
transformation. Furthermore, Pilot use cases have the following characteristics:  

- They define a goal-oriented 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; 

- They are real-nkhg"gzrgtkogpvu."yjkej"ugtxg"hqt"vjg"eqpegrv"fgxgnqrogpv"cpf"kvu"korngogpvcvkqp"kp"rtcevkegҶ"*swqvgf"
from Deliverable 3.2, p.9; URL not available yet).  
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Concerning the placement of this deliverable within a TSL process, conducting case studies in the depth 

with which they are presented here is recommended as part of the assessment of the transition readiness 

of a region and identification of weak points. 

2 Assessing regional transition needs and potentials for the 

reduction of GHG emissions from a TSL perspective 

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 understand what thinking about accelerating 

decarbonisation from a TSL perspective means. Therefore, Chapter 2.1 starts with exploring different 

conceptual considerations for the case studies. Based on this, the case study design for analysing the 

regional transition needs and potentials for achieving climate neutrality is developed in Chapter 2.2. 

Chapter 2.3 complements this effort by discussing methodologies and data collection specifically.  

2.1 Conceptual considerations 

Taking up a transition perspective 

As large-scale societal transformations, transitions are highly complex processes that typically span over 

several decades and show an intricate multi-territorial embeddedness (Coenen & Truffer, 2012; Köhler et 

al., 2019). Consequently, any attempt to accelerate such a process towards a specific goal, in this case a 

significant contribution towards climate neutrality, requires engaging with άmajor unknownsέ and even 

άunknowablesέ. Engaging with uncertainties and complexities necessitates continual critical monitoring 

of both. executed and planned actions from a transition perspective; this ensures that endeavours align 

with the overall goal of achieving sustainability (van Mierlo, 2010). In the four case studies about the 

TRANSFORMER regions, we take up such a transition perspective. We do this in three interdependent 

steps or movements. Firstly, we conduct a ōƛǊŘΩǎ ŜȅŜ view analysis of the regionsΩ transition needs and 

potentials through applying the previously developed QRAFT methodology to each region and critically 

discussing the results. Secondly, we zoom in to examine the activities determined by the four TSLs in the 

context of vision development and the selection of Pilot use cases within the transition assessment 

context. And thirdly, we partially zoom out again to reflect on what additional action can complement and 

support the Pilot use cases to unfold the potential for reaching regional climate neutrality. 

Regarding the first step, wƘŜƴ ŎƻƴǎƛŘŜǊƛƴƎ ŀ ǊŜƎƛƻƴΩǎ ƴŜŜŘǎ ŀƴŘ ǇƻǘŜƴǘƛŀƭǎ ŦƻǊ ōŜŎƻƳƛƴƎ ŎƭƛƳŀǘŜ ƴŜǳǘǊŀƭΣ 

it is necessary to also keep in mind the larger sustainability and future stability of the region. Sustainability 

is typically characterized as having three dimensions: the ecological, social, and economic dimension 

(Purvis et al., 2019). As Figure 2 depicts, regional transition needs and potentials are highly related to each 

other, and both are unfolding into the three sustainability dimensions.  
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Figure 2: Regional transition needs and potentials according to sustainability dimensions. Source: own design. 

 

Assessing regional transition needs and potentials is an exceedingly complex and laborious task. 

Therefore, it is necessary to start the analysis with a focalizing goal in mind. In this analysis, as stated 

ŀōƻǾŜΣ ǘƘŜ Ǝƻŀƭ ƛǎ ǘƻ ƎƛǾŜ ǇŜǊǎǇŜŎǘƛǾŜ ǘƻ ǘƘŜ ¢{[Ωǎ Ǿƛǎƛƻƴ ŀƴŘ Pilot use cases in light of the transition 

challenge the region is currently facing. To do this, it is important to understand what is meant by the TSL 

approach (discussed in the following section ά¢ƘŜ ¢{[ ŀǇǇǊƻŀŎƘέ) and toget a deeper understanding of 

the role of regions and the possibilities of the regional scale in the context of sustainability transition 

(discussed in the section ά¦ƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŜ ǊƻƭŜ ƻŦ ǘƘŜ ǊŜƎƛƻƴ ƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ǘǊŀƴǎƛǘƛƻƴέ). 

The TSL approach 

The TSL approach is a still evolving concept. In the previous Deliverable 2.1, 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.5 

A TSL can be described as a large-scale living lab for systemic transformation: in a TSL living lab 

methodologies are adapted and applied to develop together (co-create) ς with all relevant stakeholders 

from the quadruple helix ς a vision for a regional transformation and a portfolio 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 in Deliverable 2.2. 
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solutions for climate neutrality, net-zero emissions and a resilient future. The systemic transformation 

within TSLs mobilises large and diverse communities to innovate for systemic changes that accelerate 

transition at scale. 

The systemic transformation will be achieved by developing and implementing a portfolio of connected 

ǎƻƭǳǘƛƻƴǎ όάŜΦƎΦΣ Pilot use casesέύ ǿƘƛŎƘ ŜƴƎŀƎŜ multiple leverage points at the intersection of socio-

technical regimes simultaneously in order to achieve a rapid and more efficient transformation.6 

Therefore, the adaptation of living lab methodologies to a large scale and with a focus on systemic 

transformation can be regarded as the core characteristics of a TSL (see Figure 3): 

1. Adaptation and application of enriched living lab methodologies (co-creation, experimentation 

and evaluation) 

2. Aiming at large-scale systemic solutions for a rapid transition to sustainability 

3. Applying a portfolio approach of measures (experiments) and using multiple leverage points for 

systemic change simultaneously 

 

Figure 3: Elements of a Transition Super Lab.  Source: own design adapted from Deliverable 2.1 (URL not available yet). 

 

Understanding the role of the region in the context of sustainability transition 

In order to develop the case study design, we first have to gain an understanding of what regions are 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 hydrogen-solutions for simultaneously transforming the mobility and the industrial 
ugevqt0"Hqt"c"oqtg"fgvckngf"gzrncpcvkqp"qh"ngxgtcig"rqkpvu"*ҷngxgtu"qh"ejcpigҵ+"cpf"vjg"rqtvhqnkq"crrtqcej"ugg"
Deliverable 2.1 (URL not available yet). 
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In TRANSFORMER, we regard (sub-national) regions as a highly promising scale to foster a systemic 

change, as they function as άburning glassesέ where different sections of socio-technical regimes (e.g., 

transportation, industry, food system) materialize and intersect (Lawhon & Murphy, 2012).7 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 

under-researched, and no unified approach to assess the climate change-related transition needs and 

transformation potentials of regions exist so far (Hansmeier et al., 2021; Mura et al., 2021; Stanickova & 

Melecký, 2018). 

The significance of the spatial dimension in sustainability transitions is widely acknowledged by both 

researchers and practitioners (Coenen & Truffer, 2012; Hansen & Coenen, 2015; Maucorps et al., 2023; 

Morais Mourato & Wit, 2021; OECD, 2023; Uyarra et al., 2017; Wolfram & Frantzeskaki, 2016). In this 

context, the regional scale is gaining increased attention, as it represents a geographical space that serves 

ƴƻǘ ƻƴƭȅ ŀǎ ŀ άƭƛƴƪέ ōŜǘǿŜŜƴ ǘƘŜ ƴŀǘƛƻƴŀƭ ƭŜǾŜƭ ς where overarching policies, regulations, and frameworks 

are implemented ς and the local level ς where specific sustainability-related projects, such as wind power 

plants, are permitted and implemented. In this perspective, regions are regarded as geographical spaces 

wherein various socio-technical regimes are situated, and holistic solutions can be developed to harvest 

ǎȅƴŜǊƎȅ ŜŦŦŜŎǘǎ ό[ǀƘǊ ŀƴŘ /ƘƭŜōƴŀΣ нлноΤ ²ŀŎƘǎƳǳǘƘ Ŝǘ ŀƭΦΣ нлноύΥ ǊŜƎƛƻƴǎ ŀǊŜ άƭŀǊƎŜέ enough to develop 

a portfolio of cross-sectorial solutions to achieve a fundamental systemic transition and, at the same time, 

άǎƳŀƭƭέ ŜƴƻǳƎƘ to establish (economic and political) participation processes that consider the cultural and 

social context of a transition. Moreover, regions are still άŎƭƻǎŜέ ŜƴƻǳƎƘ to the citizens and other 

stakeholders, which helps them to identify with the transition process and creates tangibility to the 

developed and implemented solutions. These aspectsτidentification with and awareness of the need for 

a transition, as well as establishing processes for participationτare widely regarded as prerequisites for 

creating support and acceptance for the necessary fundamental structural change (Chodkowska-Miszczuk 

et al., 2022; Flanigan et al., 2021; Gölz & 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 cross-sectorial 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 cross-sectorial approach.  

Lƴ ǘƘƛǎ ŎƻƴǘŜȄǘΣ ƛǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ƘƛƎƘƭƛƎƘǘ ǘƘŀǘ ǿŜ ǊŜƎŀǊŘ ǊŜƎƛƻƴǎ ƛƴ ŀ ƘƻƭƛǎǘƛŎ ǿŀȅ ŦǊƻƳ ōƻǘƘ ŀ άŦǳƴŎǘƛƻƴŀƭέ 

ŀƴŘ ŀ άǇƻƭƛǘƛŎŀƭ-ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ǇŜǊǎǇŜŎǘƛǾŜέΥ functional regions are delimited by natural, economic, social, 

or cultural functional-spatial 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 be fluid (Cörvers et al., 2009; 

Hansmeier et al., 2022; Koschatzky et al., 2022). Political-administrative 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, jurisdiction, and 

administrative control (including the regional NUTS classification of the EU; see Table 26). While functional 

regions highlight interactions and interdependence, political-administrative regions prioritize governance 

structures. The former is dynamic and purpose-driven, accommodating changes based on functions, while 

the latter is more static, emphasizing political and administrative control within defined borders (ibid.). In 

TRANSFORMER, we aim to combine both perspectives that can support the creation of functional cross-

sectorial governance mechanisms in interaction with existing political-administrative structures and 

processes (such as steering boards or even formal authorities).8 Assessing transition needs and potentials 

within the context of a TSL, therefore, requires a particular focus on socio-economic structures in the 

context of existing governance arrangements. This is a key guidance for the focus of the case study design. 

Moreover, for the four case studies presented in this deliverable, it is important to keep in mind the vast 

differences between regions in general, which also applies to the four TRANSFORMER regions. These 

differences also necessitate adjustments and individualizations with regard to the methodologies applied 

in each of the case studies.  

2.2 Case study design  

Building on our understanding of regions as functional and political-administrative spaces, and through 

an evaluation of existing frameworks supporting the assessment and development of decarbonisation 

strategies (Bos et al., 2022; Hawila et al., 2014; Ivanova et al., 2017; Ogwumike et al., 2024; Rodríguez-

Pose & Bartalucci, 2023; Velten et al., 2021), our focus will be on exploring various dimensions for 

assessing the transition needs and potentials of a region towards achieving climate neutrality (see Table 

5 and Table 6 for an overview and an explanation of the used indicators and composite indices in the 

QRAFT and Table 7 for an overview of the environmental and socio-economic 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 emphasize the vulnerability of a region 

to climate change, thus highlighting the costs of the "business-as-usual 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, the reduction of GHG is by definition one of the 

Ƴŀƛƴ ǘǊŀƴǎƛǘƛƻƴ ƴŜŜŘǎΦ ¢ƘŜǊŜŦƻǊŜΣ ōŀǎŜŘ ǳǇƻƴ ǘƘŜ ŜƴƘŀƴŎŜŘ άvǳŀƴǘƛǘŀǘƛǾŜ wŜƎƛƻƴŀƭ !ǎǎŜǎǎƳŜƴǘ 

CǊŀƳŜǿƻǊƪέ όQRAFT9), in a second step the carbon intensity of the economy and society is 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 ( Gouardères (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 intra-regional 
analysis. 
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the most important sectors that needs to be transformed are identified (see Table 1 for a brief description 

of the QRAFT and Table 5 for an explanation about the key indicators). Focussing on GHGeq, GDP and 

GVA, the two following questions will be answered: 

¶ What are the current state and trends of the region regarding the carbon intensity of the economy 

and society?  

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

However, aspects of ecological as well as socio-economic resilience and vulnerability also present 

important transition needs, which simultaneously affect the transition potential, either directly or 

indirectly. Therefore, in the next step, ecological and socio-economic resources will be analyzed from a 

quantitative perspective (QRAFT) using existing composite indices, while also highlighting key statistical 

indicators. This step will address the following questions: 

¶ How does the region score regarding its economic competitiveness and innovation capacity? 

¶ What are the socio-economic resources of the region for the transition? 

¶ What are the ecological resources, especially regarding the development of renewable energy? 

 

Table 1: Description of the άvǳŀƴǘƛǘŀǘƛǾŜ wŜƎƛƻƴŀƭ !ǎǎŜǎǎƳŜƴǘ CǊŀƳŜǿƻǊƪ ŦƻǊ ¢Ǌŀƴǎƛǘƛƻƴ {ǳǇŜǊ-[ŀōǎ όvw!C¢ύέ. 

Source: own compilation (based on Deliverable 2.2).10

 ¢ƘŜ άvǳŀƴǘƛǘŀǘƛǾŜ wŜƎƛƻƴŀƭ !ǎǎŜǎǎƳŜƴǘ CǊŀƳŜǿƻǊƪ ŦƻǊ ¢Ǌŀƴǎƛǘƛƻƴ {ǳǇŜǊ-[ŀōǎ όvw!C¢ύέ ƛǎ ŀ ƳŜǘƘƻŘƻƭƻƎȅ ǘƻ 

measure transition needs and potentials on the NUTS 2 Level based on existing and publicly accessible statistical 

data for the territory of the European Union. The accessibility of the data sets used ensures that the methodology 

can be easily replicated and used. QRAFT is designed as a tool for gaining a data-driven understanding of the 

importance of different possible TSL vision topics within a region for stakeholders with limited knowledge about 

their region. It also enables knowledgeable stakeholders to question existing narratives about their region if 

necessary. The insights generated through the QRAFT methodology will feed into later steps of the TSL process 

(i.e., developing pathways and scenarios for transformation, developing feasible solutions and contributing to 

assessment frameworks developed in Deliverable 5.1). As such, the primary target group for the use of the QRAFT 

methodology are regions that plan to initiate a TSL (TSL follower regions, e.g., as part of the TSL User Forum (Task 

6.4)). A second target group includes interested parties seeking to identify regions that could significantly benefit 

from a TSL approach. QRAFT focuses on two key questions:  

What are the current state and trends of the region regarding the carbon intensity of the economy and society? 

In the first step of the QRAFT framework, we focus on two indicators to gain a general overview of the regions, 

Greenhouse Gas (GHG) emissions and the Gross Domestic Product (GDP): In the context of the transition towards 

climate neutrality, GHG ŜƳƛǎǎƛƻƴǎ ŀǊŜ ƴŀǘǳǊŀƭƭȅ ƻƴŜ ƻŦ ǘƘŜ ƪŜȅ ƛƴŘƛŎŀǘƻǊǎ ŦƻǊ άǘƘŜ ŀƴŀƭȅǎƛǎ ƻŦ ǊŜƎƛƻƴŀƭ ƛƴŘǳǎǘǊƛŀƭ 

ǘǊŀƴǎƛǘƛƻƴǎ ŀƴŘ ǘƘŜƛǊ ǊŜƎƛƻƴŀƭ ŘŜǾŜƭƻǇƳŜƴǘ ƛƳǇƭƛŎŀǘƛƻƴǎέ (OECD, 2023). Using GDP as an indicator for 

development and general well-being is in contrast a highly debated subject in academia as well as in policy-making 

(Coscieme et al., 2020; Kovacic & Giampietro, 2015; van den Bergh, 2009). However, GDP is generally 

considered to be a robust indicator of economic performance and in the context of climate transitions it is often 

used together with the GHG emissions to assess the Carbon Emission Intensity (CEI) of the economy (Acquaye 

et al., 2018; EEA, 2011, 2011; Mura et al., 2021)Φ ¢ƘŜ άŜƳƛǎǎƛƻƴǎ ƛƴǘŜƴǎƛǘȅ ƻŦ ŀ ŎƻǳƴǘǊȅΣ ƳŜŀǎǳǊŜŘ ŀǎ ǘƘŜ ƭŜǾŜƭ 

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.  
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¶ level of energy efficiency; 

¶ overall economic structure (including the carbon content of goods imported and exported);  

¶ ώǘƘŜϐ ŎŀǊōƻƴ ŎƻƴǘŜƴǘ ƻŦ ǘƘŜ ŜƴŜǊƎȅ ŎƻƴǎǳƳŜŘ ƛƴ ǘƘŜ ŎƻǳƴǘǊȅέ (EEA, 2011) 
 

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

After assessing the current state of the region regarding GHG emissions and analyzing if there is a trend of 

decoupling the economy from GHG emissions, the second step involves analyzing the GHG emissions per sector. 

This allows us to identify which sectors contribute most to climate change in a specific region. To put the climate 

impact of the economic sectors into perspective and identify the most important sectors for the economy, we 

relate these emissions to the employment and GVA (Gross Value Added) per sector.11 

Based upon the identification of the most important sectors and activities, the topics of a region need to be 

further analyzed. However, even though we already identified relevant indicators, such an analysis requires a 

mixed-method approach and experts who can interpret the data in a context-specific way.12 

 

Based on these quantitative assessments, regional transition goals and policies will be discussed and 

reflected upon in relation to previously identified transition needs and potentials. Given that societal 

acceptance and support are 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 transition. Following this, the transition needs and potentials will be summarized, and the 

vulnerability of a region to transition13 will be discussed through a regional SWOT analysis. 

Interpretations of transition needs and potentials 

were analysed collaboratively with project 

partners, running parallel to the development of 

the TSL vision and Pilot use cases. In this 

document, they will be briefly outlined within their 

regional context, serving as a basis for discussing 

additional Pilot use cases and strategies for the 

long-term implementation of the four TSLs. 

  

 

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 Especially 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). 

 
Figure 4: Case study design. 

 Source: own design. 
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2.3 Methodologies and data collection 

In conducting the case study, we employed a mixed-method approach that incorporated several key 

elements to ensure a comprehensive investigation and analysis: initially, we conducted a thorough 

document research and analysis, examining relevant literature, reports, and publications by other 

research projects.14 In parallel to this desk research, we organized in tandem with TRANSFORMER partners 

(RUB & BMR) several project-internal workshops for conducting stakeholder mappings and SWOT analysis 

of the regions as well as workshops for vision building and Pilot use case development (ENoLL, RUB & 

BMR). Additional stakeholder workshops as well expert interviews were conducted by our partners in the 

four TSL regions. This information was also used in the Deliverables 3.1 and 3.2.15 Additionally, some 

partners in the TSL regions subcontracted specific studies to expert agencies to support the development 

of the Action plans for the Pilot use cases (part of the Deliverable 3.3) that have been evaluated and 

partially included in the case studies.  

Regarding the quantitative analysis based on the QRAFT methodology we relied on data that is available 

for all (or at least most) EU regions on a NUTS 2 level. 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 interactive documents16 

for better visualization and interpretation (for an overview of the used data and a description of the 

composite indices see Table 4, Table 5, Table 6).  

EUROSTAT was the main source for socio-economic data because of the open-access 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 level, it had to be supplemented with 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 consumption (e.g., energy or 

agricultural goods) do not exist for the EU regions at a NUTS 2 level at all (and exist only for certain EU 

regions accessible through the respective national statistical offices).  

Regarding GHG emissions, we used the most accurate and constantly updated Emissions Database for 

Global Atmospheric Research (EDGAR), which provides GHG on the regional (NUTS 2) and local level 

(longitude and latitude), also per (economic) sector.17 On a NUTS 2 level, the EDGAR database provides 

GHG emission data (totals and per sector) in Excel files already assigned to the correct NUTS codes. 

However, GHG emissions in the EDGAR database are only 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 andҮespecially for more detailed and current project information Үthe search 
gpikpg"ҵIqqingҶ0" 
15 Deliverable 3.1: Recommendations for Transition Super-Lab coalitions building, empowering of vulnerable and 
marginalised groups, and vision process (URL not available yet); Deliverable 3.2: 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/   
17 Vjg"ҵGokuukqpu"qh"IJI"ctg"gzrtguugf"kp"mvqp"EQ4gs"wukpi"Inqdcn"Yctokpi"Rqvgpvkcn"Xcnwgu"*IYR-100) from IPCC 
AR5 and they include fossil CO2 only, CH4, N2O and F-icuguҶ Crippa et al. (2023). 

https://transformerknowledgehub.imet.gr/
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Domestic shipping, domestic aviation, and offshore fuel exploitation emissions are not allocated to any 

NUTS2 region, but for completeness, reported at NUTS0 (country) level. άEmissions from international 

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

2023). An overview of the EDGAR sectors is shown in Table 2. As the data about GHG emissions on a local 

ƭŜǾŜƭ ƛǎ ƻƴƭȅ ŀǎǎƛƎƴŜŘ ǘƻ ƭƻƴƎƛǘǳŘŜǎ ŀƴŘ ƭŀǘƛǘǳŘŜǎΣ ǿŜ ǳǎŜŘ άwSǘǳŘƛƻέ ǘƻ ŀǎǎƛƎƴ ǘƘŜ Řŀǘŀ ǘƻ ǘƘŜ ǊŜǎǇŜŎǘƛǾŜ 

NUTS 3 regions (see Table 3 for detailed description and references). 

Table 2: Overview of the EDGAR sectors. Source: table taken from the Excel file of the EDGAR database.18  

EDGAR sector Sector description 

Energy Power generation 

Industry 
Combustion in manufacturing industry, oil refineries and transformation industry, chemical 

processes, fuel exploitation, iron and steel production, non-energy use of fuels, non-
ferrous metals and non-metallic minerals production, solvents and products use 

Buildings Energy for buildings 

Transport Road transportation, railways, pipelines, off-road transport 

Agriculture 
Agricultural soils, agricultural waste burning, enteric fermentation, manure management, 

indirect N2O emissions from agriculture 

Waste Solid waste incineration, landfills, wastewater handling 

Other emissions  

Indirect Indirect N2O emissions 

Int_Avi International aviation 

Int_Ship International shipping 

Dom_Avi Domestic aviation  

Dom_Ship Domestic shipping 

 

Regarding the interpretation of the data, it's essential to highlight and bear in mind the limitations of the 

data availability19: 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). As shown later, this problem of focusing on 

άtǊƻŘǳŎǘƛƻƴ-.ŀǎŜŘ !ŎŎƻǳƴǘƛƴƎέ όŀƴŘ ƴƻǘ ά/ƻƴǎǳƳǇǘƛƻƴ-.ŀǎŜŘ !ŎŎƻǳƴǘƛƴƎέύ Ŏŀƴ ōŜ ǾŜǊȅ ǇǊƻōƭŜƳŀǘƛŎ ǿƛǘƘ 

regard to interpretation (Davis & Caldeira, 2010). Regions that export energy or goods are not solely 

responsible for the GHG emissions. Ultimately, these emissions are caused by the consumption of goods 

and services, which largely occurs in other regions. Another 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 capabilities of a 

region versus the availability of highly skilled employees to assess innovation readiness and 

competitiveness of a region). However, the interpretations of the composite indicators are also very 

 

18 Source of the table: EDGARv8.0_total_GHG_GWP100_AR5_NUTS2_1990_2022.xlsx; Excel sheet: ҵkphqҵ. URL:  
https://jeodpp.jrc.ec.europa.eu/ftp/jrc -
opendata/EDGAR/datasets/subnational_NUTS2/v80_FT2022_GHG_NUTS2_v2/EDGARv8.0_total_GHG_GWP100_AR5
_NUTS2_1990_2022.zip. Table slightly adapted. See for complete references Chapter ҵFcvc"uqwteguҵ"dgnqy0 
19 This section is mostly taken from our Deliverable 2.2 and partially quoted verbatim. 

https://jeodpp.jrc.ec.europa.eu/ftp/jrc-opendata/EDGAR/datasets/subnational_NUTS2/v80_FT2022_GHG_NUTS2_v2/EDGARv8.0_total_GHG_GWP100_AR5_NUTS2_1990_2022.zip
https://jeodpp.jrc.ec.europa.eu/ftp/jrc-opendata/EDGAR/datasets/subnational_NUTS2/v80_FT2022_GHG_NUTS2_v2/EDGARv8.0_total_GHG_GWP100_AR5_NUTS2_1990_2022.zip
https://jeodpp.jrc.ec.europa.eu/ftp/jrc-opendata/EDGAR/datasets/subnational_NUTS2/v80_FT2022_GHG_NUTS2_v2/EDGARv8.0_total_GHG_GWP100_AR5_NUTS2_1990_2022.zip
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context-specific (e.g., scores for ranking of regions) and, 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 Covid-19 pandemic (Delardas et al., 2022) is not reflected in 

this data, and it must be taken into account when interpreting older data (see statistics about GDP per 

capita of 2021 and 2022 in Table 7). 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, such as the reported 

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

Despite these limitations, our mixed-method approach allowed us to gather a comprehensive range of 

qualitative 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 of additional 

Pilot use cases as well as strategies for the long-term implementation of the four TSLs at two Consortium 

meetings and an additional workshop in April 2024 (see Chapter 3 and Deliverable 3.3). 

 

Table 3: Short description of incorporating data in RStudio and developing maps (GHG). Source: own compilation. 

Emissions Allocation 

To determine the specific regions associated with the emissions data, we utilize the `st_within` function from the 

"sf" package, developed by Pebesma and Bivand (2023). This function efficiently matches emissions data from 

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, authored 

by Wickham et al. (2019; 2023). These tools facilitate various operations such as filtering (e.g., selecting between 

NUTS3 or NUTS2 units), grouping, and aggregating emissions data by region or year. 

Maps 

The `tmap` package by  Tennekes (2018) is employed to visualize emissions data across different regions or 

districts. Data classification into intervals is performed using the "classint" package by Bivand (2023). The 

geographical data (shapefiles) are sourced from the Eurostat database, curated by Lahti et al. (2023). 

Dashboard 

For dynamic data presentation, we leverage the `flexdashboard` package developed by Aden-Buie et al. (2024), 

which enables the creation of interactive HTML dashboards. These dashboards provide a versatile platform for 

displaying various data indicators through multiple visualizations. 

 



 

Overview of the indicators used in QRAFT to assess transition needs and potentials 

This section provides an overview and description of the quantitative key indicators used in the case studies. The methodological approach for 

collecting the quantitative data is explained in Chapter 2.3 and analyzed in Chapter 3. This section begins with an overview of the main 

environmental and socio-economic indicators (Table 4), followed by a description of the use of data about GHG emissions from the EDGAR 

database Table 5). In Table 6, composite indices used in the QRAFT methodology are described in detail.20 

Table 4: Environmental and socio-economic key indicators to discuss important transition needs and potentials of the four TSL regions. Source: own compilation. 

Topic Indicator Interpretation Source 

Economic 

dimension 

Macroeconomic 

indicators 
GDP όǇǇǎ ƛƴ ϵύΤ ŀƴŘ GDP development at 

national (NUTS0/1), regional (NUTS2) 

[years: 2011-2022] and local level (NUTS3). 

[years: 2011-2021] 

Indicator for economic resources and 

economic growth; 

GDP is used to calculate the Ą Carbon 

emission intensity (CEI: CO2eq (kg) / GVA 

(EUR)) of the economy  

EUROSTAT 

GDP per capita όD5t ǇǇǎ ƛƴ ϵύ 

national (NUTS0/1), regional (NUTS2) 

[years: 2011-2022] and local level (NUTS3). 

[years: 2011-2021] 

Development of GDP per capita  

national (NUTS0/1), regional (NUTS2) 

[years: 2011-2022] and local level (NUTS3). 

[years: 2011-2021] 

EUROSTAT 

GVA per sector όǘƻǘŀƭ ŀƳƻǳƴǘ ƛƴ ϵΤ ǎƘŀǊŜ ƻŦ 

GVA per sector) 

NUTS3; year: 2020 

Indicator for assessing the importance of 

ǘƘŜ ŜŎƻƴƻƳƛŎ ǎŜŎǘƻǊΦ wŜƎƛƻƴǎ άώΧϐ ǿƛǘƘ 

both high employment shares and high 

EUROSTAT 

Statistikportal Ruhr 

 

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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Topic Indicator Interpretation Source 

Economic 

dimension 

Macroeconomic 

indicators 

Employment per sector (NACE) (share of 

total employees) 

NUTS 2; year: 2021 

 

 

emissions per capita in key manufacturing 

sectors are likely to be the most sensitive 

ǘƻ ǘƘŜ ǘǊŀƴǎƛǘƛƻƴ ǘƻ ŎƭƛƳŀǘŜ ƴŜǳǘǊŀƭƛǘȅέ 

(OECD, 2023). 

EUROSTAT 

Statistikportal Ruhr 

Unemployment rate (share of unemployed 

people [15 to 74 years] as a percentage of 

the labour market)21 

NUTS2; year: 2021 

Development of the unemployment rate 

NUTS2; years: 2011-2021 

Indicator for economic transition potential 

and socio-economic challenges 

EUROSTAT 

Statistikportal Ruhr 

Long-term unemployment (share of people 

[15 to 74 years] unemployed 12 months and 

more as a percentage of the labour market 

NUTS2; year: 2020 

Development of the long-term 

unemployment rate 

NUTS2; years: 2011-2021 

 

Indicator for economic transition potential 

and socio-economic challenges 

EUROSTAT 

Statistikportal Ruhr 

 

21 The source for the regional labour market information down to NUTS level 2 is the EU Labour Force Survey (EU-LFS). 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 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.]. 



 

 

27  

 

Topic Indicator Interpretation Source 

Socio-economic 

dimension 

Demography  
Population size: Number of inhabitants 

(NUTS3; 2021 and 2022) 

Overall comparison and basis for per 

capita calculations 

EUROSTAT 

Population density: Number of inhabitants 

per km2 (NUTS3; 2021 and 2022) 

Overall comparison EUROSTAT 

Share of different education levels 

(percentage of people from 25 to 64 years):  

- Less than primary, primary and 

lower secondary education 

(levels 0-2) [ED0-2] 

- Upper secondary and post-

secondary non-tertiary education 

(levels 3 and 4) [ED3_4] 

- Tertiary education 

(levels 5-8) [ED5-8] 

NUTS2; year: 2022 

Indicator for transition potential 

(innovation and competitiveness) 

EUROSTAT 

Statistikportal Ruhr 

Social 

inclusiveness & 

equality 

At risk-of-poverty-rate (percentage of total 

population) 

NUTS2; year: 2022 

 

Indicator for economic transition potential 

and socio-economic challenges (inequality 

and socio-economic disparities): 

ά¢ƘŜ ǇŜǊǎƻƴǎ ǿƛǘƘ ŀƴ ŜǉǳƛǾŀƭƛǎŜŘ 

disposable income below the risk-of-

poverty threshold, which is set at 60 % of 

the national median equivalised disposable 

ƛƴŎƻƳŜέ ό9¦wh{¢!¢ύΦ 

EUROSTAT 
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Topic Indicator Interpretation Source 

Socio-economic 

dimension 

Awareness of 

climate change 

impacts22 

Survey about the awareness of climate 

change impacts 

NUTS1 (Germany, Greece) or NUTS2 (Italy, 

Poland) 

Indicator about the awareness of climate 

change and its impacts and acceptance for 

climate mitigation and adaptation 

strategies 

European Sources 

Online 

Ecological 

dimension 

Surface Area 
Area (km2) (NUTS3; 2021) 

Overall comparison EUROSTAT 

Land-use 
Agriculture & Forestry (NUTS2; percentage 

of land-use in 2018) 

Indicators used to discuss the potential of 

anthropogenic carbon sinks 

EUROSTAT 

Statistikportal Ruhr 

Land use with heavy environmental impact 

(NUTS2; 2018) 

Land use with heavy environmental 

ƛƳǇŀŎǘ ƛƴŎƭǳŘŜǎ άƳƛƴƛƴƎ ŀƴŘ ǉǳŀǊǊȅƛƴƎΤ 

energy production; industry and 

manufacturing; water and waste 

treatment; construction; and transport, 

communication networks, storage, 

ǇǊƻǘŜŎǘƛǾŜ ǿƻǊƪǎέ όwŀƧŀƴƛ Ŝǘ ŀƭΦΣ нлмфύΦ 

This data serves as an indicator for 

assessing the extent of unsustainable land 

use. 

 

 

EUROSTAT 

Statistikportal Ruhr 

 

22 https://www.europeansources.info/record/climate -change-9/   

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 in 

µg/m³ experienced by the population) 

(NUTS3; 2020) 

Premature deaths attributed to exposure to 

fine particulate matter (PM2.5), per 100.000 

inhabitants. Regional data for the EU 

Member States at NUTS level 3. Annual data 

for 2020. Source: European Environment 

Agency (EEA) 

Air pollution levels, particularly PM2.5 

concentration, is a key indicator for 

ŀǎǎŜǎǎƛƴƎ ŀ ǊŜƎƛƻƴΩǎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǉǳŀƭƛǘȅ 

and public health risks associated with 

respiratory and cardiovascular diseases 

ό_ƻǿƛŎƪƛΣ нлмфύ. 

 

RE potential 
Share of renewable energy (RE) in 

electricity generation (2019) 

Key indicator for the sustainability of the 

electricity sector. 

OECD 

Potential generation of energy from wind, 

solar and biomass on a NUTS level for the 

2010-2050 period. For methodology refer to 

(Ruiz et al., 2019). 

Potential for transforming the energy 

sector, which is considered one of the 

most crucial cross-cutting topics for 

transitioning to climate neutrality. 

ENSPRESO (Ruiz et al., 

2019) 
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Table 5: QRAFT: GHG emissions and carbon intensity of the economy and society as key indicators to assess transition needs of the region. Source: own compilation. 

Topic Indicator Interpretation Data source 

GHG 

Carbon intensity of 
the economy and 
society: where does 
your region stand and 
what are the trends? 

 

Co2eq per capita 
(2021 and development 
between 2011-2021) on a 
NUTS 2 level. 

In addition, based on more 
recent data from EDGAR, this 
analysis has been conducted 
on a NUTS 3 level (including F-
gases). 

CO2eq (t) per capita in 
2021 

Comparison between regions: Lower CO2eq 
(t) per capita is better 

EDGAR (GHG) 

EUROSTAT 
(Population) 

Development of CO2eq 

(t) per capita between 
2011-2021 
(2011=100%) 
 

Comparison between regions: Higher 
decrease (%) of CO2eq (t) per capita is 
better. Indicator for assessing the 
progress of decarbonising the region. 

Carbon emission intensity 
(CEI) of the economy (total) 
(2021 and development 
between 2011-2021) on a 
NUTS 2 level. 

In addition, based on more 
recent data from EDGAR, this 
analysis has been conducted 
on a NUTS 3 level (including F-
gases) 

CO2eq (kg) / GDP pps 
(EUR) in 2021 

CEI: emission per unit of economic output 
measured in kg/EUR of the GDP). 
Comparison between regions: Lower CEI is 
better (less emissions per economic 
output). 

EDGAR (GHG) 

EUROSTAT 
(Population, GDP) 

CEI: CO2eq (kg) / GDP 
pps (EUR) between 
2011-2021 
(2011=100%) 

Comparison between regions: 
Higher decrease (%) of CEI is better. 
Indicator for assessing the progress of 
decoupling economic output and GHG 
emissions. 
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Topic Indicator Interpretation Data source 

GHG 

Carbon intensity of 
the economy: which 
sectors contribute 
most to climate 
change 

CO2eq emission by sectors 
(total & share of emissions) 
(2021) 

CO2eq per sector (kton) Indicator for identifying the sectors, which 
contribute most to climate change. 

Lower CO2eq per sector (total and share) 
means it contributes less (regardless of 
economic output and economic 
importance of sector) 

EDGAR 

Share of emissions by 
sector) (in % of all 
sectors) 

GVA of economic sectors 
(NACE) (2020 and 
development between 2010-
2020) 

Total GVA per sector 
(million EUR) 

Share of GVA (in % of 
all sectors) 

Indicators for assessing the economic 
importance: 

9ŎƻƴƻƳƛŎ ƻǳǘǇǳǘ ƻŦ ǘƘŜ ǎŜŎǘƻǊ όD±! ƛƴ ϵύΦ 

Employment per sector23 

EUROSTAT (GVA, 
employment per 
sector) 

Employment per sector  

(2020 and development 
between 2010-2020) 

Total employees per 
sector 

Share of GVA (in % of 
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) . 



 

Table 6: QRAFT: Composite indices for assessing the transition potential of regions in the context of the TSL approach.  Source: own compilation (included in Deliverable 2.2). 

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 of EU 

regions on a NUTS 2 level (see Table 27 in the annex for detailed description). 

The competitiveness of a region is closely linked to its capability of transformation with 
regard to the required economic resources and necessary political and socio-economic 
structures for experimentation, innovation and co-creation in a comparative environment. 
 
Regions with a comparatively high RCI score = more capable to experiment, innovate and co-
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, innovation and 
co-creation. Therefore, the innovation readiness of a region can be regarded as a 
prerequisite for finding and implementing solutions for a fundamental transition of the 
social and economic structures of a region (see Table 28 in the annex for detailed 
description). 
 
Regions with a comparatively high score = more capable to experiment, innovate and co-
create 

Political and economic 
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 survey-based assessment focusing on 
the quality of governance at the regional (sub-national) level within the European Union 
(EU). This index utilizes survey data collected in 2010, and subsequently in 2013, 2017, and 
2021. The primary focus of the survey is to gauge citizen perceptions and experiences 
regarding public sector corruption, as well as their views on the impartiality and quality of 
various public services (see Table 29 in the annex for detailed description) 
The EQI reflects the trust of citizens in public services and their perception of having fair and 
socially just opportunities to participate. This is a prerequisite for the participation of citizens 
and social acceptance of the far-reaching actions needed for a fundamental transition. It is 
also a very basic prerequisite for establishing a beneficial environment for co-creation 
processes. 
Regions with a comparatively high score = better potential for inclusive participatory 
governance arrangements (perceived by citizens), which is a prerequisite for participation 
and co-creation. 

Government & 
regulatory framework 
 
Potential for 
- participation & co-
creation (trust in 
political processes and 
public services) 
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Fields of transition 
potential 

Composite index Explanation of using the CI 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, using twelve 
components that are further aggregated into three broader dimensions describing basic, 
intermediate and more subtle aspects of social progress, respectively. 
- Basic human needs 
- Foundations of wellbeing 
- Opportunity 
 
The ESP reflects the inclusiveness and social justice (well-being and opportunities) of a 
society. This is a prerequisite for the participation of citizens and social acceptance of far-
reaching actions for a fundamental transition. It is also a very basic prerequisite for 
establishing a beneficial environment for co-creation processes (see Table 30 in the annex 
for detailed description). 
 
Regions with a comparatively high score = better potential for having inclusive participatory 
governance arrangements (perceived by citizens) which is a prerequisite for participation 
and co-creation 

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 in Figure 3, the environment is integral part of socio-ecological interactions, 
and a region needs to have a suitable environmental potential for implementing the most 
efficient transition scenarios/pathways. 

¶ The area and share of land cover and land use (e.g., agricultural farmland, 
conservation areas) reflects this basic environmental potential and is relevant for 
finding suitable transition scenarios in general.  

¶ For specific transition scenarios/pathways and TSL topics, additional indicators 
need to be considered (such as: Water Scarcity Index; Soil degradation index, Index 
of the resilience of ecosystems [e.g., BERI - Bioclimatic Ecosystem Resilience Index] 
etc.). However, this variety already indicates, that this is not manageable in the 
realm of the QRAFT methodology (that is designed as an easy-to-use self-
assessment). 

 
RE potential 

¶ Environmental potential for of the cross-ŎǳǘǘƛƴƎ ǘƻǇƛŎ άŜƴŜǊƎȅ ǘǊŀƴǎƛǘƛƻƴέ ǘƘŀǘ ƛǎ 
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 transition 
 
 
 
 
 
For the cross-cutting 
ǘƻǇƛŎ άŜƴŜǊƎȅ 
ǘǊŀƴǎƛǘƛƻƴέ ǊŜƭŜǾŀƴǘ 
environmental 
potential for RE (PV, 
Wind and biomass) on 
a regional level 



 

3 Transition needs and potentials of the four TRANSFORMER 

regions  

At the beginning of this chapter, we will provide an 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 upon that, we will 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 chapters, beginning with a brief (1) overview of the region ǘƻ άώŘϐŜŦƛƴŜ ǘƘŜ ōƻǳƴŘŀǊƛŜǎ ƻŦ 

ǘƘŜ ǎȅǎǘŜƳ ƛƴ ǘŜǊƳǎ ƻŦ ƎŜƻƎǊŀǇƘȅέ (Geus et al., 2022). Based on this, the (2) transition needs to achieve 

climate neutrality will be assessed, focusing on the most significant economic sectors contributing to 

climate change. From this perspective, the (3) socio-economic and ecological transition potentials of the 

regions will be analysed and summarised in form of a regional SWOT analysis. These transition needs and 

potentials guided the development of the (4) TSL visions and Pilot use cases (WP3), which will be briefly 

portrayed, before finally discussing the overall strategies for the long-term implementation of the TSLs 

(Chapter 3.6). 

3.1 Introduction to cases and overview of the four TRANSFORMER regions 

In TRANSFORMER, we focus on four regions (see Figure 5): Emilia-Romagna (Italy), Lower Silesia (Poland), 

Ruhr Area (Germany) and Western Macedonia (Greece). These regions have very different characteristics: 

for example, the population of Emilia-Romagna was in 2022 nearly 17 times as large as that of Western 

Macedonia (see Table 7). Significant disparities also apply to levels of economic development (e.g., GDP 

per capita), which will have a major effect on regions' ability to develop strategies for adapting to climate 

change. 

 

Figure 5: The four TRANSFORMER TSL regions and their topics of interest.  Source: own design (taken from the project 

proposal and slightly adapted). 
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Table 7: Key statistics for the four TSL regions.  Source: own compilation based on data from EUROSTAT. 

 Year24 Emilia-Romagna Lower Silesia Ruhr Area25 Western Macedonia 

Area (km2)  22,453 19,947 4,438 9,462 

Population 
2021 4,438,937 2,857,364 5,102,484 262,052 

2022 4,425,366 2,845,944 5,094,817 253,954 

Population density 

(population/ km2) 

2021 198 143 1,150 28 

2022 197 143 1,148 27 

GDP (pps) 

(mio. EUR)26 

2021 171,517 81,506 162,116 4,477 

2022 184,274 91,373 no data 5,549 

GDP (pps) per 

capita (EUR) 

2021 38,700 28,300 31,772 17,100 

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 shows that the socio-economic costs for climate inaction would be 

most severe in Southern Europe, with up to more than 4% of welfare change (share of GDP), especially 

caused by an increased mortality rate due to heat stress (European Commission, 2019). 

 

Figure 6: Climate inaction would have significant socio-economic costs for Europe, particularly southern Europe. Welfare 

ƭƻǎǎŜǎ ό҈ ƻŦ D5tύ ŦƻǊ ǘǿƻ ŎƭƛƳŀǘŜ ƛƴŀŎǘƛƻƴ ǎŎŜƴŀǊƛƻǎ όƘƛƎƘ ǿŀǊƳƛƴƎ ǎŎŜƴŀǊƛƻ ŀƴŘ нɕ/ ǎŎŜƴŀǊƛƻύΦ  

Source: European Commission (2019, p. 171). 

 

 

24 In the quantitative perspective we aim at using the most recent data that exists for all NUTS  2 and NUTS 3 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 Covid-19 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 Ruhr Area 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 reflected in the data from the ESPON climate research project (Navarro et al., 2022): 

Southern countries in the EU generally face higher risks, while northern countries experience lower risks.27 

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 change28 in our TRANSFORMER regions, we observe that, on 

average, the risks in the Ruhr Area are significantly lower compared to Emilia-Romagna. This has various 

reasons. For instance, in comparison to the Ruhr Area, Emilia-Romagna has 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). The heavy environmental and economic impacts of the floods in Emilia-

Romagna in 2023 underscore the critical importance of climate mitigation and adaptation efforts (Arrighi 

& Domeneghetti, 2024; Emilia-Romagna Region, 2024b). These strategies need to account for the 

significant disparities present within the regions: for example, within the Ruhr Area, Duisburg presents 

one of the highest (0.42), while Bottrop exhibits one of the lowest (0.07) risks among all the NUTS 3 

regions within the four TRANSFORMER regions (see ESPON data).29 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 inaction outweigh the socio-

economic costs of implementing comprehensive systemic changes across all TSLs(European Commission, 

2019; IPCC, 2021; Navarro et al., 2022). This consideration must be taken into account when discussing 

the costs associated with the phasing out of unsustainable industries in the next chapters, especially given 

the severe impacts it may have on certain regions (OECD, 2023). 

 

 

27 Vjg"ciitgicvgf"tkumu"ocr"ҵctg"vjg"tguwnv"qh"eqodkpkpi"vjg"tkumu"qh"vjg"fkhhgtgpv"korcev"ejckpu"hqt"vjg"ucog"uegpctkq"
(baseline climate, low emissions scenario, intermediate emissions scenario or very high emissions scenario in 2070 -
2100) and way of considgtkpi"gzrquwtg"*cduqnwvg"qt"tgncvkxg+Ҷ"Navarro et al. (2022). The impact chains include 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 env ironment, 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.). 
29 ҷYgkijvgf"eqodkpcvkqp"qh"rj{ukecn"*ygkijv"203;+."gpxktqpogpvcn"*2053+."uqekcn"*2038+."geqpqoke"*2046+"cpf"ewnvwtcn"
(0.1) potential impacts of climate change. Weights are based on a Delphi survey of the ESPON Monitoring Committee. 
]ҿ_"Korcevu"ecnewncvgf"cu"eqodkpcvkqp"qh"tgikqpcn"gzrquwtg"vq"enkocvg"ejcpig"cpf"oquv"tgegpv"fcvc"qp"tgikqpcn"
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 modelsҵ""(Navarro et al. (2022). No data for Western Macedonia. 
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Figure 7: Aggregated risks. Intermediate emissions scenario (2070-2100 RCP4.5)  with absolute exposure.   

Navarro et al. (2022, p. 116). 
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3.2 Emilia-Romagna Region 

As described above, the case study will begin by providing a brief overview of the region (3.2.1) to 

άώŘϐŜŦƛƴŜ ǘƘŜ ōƻǳƴŘŀǊƛŜǎ ƻŦ ǘƘŜ ǎȅǎǘŜƳ ƛƴ ǘŜǊƳǎ ƻŦ ƎŜƻƎǊŀǇƘȅέ (Geus et al., 2022). Based on this, the 

transition needs to achieve climate neutrality will be assessed, focusing on the most significant economic 

sectors contributing to climate change (3.2.2). The identification of these transition needs will allow us to 

narrow down the otherwise too complex analysis of the socio-economic and ecological transition 

potentials of the region. These closely intertwined transition needs and potentials will be then 

summarised in form of a regional SWOT analysis (3.2.3). These identified transition needs and potentials 

guided the TSL vision and Pilot use cases, which will be briefly portrayed in Chapter 3.2.4. The results of 

the chapters about the four TSLs (Chapters 3.2-3.5) will then be incorporated in Chapter 3.6 in an overall 

discussion about strategies for the long-term implementation of TSLs. 

3.2.1 Overview of the TSL region 

Emilia-Romagna (Regione Emilia-Romagna; RER) is a region in northern Italy located in the southern region 

of the Upper Italian Plain along the Po River, bordering Veneto and Lombardy to the north and the Adriatic 

Sea to the east. It encompasses an area of more than 22,000 km² and extends southward into the 

Apennine Peninsula, bordered by Tuscany, Marche, and the Republic of San Marino, with Piedmont and 

Liguria to the west. It has a population of 4.4 million and it consists of 9 provinces, including one 

Metropolitan City (Città Metropolitana). The most populous city, Bologna, is the capital of the Emilia-

Romagna Region (OECD, 2022). 

 
Figure 8: Emilia-Romagna Region and its location in Italy. Source: Geoportale 3D (regione.emilia-romagna.it).30 

 

 

30 https://mappe.regione.emilia -romagna.it/#share=g -c4511548320f6834c9a7a2d5d3062fe9   

https://mappe.regione.emilia-romagna.it/#share=g-c4511548320f6834c9a7a2d5d3062fe9
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Emilia-Romagna is one of the wealthiest of the 20 regions in Italy with a GDP (pps) per capita in 2022 of 

41,600 ϵΦ One of the most important sectors in Emilia-Romagna is the industrial sector, specifically 

manufacturing (see Chapter 3.2.2). This sector is characterized by its automotive and motorcycle 

industries, as well as its food production which are internationally very competitive (OECD, 2023). 

The authorities in Emilia-Romagna have clearly identified the risks associated with climate change (see 

Table 8 for a brief overview of the political system). Based on overarching national policy objectives31, RER 

set ƛƴ ǘƘŜ άwŜƎƛƻƴŀƭ {ǘǊŀǘŜƎȅ Ȱнлол !ƎŜƴŘŀ CƻǊ {ǳǎǘŀƛƴŀōƭŜ 5ŜǾŜƭƻǇƳŜƴǘȫϦ (Emilia-Romagna Region, 

2020b) ambitious goals to achieve a GHG reduction of 55% until 2030 and becoming climate neutral until 

2050 (ibid., p. 119). These goals are embedded in a complex set of objectives for sustainable development 

that ŀƛƳǎ ŀǘ άŘŜŎƻǳǇƭƛƴƎ ƎǊƻǿǘƘ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘǎέ (ibid., p. 26) for achieving a socially 

acceptable transition. LƴŎǊŜŀǎƛƴƎ ōƛƻŘƛǾŜǊǎƛǘȅΣ ƛƳǇǊƻǾƛƴƎ ŀƛǊ ǉǳŀƭƛǘȅ ŀƴŘ ǎƛƳǳƭǘŀƴŜƻǳǎƭȅ άǊŜŘǳŎƛƴƎ 

ŜŎƻƴƻƳƛŎΣ ǎƻŎƛŀƭΣ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŀƴŘ ǘŜǊǊƛǘƻǊƛŀƭ ŘƛǾƛǎƛƻƴǎέ (ibid., p. 29) ōŀǎŜŘ ƻƴ ά¢ƘŜ tŀŎǘ ŦƻǊ ²ƻǊƪ ŀƴŘ 

/ƭƛƳŀǘŜέ (Emilia-Romagna Region, 2020a, 2024a).32 To achieve these goals, the region has identified 

energy, sustainable mobility, and circular economy as key topics (ibid, see Deliverable 3.2).  

In the next section, we will explore how the importance of these sectors is reflected in their GHG emission 

intensity, thus indicating the necessity of transforming them. This will serve as a significant indicator for 

assessing the region's vulnerability to the required transition. 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). 

  

 

31 Italy ratified the Kyoto Protocol in 2002 and the Paris Agreement in 2016. Building upon these significant treaties, 
Italy developed the ҵKpvgitcvgfPcvkqpcn"Gpgti{"cpf"Enkocvg"RncpҶ"*KPGE+"kp"423;."qwvnkpkpi"vjg"qdlgevkxg"qh"cejkgxkpi"
climate neutrality by 2050 (Ministry of Economic Development (2019) ). According to Jensen and Seppälä (2021), this 
commitment to climate neutrality is intertwined with other policies aimed at promoting sustainability, such as the 
ҵCevkqp"Rncp"hqt"Kortqxkpi"Ckt"Swcnkv{Ҷ. 
32 According to Emilia-Romagna Region (2022)."fkhhgtgpv"ceeqorcp{kpi"uvtcvgikgu."uwej"cu"ҵVjg"Rcvj"vq"Ectdqp"
Pgwvtcnkv{"dghqtg"4272Ҷ"jcxg"dggp"korngogpvgf"hqt"kfgpvkh{kpi"ҵqp"c"ugevqt"d{"ugevqt"dcuku."vjg"dguv"rqnkekgu"cpf"
actions to be implemented over time, so that their 'sum' will result in the ngv"pgwvtcnkv{"qh"IJI"gokuukqpu"dghqtg"4272ҵ"
(ibid., p.65). 
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Table 8: Brief overview of the political system of Region Emilia-Romagna.  Source: own compilation. 

A TSL can be regarded as a new form of governance arrangement (see Chapter 2.1). However, a TSL is not 

implemented in a political void and, therefore, must be designed to be complementary to existing political-

administrative structures (see Chapter 3.6). This brief overview of the ǊŜƎƛƻƴΩǎ political system aims to highlight 

some of its main existing political structures. The specific political decision-making processes and participation 

processes need to be carefully analyzed in detail for different topics and Pilot use cases (see Deliverable 3.3 for 

the specific contexts of the Pilot use cases). 

The political system of Emilia-Romagna is characterized by a multi-tiered structure that mirrors the broader Italian 

governmental framework. At its core is the Regional Government (Giunta Regionale) and the Regional Assembly 

(Assemblea Regionale), both of which play crucial roles in shaping policies and administering affairs within the 

region (Assemblea Legislativa, 2024). 

The Regional Government, led by the President of the Region (Presidente della Regione), functions as the 

executive branch. The President is elected by popular vote and is responsible for representing the region, 

implementing laws, and overseeing the administration of government departments. The President appoints 

several assessors (Assessori), each responsible for a specific area of governance, such as health, education, 

infrastructure, and economic development. Together, they form the Giunta Regionale, which functions as the 

regional cabinet (Assemblea Legislativa, 2024). 

The Regional Assembly serves as the legislative body of Emilia-Romagna, akin to a regional parliament. It is 

composed of elected representatives known as regional councillors (Consiglieri Regionali). These councillors are 

elected through a proportional representation system, with the number of seats allocated to each political party 

based on their share of the vote. The Regional Assembly holds the power to pass laws, approve the regional 

budget, and oversee the actions of the Regional Government through various committees and commissions 

(European Committee of the Regions, 2024a). 

Emilia-Romagna's legal system operates within the broader framework of Italian law, with regional regulations 

and policies enacted by the Regional Assembly and implemented by the Regional Government. The region is 

divided into administrative departments (Dipartimenti), each tasked with specific functions such as mobility, 

energy, agriculture, and transportation (Regione Emilia-Romagna, 2024). These departments work to deliver 

services to residents, manage resources, and implement regional policies in alignment with both regional and 

national legislation. 

Within this governance framework, the TSL specifically aims at implementing complementary processes for the 

involvement of citizens. In addition, the TSL is supposed to support interdepartmental coordination within RER´s 

regional authority for fostering the development of cross-sectorial solutions for climate neutrality (see TSL vision 

and Pilot use cases in Chapter 3.2.4). 
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3.2.2 Assessing the transition needs of becoming climate neutral 

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 neutrality, GHG emissions are, by definition, one of the main 

indicators that needs to be analysed. In this regard, the overall GHG per capita in Emilia-Romagna is nearly 

the same as the EU average33 but higher than the rest of Italy (see Figure 9 and Figure 10). Regarding the 

carbon emission intensity of the economy, we observe a strong decline of GHG per GDP. This 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 

CEI and Rimini the lowest values (see Figure 12 and Figure 13). However, in this context it must be 

highlighted that this data pertains to the production and 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 

ecological footprint of the region (Samora-Arvela et al., 2018). 

 

 

 

Figure 9: GHG per capita in 2022 in Italy and Emilia-Romagna.  

Source: own design based on data from EDGAR (CO2eq) and 

EUROSTAT (per capita). 

 

 

 

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). See Chapter 2.3 for explanations. 
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Figure 10: Average CO2eq per capita (t) of the EU (NUTS 2 

regions), Italy and Emilia-Romagna.  Own compilation based 

on data from: EDGAR (CO2eq) and EUROSTAT (per capita). 

 

Figure 11: Development of the CEI (CO2eq [kg] / GDP pps 

[EUR]) in the EU (NUTS 2 regions), Italy and Emilia-Romagna.  

Own compilation based on data from: EDGAR (CO2eq) and 

EUROSTAT (GDP pps). 

 

Figure 12: Average CO2eq per capita (t) of the EU (NUTS 2 

regions), Italy, Emilia-Romagna and its NUTS3 regions.  Own 

compilation based on data from: EDGAR (CO2eq) and 

EUROSTAT (per capita). 

 

Figure 13: Development of the CEI (CO2eq [kg] / GDP pps 

[EUR]) in the EU (NUTS 2 regions), Italy, Emilia-Romagna and 

its NUTS3 regions.  Own compilation based on data from: 

EDGAR (CO2eq) and EUROSTAT (GDP pps).34  

  

The sectors contributing most to climate change in 2022 were industry, transport, and energy. Even 

though we can see  a shift to a more carbon-efficient economy in most of the sectors in Emilia-Romagna, 

especially in waste management and transport, this progress is not enough to meet the climate targets of 

the region of reducing GHG emissions by 55% until 2030 and becoming climate neutral until 2050 (Emilia-

Romagna Region, 2020b). According to the EDGAR database, 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. 



 

 

43  

 

emissions totals (but also GVA) in the agricultural sector,35 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 quality (Leogrande, 2024; Voccia et al., 2022). Air quality is particularly important as 

it has a direct effect on the life expectancy of inhabitants (see explanation below). 

Nevertheless, the most important sectors regarding GHG emissions and air quality are industry, energy 

and transport. Regarding the transition needs of the industry of Emilia-Romagna, it is important to 

emphasize that it is strongly linked to the regional key topic of developing a circular economy.36 The same 

applies to the cross-cutting topic of energy, which strongly intersects with industrial processes, circular 

economy and the transport sector. 

 

Figure 14: CO2eq (kt) per sector in Emilia-Romagna.  Own compilation based on data from: EDGAR (CO2eq). 

 

Emilia-Romagna Region ƛǎ ƻŦǘŜƴ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άǘƘŜ ƘƻƳŜƭŀƴŘ ƻŦ ǘƘŜ Ȱindustrial districts` (Bianchi & 

Bianchi, 2019, p. 65): a network of small and medium-sized enterprises (SMEs) clustered in industrial 

districts, where businesses specializing in similar industries are located in close proximity to one another. 

This proximity fosters collaboration, knowledge sharing, and innovation (ibid.), which contributes to the 

high competitiveness of the industrial sector of Emilia-Romagna (Vrontis et al., 2018). 

According to EUROSTAT, more than 520,000 people are employed in the industrial sector (NACE B-E), 

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 N2O 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 the share of regional GVA (see Figure 15). The most important manufacturing clusters (see 

Figure 16) are άƳŜŎƘŀƴƛŎŀƭ ŜƴƎƛƴŜŜǊƛƴƎΣ ŀǳǘƻƳƻǘƛǾŜΣ ŎŜǊŀƳƛŎǎΣ ŀǳǘƻƳŀǘƛƻƴ ŀƴŘ ǊƻōƻǘƛŎǎΣ ŎƻƴǎǘǊǳŎǘƛƻƴ 

ƳŀǘŜǊƛŀƭǎΣ ŀƴŘ ŦƻƻŘέ (OECD, 2022). 

While most of these sectors demonstrate a 

comparatively high level of 

competitiveness, they are confronted with 

the challenge of needing to undergo 

fundamental changes to supporting the 

transition to climate neutrality, while 

simultaneously maintaining their 

competitiveness. One compelling example 

highlighting the complexity of this 

transition challenge is the automotive 

industry in Emilia-Romagna: Against the 

background of an already unfavourable 

development of the Italian automotive sector in general (Zirpoli, 2023)37 this sector faces multiple 

ŎƘŀƭƭŜƴƎŜǎ ǘƘŀǘ ŀǊŜ άcaptured in the fourletter acronym MADE, standing for new Mobility trends around 

the world, the arrival of Autonomous technology, the development and use of Digital features, and the 

rise of powertrain EƭŜŎǘǊƛŦƛŎŀǘƛƻƴέ (Morzenti et al., 2020, p. 5). In this context, electrification is regarded 

ŀǎ άώǘϐƘŜ Ƴƻǎǘ ǊŜƭŜǾŀƴǘ ȰŘƛǎŎƻƴǘƛƴǳƛǘȅ ŦŀŎǘƻǊȫ ώŀǎ ƛǘϐ ǊŜǎǳƭǘǎ ƛƴ ŀ ǘƻǘŀƭ ŎƘŀƴƎŜ ƻŦ ǇŀǊŀŘƛƎƳ ŀƴŘ ǘŜŎƘƴƻƭƻƎȅ 

ƛƴ ǘƘŜ ǇƻǿŜǊǘǊŀƛƴ ŘƻƳŀƛƴΣ ǿƛǘƘ ŎƻƴǎŜǉǳŜƴŎŜǎ ŦƻǊ ǘƘŜ ŜƴǘƛǊŜ ǾŜƘƛŎƭŜέ (Morzenti et al., 2020, p. 10). Not 

only the reduced number of components38 and 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 production (Zirpoli, 2023), but the successful electrification of the automotive sector 

also necessitates entirely new services and infrastructure, "such as fast charging stations and battery 

recycling systems" (Morzenti et al., 2020, p. 10). 

This highlights the strong linkages between manufacturing (e.g., automotive industry), circular economy 

(e.g., battery recycling) and the energy as well as transport sector (e.g., fast charging stations). This 

emphasizes the necessity of developing well-aligned cross-sectorial solutions. This is particularly 

important for the transport and mobility sector, as a just transition to climate neutrality requires not only 

completely new technological but also social transportation solutions, such as accessible and affordable 

 

37 According to Zirpoli (2023, p. 6), tjg"pwodgt"qh"rtqfwegf"xgjkengu"kp"Kvcn{"jcu"eqpvkpwqwun{"fgenkpgf"htqo"ҵ4"oknnkqp"
ectu"cpf"eqoogtekcn"xgjkengu"kp"3;;2"vq"]ҿ_"ctqwpf"722.222"kp"4244"*972.222"kh"nkijv"eqoogtekcn"xgjkengu"ctg"cnuq"
considered). Nevertheless, vjg"cwvqoqvkxg"kpfwuvt{"uvknn"ҵtgrtgugpvu"qpg"qh"vjg"rknnctu"qh"vjg"Kvcnkcp"geqpqo{0"Jqygxgt."
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 
nqecn"rwdnke"vtcpurqtvcvkqp"kpfwuvt{Ҷ (ibid.). 
38 ҵCu"owej"cu":7"rgtegpv"qh"vjg"rqygtvtckp"eqorqpgpvu"qh"KEGu"eqwnf"dgeqog"qduqngvg"kp"dcvvgt{"gngevtke"xgjkengu"
(BEVs), as the vehicle architecture is simplified from around 1,400 components to fewer than 200 and fully integrated 
platform solutions for the  rqygtvtckp."uwej"cu"vjg"umcvgdqctf"ejcuuku."ctg"kpvtqfwegfҶ"*kdkf0+. 

 

Figure 15: Share of GVA per sector in Emilia-Romagna in 2020.  

 Own compilation based on data from EUROSTAT. 
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public transportation, as well as safe and convenient bicycling infrastructure (Jenssen, 2021; Pazzini et al., 

2022). 

The developed Pilot use cases in RER, evolving around sustainable mobility solutions (cycling and electric 

mobility, see Chapter 3.2.4), should therefore be assessed against this cross-sectorial background: 

reducing GHG emissions in the transport sector, fostering a sustainable energy system and simultaneously 

supporting the transformation of the important regional manufacturing (automotive) sector by 

developing a circular economy. The latter is regarded as a particularly important necessity for achieving 

climate neutrality and a sustainable economy (Paleari, 2024; Romero-Perdomo et al., 2022). 

 

 

Figure 16: Regional industries.  Source: Bianchi and Bianchi (2019, p. 67). 

 

Circular economy (CE) ŀƛƳǎ ŀǘ ǊŜŘŜǎƛƎƴƛƴƎ άƛƴŘǳǎǘǊƛŀƭ ǎȅǎǘŜƳǎ ōȅ ŎǊŜŀǘƛƴƎ ǎǳǎǘŀƛƴŀōƭŜ ǊŜƭŀǘƛƻƴǎƘƛǇǎ ŀƳƻƴƎ 

ǘƘŜ ǘƘǊŜŜ Ƴŀƛƴ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ǘƘŜ ǇǊƻŘǳŎǘƛƻƴ ŎȅŎƭŜΥ ŜƴǾƛǊƻƴƳŜƴǘΣ ǇǊƻŘǳŎŜǊǎ ŀƴŘ ŎƻƴǎǳƳŜǊǎέ (Gaiani et 

al., 2017, p. 1), with the goal of minimizing waste and resource consumption by maximizing the reuse, 

recycling, and repurposing of materials throughout the production and consumption cycle. This transition 

ǘƻ ŀ ŎƛǊŎǳƭŀǊ ŜŎƻƴƻƳȅ ƛǎ ǿƛŘŜƭȅ ǊŜƎŀǊŘŜŘ ŀǎ άas a major strategy for sustainability and competitiveness in 

the medium-long runέ (Compagnoni, 2020, p. 1716). In this regard, Emilia-Romagna Region is considered 

a pioneer in Italy: it was the first Italian region to implement a specific law that fostered the development 

and adoption of circular economy principles (Sani et al., 2021).39 In combination with an innovative 

ecosystem in RER that is characterised by a άǎǘǊƻƴƎ ǇŀǊǘƴŜǊǎƘƛǇ ōŜǘǿŜŜƴ ǘƘŜ ǊŜǎŜŀǊŎƘ ŎŜƴǘǊŜǎΣ ŀŎŀŘŜƳƛŀ 

 

39 According to Mencherini et al. (2020, p. 130) ҵvjg"eqorngzkv{"qh"vjg"tgiwncvqt{"htcogyqtm"fkueqwtcigu"eqorcpkgu"kp"
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 
developed tjg{"qhvgp"fq"pqv"uweeggf"kp"tgcejkpi"vjg"octmgv0Ҷ 



 

 

46  

 

ŀƴŘ ŎƻƳǇŀƴƛŜǎέ (Sani et al., 2021, pp. 19ς20),40 this led to an overall positive trend in the substantially 

increased number of companies that adopt circular economy principles.41 However, in a study from 

Antonioli et al. (2022) we can also see ǘƘŀǘ άǘƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ ŎƛǊŎǳƭŀǊ ƛƴƴƻǾŀǘƛƻƴ Ƴŀƛƴƭȅ ŎƻƴŎŜǊƴǎ 

medium-sized firms, especially those belonging to low and medium technology-intensive sectors, 

ƳƻǊŜƻǾŜǊ ŎƻƳǇŀƴƛŜǎ ƛƴ ǘƘŜ ǇǊƻǾƛƴŎŜǎ ƻŦ aƻŘŜƴŀ ŀƴŘ tŀǊƳŀ ǎƘƻǿ ƘƛƎƘŜǊ ŀŘƻǇǘƛƻƴ ǊŀǘŜǎέ (Antonioli et 

al., 2022, p. 57). In addition, this study shows that the cross-cutting topic of energy is addressed by a 

comparatively small share of companies (see Figure 17). /ƻƴǎƛŘŜǊƛƴƎ ǘƘŀǘ ǘƘŜ άƛƴŘǳǎǘǊƛŀƭ ǎȅǎǘŜƳ ŀōǎƻǊōǎ 

ŀōƻǳǘ ƻƴŜ ǘƘƛǊŘ όоо҈ύ ƻŦ Ŧƛƴŀƭ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴ ƛƴ ǘƘŜ ǊŜƎƛƻƴ ώΧϐ ƛǘ ŀǇǇŜŀǊǎ ƴŜŎŜǎǎŀǊȅ ǘƘŀǘ ŎƻƳǇŀƴƛŜǎ 

convert their production cycles into a new dimension of circularity, reducing energy consumption, 

gradually increasing the use of renewable resources and allowing, at the end of their life, the recycling 

and reuse of materials and componentsέ (Ministero dell'Università e della Ricerca, 2022, p. 2).  

 

Figure 17: Percentage of responding companies that state they adopt the various types of CI by province (BO: Bologna; FE: 

Ferrara; FC: Forlì-Cesena; MO: Modena; PC: Piacenza; PR: Parma; RA: Ravenna; RE: Reggio Emilia; RN: Rimini).  

Source: Antonioli et al. (2022, p. 67). 

  

 

40 Kp"cffkvkqp."uvwfkgu"jcxg"ujqyp"vjcv"ҵigqitcrjkecn"rtqzkokv{"coqpiuv"vjg"kpxqnxgf"uvcmgjqnfgtu"ku"cp"gpcdngt"hqt"KU"
[industrial symbiosis ] ]ҿ_0 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"vjg"KU"nkvgtcvwtg"]ҿ_Ҷ ( Mencherini et al. (2020, p. 130). 
41 According to GreenER ҵ]c_dqwv 6,500 companies have been identified as belonging to the green economy in 2022, 
with a turnover of over 90 billion euro and 300,000 employeesҶ"Emilia-Romagna Region (2023, p. 21). In a survey 
conducted by GreenER (2022, p. 8), nearly 42% of the responding companies reported providing green products and/or 
services. 
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As mentioned above, ǘƘŜ ƛƴŘǳǎǘǊƛŀƭ ǎȅǎǘŜƳ ƻŦ w9w άŀōǎƻǊōǎ ŀōƻǳǘ ƻƴŜ ǘƘƛǊŘ όоо҈ύ ƻŦ Ŧƛƴŀƭ ŜƴŜǊƎȅ 

ŎƻƴǎǳƳǇǘƛƻƴέ (Ministero dell'Università e della Ricerca, 2022, p. 2), and nearly 50% of the electricity (see 

Figure 18). Therefore, reducing energy consumption in industrial processes while simultaneously 

transforming the energy sector by substituting fossil resources with renewable energies is regarded as 

essential for transforming multiple sectorsτindustry, transport and mobilityτsimultaneously. 

In this regard, Emilia-Romagna decided in its regional development strategy on the ambitious goal to 

transition to 100% renewable energy42 until 2035 (Emilia-Romagna Region, 2020b, p. 81). However, the 

great renewable energy (RE) potential of Emilia-Romagna, especially for PV and wind energy, has so far 

only been utilized to a very limited extent (see Chapter 3.2.3). Only biomass43 and PV are contributing 

significant shares to electricity generation (see Figure 19). Despite Emilia-Romagna's significant potential 

for energy generation based on biomass due to its strong agriculture sector44, the sustainability of this 

energy source is controversially discussed (Marongiu et al., 2022; Tamburini et al., 2020; Valentini, 2020). 

In the case of Emilia-Romagna this is partially related to the emissions generated in agriculture45, which 

have an additional negative effect on the alarming state of the air quality in the Po region. However, in 

this regard, the transport and mobility sector is even more problematic 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), ҵ]v_jg"rqvgpvkcn"fgxgnqrogpv"qh"vjg"dkqicu1dkqogvjcpg"xcnwg"ejckp"kp"
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 ҭ 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 
uvcvkqp0"Vjwu."vjg"rqvgpvkcn"hqt"vjg"fgxgnqrogpv"qh"c"dkqogvjcpg"xcnwg"ejckp"ku"jkijҶ"*kdkf0."r08;). 
45 A study by Marongiu et al. (2022) shows, that ҵcnoquv"vjg"vqvcn"coqwpv"qh"rtkoct{"gokuukqpu"qh"PJ5"[97%] are 
ceeqwpvgf"d{"citkewnvwtgҶ (ibid., p.72). 

https://www.terna.it/en/electric-system/statistical-data-forecast/evolution-electricity-market/production-renewable-sources
https://www.terna.it/en/electric-system/statistical-data-forecast/evolution-electricity-market/production-renewable-sources
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Figure 18: Development of the share of electricity 

consumption per sector (agriculture, residential, industries, 

services) in Emilia-Romagna (GWh) between 2000 and 

2022.  Source: www.terna.it46 

 
Figure 19: Development of electricity generation (GWh) by 

source (wind, PV, hydrogen power, thermoelectric) in Emilia-

Romagna between 2000 and 2022. 

Source: www.terna.it47 

 

The transport and mobility sector is crucial for all economic activities and strongly related to the 

competitiveness and innovation capacity of a region (Ng et al., 2019; Palei, 2015; Skorobogatova & 

Kuzmina-Merlino, 2017). In this context, Emilia-Romagna has quite a dense road and railway system48 and 

scores in comparison to the three other TRANSFORMER TSL regions above-average in their road transport 

performance.49 A problematic aspect in context of sustainability and climate neutrality is the extremely 

high motorisation rate in Emilia-Romagna, which is among the highest in the EU (see Figure 20). 

 

 

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-Tqocipc"jcu"ҵ1,400 km of railway network and 258 stationsҶ"Emilia-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.  

https://www.terna.it/en/electric-system/statistical-data-forecast/evolution-electricity-market/consumption-electricity-sector
https://www.terna.it/en/electric-system/statistical-data-forecast/evolution-electricity-market/consumption-electricity-sector
https://www.terna.it/en/electric-system/statistical-data-forecast/evolution-electricity-market/production-electricity-source
https://www.terna.it/en/electric-system/statistical-data-forecast/evolution-electricity-market/production-electricity-source
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Figure 20: Motorisation rate, 2021 (number of vehicles per 

1 000 inhabitants, by NUTS 2 regions).   

Source: EUROSTAT.50 

 

Figure 21: Premature deaths attributed to exposure to fine 

particulate matter (PM2.5), 2020 (per 100 000 inhabitants, 

by NUTS 3 regions).  Source (slightly adapted): European 

Environment Agency (EEA); retrieved from EUROSTAT.51 

 

This high motorisation rate is strongly reflected in the poor air quality of Emilia-Romagna (see Figure 23). 

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 basin (Marongiu et al., 2022, p. 74).52 

This poor air quality has 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 (see Figure 21).  

 

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). 

https://ec.europa.eu/eurostat/documents/7116161/17557903/1101EN.pdf
https://ec.europa.eu/eurostat/documents/7116161/17557903/1204EN.pdf
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Figure 22: Motorways and highways in Emilia-Romagna 

Region.  Source: Emilia-Romagna Region (2021a, p. 9) 

 
Figure 23: Number of days exceeding the average mean of 

50ug/m3 (2017).   

Source: Emilia-Romagna Region (2021a, p. 11) 

 

The regional authorities have clearly identified the necessity of improving the air quality by implementing 

a άwŜƎƛƻƴŀƭ LƴǘŜƎǊŀǘŜŘ tƭŀƴ ŦƻǊ Air Qǳŀƭƛǘȅέ όt!Lwύ (ART-ER, 2024)53 that specifically identifies the necessity 

of fundamentally transforming the transportation system to decrease its negative environmental impact 

(ibid.). However, simultaneously a cost-efficient and high-performance transport infrastructure needs to 

be ensured to support economic activities and maintaining the competitiveness of the region. The strategy 

for achieving this is to develop άŀƴ ƛƴǘŜƎǊŀǘŜŘ Ƴƻōƛƭƛǘȅ ǎȅǎǘŜƳΣ ƘƛƎƘƭƛƎƘǘƛƴƎ ǘƘŜ ƪŜȅ ǊƻƭŜ ƻŦ ŎƻƭƭŜŎǘƛǾŜ 

transport, sustainable mobility, development of technological innovation, and functionally organized 

trafficέ (Emilia-Romagna Region, 2021a, p. 12)Φ !ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ άwŜƎƛƻƴŀƭ LƴǘŜƎǊŀǘŜŘ ¢ǊŀƴǎǇƻǊǘ tƭŀƴέ 

(PRIT), specific measures are focussing on enhancing the railway infrastructure and public transport 

system, the construction of cycle infrastructure as well as supporting the development of electric mobility 

infrastructure (Emilia-Romagna Region, 2021b). 

However, multiple studies show (Emilia-Romagna Region, 2021a; Hrelja et al., 2013; Rau & Scheiner, 2020; 

Ruhrort, 2023) that transforming the mobility system bears a high potential for conflicts as it implies 

competition for limited space and exclusion of usage (e.g., parking spots versus bicycle lanes). As the 

transport system directly affects not only economic activities, but also the daily life of all citizens, this 

process has to be carefully managed. Including citizens in this transition is therefore necessary to ensure 

an inclusive, just and socially accepted development. The overarching goals of the regional plans are 

ǘǊŀƴǎƭŀǘŜŘ ƻƴ ǘƘŜ ƭƻŎŀƭ ƭŜǾŜƭ ƛƴǘƻ ά{ǳǎǘŀƛƴŀōƭŜ ¦Ǌōŀƴ Mobility tƭŀƴǎ ό{¦atύέΣ ǿƘƛŎƘ ŎƻƴǎƛŘŜǊ ǘƘŜ ǎǇŜŎƛŦƛŎ 

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 considered in this context is the adaptation of infrastructure to 

climate change: the flood in Emilia-Romagna in 2023 highlighted the vulnerability of the infrastructure: 

άώaϐƻǊŜ ǘƘŀƴ мΣплл ǊƻŀŘǎ ώǿŜǊŜϐ ŀŦŦŜŎǘŜŘ ōȅ ŦƭƻƻŘƛƴƎ ƻǊ ƭŀƴŘǎƭƛŘŜǎΣ ǊŜǎǳƭǘώƛƴƎϐ ƛƴ ŘŀƳŀƎŜ ǉǳŀƴǘƛŦƛŜŘ ǘƻ 

 

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). 
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ŀǇǇǊƻȄƛƳŀǘŜƭȅ мΦу ōƛƭƭƛƻƴ 9ǳǊƻέ (Emilia-Romagna Region, 2024b, p. 146).54 As these extreme events are 

expected to occur more frequently and intensely due to climate change (see introduction of Chapter 3), 

sustainable mobility solutions also need to be designed in a more resilient way. In the next section, we 

will analyse the overall transition potentials of the region for becoming climate neutral, with a particular 

focus on transforming the key sector for achieving a cross-sectorial transformation: the energy system. 

3.2.3 Assessing the transition potentials from a socio-economic and ecological perspective 

As mentioned in Chapter 2.1, regional transition needs and potentials are closely intertwined, each 

influencing the other and manifesting across the three dimensions of sustainability. Assessing the 

transition potentials of a region for becoming climate neutral therefore requires considering social, 

economic and ecological/ environmental aspects. In this chapter, we will conduct this analysis focussing 

on the evaluation of different composite indices and selected indicators (see Figure 1).55 The results will 

then be summarised in a regional SWOT analysis. 

Regarding the potential for transition, the economic performance, especially the competitiveness and 

innovation capacity are of crucial importance. In this regard, Emilia-Romagna scores comparatively high 

(see Table 22 and Table 23).56 This applies especially to indicators referring to macroeconomic statistics 

(e.g., disposable income per capita, and GDP per capita, see Figure 25): As mentioned above, Emilia-

Romagna is one of the wealthiest of the 20 regions in Italy. Even though the Covid-19 pandemic had severe 

effects on the economy of Emilia-Romagna (Emilia-Romagna Region, 2024b), the rise of GDP per capita 

from 31,500 ϵ ƛƴ нлнм ǘƻ пмΣслл ϵ ƛƴ нлнн ƛƴŘƛŎŀǘŜǎ ŀ ǎǘǊƻƴƎ ŜŎƻƴƻƳƛŎ ǊŜŎƻǾŜǊȅΦ57 This applies also to the 

labour market, which is characterised by a comparatively high labour productivity and low unemployment 

rate (see Figure 26). 

 

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) kv"ycu"guvkocvgf"ҵthat in September 
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 onesҶ"*kdkf0."r0"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 Emilia-Romagna 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 (see Table 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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Emilia-Romagnás economy is not 

only highly competitive (see 

section about manufacturing and 

circular economy above), but also 

has ŀ ǾŜǊȅ ǎǘǊƻƴƎ άƛƴƴƻǾŀǘƛǾŜ 

ecosystemέ, characterised by the 

highest share of R&D expenditures 

in the business sector58, as well as 

innovation expenditures per 

person employed in innovative 

SMEs 59 of all the four TSLs. This is 

clearly reflected in the high 

number of international patent applications60. However, for an innovative region like Emilia-Romagna, the 

share of the population (see Figure 24) as well as the share of employees with a higher education degree 

(ISCED 5-6) is comparatively low. As ά[e]ducation, and in particular higher education, is usually seen as an 

important driver of innovation ώΧϐ this low ranking of Emilia-Romagna has to be addressed if the region is 

to fulfil its potential for ώΧϐ ƛƴƴƻǾŀǘƛƻƴέ  (ESIC - European Service Innovation Centre, 2013, p. 2).61 

 

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, Emilia-Romagna scores in comparison to the other two 
TSL regions (Western Macedonia and Lower Silesia) very low. Only the Ruhr Area has a lower score (see Chapter 3.4). 

 

Figure 24: Comparison of education levels in the EU, Italy and Emilia-Romagna 

 (percentage of people from 25 to 64 years).  

 Own compilation based on data from EUROSTAT. 
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Figure 25Υ D5t όǇǇǎύ ǇŜǊ ŎŀǇƛǘŀ όƛƴ ϵύ of the EU (NUTS 2 

regions), Italy and Emilia-Romagna.  Own compilation 

based on data from EUROSTAT. 

 

Figure 26: Unemployment rates (people aged 15 to 74 

years)62 for the EU, Italy and Emilia-Romagna.  Own 

compilation based on data from EUROSTAT. 

 

As mentioned above, economic aspects represent only one dimension of sustainability. Economic factors 

are closely intertwined with other socio-political and environmental factors that influence transition 

potential. Regarding the social and political dimensions of transition potential, the European Social 

Progress index provides a useful basis for a detailed assessment. In this regard, Emilia-Romagna scores ς 

with the exception of advanced education ς above average or even the highest for most of the indicators 

(see Table 24). ¢ƘŜ άat-risk-of-ǇƻǾŜǊǘȅ ǊŀǘŜέΣ ǿƘƛŎƘ ƛǎ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ƛƴŘƛŎŀǘƻǊǎ ŦƻǊ ŀǎǎŜǎǎƛƴƎ 

social disparities, is with 7.3% (EUROSTAT) the lowest of all four TRANSFORMER TSLs.63 However, as the 

GDP per capita of the NUTS 3 regions in Emilia-Romagna shows, there are strong disparities regarding the 

economic situation of the citizens within the region (see Figure 27). 

 

62 The source for the regional labour market information down to NUTS level 2 is the EU Labour Force Survey (EU-LFS). 
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 Lower Silesia scores second best (9%), whereas the Ruhr Area (21.6%) and Western Macedonia have significantly 
worse values. Sources: EUROSTAT and for the Ruhr Area: Statistikportal  Ruhr : https://statistikportal.ruhr/   

https://statistikportal.ruhr/
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Figure 27Υ D5t όǇǇǎύ ǇŜǊ ŎŀǇƛǘŀ όƛƴ ϵύ ƻŦ ǘƘŜ 9¦ όb¦¢{ 2 regions), Italy, Emilia-Romagna and its NUTS3 regions.   

Own compilation based on data from EUROSTAT. 

 

In the context of the social and political dimensions of transition, the results from the European Quality 

of Government Index (see Table 25) indicate an important limiting factor for the transition potential: 

regarding the assessment by the citizens of Emilia-Romagna about the quality64, impartiality65 as well as 

the corruption in the provision of public services66,  the region scores in comparison to the NUTS 2 regions 

in the Ruhr Area comparatively low. However, this result has to be carefully interpreted as it partially 

reflects the situation that was still characterised by the uncertainty due to the Covid-19 pandemic 

(Charron et al., 2022; Toshkov et al., 2022). Nevertheless, it still reflects an alarming trend in Emilia-

Romagna that shows a "lack of interest (64.9%) and lack of trust in the political system (25.5%)έ (ISTAT, 

 

64 Questions from the questionnaire: How would you rate the quality of ]htqo"xgt{"rqqt"vq"gzegnngpv_ҿ" 1) ..public 
education in your area? 4+"ҿvjg"rwdnke"jgcnvj"ectg"u{uvgo"kp"{qwt"ctgcA"5+"ҿthe police force in your area? (Charron et 
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 ]htqo"citgg"vq"fkucitgg_ҿ"C+"ҿin the public education system in my area0"D+"ҿvjg"
rwdnke"jgcnvj"ectg"u{uvgo"kp"o{"ctgc0"E+"ҿby the police force in my area. 4) In the area where I 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 prevalent in ]htqo"uvtqpin{"fkucitgg"vq"uvtqpin{"citgg_ҿ"3+"
o{"ctgcҲu"nqecn"rwdnke"uejqqn"u{uvgo0 4+"ҿin the public health care system in my area0"5+"ҿin the 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"vq"igv"ceeguu"vq"urgekcn"wphckt"rtkxkngigu"cpf"ygcnvj0"]ҿ_""*Charron et al., 2022, pp. 13-14). For 
complete questionnaire see (Charron et al., 2022). 
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2020, p. 1).67 This is problematic, as the fundamental transition of the socio-economic system to becoming 

climate neutral requires a high level of trust, acceptance, and support among all stakeholders (Latusek & 

Cook, 2012; Uslaner & Badescu, 2004).  

In this context, a survey from the European Investment Bank in 2023/24 shows68 ǘƘŀǘ άeconomic and 

financial" aspects (92҈ύΣ ŜǎǇŜŎƛŀƭƭȅ άƛƴŎǊŜŀǎŜŘ Ŏƻǎǘ ƻŦ ƭƛǾƛƴƎέ όт2%), are perceived by citizens (n=74) of 

Emilia-Romagna ŀǎ ōƛƎƎŜǊ ŎƘŀƭƭŜƴƎŜǎ ǘƘŀƴ άŎƭƛƳŀǘŜ ŎƘŀƴƎŜέ ό45%) (EIB 2024).69 This is also reflected in the 

dominant opinions (63҈ύ ǘƘŀǘ ǘƘŜ άƎƻǾŜǊƴƳŜƴǘ ǎƘƻǳƭŘ ŀŘŘǊŜǎǎ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ without affecting the 

ǇŜǊǎƻƴŀƭ ōǳŘƎŜǘέ70, and that άthe transition to a low carbon economy can only happen if inequalities are 

addressed at the same timeέ (66%).71 Regarding the employment opportunities due to this transition, a 

majority (60%) expects that the άclimate change measures will create more jobs than they will destroy 

existing onesέ ό9L. нлнпύΦ72 

Finally, for gaining a comprehensive understanding of the region's transition potentials, it is essential to 

consider not only its economic and socio-political aspects but also its ecological and environmental 

dimensions of sustainability. In this regard, we have to refine the focus, as this broad perspective  would 

require analysing the availability and economically feasible (sustainable) utilisation of natural resources 

alongside assessing the current state of ecological processes for different sectors, such as agriculture, 

fishing, forestry, mining, water and waste management, as well as tourism. Therefore, the focus will be 

on the ǊŜƎƛƻƴΩǎ pivotal topic: the potential for the development of renewable energy, which is a 

prerequisite for transforming the energy as well as the transport system.  

As mentioned above, the transport sector contributes to a very large degree to poor air quality and is 

directly related to a high share of premature deaths (due to exposure to fine particulate matter; see 

Chapter 3.2.2 for figures and statistics). However, due to the importance of the transport sector for 

economic activities and competitiveness of a region, the transition towards a more sustainable transport 

system has to be carefully managed (Ng et al., 2019; Prus & Sikora, 2021). This 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.  
68 Swguvkqp<"ҵWhat are the three biggest challenges that people in your country are currently facing?ҶUqwteg<"GKD"*4246+<"
https://www.eib.org/attachments/survey/eib -climate -survey-2023-2024-dataset-all-countries-cop28.xlsx (Excel 
sheet: Italy+0"Vjg"tghgtgpegu"ctg"nkuvgf"kp"vjg"ejcrvgt"ҵFcvc"uqwteguҶ. 
69 The results of these surveys additionally show the shift in perceived challenges. In an earlier survey from the EIB 
(2020), ҵeconomic and financial" aspects ( 85'+."gurgekcnn{"ҵwpgornq{ogpvҶ"*61%), have been perceived by citizens 
(n=147) of Emilia-Romagna cu" dkiigt" ejcnngpigu" vjcp" ҵenkocvg" ejcpigҶ" *46%). Source: EIB (2020): 
https://www.eib.org/attachments/survey/climate -survey-citizens-perception-climate -change-impact -all-data-en.xlsx   
(Excel sheet: Italy). The references are listed in the Cjcrvgt"ҵFcvc"uqwteguҶ. 
70 Qwguvkqp<"ҵYqwnf"{qw"uc{"vjcvҿ ]ҿ_"Your government should address climate change without affecting your personal 
budgetҶ0"Uqwteg"GKD"*4246+0 
71 Qwguvkqp<"ҵYqwnf"{qw"uc{"vjcvҿ ]ҿ_"The transition to 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). 

https://www.eib.org/attachments/survey/eib-climate-survey-2023-2024-dataset-all-countries-cop28.xlsx
https://www.eib.org/attachments/survey/climate-survey-citizens-perception-climate-change-impact-all-data-en.xlsx
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the mobility system bears a high potential for conflicts, involving competition for limited spaces and 

exclusion of usage (Emilia-Romagna Region, 2021a; Hrelja et al., 2013; Rau & Scheiner, 2020; Ruhrort, 

2023). The regional authorities have, therefore, developed a set of priorities that is focussing on enhancing 

the railway infrastructure and public transport system, the construction of cycle infrastructure as well as 

supporting the development of electric mobility infrastructure (Emilia-Romagna Region, 2021b). 

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

the large investments in the railway network of the Emilia-Romagna Region73Σ άǊŜǎǳƭǘƛƴƎ ƛƴ ŀƴ ул҈ 

ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ ǇŀǎǎŜƴƎŜǊǎ ŎŀǊǊƛŜŘ ƛƴ у ȅŜŀǊǎέ (Emilia-Romagna Region, 2024b, p. 155). In addition, the 

regional authorities have implemented policies that aim at supporting and promoting local public 

transport, as well as electric mobility. Concerning the advancement of cycling, as the most sustainable 

form of mobility next to walking (Bertini et al., 2023; Bucchiarone et al., 2022), there is a plan to construct 

ƳƻǊŜ ǘƘŀƴ мΣллл ƪƳ ƻŦ άŎȅŎƭŜ ǇŀǘƘǎ ƛƴ ǳǊōŀƴ ŀǊŜŀǎ ŀƴŘ ŀƭƻƴƎ ǘƘŜ ǊƻǳǘŜǎ ƛŘŜƴǘƛŦƛŜŘ ŀǎ ƴŀǘƛƻƴŀƭΣ ǊŜƎƛƻƴŀƭ 

ŀƴŘ ƭƻŎŀƭ ŎȅŎƭŜ ǊƻǳǘŜǎέ (Emilia-Romagna Region, 2024b, p. 174). 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 bikes (ALICE, Alliance for Logistics Innovation 

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

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

ǘǊŀƴǎǇƻǊǘ ŀƴŘ Ƴƻōƛƭƛǘȅ ǎŜŎǘƻǊ ōȅ ƛƴǎǘŀƭƭƛƴƎ άнΣрлл ŜƭŜŎǘǊƛŎ ŎƘŀǊƎƛƴƎ Ǉƻƛƴǘǎ ōȅ нлнрΣ ŀƭǎƻ ŘƛǎǘǊƛōǳǘŜŘ ƛƴ ǘƘŜ 

ǿŜŀƪŜǎǘ ŀǊŜŀǎ ώŀǎ ǿŜƭƭ ŀǎ ǇǊƻƳƻǘƛƴƎϐ ŜƭŜŎǘǊƛŎ ŎƘŀǊƎƛƴƎ Ǉƻƛƴǘǎ ŦƻǊ ǇǊƛǾŀǘŜ Ƴƻōƛƭƛǘȅέ (Emilia-Romagna 

Region, 2024b, p. 174). If the needed electricity is generated by renewable energies, this will not only 

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

the automotive industry to accelerate the transformation by developing more sustainable means of 

transportation (see Chapter 3.2.2).  

However, as mentioned above, Emilia-Romagna has been utilizing its great potential for the development 

of renewable energies (Ruiz et al., 2019) only to a very limited extent so far (for an overview of onshore 

wind power potential in the EU see Figure 28 and for solar power potential Figure 29).74 Even though RE 

is supposed to replace fossil-based energy production completely until 2035 (Emilia-Romagna Region, 

2020b, p. 81), only biomass and PV are contributing significant shares to electricity generation so far (for 

statistics and figures see Chapter 3.2.2). In this context, PV is expected to play even a greater role, as it is 

not only very cost-efficient and (in areas with sufficient solar potential) already highly competitive (Vakili 

et al., 2022), but it also has a low potential for conflicts. This is particularly the case for rooftop PV 

(Palladino & Calabrese, 2023). However, even large ground-mounted PV systems, which are competing 

 

73 According to Emilia-Romagna Region (2024b, p. 155) , the region has 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 NUTS 2 level. The 
corresponding datasets from ENSPRESO, Ҷan EU-28 wide, open dataset for energy models on renewable energy 
potentials, at national (NUTS0) and regional levels (NUTS2) for the 2010-2050 periodҵ"ctg"cxckncdng"xkc"vjg"hqnnqykpi"
URL: https://data.jrc.ec.europa.eu/collection/id -00138  

https://data.jrc.ec.europa.eu/collection/id-00138
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with agriculture for limited space (Sacchelli et al., 2016), have in comparison to wind power a 

comparatively low conflict potential (Leiren et al., 2020; Meister, 2018). Even though Emilia-Romagna has 

with its strong agriculture sector a great potential for energy generation based on biomass75, the 

sustainability of this energy source is controversially discussed (Marongiu et al., 2022; Tamburini et al., 

2020; Valentini, 2020). As mentioned above, this is in the case of Emilia-Romagna partially related to the 

emissions generated in agriculture that have an additional negative effect on the alarming state of the air 

quality in the Po region. However, energy generation from (agricultural) waste, particularly, exhibits a 

high potential for sustainable energy production when compared to other methods of energy generation 

(ibid.). This would be a necessity for fostering a (more) sustainable electricity-based transport and mobility 

system. 

  

 

75 According to a study from   Valentini (2020), ҵ]v_jg"rqvgpvkcn"fgxgnqrogpv"qh"vjg"dkqicu1dkqogvjcpg"xcnwg"ejckp"kp"
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 ҭ 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 
uvcvkqp0"Vjwu."vjg"rqvgpvkcn"hqt"vjg"fgxgnqrogpv"qh"c"dkqogvjcpg"xcnwg"ejckp"ku"jkijҶ"*kdkf0."r08;). 
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Before we briefly portray the related Pilot use case in Chapter 3.2.4, we summarise the transition needs 

and potentials of Emilia-Romagna in a regional SWOT analysis.  

Table 9: Regional SWOT analysis as a summary of the transition needs and potentials  of becoming climate neutral in context 

of the TSL approach.  Source: own compilation.76 

Strength 

(helpful internal factors) 

Weaknesses 

(harmful internal factors) 

¶ High GDP (per capita) and economic resources 

for transition 

¶ High competitiveness and innovation capacity 

¶ Strong regional governance: collaboration 

between regional authority and municipalities 

όάǾŜǊǘƛŎŀƭέ ƛƴǘŜǊŀŎǘƛƻƴǎ ŀƴŘ ŎƻƻǊŘƛƴŀǘƛƻƴ) 

¶ Diverse economy with strong development 

towards a circular economy; competitive 

sectors in manufacturing, agriculture, and 

services  

¶ Dense transport infrastructure and favourable 

geographic location 

¶ Strong political support for a transition 

towards climate neutrality (sustainable 

mobility, RE development, promotion of 

circular economy) 

¶ Economic dependence on traditional 

industries with strong veto-players (e.g., 

automotive) 

¶ Comparatively low trust in instiutions (EQI) 

¶ Unstructured coordination between the 

various regional departments and the several 

regional plans όάƘƻǊƛȊƻƴǘŀƭέ ƛƴǘŜǊŀŎǘƛƻƴǎ ŀƴŘ 

coordination) 

 

 

Opportunities 

(helpful external factors) 

Threats (external) 

(harmful external factors) 

¶ EU funding for innovative actions (circular 

economy, sustainable mobility, ecological 

agriculture) 

¶ EU and national targets for RE development 

¶ Increasing demand for sustainable tourism as 

well as sustainably produced products and 

goods (e.g., agricultural products) 

¶ Comparatively high vulnerability to climate 

change impacts (coastal and river floodings) 

¶ Uncertainty about national legislation 

(regarding climate action) 

¶ Global economic fluctuations (export-oriented 

regional economy) 

   

 

 

 

 

 

76 This regional SWOT analysis is based on a comprehensive document analysis and two workshops conducted in the 
realm of WP2 and WP3. 
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Figure 28: Wind onshore, potential for electricity generation.  Source: 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 area, or of 

its authorities, or concerning the delimitation of its frontiers or boundaries. 
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Figure 29: Solar energy, potential for electricity generation.  Source: 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 legal status of any country, territory, city, or area, or of 

its authorities, or concerning the delimitation of its frontiers or boundaries. 
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3.2.4 TSL vision and Pilot use cases  

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 project partners (WP2, WP3, WP4, WP5) and has been 

the guiding aspect in developing a vision for the TSL, coalition building (Deliverable 3.1), and identifying 

the most important Pilot use cases (Deliverable 3.2). A summary of the vision and Pilot use cases is 

included in Table 10. 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 plans (Deliverable 3.3) for 

the specific Pilot use cases. The discussion of strategies for long-term implementation is based on this 

cooperation and will be included in Chapter 3.6 and Deliverable 3.3. 

 

Table 10: Emilia-Romagna: The vison and Pilot use cases at a glance.  Source: summary of the descriptions included in 

Deliverables 3.1 and 3.2. 

The vision: 

The Emilia-Romagna regional authority has set an ambitious target to achieve carbon neutrality by 2050, and has formulated 
a comprehensive plan encompassing three key pillars: energy transition, sustainable mobility, and circular economy. 

In the realm of energy transition, the region is heavily investing in renewables, aiming for a 50% share in its energy mix by 
2030, while also prioritizing energy efficiency measures in buildings and industry. The focus on sustainable mobility involves 
promoting public transportation, bicycles, and electric vehicles, coupled with investments in charging infrastructure. Efforts 
to reduce emissions from freight transport include endorsing intermodal transportation and cleaner fuels. Emilia-Romagna is 
also championing a circular economy, investing in waste reduction and recycling facilities, and advocating sustainable 
production and consumption practices. 

To expedite the transition, a Transition Super Lab at the regional level has been implemented, serving as a framework for 
collaborative initiatives. Focussing on energy and mobility topics, the vision development process has identified three 
interconnected goals: promoting cycle mobility, enhancing mobility management to reduce traffic congestion, and 
optimizing the use of electric vehicles and charging infrastructure in urban centres. 

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

The Pilot use cases: 

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

Pilot use case 1 aims to standardize cycle mobility indications, collaborating with RER's cartography department to create a 
practical map for cyclists. These indications, incorporated into tenders and funding opportunities from 2023 onward, will 
inform the creation of Emilia-Romagna's cycle paths. Initially focusing on local accessibility and safety, the goal is to establish 
a regional cycle mobility standard applicable across municipalities and potentially nationally. This initiative aligns with RER's 
sustainable mobility policies, addressing environmental concerns, transport safety, and quality of life. Stakeholder 
involvement is crucial to develop a comprehensive cycle-pedestrian mobility system emphasizing accessibility, quality, 
recognition, and safety. RER also supports initiatives promoting cycling culture to encourage bicycle use and maximize the 
regional network's effectiveness. The final aim is also to create a permanent working group composed by all quadruple helix 
stakeholders on Emilia-Romagna regional cycle cartography and cycle mobility. 

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

Pilot use case 2 focuses on implementing mobility management strategies to address urban transport issues like congestion 
and air quality. It aims to promote sustainable travel behaviour through coordinated efforts with area and company mobility 
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managers. This involves initiatives to improve home-to-work and home-to-school mobility, particularly for passengers with 
reduced mobility and those in rural areas. RER adopts inclusive policies benefiting marginalized groups such as children, 
immigrants, elderly, and people with disabilities. For example, students from low-income families can receive free bus travel 
cards. The goal is to enhance accessibility, reduce energy consumption, and create a more sustainable transportation system. 
The final aim is to create a permanent working group on Emilia-Romagna mobility management composed by representatives 
from municipalities, companies and university involving area, company and university mobility managers. 

Pilot use case 3: Creation of a centralized database and network at the regional level including all data on electric vehicle (EV) 
charging stations 

Pilot use case 3 is about the creation of a centralized database at the regional level including all data on electric vehicle charging 
stations (e.g., GPS coordinates of the charging stations, number of recharges, quantity of energy supplied every hour) in order 
to optimize the existing infrastructure and improve the use of electric Vehicles (EVs) as an important sustainable mobility 
solution. The final aim is to create a permanent working group on EV mobility to increase collaboration between municipalities, 
national energy manager (GSE: Gestore Servizi Energetici), EV charging stations companies, university and civil society. 
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3.3 Lower Silesia 

As described above, the case study will begin by providing a brief overview of the region (3.3.1) to 

άώŘϐŜŦƛƴŜ ǘƘŜ ōƻǳƴŘŀǊƛŜǎ ƻŦ ǘƘŜ ǎȅǎǘŜƳ ƛƴ ǘŜǊƳǎ ƻŦ ƎŜƻƎǊŀǇƘȅέ (Geus et al., 2022). Based on this, the 

transition needs to achieve climate neutrality will be assessed, focusing on the most significant economic 

sectors contributing to climate change (3.3.2). The identification of these transition needs will allow us to 

narrow down the otherwise too complex analysis of the socio-economic and ecological transition 

potentials of the region. These closely intertwined transition needs and potentials will be then 

summarised in form of a regional SWOT analysis (3.3.3). These identified transition needs and potentials 

guided the TSL vision and Pilot use cases, which will be briefly portrayed in Chapter 3.3.4. The results of 

the chapters about the four TSLs (Chapters 3.2-3.5) will then be incorporated in Chapter 3.6 in an overall 

discussion about strategies for the long-term implementation of TSLs. 

3.3.1 Overview of the TSL region  

Lower Silesia is one of the 16 provinces (voivodeships) of Poland, situated in the southwestern part of the 

country. It covers an area of nearly 20,000 km2 and shares borders with the voivodeships of Lubuskie, 

Greater Poland, and Opolskie to the north and east, and with the Czech Republic and Germany to the 

south and west. Lower Silesia had a population of nearly 2,846,000 in 2022 (see Table 7) and is divided 

into 30 counties (powiats), of which four are city counties (see Figure 30 and Figure 31 for the maps and 

Table 11 for a brief overview of the political system in Lower Silesia). 

 

Figure 30: Location of Lower Silesian 

Voivodeship in Poland.   

Source: Wikipedia77 

 
Figure 31: The counties of Lower Silesia.  Source: Wikipedia78 

 

 

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 region is Wroclaw. With a GDP (pps) per capita of 31,600 ϵ ƛƴ нлннΣ 

Lower Silesia ranks second highest of all the provinces in Poland (EUROSTAT), however, with strong 

disparities among the counties within the region (Rynio & Zakrzewska-tƽƱǘƻǊŀƪΣ нлннύ.  

Copper mining and refining industry, especially in the Legnica-DƱƻƎƽǿ /ƻǇǇŜǊ 5ƛǎǘǊƛŎǘ, is one of the most 

important economic activities in Lower Silesia (for detailed description see next section). After the 

ŎŜǎǎŀǘƛƻƴ ƻŦ ƘŀǊŘ Ŏƻŀƭ ƳƛƴƛƴƎ ŀŎǘƛǾƛǘƛŜǎ ƛƴ ǘƘŜ [ƻǿŜǊ {ƛƭŜǎƛŀ /ƻŀƭ .ŀǎƛƴ ŘǳǊƛƴƎ ǘƘŜ мффлǎΣ ǿƘƛŎƘ άƘŀŘ ŀ 

devastating impact on the economic, social and environmental situation in the sub-regionέ (European 

Union, 2023, p. 3), only lignite plays a significant role in the regional economy and (national) energy 

generation. The lignite power plant in Turów, with a capacity of nearly 1,800 MW is one of the largest 

power plants in Poland, contributing nearly 70% to the national power generation mix from coal 

(European Union, 2023, pp. 2ς3). The Turów power plant is not only one of the largest GHG emitters in 

Europe, but the open pit Turów coal mine also has severe environmental effects, such as air pollution and 

contamination and deterioration of the groundwater όÀǳƪ ϧ ÀǳƪΣ нлннōύ, that led to a cross-border 

conflict with the Czech Republic and Germany  (Wróblewski et al., 2023). Due to the importance of the 

coal mine and power plant for the local labour market and the national energy system, the concession for 

lignite mining in the Turów mine was extended by the Polish government to 2044 ό|ƭƛƳƪƻ Ŝǘ ŀƭΦΣ нлнмύ. 

However, with the development of the άLower Silesia Energy Strategyέ in 2022 (Instytut Rozwoju 

Terytorialnego, 2022b), more ambitious plans of accelerating the shift to climate neutrality have been 

developed in the region. With this strategy, the regional government specifies the goal of becoming a 

climate-neutral region by нлрл ōȅ άimproving the energy efficiency of buildings, transport and energy 

sectors, and electrification of the transport sectorά (European Union, 2023, pp. 2ς3). Another specified 

goal is to reach a 13-мп҈ ǎƘŀǊŜ ƻŦ άƎǊŜŜƴέ ƘȅŘǊƻƎŜƴΣ ƛƴ accordance with the άHydrogen Strategy for 

Climate Neutral Europeέ (ibid.). As an overarching goal, the strategy aims at transforming the energy, 

transportation and industrial sectors in order to improve the poor air quality in the region. In the next 

section, we will explore how the transition needs of these sectors, particularly energy and transport, are 

reflected in their carbon intensity.  
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Table 11: Brief overview of the political system of Lower Silesia.  Source: own compilation. 

A TSL can be regarded as a new form of governance arrangement (see Chapter 2.1). However, a TSL is not 

implemented in a political void and, therefore, has to be designed to be complementary to existing political-

administrative structures (see Chapter 3.6). This brief overview of the political system of the region is only 

intended to portray some of the main existing political structures of the region. The specific political decision-

making and participation processes need to be carefully analysed in detail for different topics and Pilot use cases 

(see Deliverable 3.3 for the specific contexts of the Pilot use cases). 

The political structure of Lower Silesia consists of various institutions responsible for governance, legislation, and 

administration. At the apex of the political system is the Regional Government of Lower Silesia (¦ǊȊŊŘ 

aŀǊǎȊŀƱƪƻǿǎƪƛ ²ƻƧŜǿƽŘȊǘǿŀ 5ƻƭƴƻǏƭŊǎƪƛŜƎƻ), headed by the Marshal of the Voivodeship όaŀǊǎȊŀƱŜƪ 

Województwa). The Marshal is elected by the Regional Assembly (Sejmik Województwa) and serves as the 

executive authority responsible for implementing regional policies, managing the regional budget, and 

representing Lower Silesia's interests at the national level ό5ƻƭƴƻǏƭŊǎƪƛ ¦ǊȊŊŘ ²ƻƧŜǿƽŘȊƪƛΣ нлнпύ. The Regional 

Government comprises departments and offices led by appointed officials who oversee specific areas such as 

infrastructure, culture, education, and economic development. 

Nevertheless, the Governor (Wojewoda) is the representative of the central government, appointed by the Prime 

Minister. Their term lasts for five years, and they are responsible for ensuring the implementation of state policies, 

supervising public administration, coordinating responses to disasters, and representing the Council of Ministers 

at state events and foreign visits. They also oversee the actions of local governments and handle appeals against 

provincial judicial decisions. Their role is distinct from that of the Marshal of the Voivodeship, elected by the 

Regional Assembly and responsible for implementing regional decisions. 

The Regional Assembly serves as the legislative body of Lower Silesia, composed of elected representatives known 

as councillors (Radni). These councillors are directly elected by the residents of Lower Silesia and are responsible 

for enacting regional laws, approving the regional budget, and overseeing the actions of the Regional 

Government. The Regional Assembly convenes regularly to deliberate on matters affecting the region and to 

ensure transparency and accountability in governance. 

Lower Silesia's legal system operates within the broader framework of Polish law, with regional regulations and 

policies formulated by the Regional Assembly and enforced by the Regional Government. The region is divided 

into administrative units, each responsible for delivering public services and implementing regional policies in 

areas such as energy, transportation, and environmental protection  (Dolnyslask, 2024). 

Against the background of negative experiences with the transition of the economy of the Lower Silesia Coal Basin 

during the 1990s (see section above), the TSL specifically aims to provide a complementary mechanism to existing 

governance arrangements for including citizens' opinions in regional decision-making processes. Placing civil 

society at the heart of the co-creation process and involving all regional stakeholders from the quadruple helix 

(including universities, enterprises, local government representatives, NGOs, engaged citizens, and the public) 

aims at designing inclusive, accepted and economically feasible energy and transport solutions. 
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3.3.2 Assessing the transition needs of becoming climate neutral 

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 neutrality, GHG emissions are, by definition, one of the main 

indicators that need to be analysed. In this regard, the overall greenhouse gas emissions per capita in 

Lower Silesia are significantly above the EU average, and after a strong increase from 2020 onward, have 

come close to the national average of Poland (see Figure 32 and Figure 33). The main reason for this strong 

increase (in addition to the recovery from the COVID-19 pandemic) was the commissioning of a new 

power plant unit in 2020 at the Turow power plant (European Union, 2023) in the NUTS3 region 

Jeleniogórski (see Figure 35). Despite this strong increase in GHG emissions per capita in the last decade, 

we observe a significant decline in the CEI of Lower Silesia, indicating progress in decoupling economic 

growth from GHG emissions. This does not apply, of course, to all its NUTS 3 regions, especially to 

Jeleniogórski (see Figure 36). However, in this context, it must be highlighted that this data pertains to the 

production and not to the consumption of goods and services: The electricity and heat generated in the 

Turow power plant is consumed in other regions of Poland as well (European Union, 2023, pp. 2ς3), and 

thus, this data does not reflect the actual ecological footprint of the regions. 

 

 

 

Figure 32: GHG per capita in 2022 in Poland and 

Lower Silesia.  Source: own design based on data 

from EDGAR (CO2eq) and EUROSTAT (per capita). 
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Figure 33: Average CO2eq per capita (t) of the EU (NUTS 2 

regions), Poland and Lower Silesia.  Own compilation based 

on data from: EDGAR (CO2eq) and EUROSTAT (per capita). 

 
Figure 34: Development of the CEI (CO2eq [kg] / GDP pps 

[EUR]) in the EU (NUTS 2 regions), Poland and Lower Silesia.  

Own compilation based on data from: EDGAR (CO2eq) and 

EUROSTAT (GDP pps). 

 

Figure 35: Average CO2eq per capita (t) of the EU (NUTS 2 

regions), Poland, Lower Silesia and its NUTS3 regions.  Own 

compilation based on data from: EDGAR (CO2eq) and 

EUROSTAT (per capita). 

 

Figure 36: Development of the CEI (CO2eq [kg] / GDP pps 

[EUR]) in the EU (NUTS 2 regions), Poland, Lower Silesia and 

its NUTS3 regions.  Own compilation based on data from: 

EDGAR (CO2eq) and EUROSTAT (GDP pps). 79 

 

The sectors contributing the most to climate change in 2022 are energy and transport. According to data 

from EDGAR, we have observed in Lower Silesia over the last decade a shift towards a more carbon-

efficient economy in άbuildingέ and άindustryέ sectors. However, in other sectors, particularly 

άTransportέ, 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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Figure 37: CO2eq (kt) per sector in Lower Silesia.  Own compilation based on data from: EDGAR (CO2eq). 

 

[ƻǿŜǊ {ƛƭŜǎƛŀ άƛǎ ŀ ƘƛƎƘƭȅ ŘƛǾŜǊǎƛŦƛŜŘ ǊŜƎƛƻƴ ŎƻƴǎƛŘŜǊƛƴƎ ƛǘǎ ǎƻŎƛƻ-ŜŎƻƴƻƳƛŎ ŘŜǾŜƭƻǇƳŜƴǘ ƭŜǾŜƭέ ό.ǊŜȊŘŜƵ ϧ 

Sikorski, 2023, p. 21). With a GVA of 151.7 billion PLN in 2020 (ibid., p. 23; see Figure 38) and the largest 

share of employment ό{ǘŀǘƛǎǘƛŎŀƭ hŦŦƛŎŜ ƛƴ ²ǊƻŎƱŀǿΣ нлноύ80, the industrial sector in Lower Silesia is of 

crucial importance for the economy. 

A particularly άǎǘǊƻƴƎ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ƻŦ 

industrial activity was also maintained in the 

area of the voivodeship related to the presence 

ƻŦ ŎƻǇǇŜǊ ŘŜǇƻǎƛǘǎέ ό.ǊŜȊŘŜƵ ϧ {ƛƪƻǊǎƪƛΣ нлноΣ 

p. 23) ς the Legnica-DƱƻƎƽǿ /ƻǇǇŜǊ .Ŝƭǘ !ǊŜŀ 

(LGOM). 5ǳŜ ǘƻ ƛǘǎ άŦŀǾƻǊŀōƭŜ ƭƻŎŀǘƛƻƴ ƛƴ 

geographical and transport terms near the 

border with Germany and Czechiaέ όƛōƛŘΦύ, the 

industries in Lower Silesia, particularly LGOM, 

benefit from a high production value 

accompanied by equally high dynamics of 

growth, fostering a conducive environment for 

the development of innovative industry sectors. At the same time, the industrial sector is by far the biggest 

energy consumer that accounted for more than 30% of the regional energy demand (Instytut Rozwoju 

Terytorialnego, 2022b, p. 120). 95% of the regional GHG emissions were related to energy (generation of 

 

80 According to  the Uvcvkuvkecn"Qhhkeg"kp"YtqeÏcy"*4245."r0 51) in 2022, 24% (278,914) of the people wer employed in the 
industrial sector (236,426 of the m in manufacturing).   

 

Figure 38: Share of GVA per sector in Lower Silesia in 2020.  

 Own compilation based on data from EUROSTAT. 
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energy and its use) (ibid., p. 10). It is obvious that the goal of achieving climate neutrality in Lower Silesia 

until 2050 ς as specified in ǘƘŜ ά[ƻǿŜǊ {ƛƭŜǎƛŀ 9ƴŜǊƎȅ {ǘǊŀǘŜƎȅ ς requires a complete decarbonization of 

the ǊŜƎƛƻƴ ǘƘŀǘ ƛǎ άŎǳǊǊŜƴǘƭȅ ƭŜŀǎǘ ŀŘǾŀƴŎŜŘ ƛƴ ǘƘŜ ǘǊŀƴǎƛǘƛƻƴ ƻǳǘ ƻŦ Ŏƻŀƭέ (Christiaensen et al., 2022, p. 4). 

Currently, RE only accounts for 10.3% of total electricity production (see Figure 39).81 It is obvious that 

energy efficiency and the development of renewable energies have to be significantly increased to achieve 

άŀ w9{ ǎƘŀǊŜ ƻŦ тл҈ ƛƴ ǘƻǘŀƭ ŜƴŜǊƎȅ ǇǊƻŘǳŎǘƛƻƴ ŀƴŘ фт҈ ƛƴ ŜƭŜŎǘǊƛŎƛǘȅ ǇǊƻŘǳŎǘƛƻƴέ by 205082  (Instytut 

Rozwoju Terytorialnego, 2022b, p. 15).  

The war in Ukraine has significantly elevated 

the importance of transitioning the energy 

system in public discourse ό|ƭǳǎŀǊŎȊȅƪ Ŝǘ ŀƭΦΣ 

нлноΤ Àǳƪ ϧ ÀǳƪΣ нлннŀύ, leading to 

fundamental questioning of transition 

strategies. Concerns about energy security and 

affordable energy costs led to discussions 

about the άώŘϐŜƭŀȅ ƛƴ ǎƘǳǘǘƛƴƎ Řƻǿƴ Ŏƻŀƭ ŀƴŘ 

ƻǘƘŜǊ Ŧƻǎǎƛƭ ŦǳŜƭ ǇƻǿŜǊ Ǉƭŀƴǘǎέ όÀǳƪ ϧ ÀǳƪΣ 

2022a, p. 710) and about the introduction of 

nuclear power ό|ƭǳǎŀǊŎȊȅƪ Ŝǘ ŀƭΦΣ нлноύ. At the 

same time, there is recognition of the 

importance of renewable energy development, 

despite controversial discussions surrounding 

ƛǘǎ άŘƛǎǊǳǇǘƛǾŜέ ŜŦŦŜŎǘǎ ŀǎ ŀ ŦƭǳŎǘǳŀǘƛƴƎ ŜƴŜǊƎȅ 

source. Given the importance of the coal 

industries in the region, this fossil source is 

promoted ŀǎ ŀƴ ƻǇǘƛƻƴ ŦƻǊ ǎǘŀōƛƭƛȊƛƴƎ ǘƘŜ ŜƴŜǊƎȅ ǎȅǎǘŜƳΥ ά{ǳǊǇǊƛǎƛƴƎƭȅΣ ƎƛǾŜƴ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ Ŏƻŀƭ ŦƻǊ 

tƻƭŀƴŘΣ ŀ ōǊƻŀŘŜǊ ŘƛǎŎƻǳǊǎŜ ƻƴ ŎƻŀƭΩǎ ŦǳǘǳǊŜ ƛƴ tƻƭŀƴŘ ƛǎ ƭŀŎƪƛƴƎΦ /ƻƴǾŜǊǎŀǘƛƻƴǎ ŀǊŜ Ƴƻǎǘƭȅ ŎƻƴŦƛƴŜŘ ǘƻ 

niche issues, such as minerǎΩ ǿŜƭŦŀǊŜ ƻǊ ƳƛƴŜ ŦƛƴŀƴŎƛƴƎΣ ǿƛǘƘƻǳǘ ŘŜƭǾƛƴƎ ƛƴǘƻ ŎƻŀƭΩǎ ōǊƻŀŘŜǊ ǊƻƭŜ ƛƴ tƻƭŀƴŘΩǎ 

ŦǳǘǳǊŜέ ό2ŜǊƴƻŎƘ Ŝǘ ŀƭΦΣ нлнпΣ ǇΦ 5)Φ Lƴ ŀ ƴǳǘǎƘŜƭƭΣ ǘƘŜ άŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǘƘŜ tƻƭƛǎƘ ŜƴŜǊƎȅ ǎŜŎǘƻǊ ƛǎ ƘƛƴŘŜǊŜŘ 

ōȅ ŘƛǎǇǳǘŜǎ ŀƳƻƴƎ ƪŜȅ ǎǘŀƪŜƘƻƭŘŜǊǎέ (ibid.) and it remains unclear how civil society ς within their specific 

local context ς envisions the future for an affordable, secure and sustainable energy system (Longhurst & 

Chilvers, 2019). This is particularly important in Lower Silesia, which still has an important coal industry 

and the challenging experience it has faced during the phase-out of hard coal mining (Hajduga et al., 

2022). Therefore, one of the Pilot use cases specifically addresses this lack of clarity by testing methods 

of assessing and incorporating citizensΩ opinions in political decision-making (see description 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   

 
Figure 39: Share of RE in total electricity production in the Polish 

regions in 2022 

 (Lower Silesia: 10.3%).  

 Source (slightly edited): Central Statistical Office (2024).83 

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 region ς transport and 

mobility. This sector is not only related to large GHG emissions (see Figure 37), but it also contributes 

significantly to the poor air quality in Lower Silesia, which has severe effects on the life expectancy of 

citizens (see Figure 21).84 However, at the same time, the transport sector is vital for all economic activities 

and strongly related to the competitiveness and innovation capacity of a region (Ng et al., 2019; Palei, 

2015; Skorobogatova & Kuzmina-Merlino, 2017). As the data from EUROSTAT shows (Figure 20), Lower 

Silesia has a very high motorisation rate (number of vehicles per 1,000 inhabitants, by NUTS 2 regions) 

and, according to a comprehensive study by Rosik et al. (2017), deficits in the public bus (see Figure 40) 

and railway transport (see Figure 41). In the Development Strategy of the Lower Silesian Voivodeship, the 

άώǇϐƻƻǊ ǘǊŀƴǎǇƻǊǘ ƭƛƴƪǎ ƻŦ ǘƘŜ ǾƻƛǾƻŘŜǎƘƛǇ ŎŜƴǘǊŜ ǿƛǘƘ ǎƻƳŜ ǎǳō-ǊŜƎƛƻƴŀƭ ŎŜƴǘǊŜǎέ όaŀǊǎƘŀƭΩǎ hŦŦƛŎŜ ƻŦ 

Lower Silesia, 2013, p. 11) ŀƴŘ ǘƘŜ άώǳϐƴŜȄǇƭƻƛǘŜŘ ǇƻǘŜƴǘƛŀƭ ƻŦ ǊŀƛƭǿŀȅǎέΣ ŜǎǇŜŎƛŀƭƭȅ ǘƘŜ ŀŎŎŜǎǎƛōƛƭƛǘȅ ƻŦ ǘƘŜ 

mining areas (which currently is focussing mainly on freight transport) όƛōƛŘΦύ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ άƛƴǎǳŦŦƛŎƛŜƴǘ 

ǘǊŀƴǎǇƻǊǘ ŀǾŀƛƭŀōƛƭƛǘȅ όƛƴŎƭǳŘƛƴƎ ŎƻƴƴŜŎǘƛƻƴǎ ǿƛǘƘ ƻǘƘŜǊ ŎƛǘƛŜǎ ŀƴŘ ǊŜƎƛƻƴǎ Ǿƛŀ ǇǳōƭƛŎ ǘǊŀƴǎǇƻǊǘέ όaŀǊǎƘŀƭΩǎ 

Office of Lower Silesia, 2023, p. 35) have been clearly identified as crucial tasks for achieving the policy 

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

 
Figure 40 !ŎŎŜǎǎƛōƛƭƛǘȅ ōȅ ōǳǎ ǘǊŀƴǎǇƻǊǘ όōǳǎ ǾŀǊƛŀƴǘύ ҍ ǎƘƻǊǘ 

ǘǊƛǇǎ όʲ Ґ лΣлоптύΦ  Source: Rosik et al. (2017, p. 215) 

 
Figure 41Υ !ŎŎŜǎǎƛōƛƭƛǘȅ ōȅ Ǌŀƛƭǿŀȅ ǘǊŀƴǎǇƻǊǘΦ {ƘƻǊǘ ǘǊƛǇǎ όʲ Ґ 

0,0347).  Source: Rosik et al. (2017, p. 220) 

 

However, a transition from individual car traffic to more sustainable public transport requires high 

investments in the infrastructure to make it accessible, convenient, more ecological as well as affordable 

όYƱƻǎ-Adamkiewicz et al., 2023; Lewandowski, 2019; Smolarski et al., 2019). In this regard, a study about 

the bus and train connections between towns in Lower Silesia shows that a άώƘϐigh quality rail transport 

generally increases the demand for transport services [and ŀϐ ώΧϐ proper development of transport offer 

plays a key role in the functioning of public transport systems, the backbone of which is rail transportέ 

(Smolarski et al., 2019, p. 31). ¢ƘŜ ǎǘǳŘȅ ŀƭǎƻ ǎƘƻǿǎ ǘƘŀǘ άunder conditions of transport market 

 

84 According to Development Strategy of Lower Silesian Voivodeship 2030 of the OctujcnҲu"Qhhkeg"qh"Nqygt"Ukngukc"
(2023, p. 12)."ҵ]v_jgkt"ockp"uqwteg"ku"gokuukqpu"htqo"kpfkxkfwcn"jgcvkpi"qh"dwknfkpiu"cpf"htqo"hceknkvkgu"kp"vjg"owpkekrcn"
cpf"fqoguvke"ugevqt."htqo"tqcf"vtcpurqtv"cpf"kpfwuvtkcn"ctgcuҶ0"*Rngcug"pqvg"vjcv"vjg"Development Strategy of Lower 
Silesian Voivodeship 2030 is in Polish [Uvtcvgikc"Tq|yqlw"Yqlgy︡f|vyc"Fqnpq n umkgiq"4252] and was machine 
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 

exclusionέ (ibid.).85 This highlights the importance άof a supra-local, integrated public transport policy 

ǘŀƪƛƴƎ ǘǊŀƴǎǇƻǊǘ ŜȄŎƭǳǎƛƻƴ ƛƴǘƻ ŀŎŎƻǳƴǘέ (Smolarski et al., 2019, p. 38). TƘŜǊŜŦƻǊŜΣ άǘǊŀƴǎǇƻǊǘ ǇƻƭƛŎȅ ǎƘƻǳƭŘ 

ƘŀǾŜ ƛǘǎ ƻǊƛƎƛƴǎ ƛƴ ǘƘŜ ǇƻƭƛŎȅ ƻŦ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘ όƛƴŎƭǳŘƛƴƎ ŜƴŜǊƎȅύέ όYƱƻǎ-Adamkiewicz et al., 

2023, p. 20): accessibility, affordability and the convenience of transport as well as an (ecologically) 

sustainable energy system should be placed in the centre of the planning. Before describing the related 

Pilot use case in Chapter 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. 

3.3.3 Assessing the transition potentials from a socio-economic and ecological perspective 

As mentioned in Chapter 2.1, regional transition needs and potentials are closely interlinked, and both 

evolve within the context of the three sustainability dimensions. Assessing the transition potentials of a 

region for becoming climate neutral, therefore, requires considering social, economic and ecological/ 

environmental aspects. In this chapter, we will conduct this analysis focussing on the evaluation of 

different composite indices and selected indicators (see Figure 1).86 The results will then be summarised 

in the form of a regional SWOT analysis. 

Regarding the potential for transition, the economic performance, especially the competitiveness and 

innovation capacity are considered to be of crucial importance. The competitiveness of Lower Silesia is 

comparatively high in the national context (fifth place), but below the EU average. In the overall 

comparison, Lower Silesia only ranks 147th out of the 234 analysed regions in the RCI. Regarding 

innovation capacity, Lower Silesia even scores worse and is well below the EU average (see Table 21). 

These low scores of the RCI and RIS strongly reflect the macroeconomic indicators of Lower Silesia (e.g., 

GDP per capita and disposable income), as well as the low labour productivity (see Table 22).87 In addition, 

the innovation capacity of Lower Silesia is characterised by comparatively low innovation expenditures 

per person employed in innovative SMEs88, R&D expenditures in the business sector89 as well as numbers 

 

85 The study by  Smolarski et al. (2019, p. 38) ҵindicates 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 reduce its competitiveness, which 
may adversely affect the pace of its social and economic development.  ]ҿ_"This requires the creation and 
implementation of a supra -local, integrated public transport policy taking transport exclusion into account. Ҷ 
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 other90. These deficits are clearly reflected in the low number of 

international patent applications91 (see Table 23). 

 

Figure 42Υ D5t όǇǇǎύ ǇŜǊ ŎŀǇƛǘŀ όƛƴ ϵύ ƻŦ ǘƘŜ 9¦ όb¦¢{ н 

regions), Poland and Lower Silesia.  Own compilation based 

on data from EUROSTAT. 

 

Figure 43: Unemployment rates (people aged 15 to 74 

years)92 for the EU, Poland and Lower Silesia.  Own 

compilation based on data from EUROSTAT. 

 

However, this current state can be misleading as it does not reflect the significant economic 

ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ ǘƘŜ ǊŜƎƛƻƴ Ƙŀǎ ǳƴŘŜǊƎƻƴŜ ƛƴ ǘƘŜ Ǉŀǎǘ нл ȅŜŀǊǎΣ ƭŜŀŘƛƴƎ ǘƻ άŜŎƻƴƻƳƛŎ ƎǊƻǿǘƘ ŀƴŘ 

ŘƛǾŜǊǎƛŦƛŎŀǘƛƻƴ ƻŦ ƛƴŘǳǎǘǊƛŜǎέ (Guznajeva et al., 2023, p. 3).  This is not only clearly reflected in the low 

unemployment rates of Lower Silesia (see Figure 43) and the increasingly high diversification grade of the 

labour market, but also the high share of tertiary education (see Figure 44) that significantly increased in 

the last decade (Guznajeva et al., 2023, p. 5).93 

  

 

90 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 (EU-LFS). 
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, p. 38) Lower Silesia is only surpassed by the Warsaw region: ҵ78'"qh"vjg"
population in the Warsaw region completed tertiary education compared to 34% in Lower Silesia, the second best-
rgthqtokpi"Rqnkuj"tgikqp0Ҷ 
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In addition, innovation policies fostered 

άώǘϐƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǎǇŜŎƛŀƭ ƛƴŘǳǎǘǊƛŀƭ 

zones ώΧϐ in less developed areas of the 

region [which] allowed to reduce inequalities 

between more and less developed areas of 

the region, and stimulated innovation and 

ŜŎƻƴƻƳƛŎ ŘŜǾŜƭƻǇƳŜƴǘ ƛƴ ǘƘŜƳέ (Guznajeva 

et al., 2023, p. 5). These emerging innovation 

clusters, for example companies focussing on 

innovative PV technologies in Lower Silesia, 

are considered to have a high potential for 

stimulating regional economic growth and 

innovation capacity (Drelich-Skulska & 

Jankowiak, 2019; Peszat & Szlachta, 2017).94  

 

Figure 45: GDP (pps) per ŎŀǇƛǘŀ όƛƴ ϵύ ƻŦ ǘƘŜ 9¦ όb¦¢{ н ǊŜƎƛƻƴǎύΣ όb¦¢{ н ǊŜƎƛƻƴǎύΣ tƻƭŀƴŘΣ [ƻǿŜǊ {ƛƭŜǎƛŀ ŀƴŘ ƛǘǎ b¦¢{о 

regions.  Own compilation based on data from EUROSTAT. 

 

 

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.  

 
Figure 44: Comparison of education levels in the EU, Poland and 

Lower Silesia 

 (percentage of people from 25 to 64 years). 

 

Own compilation based on data from EUROSTAT. 
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Nevertheless, from a socio-economic perspective, we can still observe very high disparities within the 

region that have a direct impact on the transition potentialsΦ 5ǳŜ ǘƻ άƭƻƴƎ-term mono-branching and ties 

with traditional sectors characterised by capital intensity, huge involvement of natural resources, low 

ŜŦŦƛŎƛŜƴŎȅ ŀƴŘ ƴŜƎŀǘƛǾŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŜŦŦŜŎǘǎέ (Rynio & Zakrzewska-tƽƱǘƻǊŀƪΣ нлннΣ ǇΦ 19), especially 

post-mining coal areas, such as ǘƘŜ ²ŀƱōǊȊȅŎƘ ǎǳō-ǊŜƎƛƻƴΣ ǎǘƛƭƭ ŦŀŎŜ άŀŎǳǘŜ ǇǊƻōƭŜƳǎ ƻŦ ŘŜǇƻǇǳƭŀǘƛƻƴ ŀƴŘ 

high levels of social exclusion. Compared to 2019, forecasts suggest that [an] additional 50,000 people will 

leave the subregion by 2030. Although not as high as in the first years after mining activities ended in the 

[ƻǿŜǊ {ƛƭŜǎƛŀƴ /ƻŀƭ .ŀǎƛƴΣ ǘƘŜ ǳƴŜƳǇƭƻȅƳŜƴǘ ǊŀǘŜ ƛƴ ǘƘŜ ²ŀƱōǊȊȅŎƘ ǎǳō-region is still the highest in Lower 

{ƛƭŜǎƛŀέ (European Union, 2023, p. 2) and the GDP per capita is compared to the City of Wroclaw extremely 

low (see Figure 45). These huge disparities ŀƭǎƻ ŀǇǇƭȅ ǘƻ ǘƘŜ ά!ǘ-risk-of-Poverty-wŀǘŜέΣ ǿƘƛŎƘ ƛǎ ƛƴ 

comparison to the Polish average significant lower (EUROSTAT), however, with huge intra-regional 

disparities (European Union, 2023, p. 2). These economic disparities must be kept in mind when assessing 

the transition potential from a social and political perspective. In this regard, the European Social 

Progress index provides a useful basis for a detailed assessment. In comparison to other EU regions, Lower 

Silesia scores ς with the exception of advanced education95 and personal security96 ς below average. The 

ǾŜǊȅ ƭƻǿ ǎŎƻǊŜ ƛƴ άhealth and wŜƭƭƴŜǎǎέ ς  with the important sub-indicators life expectancy, self-perceived 

health status, cancer death rate, and heart disease death rate ς is particularly troubling, as it is not only a 

very important indicator for the quality of life, but also for social cohesion (Fonseca et al., 2019). These 

socio-economic circumstances can be considered as a significant constraint on the transition potential, as 

they directly influence the attitudes of the citizens in the region to the decarbonisation process. ά¢he 

implementation of energy transition may have a great impact on the current assessment of transition 

goals as well as ώŎƛǘƛȊŜƴǎΩϐ perception[s] ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜέ όÀǳƪΣ нлноΣ ǇΦ 1). 

In this regard, a survey from the European Investment Bank in 2023/24 shows97 ǘƘŀǘ άŜŎƻƴƻƳƛŎ ŀƴŘ 

ŦƛƴŀƴŎƛŀƭϦ ŀǎǇŜŎǘǎ όтт҈ύΣ ŜǎǇŜŎƛŀƭƭȅ άƛƴŎǊŜŀǎŜŘ Ŏƻǎǘ ƻŦ ƭƛǾƛƴƎέ όср҈ύΣ ŀǊŜ ǇŜǊŎŜƛǾŜŘ ōȅ ŎƛǘƛȊŜƴǎ όƴҐттύ ƻŦ 

[ƻǿŜǊ {ƛƭŜǎƛŀ ŀǎ ōƛƎƎŜǊ ŎƘŀƭƭŜƴƎŜǎ ǘƘŀƴ άŎƭƛƳŀǘŜ ŎƘŀƴƎŜέ όну҈ύ ό9L. нлнпύΦ98 This is also clearly reflected 

ƛƴ ǘƘŜ ŘƻƳƛƴŀƴǘ ƻǇƛƴƛƻƴ όсп҈ύ ǘƘŀǘ ǘƘŜ άƎƻǾŜǊƴƳŜƴǘ ǎƘƻǳƭŘ ŀŘŘǊŜǎǎ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ without affecting the 

ǇŜǊǎƻƴŀƭ ōǳŘƎŜǘέ99Σ ŀƴŘ ǘƘŀǘ άǘƘŜ ǘǊŀƴǎƛǘƛƻƴ ǘƻ ŀ ƭƻǿ ŎŀǊōƻƴ ŜŎƻƴƻƳȅ Ŏŀƴ ƻƴƭȅ ƘŀǇǇŜƴ ƛŦ ƛƴŜǉǳŀƭƛǘƛŜǎ ŀǊŜ 

ŀŘŘǊŜǎǎŜŘ ŀǘ ǘƘŜ ǎŀƳŜ ǘƛƳŜέ όрф҈ύΦ100 Regarding the employment opportunities due to this transition, 

 

95 Tertiary education attainment; Tertiary enrolment; Lifelong learning; Female lifelong education and learning 
96 Crime; Safety at night; Money stolen; Assaulted/Mugged 
97 Swguvkqp<"ҵWhat are the three biggest challenges that people in your country are currently facing?ҶUqwteg<"GKD"*4246+<"
https://www.eib.org/attachments/survey/eib -climate -survey-2023-2024-dataset-all-countries-cop28.xlsx (Excel 
sheet: Poland). The references are listed in the Cjcrvgt"ҵFcvc"uqwteguҶ0 
98 The results of these surveys additionally show the shift in perceived challenges. In an earlier survey from the EIB 
*4242+."ҵeconomic and financial" aspects ( 52%) cpf"ҵenkocvg"ejcpigҶ"*73'+"have been perceived by citizens (n=153) 
of Lower Silesia nearly as equal challenges. However, ҵaccess to healthcare and health servicesҶ (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 
Cjcrvgt"ҵFcvc"uqwteguҶ. 
99 Qwguvkqp<"ҵYqwnf"{qw"uc{"vjcvҿ ]ҿ_"Your government should address climate change without affecting your personal 
budgetҶ0"Uqwteg"GKD"*4246+0 
100 Qwguvkqp<"ҵYqwnf"{qw"uc{"vjcvҿ ]ҿ_"The transition to a low carbon economy can only happen if inequalities are 
addressed at the same time. Source EIB (2024). 

https://www.eib.org/attachments/survey/eib-climate-survey-2023-2024-dataset-all-countries-cop28.xlsx
https://www.eib.org/attachments/survey/climate-survey-citizens-perception-climate-change-impact-all-data-en.xlsx
https://www.eib.org/attachments/survey/climate-survey-citizens-perception-climate-change-impact-all-data-en.xlsx
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ƻƴƭȅ ŀ ǎƭƛƎƘǘ ƳŀƧƻǊƛǘȅ όрр҈ύ ŜȄǇŜŎǘǎΣ ǘƘŀǘ ǘƘŜ άŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ƳŜŀǎǳǊŜǎ ǿƛƭƭ ŎǊŜŀǘŜ ƳƻǊŜ Ƨƻōǎ ǘƘŀƴ ǘƘŜȅ 

ǿƛƭƭ ŘŜǎǘǊƻȅ ŜȄƛǎǘƛƴƎ ƻƴŜǎέ ό9L. нлнпύΦ !Ǝŀƛƴǎǘ ǘƘŜ ōŀŎƪƎǊƻǳƴŘ ƻŦ ƴŜƎŀǘƛǾŜ ŜȄǇŜǊƛŜƴŎŜǎ ǿƛǘƘ ǘƘŜ ǇƘŀǎŜ-out 

of (hard) coal mining Lower Silesia (Hajduga et al., 2022), the regional authorities are therefore challenged 

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

vǳŀƭƛǘȅ ƻŦ DƻǾŜǊƴƳŜƴǘ LƴŘŜȄέ ƛƴŘƛŎŀǘŜǎ ŘŜŦƛŎƛǘǎ ƛƴ [ƻǿŜǊ {ƛƭŜǎƛŀΣ ŀǎ ŀ ŎƻƳǇŀǊŀǘƛǾŜƭȅ ƭŀǊƎŜ ǎƘŀǊe of citizens 

have a limited trust in political institutions: regarding the assessment by the citizen´s of Lower Silesia 

ŀōƻǳǘ ǘƘŜ ǉǳŀƭƛǘȅέ101, impartiality102 as well as the corruption in the provision of public services103,  the 

region scores in comparison to other analysed regions comparatively low (Charron et al., 2022). These 

limitations regarding the socio-economic and political dimension of sustainability are of crucial 

importance for the overall transition potential of the region.  

In the context of developing clean energy (industries) and a sustainable transport sector in the region, the 

above-mentioned environmental dimension of sustainability is of great importance: Together with the 

economic and socio-political 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 economically 

feasible (sustainable) usability of natural resources as well as the current state of ecological processes for 

different sectors, such as agriculture, fishing, forestry, mining, water and waste management, as well as 

tourism. Therefore, the focus will be on the ǊŜƎƛƻƴΩǎ potential for the development of renewable energy, 

which is a key topic for phasing out of coal-related activities (Christiaensen et al., 2022), developing a 

άƎǊŜŜƴ ƘȅŘǊƻƎŜƴ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜέ ŀƴŘ ǘǊŀƴǎŦƻǊƳƛƴƎ ŜƴŜǊƎȅ-related activities in the industrial and transport 

sector. This is a prerequisite for achieving climate neutrality and increasing the poor air quality in Lower 

Silesia όaŀǊǎƘŀƭΩǎ hŦŦƛŎŜ ƻŦ [ƻǿŜǊ {ƛƭŜǎƛŀΣ нлноύ.104 

Lƴ ǘƘƛǎ ǊŜƎŀǊŘΣ ǎǘǳŘƛŜǎ ǎƘƻǿ ǘƘŀǘ ƛƴ [ƻǿŜǊ {ƛƭŜǎƛŀΣ ά[p]hotovoltaics and wind generation are currently 

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 energy securityέ (Jurasz et al., 2018). In combination with energy storage infrastructure, RE in Lower 

 

101 Questions from the questionnaire: How would you rate the quality of  ]htqo"xgt{"rqqt"vq"gzegnngpv_"ҿ" 1) ... public 
education in your area? 4+"ҿvjg"rwdnke"jgcnvj"ectg"u{uvgo"kp"{qwt"ctgcA"5+"ҿthe police force in your area? (Charron et 
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 ]htqo"citgg"vq"fkucitgg_"ҿ"C+"ҿin the public education system in my area0"D+"ҿvjg"
rwdnke"jgcnvj"ectg"u{uvgo"kp"o{"ctgc0"E+"ҿby the police force in my area. 4) In the area where I 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 prevalent in ]htqo"uvtqpin{"fkucitgg"vq"uvtqpin{"citgg_"ҿ"
1) o{"ctgcҲu"nqecn"rwdnke"uejqqn"u{uvgo0 4+"ҿin the public health care system in my area0"5+"ҿin the 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"vq"igv"ceeguu"vq"urgekcn"wphckt"rtkxkngigu"cpf"ygcnvj0"]ҿ_""*Charron et al., 2022, pp. 13-14). For 
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 ҵhas 
remained purely in the planning stageҶ"*kdkf0."r0"3:6; cp. Bohdanowicz et al., 2023), and the development of nuclear 
power rncpvu"*gxgp"vjg"cfxgtvkugf"ҷuocnn"pwengct"tgcevqtuҵ+"yould most likely take decades to build, these kind of 
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 comparatively high potential for PV (see Figure 46) and for wind power105 for a reliable and 

economically feasible generation of electricity (ibid.).  

 

Figure 46: 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 Terytorialnego  (2022b, p. 26). 

 

Figure 47: Development areas for wind energy in the Lower 

Silesian Voivodeship  based on the Spatial Conditions for 

the Development of Wind Energy in the Lower Silesian 

Voivodeship in relation to the 10H principle.   

Source: Instytut Rozwoju Terytorialnego (2022a, p. 152) 

 

However, especially wind power faces strong restrictions in Lower Silesia (Instytut Rozwoju 

Terytorialnego, 2022a)106 which significantly reduces its actual usable potential (see Figure 47). This 

indicates that this ŜƴǾƛǊƻƴƳŜƴǘŀƭ όάǘŜŎƘƴƛŎŀƭέύ potential has to be regarded from a socio-economic 

perspectiveΦ Lƴ ǘƘƛǎ ŎƻƴǘŜȄǘΣ ŀ ǎǘǳŘȅ ŀōƻǳǘ ƘƻǳǎŜƘƻƭŘǎΩ ŀǘǘƛǘǳŘŜǎ ǘƻǿŀǊŘǎ w9 ƛƴ [ƻǿŜǊ {ƛƭŜǎƛŀƴ ǎƘƻǿǎ ǘƘŀǘ 

economic factors are pivotal in this development. Many studies show that this applies not only to the 

affordability of energy costs, but also to the economic and the political participation in the development 

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

Devine-Wright, 2008). Community-led sustainable energy initiatives are, therefore, regarded as a very 

promising approach for increasing the acceptance of citizens and in this way fostering a truly sustainable 

energy transition. However, including citizens in the political decision-making process is a challenge if it 

has the ambition to be truly inclusive and just (ibid.). This challenge will be addressed by one of the Pilot 

 

105 For GIS-based 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) engctn{"rqkpvu"qwv."vjcv"ҵ]v_jg"fgxgnqrogpv"qh"ykpf"
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"htqo"vjg"pcvwtcn"rqkpv"qh"xkgy"*g0i0"pcvkqpcn"qt"ncpfuecrg"rctmu."tgugtxgu+0Ҷ"]Please note, that the study is in 
Polish and was machine translated by Google.] 
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use cases in Lower Silesia that will be briefly described in Chapter 3.3.5 after the following summary of 

the Lower Silesian transition needs and potentials in form of a regional SWOT 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.  

Table 12: Regional SWOT analysis as a summary of the transition needs and potentials  of becoming climate neutral in 

context of the TSL approach.  Source: own compilation.107 

Strength 

(helpful internal factors) 

Weaknesses 

(harmful internal factors) 

¶ Highly skilled workers  

¶ Low unemployment 

¶ High GDP (per capita) in national comparison 

¶ Strong development towards a diversified 

economy in the last two decades 

¶ Strong industrial base (beginning to develop 

and implement green technologies and 

sustainable practices)  

¶ Strong copper industries and copper resources 

(as a crucial resource for electric mobility). 

¶ Innovation policies should prioritize the 

development of special industrial zones 

(focussing on innovative technologies such as 

photovoltaics (PV) and hydrogen) 

¶ High potential for RE (PV) 

¶ Economic dependence on traditional 

industries with strong veto-players (e.g., 

copper mining and refining) 

¶ Particular strong fossil-based energy sector 

(veto-player) 

¶ Comparatively low trust in institutions (EQI) 

¶ Strong intra-regional socio-economic 

disparities 

¶ Dependence on road transport (lack of rail 

freight transport infrastructure); poorly 

connected rural areas (limited public transport 

system) 

¶ Negative experience of coal phase-out 

impeding trust in (institutions and) transition 

processes 

¶ Comparatively low innovation capacity 

¶ Restrictions regarding on shore wind energy 

 

Opportunities 

(helpful external factors) 

Threats (external) 

(harmful external factors) 

¶ EU funding for innovative actions (hydrogen 

solutions, circular economy, sustainable 

mobility) 

¶ LƴŎǊŜŀǎŜŘ ŘŜƳŀƴŘ ŦƻǊ άǎǳǎǘŀƛƴŀōƭŜέ ŎƻǇǇŜǊ 

(due to increased electric mobility) 

¶ Cross-country support for the phase-out of 

lignite-related mining and energy activities 

¶ National energy strategy focussing on 

reduction of energy imports / increasing 

energy security (since the war in Ukraine) 

¶ Comparatively high vulnerability to climate 

change impacts 

¶ Uncertain national energy policies (e.g., RE 

versus nuclear energy) 

¶ Global economic fluctuations (export-oriented 

copper industries) 

 

 

107 This regional SWOT analysis is based on a comprehensive document analysis and two workshops conducted in the 
realm of WP2 and WP3. 
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3.3.4 TSL vision and Pilot use cases  

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 project partners (WP2, WP3, WP4, WP5) and has been 

the guiding aspect in developing a vision for the TSL, coalition building (Deliverable 3.1), and identifying 

the most important Pilot use cases (Deliverable 3.2). A summary of the vision and Pilot use cases is 

included in Table 13.  

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 plans" (Deliverable 3.3) for the specific Pilot use 

cases. The discussion about additional feasible Pilot use cases and strategies for long-term 

implementation is based on this cooperation and will be included in Chapter 3 and Deliverable 3.3. 

Table 13: Lower Silesia: The vision and Pilot use cases at a glance.  Source: summary of the descriptions included in 

Deliverables 3.1 and 3.2.  

The vision: 

LGOM and Lower Silesia aim for carbon neutrality by 2050, with strategies at various levels. Lower Silesia's energy strategy 
focuses on local emission reduction, complementing KGHM's (the copper mining company, one of the biggest in the world, 
that operates in LGOM) plan for emission cuts by 2030. The TSL envisions zero-emission transport in LGOM, emphasizing 
infrastructure, renewable energy, and community support. To address regional challenges, stakeholder collaboration and 
harmonization are essential. The Lower Silesia TSL prioritizes energy and transport improvements, given the region's high 
energy demand. Electrification is key, with the majority of Lower Silesian Railway vehicles already electric or hybrid. Addressing 
transport exclusion in smaller municipalities is crucial, enabling low- or zero-emission solutions. These efforts shape the vision 
for emission-free transport in the Copper Valley mining region, emphasizing the interdependence of energy and transport 
sectors. 

The Pilot use cases: 

Pilot use case 1: Convenient 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 sustainable 
transport solutions in the Copper Valley region. Inspired by the new rail link in the LGOM area, the focus is on developing 
public transport alternatives to private cars. The aim is to reduce carbon emissions and alleviate transport exclusion, 
particularly for the region's mining industry workforce. Proposed solutions include optimized bus-rail connections tailored to 
community needs, aiming to shift commuter habits towards greener options. Through stakeholder collaboration and 
community input, the TSL plans to analyse and implement the most effective transport solutions. The long-term vision involves 
systemic changes in daily transportation, with electrified trains and carbon-conscious buses playing key roles. Solutions 
developed in Lower Silesia could serve as models for other regions, contributing to broader environmental sustainability goals 
across Poland and Europe. 

Pilot use case 2: Develop a framework for integrating public participation methods in energy-related decision-making 

Pilot use case 2 focuses on integrating public participation methods in energy-related decision-making, particularly in the 
LGOM region. Originally planned to address energy transition, the outbreak of the war in Ukraine and subsequent energy crisis 
reshaped its scope. The use of Discrete Choice Experiment (DCE), a novel approach in the TSL context, aims to gauge public 
preferences and enhance citizen involvement in decision-making processes. The success of this method could set a precedent 
for broader application across European regions and other TSLs. Interviews with key stakeholders highlighted the significant 
impact of the energy crisis on opinions and the need to consider civil society preferences. Stakeholders include local 
government representatives, transportation officials, energy experts, and KGHM executives. The project includes 
comprehensive survey development, data analysis and evaluation to assess the survey's impact on political and economic 
decisions. 
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3.4 Ruhr Area 

As described above, the case study will begin by providing a brief overview of the region (3.4.1) to 

άώŘϐŜŦƛƴŜ ǘƘŜ ōƻǳƴŘŀǊƛŜǎ ƻŦ ǘƘŜ ǎȅǎǘŜƳ ƛƴ ǘŜǊƳǎ ƻŦ ƎŜƻƎǊŀǇƘȅέ (Geus et al., 2022). Based on this, the 

transition needs to achieve climate neutrality will be assessed, focusing on the most significant economic 

sectors contributing to climate change (3.4.2). From this perspective, the socio-economic and ecological 

transition potentials of the region will be analysed and summarised in form of a regional SWOT analysis 

(3.4.3). Finally, the developed TSL vision and Pilot use cases (3.4.4), which were guided by the identified 

regional transition needs and potentials, will be briefly portrayed. The results of this chapter will be 

incorporated in Chapter 3.6 in an overall discussion about strategies for the long-term implementation 

of TSLs. 

3.4.1 Overview of the TSL region 

The Ruhr Area is a region in the state of North Rhine-Westphalia (NRW) named after the river Ruhr which 

runs along the southern part of the region (see Figure 48 and Figure 49). In 2022, nearly 5.1 million people 

lived in an area of 4,438 km2, making it one of the largest urban agglomerations in the EU. 

²ƛǘƘ ŀ D5t ǇŜǊ ŎŀǇƛǘŀ ƻŦ ŀǇǇǊƻȄƛƳŀǘŜƭȅ ϵонΣтлл ƛƴ нлнм ό9¦wh{¢!¢ύΣ ƛǘ ƛǎ ǿŜƭƭ ōŜƭƻǿ ǘƘŜ ǎǘŀǘŜ ŀƴŘ 

national average, though very high disparities exist within the region. In addition, unemployment rates 

are also significantly higher on average than in NRW oǊ DŜǊƳŀƴȅ ƛƴ ƎŜƴŜǊŀƭ όǎŜŜ ǎŜŎǘƛƻƴ ŀōƻǳǘ ά¢Ǌŀƴǎƛǘƛƻƴ 

ǇƻǘŜƴǘƛŀƭǎέ ōŜƭƻǿύΦ 

 
Figure 48: Location of the Ruhr 

Area within Germany.   

Source: Wikipedia108 

 
Figure 49: The Ruhr Area as part of the three administrative districts  Arnsberg, 

Düsseldorf and Münster.  Source: Wikipedia109 

 

 

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 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/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
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Unlike the other three TSLs, the Ruhr Area is not a political-administrative unit with a capital and a regional 

government (see Table 14 for a brief overview of the political system and related challenges in the sections 

below). The Ruhr Area is part of the three administrative districts (Regierungsbezirke) Arnsberg, 

Düsseldorf and Münster110 ŀƴŘ ƛǎ ƻǊƎŀƴƛǎŜŘ ƛƴ ǘƘŜ άwǳƘǊ wŜƎƛƻƴŀƭ !ǎǎƻŎƛŀǘƛƻƴέ όRegionalverband Ruhr, 

RVR). The RVR consists of 11 independent cities (Kreisfreie Städte) and four districts (Kreise). 

¢ƘŜ wǳƘǊ !ǊŜŀ ǿŀǎ ŘŜǎŎǊƛōŜŘ ŦƻǊ Ƴŀƴȅ ŘŜŎŀŘŜǎ ŀǎ ǘƘŜ άƛƴŘǳǎǘǊƛŀƭ ƘŜŀǊǘƭŀƴŘέ ƻŦ DŜǊƳŀƴȅΥ /ƻŀƭ ƳƛƴƛƴƎ 

activities and fossil energy generation characterized the region and led to the settlement of energy-

intensive industries such as iron and steel as well as chemical industries. Despite massive government 

subsidies, coal mining was not competitive anymore, leading to a complete phase-out of hard coal mining 

ƛƴ нлмуΦ !ǎ άƴƻ ƻǘƘŜǊ ǊŜƎƛƻƴ ƛƴ DŜǊƳŀƴȅ ŀƴŘ ²ŜǎǘŜǊƴ 9ǳǊƻǇŜ ǿŀǎ ŀǎ ǎǘǊƻƴƎƭȅ ƛƴŦƭǳŜƴŎŜŘ ōȅ Ŏƻŀƭ ƳƛƴƛƴƎ 

and by the coal and steel industry as the Ruhr Areaέ (Reitzenstein et al., 2021, p. 33), this significant 

transition affected not only its socio-ŜŎƻƴƻƳƛŎ ǎǘǊǳŎǘǳǊŜ ōǳǘ ŀƭǎƻ ƛǘǎ ϦǊŜƎƛƻƴŀƭ ƛŘŜƴǘƛǘȅέ ό5ǳŘŇǳ Ŝǘ ŀƭΦΣ нлмфΣ 

p. 25). 9ǾŜƴ ǘƘƻǳƎƘ ǘƘŜ ǊŜƎƛƻƴ Ƙŀǎ ƳŀŘŜ ǎƛƎƴƛŦƛŎŀƴǘ ǎǘŜǇǎ ǘƻ ǘǊŀƴǎŦƻǊƳ άƛƴǘƻ ŀ ƪƴƻǿƭŜŘƎŜ-based economy 

ǿƛǘƘ ŀ ŘȅƴŀƳƛŎ ǎŜǊǾƛŎŜ ǎŜŎǘƻǊέ111 (Arora & Schroeder, 2022, p. 1), industry and manufacturing, especially 

the energy and GHG emission-intensive chemical and steel industry, still play a significant role in the 

regional economy.112 Against the background of a tense labour market ς and the perception of still being 

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

This is clearly reflected in the ambitious vision for the region ƻŦ άōŜŎƻƳƛƴƎ ǘƘŜ ƎǊŜŜƴŜǎǘ ƛƴŘǳǎǘǊƛŀƭ ǊŜƎƛƻƴ 

ƛƴ ǘƘŜ ǿƻǊƭŘέ (Regionalverband Ruhr, 2022b, p. 5). The implementation of hydrogen solutions is regarded 

as a cornerstone for maintaining the energy-intensive industries while simultaneously becoming climate 

neutral until 2045 (Regionalverband Ruhr, 2022b). However, 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 neutral steel production), 

the availability of (affordable) green hydrogen is far from being secure (Cerniauskas et al., 2021; 

Wuppertal 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 neutral, and to what extent it matches its 

transition needs and potentials.  

  

 

110 Which are also NUTS 2 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 Röhl (2019) the share of GVA from the industrial sector is below the state (NRW) and national average (see section 
below). 
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Table 14: Brief overview of the political system of the Ruhr Area.  Source: 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 TSL is not 

implemented in a political void and, therefore, has to be designed to be complementary to existing political and 

administrative structures (see Chapter 3.6). This brief overview of the political system of the region is only 

intended to portray some of the main political structures of the region. The specific political decision-making and 

participation processes need to be carefully analysed in detail for different topics and Pilot use cases (see 

Deliverable 3.3 for the specific contexts of the Pilot use cases). 

The Ruhr Area does not have its own distinct political entity, as it falls under the jurisdiction of various 

administrative bodies at different levels of government. On the state level, the Ruhr Area is governed by the state 

of North Rhine-Westphalia (Nordrhein-Westfalen), which is one of the 16 federal states of Germany. The state 

government, led by the Ministerpräsident and the State Parliament (Landtag), are responsible for overseeing 

state policies, legislation, and administration. Furthermore, within the State Parliament, there are various 

committees and working groups overseeing other areas such as Labour, Health, and Social Affairs (European 

Committee of the Regions, 2024b). 

Despite encompassing parts of three counties within NRW ς Düsseldorf, Arnsberg, and Münster ς, the Ruhr Area 

lacks an independent regional government. Rather, its affairs are managed within the larger governance 

framework of North Rhine-Westphalia (state and counties), and there are few state-level institutions specifically 

designated for the area beyond the local government level (van de Loo & Hanske, 2023). 

The Ruhr Regional Association (Regionalverband Ruhr, RVR) fulfils the role of the overarching administrative entity 

tasked with coordinating interests within the Ruhr Area. It encompasses statutory bodies, namely the 

Verbandsversammlung όά¢ƘŜ wǳƘǊ tŀǊƭƛŀƳŜƴǘέύΣ ǘƘŜ Verbandsausschuss, and the Regionaldirektor. These bodies 

wield authority over the organizational structure of the RVR, which consists of four divisions: Regional direction 

(Bereich Regionaldirektor), Economic Management (Bereich Wirtschaftsführung), Planning Area (Bereich 

Planung), and Environment and Green Infrastructure (Bereich Umwelt und Grüne Infrastruktur) 

(Regionalverband Ruhr, 2022c). The RVR is responsible for state regional planning in the "Ruhr Metropolis". It 

has been involved in drawing up a Ruhr regional plan which has been implemented - after a process that lasted 

more than a decade (starting in 2011) - in February 2024 (Regionalverband Ruhr, 2024). This long duration of 

developing the regional plan is primarily attributed to the intensive and comprehensive participation process 

involving authorities, municipalities, and citizens (ibid.). However, it also highlights some challenges regarding 

fragmented responsibilities and competing interests among multiple responsible authorities that the TSL in the 

Ruhr Area faces. 

The TSL in the Ruhr Area specifically tries to address these challenges by implementing a mechanism that allows 

the joint development of ideas by different departments, networks, and institutions. As hydrogen solutions are 

perceived as a key topic for transforming the regional economic structures, they have also led the process of 

coalition building and the development of Pilot use cases. 

 

3.4.2 Assessing the transition needs of becoming climate neutral 

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 neutrality, GHG emissions are, 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 Germany (see Figure 50), despite a 

strong decline observed over the last decade (Figure 51). As Figure 53 shows, there are strong disparities 

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

ƻŦ άDŜƭǎŜƴƪƛǊŎƘŜƴέΣ ǇǊƛƳŀǊƛƭȅ ŘǳŜ ǘƻ ǘƘŜ ǎƘǳǘŘƻǿƴ ƻŦ ǘƘǊŜŜ ōƭƻŎƪǎ ƻŦ ǘƘŜ {ŎƘƻƭǾŜƴ ǇƻǿŜǊ Ǉƭŀƴǘ (UBA, 

2021, p. 44). Regarding the carbon emission intensity of the economy, there is a notable decline in GHG 

emissions per GDP (CEI), even surpassing that of the rest of the EU and slightly exceeding that of Germany 

(see Figure 52). 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 (see Figure 54). 

 

 

Figure 50: GHG per capita in 2022 in Germany and the Ruhr Area. 

Source: own design based on data from EDGAR (CO2eq) and 

EUROSTAT (per capita). 

 

 

Figure 51: Average CO2eq per capita (t) of the EU (NUTS 2 

regions), Germany and the Ruhr Area (aggregated NUTS3 

data).  Own compilation based on data from: EDGAR 

(CO2eq) and EUROSTAT (per capita). 

 

Figure 52: Development of the CEI (CO2eq [kg] / GDP pps 

[EUR]) in the EU (NUTS 2 regions), Germany and the Ruhr 

Area (aggregated NUTS3 data).  Own compilation based on 

data from: EDGAR (CO2eq) and EUROSTAT (GDP pps). 
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Figure 53: Average CO2eq per capita (t) of the EU (NUTS 2 regions), Germany, the Ruhr Area (aggregated NUTS3 data without 

Herne) and its NUTS3 regions.  Own compilation based on data from: EDGAR (CO2eq) and EUROSTAT (per capita). 

 

 

Figure 54: Development of the CEI (CO2eq [kg] / GDP pps [EUR]) in the EU (NUTS 2 regions), Germany, the Ruhr Area 

(aggregated NUTS3 data without Herne) and its NUTS3 regions.  Own compilation based on data from: EDGAR (CO2eq) and 

EUROSTAT (GDP pps).113 

 

 

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 Statistikportal Ruhr114, the sector  contributing by far the most to climate change in 2020 

is the "industrial sector" (though, due to a different methodology, including most of the energy 

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 2018 (Lang & Kempermann, 2021, 

p. 24). Other important sectors contributing to GHG emissions are "transport" and "households"115.  

While a significant reduction in GHG emissions in the industrial sector resulted from the shutdown of 

energy-intensive industries and fossil power plants, the reduction in GHG emissions in transport was 

comparatively small, indicating the need for more comprehensive sustainable mobility solutions. The 

relatively modest reduction of GHG emissions in the "households" sector highlights a remaining challenge 

ƛƴ DŜǊƳŀƴȅΩǎ ŜƴŜǊƎȅ ǘǊŀƴǎƛǘƛƻƴ ς heating and thermal insulation. 

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 analysis will focus on a critical reflection on hydrogen solutions, 

particularly for the transition of the energy system and the industrial sector in 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 its socio-economic development and 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 fragmentation and the economic and political dominance of the coal and steel industry, 

ǘƘŀǘ άǎƭƻǿŜŘ Řƻǿƴ ǎǘǊǳŎǘǳǊŀƭ ŎƘŀƴƎŜ ŀƴŘ ƛƳǇŜŘŜŘ ǘƘŜ ŘƛǾŜǊǎƛŦƛŎŀǘƛƻƴ ƻŦ ǘƘŜ ǊŜƎƛƻƴŀƭ ŜŎƻƴƻƳȅέ ǿƘŜƴ ǘƘŜ 

industries started to decline at the end of the 1950s (Reitzenstein et al., 2021, p. 34). The effects of this 

structural change and the social, political, and administrative fragmentation of the Ruhr Area can be 

regarded as one of the most significant limitations of its transition potential. 

  

 

114 The EDGAR database 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. Statistikportal 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.  
115 The sector ҵjqwugjqnfuҵ"gpeqorcuugu"vjg"GFICT"ugevqt"ҵdwknfkpiuҵ. 

https://statistikportal.ruhr/
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The Ruhr Area was only sparsely 

populated before industrialisation117, 

and besides a few larger cities118 it was 

mainly composed of villages. With the 

rapidly increasing expansion of the 

coal and steel industry during 

industrializationΣ ǘƘŜ άǘƻǿƴǎ ƎǊŜǿ ǳǇ 

around the individual colliery sites 

[and] [f]rom the middle of the 19th 

ŎŜƴǘǳǊȅ ǳƴǘƛƭ ǘƘŜ мфнлǎ ώΧϐΣ ǘƘŜ 

number of inhabitants increased 

tenfold to approximately 3.8 Ƴƛƭƭƛƻƴέ 

(Dahlbeck et al., 2021, p. 30). This 

ŦƻǎǘŜǊŜŘ ǘƘŜ άŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǘƘŜ 

Ruhr [area] to 9ǳǊƻǇŜΩǎ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ǇƻƭȅŎŜƴǘǊƛŎ ŎƻƴǳǊōŀǘƛƻƴέ (Keil & Wetterau, 2013, p. 20) and laid 

the foundation for the regional identity of being the άƛƴŘǳǎǘǊƛŀƭ ƘŜŀǊǘƭŀƴŘέ of Germany. 

!ŦǘŜǊ ǘƘŜ {ŜŎƻƴŘ ²ƻǊƭŘ ²ŀǊΣ ǘƘŜ ǊŜƎƛƻƴ ŜǾŜƴ ƎŀƛƴŜŘ ƛƴ ƛƳǇƻǊǘŀƴŎŜΣ ŀǎ άƘŀǊŘ Ŏƻŀƭ ǿŀǎ ǘƘŜ ōŀŎƪōƻƴŜ ƻŦ 

²Ŝǎǘ DŜǊƳŀƴȅȰǎ ŜƴŜǊƎȅ ǎǳǇǇƭȅέ ǘƘŀǘ ǇǊƻǾƛŘŜŘ ƛƴ ǘƘŜ мфрлǎ ŦƻǊ άƳƻǊŜ ǘƘŀƴ тл҈ ƻŦ ώƛǘǎϐ ǇǊƛƳŀǊȅ ŜƴŜǊƎȅ 

ŎƻƴǎǳƳǇǘƛƻƴέ ŀƴŘ ƳƻǊŜ ǘƘŀƴ άул҈ ƻŦ DŜǊƳŀƴȅϥǎ ƘŀǊŘ Ŏƻŀƭ ǿas mined in the Ruhr AǊŜŀέ  (Herpich et al., 

2018, p. 7). Employment in the mining sector rose to approximately 500,000 in the Ruhr Area until the 

end of the 1950s ό5ǳŘŇǳ Ŝǘ ŀƭΦΣ нлмфΣ ǇΦ 19). It is often emphasized that the strong development of the 

mining and steel sector was an important factor enabling the DŜǊƳŀƴ άŜŎƻƴƻƳƛŎ ƳƛǊŀŎƭŜέ 

(Wirtschaftswunder) after the Second World War ό5ǳŘŇǳ Ŝǘ ŀƭΦΣ нлмфΤ DǊŀōƘŜǊΣ мффоύ. This strong 

economic growth in Western Germany led to an increased demand for labour, which resulted in the 

conclusion of recruitment agreements with other countries .119 While approximately 14 million people 

ƳƛƎǊŀǘŜŘ ǘƻ ²Ŝǎǘ DŜǊƳŀƴȅΣ ǘƘŜ wǳƘǊ !ǊŜŀ ŦŀŎŜŘ ŀƴ ƻǳǘƳƛƎǊŀǘƛƻƴ ƻŦ ǿƻǊƪŜǊǎ άƛƴǘƻ ǘƘŜ ŘŜǾŜƭƻǇƛƴƎ 

ƛƴŘǳǎǘǊƛŀƭ ŀǊŜŀǎ ƛƴ ǎƻǳǘƘŜǊƴ DŜǊƳŀƴȅ ώΧϐ ǿƛǘƘ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǇŜƻǇƭŜ ƭŜŀǾƛƴƎ ǘƘŜ ǊŜƎƛƻƴ ǎǳǊǇŀǎǎƛƴƎ ǘƘŜ 

ƴǳƳōŜǊ ƻŦ ƛƳƳƛƎǊŀƴǘǎέ (Keil & Wetterau, 2013, p. 25). As this loss of workforce could not be compensated 

 

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 ҵ1840 only some 240,000 people lived in the areaҶ0 
118 Tjgug"ekvkgu"ygtg"eqppgevgf"d{"vjg"ҵYguvrjcnkcp"JgnnygiҶ"vjcv"ycu"ҵnot only an important military road but even 
more a prime trading route which extended from the mouth of the river Ruhr via the cities of Mülheim, Essen, Bochum, 
Castrop, Dortmund and Unna to the river Weser and finally to the river Elbe and allowed an active West-East exchange 
of goods. The hamlets along this trading route evolved into trading places, free imperial cities and in some cases into  

Jcpugcvke"EkvkguҶ"*Mgkn"("Ygvvgtcw."4235."r0"32-11). Jqygxgt."vjg"ҵJgnnygi"ekvkgu"ygtg"ugxgtgn{"korcktgf"yjgp"vjg"
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 
vjg"etchvu"ygtg"dwv"unkijvn{"urgekcnk|gfҶ"*kdkf0."r0"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).  

 

Figure 55: CO2eq (kt) per sector (without energy) in the Ruhr Area.  

 Own compilation based on data from: Regionalstatistik Ruhr, Data from: 

Regionalverband Ruhr.116 
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ōȅ ǘƘŜ ǊŀǘƛƻƴŀƭƛȊŀǘƛƻƴ ƻŦ όƛƴŘǳǎǘǊƛŀƭύ ǇǊƻŎŜǎǎŜǎΣ άǘƘŜ Ŏƻŀƭ ƳƛƴƛƴƎ ŀƴŘ ƛǊƻƴ ŀƴŘ ǎǘŜŜƭ ƛƴŘǳǎǘǊƛŜǎ ǿŜƭŎƻƳŜŘ 

ǘƘŜ ƛƳƳƛƎǊŀǘƛƻƴ ƻŦ ŦƻǊŜƛƎƴ ǿƻǊƪŜǊǎέ όƛōƛŘΦΣ ǇΦ 25).120 

Simultaneously, the Ruhr Area faced since the late 1950s a de-industrialization ŀƴŘ ŀ ǎǘǊƻƴƎ άŘŜŎƭƛƴŜ ƛƴ 

ǘƘŜ ƳƛƴƛƴƎ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ǎǘŜŜƭ ƛƴŘǳǎǘǊȅΣ ƻƴŜ ƻŦ ǘƘŜ ōƛƎƎŜǎǘ ŎƻƴǎǳƳŜǊǎ ƻŦ DŜǊƳŀƴ ƘŀǊŘ Ŏƻŀƭέ (Herpich et 

al., 2018, p. 9): since 1957, more than 320,000 employees lost their jobs in the coal mining sector in just 

one decade (see Figure 56), mainly due to increased mechanization. This sharp decline continued in the 

next decades due to rising imports of cheaper coal ό5ǳŘŇǳ Ŝǘ ŀƭΦΣ нлмфΣ ǇΦ 20). These competitive 

disadvantages in an increasingly globalised economy also affected  the steel and iron industry. 

 

Figure 56: History of hard coal and structural policy programs in the Ruhr Area since 1951. For a description of the policy 

programs, see section (and footnotes) below. Source: Herpich et al. (2018, p. 14) 

 

Even though this process of de-industrialization started already in the late 1950s, the predominant 

ŎƻƴŎŜǇǘƛƻƴ ƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŘŜŎŀŘŜǎ ǿŀǎΣ άǘƘŀǘ ǘƘŜ Ŏƻŀƭ ŀƴŘ ǎǘŜŜƭ ƛƴŘǳǎǘǊȅ ƛƴ ǘƘŜ wǳƘǊ ±ŀƭƭŜȅ ǿŀǎ Ȱǘƻƻ ōƛƎ 

ǘƻ Ŧŀƛƭȫέ ό5ǳŘŇǳ Ŝǘ ŀƭΦΣ нлмфΣ ǇΦ 27)Φ ¢ƘŜǎŜ ƛƴŘǳǎǘǊƛŜǎ άŦƻǊƳŜŘ ŀ ǇƻǿŜǊŦǳƭ ƴŜǘǿƻǊƪ ǘƻƎŜǘƘŜǊ ǿƛǘƘ ƛƴŦƭǳŜƴǘƛŀƭ 

ǳƴƛƻƴǎ ŀƴŘ ǇƻƭƛǘƛŎƛŀƴǎέ (Herpich et al., 2018, p. 9) ǘƘŀǘ άǎƭƻǿŜŘ Řƻǿƴ ǎǘǊǳŎǘǳǊŀƭ ŎƘŀƴƎŜ ŀƴŘ ƛƳǇŜŘŜŘ ǘƘŜ 

ŘƛǾŜǊǎƛŦƛŎŀǘƛƻƴ ƻŦ ǘƘŜ ǊŜƎƛƻƴŀƭ ŜŎƻƴƻƳȅέ (Reitzenstein et al., 2021, p. 34). This lock-in of regional 

 

120 Kv"ku"wpfkurwvgf."vjcv"vjg"ҵgeqpqoke"oktcengҶ"yqwnfp´v"jcxg"dggp"rquukdng"ykvjqwv"vjg"fguetkdgf"ncdqwt"kookitcvkqp0"
However, the large labour immigration and (due to its anticipated temporary character at least in the beginning) 
insufficiently managed soci o-geqpqoke" ҵkpvgitcvkqpҶ" uvtcvgikgu also facilitated the development of significant 
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 ҵstructural inequalitiesҶ"cpf"kpuwhhkekgpv 
ҵintegration  uvtcvgikguҶ"hqt"ncdqwt"immigrants in West Germany (and even the term ҵkpvgitcvkqpҶ"itself  is controversially 
debated). However, a study by  Schührer (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."cntgcf{"jkpfgtgf"vjg"ҵkfgpvkhkecvkqpҶ"ykvj"vjg"
eqwpvt{."cpf."vjgtghqtg."vjg"ҵkpvgitcvkqpҶ"ukipkhkecpvn{"*kdkf0."r0 5). Even though significant progress was made in many 
areas, a study by Fernandez-Kelly (2012) emphasizes in this regard, Ҷthat the nature of the education system in 
Germany remains deeply ´unequal,̀  ´hierarchical` and ´exclusive.` This study also demonstrates maintaining the 
octikpcnk|gf"rqukvkqp"qh"Vwtmkuj"ejknftgp"kp"Igtocp{"ogcpu"vjcv"vjg"eqwpvt{"qh"qtkikp"qt"vjg"kookitcpvuҲ"dcemitqwpf"
is still a barrier to having access to education and the labour market of Germanyҵ"*kdkf0".r0 93). 
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development άƘŀŘ ŘƛǎŀǎǘǊƻǳǎ ƭƻƴƎ-ǘŜǊƳ ŎƻƴǎŜǉǳŜƴŎŜǎ ŦƻǊ ǘƘŜ ǊŜƎƛƻƴȰǎ ŀŘŀǇǘŀōƛƭƛǘȅέ (Grabher, 1993, 

p. 260)Υ Lǘ ƘŀŘ ǘƘŜ ŜŦŦŜŎǘ ǘƘŀǘ άǎǘǊǳŎǘǳǊŀƭ ǇƻƭƛŎȅ ƳŜŀǎǳǊŜǎ Ƴŀƛƴƭȅ ŀƛƳŜŘ ŀǘ ǇǊŜǎŜǊǾƛƴƎ ǘƘŜ Ŏƻŀƭ ƛƴŘǳǎǘǊȅ 

through technological modernisation and by supporting workers who were facing continuous income 

ƭƻǎǎŜǎέ (Reitzenstein et al., 2021, p. 34). Even though structural policy measures (and large subsidies) 

άǿŜǊŜ ŀōƭŜ ǘƻ ŀƭƭŜǾƛŀǘŜ ƴŜƎŀǘƛǾŜ ŎƻƴǎŜǉǳŜƴŎŜǎ ŦƻǊ ǘƘŜ ƛƴŘǳǎǘǊȅ ŀƴŘ ŀŦŦŜŎǘŜŘ ǿƻǊƪŜǊǎ ώΧϐ ώǘƘŜȅϐ ŘƛŘ ƴƻǘ 

ǎǳŎŎŜŜŘ ƛƴ ŀŘŘǊŜǎǎƛƴƎ ǘƘŜ ǎǘǊǳŎǘǳǊŀƭ ǇǊƻōƭŜƳǎ ƻŦ ǘƘŜ ƘŀǊŘ Ŏƻŀƭ ǎŜŎǘƻǊέ ό5ǳŘŇǳ Ŝǘ ŀƭΦΣ нлмфΣ ǇǇΦ 27ς28) and 

ŀǎ ŀ ǊŜǎǳƭǘΣ άǘƘŜ ƛǊƻƴ ŀƴŘ ǎǘŜŜƭ ƛƴŘǳǎǘǊȅ ǊŜŘǳŎŜŘ ŜƳǇƭƻȅƳŜƴǘ ōŜǘǿŜŜƴ мфтт ŀƴŘ мфус ōȅ ноΦн҈έ (Grabher, 

1993, p. 257). 

{ƛƴŎŜ ǘƘŜ ōŜƎƛƴƴƛƴƎ ƻŦ ǘƘŜ мфслǎΣ ǇƻƭƛǘƛŎŀƭ ǎǳǇǇƻǊǘ ǇǊƻƎǊŀƳƳŜǎ  ǘƘŀǘ ŀƛƳŜŘ ŀǘ ǘƘŜ άŘƛǾŜǊǎƛŦƛŎŀǘƛƻƴ ƻŦ ǘƘŜ 

economic base of the region and fostering innovation in economic sectors other than the coal and steel 

ǎŜŎǘƻǊέ ό5ǳŘŇǳ Ŝǘ ŀƭΦΣ нлмфΣ ǇΦ 27) were implemented. However, the success of these programmes was 

ǾŜǊȅ ƭƛƳƛǘŜŘ ŀǎ άǇƻƭƛǘƛŎŀƭ ǘƘƛƴƪƛƴƎ ŀƛƳŜŘ ŀǘ ƻƴŜ ǇƻƭƛŎȅ ǎƻƭǳǘƛƻƴ ŦƻǊ ǘƘŜ ŜƴǘƛǊŜ ǊŜƎƛƻƴΣ ƳŜŀƴƛƴƎ ǎǳǇǇƻǊǘ ŦƻǊ 

one economic branch, for example, the health sector, which would be able to replace the coal and steel 

ƛƴŘǳǎǘǊȅέ (Reitzenstein et al., 2021, p. 34). 

Among these initiatives was the foundation of the first university in the Ruhr Area, the Ruhr University 

.ƻŎƘǳƳΣ ǘƘŀǘ ǎǘŀǊǘŜŘ ƻǇŜǊŀǘƛƻƴǎ ƛƴ мфсрΣ ǘƘŜ ά5ŜǾŜƭƻǇƳŜƴǘ tǊƻƎǊŀƳ wǳƘǊέ 121 ƛƴ мфсуΣ ƻǊ ǘƘŜ ά!Ŏǘƛƻƴ 

tǊƻƎǊŀƳ wǳƘǊέ122 in 1979 ό5ǳŘŇǳ Ŝǘ ŀƭΦΣ нлмфΣ ǇΦ 29). Even though these programmes have been partially 

successful,123 they were not able to effectively address the overall negative development of the regional 

economy (Bogumil et al., 2012)Υ ά¢ƘŜ ǳƴŜƳǇƭƻȅƳŜƴǘ ǊŀǘŜ ƛƴ ǘƘŜ wǳƘǊ ŀƳƻǳƴǘŜŘ ƛƴ {ŜǇǘŜƳōŜǊ мфуу ǘƻ 

мрΦм ǇŜǊ ŎŜƴǘ ŀǎ ŎƻƳǇŀǊŜŘ ǘƻ уΦм ǇŜǊ ŎŜƴǘ ƛƴ ²Ŝǎǘ DŜǊƳŀƴȅέ (Grabher, 1993, p. 257)Φ IƻǿŜǾŜǊΣ ƛǘ άώǿŀǎϐ 

not just a few traditional industries that have been affected by crisis. Even high-technology industries and 

ǘƘŜ ǎŜǊǾƛŎŜ ǎŜŎǘƻǊ ώΧϐ ώǿŜǊŜϐ ƎǊƻǿƛƴƎ ŀǘ ōŜƭƻǿ-ŀǾŜǊŀƎŜ ǊŀǘŜǎέ όƛōƛŘΦύΦ ¢Ƙƛǎ ŦǳƴŘŀƳŜƴǘŀƭ ǎƻŎƛƻ-economic 

transformation process facilitated the development of significant structural inequalities in the Ruhr Area. 

In this context, the extremely high debt of the municipalities (see Chapter 3.3.3) is still a burden that 

severely limits the regional potential for transition (Regionalverband Ruhr, 2023). 

 

121 Vjg"ҵFgxgnqrogpv"Rtqitco"TwjtҶ jcf"ҵc"xqnwog"qh"39"dknnkqp"Fgwvuejg"Octm"*gswcnu"54"dknnkqp"֗"tgcn+"and one of its 
objectives was to foster the diversification of  the economy and attracting new businesses  (Fwf w"gv"cn0."423;. p. 29): 
ҵQpg"mg{"qduvceng"vq"cvvtcevkpi"pgy"dwukpguugu"vq"vjg"tgikqp"ycu"vjg"cxckncdknkv{"qh"uwkvcdng"ncpf0"Nctig"ctgcu."cnuq"kp"
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"ncdqwt0"Vjku"dgjcxkqwt"qh"vjg"okpkpi"eqorcpkgu"ycu"ncvgt"gxgp"eqkpgf"ykvj"c"pgy"vgto<"ҵitqwpf"nqemҶ"
*ҵDqfgpurgttgҶ+Ҷ"*kdkf0+0"Vjku"ҵitqwpf"nqemҶ"ycu"qpn{"gpfgf"kp"vjg"3;:2u"*ugg""Figure 56). 
122 Cu"c"tgcevkqp"vq"vjg"ҵQkn"etkuguҶ"kp"3;95"cpf"3;9;"cpf"vjg"pgicvkxg"fgxgnqrogpv"qh"vjg"uvggn"ugevqt"cpf"okpkpi"kp"
vjg"Twjt."vjg"ҵCevkqp"Rtqitco"TwjtҶ"ycu"korngogpvgf"kp"3;9;<"kv"ҵeqodkpgf"ugxgtcn"kpfkxkfwcn"ogcuwtgu"hqt"vgejpqnqi{"
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 Ruhr AtgcҲu"ukvwcvkqp"kp"vgtou"qh"uqhv"nqecvkqp"hcevqtu"*g0i0"kortqxkpi"vjg"tgikqpcn"kocig."oqtg"
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 part qh"uwdukfkgu"uvknn"ygpv"vq"vjg"eqcn"cpf"uvggn"kpfwuvt{Ҷ"*Fwf w"gv"cn0."423;. p. 29). 
123 For example, the settlement of the automotive factory  ҵOpelҶ in 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 development, structural policy changed significantly at the end of the 

1980sΣ ǊŜŦƻŎǳǎǎƛƴƎ άǘƻǿŀǊŘǎ ŀ ƳƻǊŜ ǊŜƎƛƻƴŀƭƛǎŜŘ ŀǇǇǊƻŀŎƘ ŀƴŘΣ ƳƻǊŜ ŎƻƴǎŜǉǳŜƴǘƭȅ ōŜƎƛƴƴƛƴƎ ŀǘ ǘƘŜ ǘǳǊƴ 

of the millennium, with a sector expertise-oriented structural policy which promoted the model of a 

´Metropolis Ruhr` in which individual regions have differenǘƛŀǘŜŘ ŀǊŜŀǎ ƻŦ ŜȄǇŜǊǘƛǎŜέ (Reitzenstein et al., 

2021, p. 34)Φ {ƛƳǳƭǘŀƴŜƻǳǎƭȅΣ ǇǊƻƎǊŀƳƳŜǎΣ ǎǳŎƘ ŀǎ ǘƘŜ άLƴǘŜǊƴŀǘƛƻƴŀƭ .ǳƛƭŘƛƴƎ 9ȄƘƛōƛǘƛƻƴ 9ƳǎŎƘŜǊ tŀǊƪέ 

(IBA Emscher Park; see Table 15ύΣ ǘƘŀǘ άŦƻŎǳǎǎŜŘ ƻƴ ƛƳǇǊƻǾƛƴƎ ǘƘŜ ǉǳŀƭƛǘȅ ƻŦ ƭƛŦŜ ƛƴ ǘƘŜ ǊŜƎƛƻƴ ώΧϐ ώōȅϐ 

ǘǊŀƴǎŦƻǊƳƛƴƎ ŦƻǊƳŜǊ ƛƴŘǳǎǘǊƛŀƭ ǎƛǘŜǎ ƛƴǘƻ ŎǳƭǘǳǊŀƭ ƭŀƴŘƳŀǊƪǎΣ ǘƘŜǊŜōȅ ǇǊŜǎŜǊǾƛƴƎ ǘƘŜ ǊŜƎƛƻƴΩǎ Ŏƻŀƭ-related 

ƘƛǎǘƻǊȅ έ (Reitzenstein et al., 2021, p. 34) were initiated. In combination with complementary policy 

programs and stakeholder dialogues (such as the Ruhr conference124), which aimed at improving research 

ŀƴŘ ŜŘǳŎŀǘƛƻƴ ŀǎ ǿŜƭƭ ŀǎ ŘŜǾŜƭƻǇƛƴƎ ŀ άƎǊŜŜƴέ ŜƴŜǊƎȅ ŀƴŘ ǘǊŀƴǎǇƻǊǘ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ό5ǳŘŇǳ Ŝǘ ŀƭΦΣ нлмфύ, 

the Ruhr AǊŜŀ ƳŀŘŜ ǎƛƎƴƛŦƛŎŀƴǘ ǎǘŜǇǎ ǘƻ ǘǊŀƴǎŦƻǊƳ άƛƴǘƻ ŀ ƪƴƻǿƭŜŘƎŜ-based economy with a dynamic 

ǎŜǊǾƛŎŜ ǎŜŎǘƻǊέ (Arora & Schroeder, 2022, p. 1): This knowledge-ōŀǎŜŘ ŜŎƻƴƻƳȅ άŎŀƴ ōǳƛƭŘ ƻƴ ŀ ǿŜƭƭ-

developed knowledge infrastructure with many universities and research institutions. However, this basis 

ŀƭǎƻ ǎƘƻǿǎ ǿŜŀƪƴŜǎǎŜǎ ƛƴ ǘƘŜ ǳƴƛǾŜǊǎƛǘƛŜǎΩ ǊŜǎƻǳǊŎŜǎ ŀƴŘ ǘƘŜ ŘŜƴǎƛǘȅ ƻŦ ƴƻƴ-university research 

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 

knowledge-intensive business start-ups from and in the vicinity of universities and research institutions, 

thereby strengthening the regional economy endogenously [own translation125ϐέ (Kiese, 2019, p. 74). In 

ǘƘƛǎ ǊŜƎŀǊŘΣ ǘƘŜ άƘŜŀƭǘƘ ŜŎƻƴƻƳȅ ŀƴŘ ǎŜǊǾƛŎŜǎά όƛƴŎƭǳŘƛƴƎ ǊŜǎŜŀǊŎƘύ Ŏŀƴ ōŜ ǊŜƎŀǊŘŜŘ ŀǎ ŀ ǎǳŎŎŜǎǎ ǎǘƻǊȅΣ 

which is characterised by high growth rates and already has a significantly higher share in employment 

than the steel industry (Regionalverband Ruhr, 2022c). 

Nevertheless, it is important to emphasize that this economic transformation led to structural inequalities 

that affects the potential for a (just) transition. Against the background of high unemployment rates and 

very high debt of the municipalities (see Chapter 3.3.3), the remaining industry and manufacturing, 

especially the energy and GHG emission-intensive 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"fkcnqiwg"ykvj"uvcmgjqnfgtu"cpf"ekvk|gpu0"Cu"c"tguwnv."ҵitggpҶ"kphtcuvtwevwtgҶ"("oqdknkv{."
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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Table 15: The International Building Exhibition Emscher Park (IBA Emscher Park).  Source: Reitzenstein et al. (2021, p. 41). 

The International Building Exhibition Emscher Park (IBA Emscher Park) is very often quoted as an example for a 

successful transition ό/ŀƳǇōŜƭƭ ϧ /ƻŜƴŜƴΣ нлмтΤ 5ǳŘŇǳ Ŝǘ ŀƭΦΣ нлмфΤ IŜǊǇƛŎƘ Ŝǘ ŀƭΦΣ нлмуΤ wŜƛǘȊŜƴǎǘŜƛƴ Ŝǘ ŀƭΦΣ нлнмύ:  

άLƴ ǘƘŜ мфулǎΣ ǘƘŜ 9ƳǎŎƘŜǊ ǊƛǾŜǊ ǿŀǎ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ǇƻƭƭǳǘŜŘ ǊƛǾŜǊǎ ƛƴ 9ǳǊƻǇŜΦ !ǘ ǘƘƛǎ ǘƛƳŜΣ ǘƘŜ ŎƻǊŜ ƻŦ ǘƘŜ 

industrial activity in the Ruhr Area had already moved north ς following the availability of coal ς leaving the 

Emscher region with many very unattractive post-industrial sites. To respond to this legacy, a new programme 

was launched, the so-called ´International Building Exhibition Emscher Park` (IBA Emscher Park). In some ways, 

this programme marked a new approach in the structural policy of the Ruhr Area. It focussed on improving the 

quality of life in the region. Between 1989 and 1999, more than 120 projects were implemented and supported 

ōȅ ƛƴǾŜǎǘƳŜƴǘǎ ǿƛǘƘ ŀ ǾƻƭǳƳŜ ƻŦ 5a р ōƛƭƭƛƻƴ όϵ пΦп ōƛƭƭƛƻƴ ǊŜŀƭύ126 ς two thirds came from public budgets of all 

ǇƻƭƛǘƛŎŀƭ ƭŜǾŜƭǎ ό9¦Σ ŦŜŘŜǊŀƭ ƭŜǾŜƭΣ ǎǘŀǘŜ ƭŜǾŜƭΣ ƳǳƴƛŎƛǇŀƭƛǘƛŜǎύ ŀƴŘ ƻƴŜ ǘƘƛǊŘ ǿŜǊŜ ǇǊƛǾŀǘŜ ƛƴǾŜǎǘƳŜƴǘǎ ώΧϐΦ tǊƻƧŜŎǘǎ 

included measures to implement an underground sewage system, to improve water quality and to develop new 

living spaces for citizens and nature. The touristic attractiveness of the region was increased by transforming 

ŦƻǊƳŜǊ ƛƴŘǳǎǘǊƛŀƭ ǎƛǘŜǎ ƛƴǘƻ ŎǳƭǘǳǊŀƭ ƭŀƴŘƳŀǊƪǎΣ ǘƘŜǊŜōȅ ǇǊŜǎŜǊǾƛƴƎ ǘƘŜ ǊŜƎƛƻƴΩǎ Ŏƻŀƭ-related history. Furthermore, 

17 technology ŎŜƴǘǊŜǎ ǿŜǊŜ ŎǊŜŀǘŜŘΣ ŀƴŘ ƳƛƴƛƴƎ ŘŀƳŀƎŜǎ ǿŜǊŜ ǊŜƳŜŘƛŀǘŜŘ ǘƻ ǘƘŜ ŜȄǘŜƴǘ ǇƻǎǎƛōƭŜ ώΧϐΦ ¢ƘŜ 

approach of IBA Emscher Park successfully improved the quality of life in the region and thus supported ´soft` 

location factors. With a short-term view on employment, the programme itself managed to create only few new 

jobs. But it is generally acknowledged that it did increase the attractiveness of the region ς also for companies 

ŀƴŘ ŦƻǊ ǉǳŀƭƛŦƛŜŘ ǿƻǊƪŜǊǎέ (Reitzenstein et al., 2021, p. 41). 

 

Even though the decline in the industrial sector and the increased importance of the service sector is 

clearly reflected in the employment statistics (see Figure 57), the industrial sector (including energy) is 

still important regarding the employment and GVA (see Figure 58). However, these numbers also show 

ǘƘŀǘ ǘƘŜ άƛŘŜƴǘƛǘȅέ ƻŦ ōŜƛƴƎ ŀƴ ƛƴŘǳǎǘǊƛŀƭ ǊŜƎƛƻƴ ƛǎ ƴƻǘ ǎƻ ƳǳŎƘ ǊŜŦƭŜŎǘŜŘ ŀƴȅƳƻǊŜ ƛƴ ǘƘŜ ǎƘŀǊŜ ƻŦ D±! ŀƴŘ 

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"Vjg"vgtp"ҵtgcnҶ"ogcpu"ҵkphncvkqp-
cflwuvgfҶ0 
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However, especially the steel industry still plays an important economic and political role: The Ruhr Area 

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 Ruhr Area. Most of this industry is located in Duisburg, which 

is still the largest steel location in Europe (Regionalverband Ruhr, 2022c; Wirtschaftsvereinigung Stahl, 

2023)Φ bŜǾŜǊǘƘŜƭŜǎǎΣ ǘƘŜ ŘŜŎƭƛƴŜ ƻŦ ǘƘŜ ǎǘŜŜƭ ƛƴŘǳǎǘǊȅ ƛƴ 5ǳƛǎōǳǊƎ Ŏŀƴƴƻǘ ōŜ ŘŜƴƛŜŘΥ άŜƳǇƭƻȅƳŜƴǘ ŦƛƎǳǊŜǎ 

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 employed around 160,000 people, today this figure is around 

нмΣллл ώΧϐΦ 5ŜǎǇƛǘŜ ǘƘƛǎ ŜƴƻǊƳƻǳǎ ŘŜŎƭƛƴŜ ƛƴ ŜƳǇƭƻȅƳŜƴǘΣ ǘƘŜ ǎǘŜŜƭ ǎŜŎǘƻǊ ƛǎ ǎǘƛƭƭ ōȅ ŦŀǊ ǘƘŜ ƭŀǊƎŜǎǘ 

ŜƳǇƭƻȅŜǊ ƛƴ ǘƘŜ Ŏƛǘȅ ƻŦ 5ǳƛǎōǳǊƎ ώΧϐΦ Lƴ ŀŘŘƛǘƛƻƴ ǘƻ ǘƘŜ ŘŜǇǘƘ ƻŦ ŀŘŘŜŘ ǾŀƭǳŜ ƻŦ ǘƘŜ ǎǘŜŜƭ ǇǊƻŘǳŎǘΣ ǘƘŜ Ƙƛgh 

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 city of 5ǳƛǎōǳǊƎέ (Götting et al., 2024, p. 207). 

However, the steel industry in the Ruhr Area faces multiple challenges: first, strong competition with 

companies in other regions that have comparative advantages (e.g., lower labour and energy costs); 

second, a significant decrease in steel demand (e.g., in the automotive industry) due to substiution by 

other materials, such as composites (e.g., carbon fibre); and third, the issue of GHG emissions in the 

 

Figure 57: Employment in the Ruhr: coal mining, production, and service industries.  

  

Source: Klute and Kenway (2023, p. 4). 
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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 coke (Stroud et al., 2024)Υ ά²ƛǘƘ ппΦн Ƴƛƭƭƛƻƴ ǘ /h2, the six integrated steelworks [in 

Germany] account for 86% of emissions from iron and steel production in Germany ς half of these come 

ŦǊƻƳ 5ǳƛǎōǳǊƎ ŀƭƻƴŜέ (WWF Germany, 2023, p. 31). In this regard, the company thyssenkrupp Steel 

Europe AG is by far the biggest GHG emitter that accounts with its steel-related activities in Duisburg for 

16.2 Mt CO2 alone (ibid.).127 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 CO2eq emissions) in 2022 (Crippa et al., 2023, p. 149). 

Maintaining competitiveness 

while transforming into a 

climate neutral industry is a 

huge challenge that the steel 

companies in Duisburg (and 

other regions) currently 

face.129 Hydrogen solutions 

are regarded as the 

cornerstone for the transition 

of the production process 

(replacing coke as a reduction 

agent) and the energy system 

(as energy carrier and energy 

storage). There is a common 

understanding that without 

strong subsidies by the Federal 

and State level, these 

companies will not succeed in 

their transformation (Müller-

Arnold, 2024). Even though the 

ά9¦ /ƻƳƳƛǎǎƛƻƴ Ƙŀǎ ƎǊŀƴǘŜŘ 

state aid approval for German 

federal and state government funding of the ´tkH2Steel` decarbonization project in a total amount of 

ŀǊƻǳƴŘ ǘǿƻ ōƛƭƭƛƻƴ ŜǳǊƻǎέ (thyssenkrupp Steel Europe AG, 2023, p. 1), this will only replace one out of the 

four currently active blast furnaces (Müller-Arnold, 2024). 

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 energy-related activities. 

Realising the vision of hydrogen-based ecosystem that creates new and innovative jobs ς estimations 

 

127 Kpenwfkpi"ҵcoking plants, blast furnaces, blast furnace gas power plants, and processing plantsҶ"*kdkf0."r0 18).  
128 The figure was translated from German into English. The original figure from the NRW.BANK (2022) is based on 
data from vjg" ҵYqtmkpi" Itqwr" ұPcvkqpcn" Ceeqwpvu" qh" vjg" Hgfgtcn" Uvcvgu`(Arbeitskreis ´Volkswirtschaftliche 
Gesamtrechnungen der Länder̀ ) (ibid.). 
129 This is reflected in the currently controversial debate over the takeover of the steel industry from ҵvhyssenkruppҶ by 
M gvֿבpum )u"jqnfkpi"eqorcp{."GREI0"Vjgtg"ctg"hgctu"vjcv"fwg"vq"tcvkqpcnk|cvkqp"rtqeguugu."c"ukipkhkecpv"nquu"qh"lqdu"
would result  (Müller-Arnold, 2024). 

 

Figure 58: Share of Gross value added by economic sectors in the Ruhr Area and 

North Rine-Westphalia in 2020 

 (values for agriculture, forestry and fishing: Ruhr Area: 0.2; NRW: 0.6). Source: 

own design based on NRW.BANK (2022, p. 17).128 
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range from 20,000 to 130,000 employees in NRW (Michalski et al., 2019, p. 4) ς will depend on the 

availability of skilled workers (Grimm et al., 2021), as well as the cost-efficient 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, these transition 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 Ruhr Area. These limitations 

will be discussed before focussing on the potentials for implementing a hydrogen ecosystem. 

3.4.3 Assessing the transition potentials from a socio-economic and ecological perspective 

As mentioned in Chapter 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 considering social, economic and ecological/ 

environmental aspects. In this chapter, we will conduct this analysis focussing on the evaluation of 

different composite indices and selected indicators (see Figure 1).130 The results will then be summarised 

in a regional SWOT analysis. 

Regarding the potential for transition, the economic performance, especially the competitiveness and 

innovation capacity are of crucial importance. In this regard, the results of the composite indices must be 

critically reflected, as the Ruhr Area is part of three different NUTS2 regions (see Table 21). The structural 

inequalities of the Ruhr Area are, therefore, only inadequately reflected. Even though the NUTS 2 regions 

that the Ruhr AǊŜŀ ƛǎ ǇŀǊǘ ƻŦ ǎŎƻǊŜ ŎƻƳǇŀǊŀǘƛǾŜƭȅ ƘƛƎƘ ƛƴ ǘƘŜ άwŜƎƛƻƴŀƭ /ƻƳǇŜǘƛǘƛǾŜƴŜǎǎ LƴŘŜȄέ όŜΦƎΦΣ 

highest labour productivity131, disposable income per capita132 and potential market size expressed in 

GDP133; Table 22). However, these numbers also include high-performing cities like Düsseldorf or 

Wuppertal that are not part of the Ruhr Area. If only the Ruhr Area is considered, we can see that the 

most frequently used indicator for assessing the economic performance of a region, GDP per 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 reflect its structural inequalities (see Figure 

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 
EU-27=100). 
133 Index GDP (PPS) EU-27=100 ҭ EU-27 average computed as population weighted average of the NUTS 2 values. 
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Figure 59Υ D5t όǇǇǎύ ǇŜǊ ŎŀǇƛǘŀ όƛƴ ϵύ ƻŦ ǘƘŜ 9¦ όb¦¢{ н ǊŜƎƛƻƴǎύΣ DŜǊƳŀƴȅΣ ǘƘŜ Ruhr Area (aggregated NUTS3 data without 

Herne) and its NUTS3 regions.  Own 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 municipalities (see Figure 60). Many of the municipalities in the Ruhr 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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Figure 60: Development of loans to secure liquidity134 όϵ ǇŜǊ ŎŀǇƛǘŀύ ƛƴ ǘƘŜ wǳƘǊ ǊŜƎƛƻƴ ŦǊƻƳ мффл ǘƻ нлннΦ  Comparison to 

Middle Rhine region (Mittelrheingebiet), rest of North Rhine-Westphalia (übri. Nordrhein-Westfalen), Western German 

territorial states excl. NRW (westdt. Flächenländer oh. NRW); Eastern German territorial states (ostdt. Flächenländer). 

Source: Regionalverband Ruhr (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 (see Figure 61). However, we can also see strong intra-regional disparities of 

unemployment, with highest values in Gelsenkirchen and lowest in Wesel (see Figure 62). 

 
Figure 61: Development of the unemployment rates in 

Germany (Bund), North-Rhine Westphalia (NRW) and the 

Ruhr Area (Ruhrgebiet).   

Source: van de Loo and Hanske (2023, p. 859). 

 
Figure 62: Unemployment rates of the NUTS 3 regions in the 

Ruhr Area in 2023.   

Source: van de Loo and Hanske (2023, p. 859). 

 

 

134 Development of loans to secure liquidity (Entwicklung der Kredite zur Liquiditätssicherung) based on IT.NRW und 
DESTATIS. 
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As mentioned in the case study of Emilia-Romagna (see Chapter 3.2.2), the transport sector is crucial for 

all economic activities and strongly related to the competitiveness and innovation capacity of a region 

(Ng et al., 2019; Palei, 2015; Skorobogatova & Kuzmina-Merlino, 2017). In this regard, the Ruhr Area has 

one of the densest transport infrastructure networks in Europe, including Europe's largest inland port in 

Duisburg (Regionalverband Ruhr, 2022c)Φ ¢ƘŜ άƎŜƻƎǊŀǇƘƛŎŀƭ Ǉƻǎƛǘƛƻƴ ƛƴ ǘƘŜ ƳƛŘŘƭŜ ƻŦ 9ǳǊƻǇŜ ƛǎ ŀ ƭƻŎŀǘƛƻƴŀƭ 

ŀŘǾŀƴǘŀƎŜ ώǘƘŀǘϐ ώΧϐ ǎƘƻǳƭŘ ōŜ ǳǎŜŘ ƛƴ ŀƴ ƻǇǘƛƳŀƭ ǿŀȅ ōȅ ƻǳǘōƻǳƴŘ ŎƻƴƴŜŎǘƛƻƴǎ ŀƴŘ ŀƴ ƛƴƴŜǊ ƴŜǘǿƻǊƪΦ 

That is why sound motorway, railway, shipping and air traffic systems are of utmost impƻǊǘŀƴŎŜέ (Keil & 

Wetterau, 2013, p. 70). Even though the Ruhr Area has a very dense motorway infrastructure135, traffic 

ƧŀƳǎ ŘǳŜ ǘƻ ǘƘŜ άƳŀǎǎƛǾŜ ŦǊŜƛƎƘǘ ŀƴŘ ƭƻƴƎ ŘƛǎǘŀƴŎŜ ǘǊŀƴǎǇƻǊǘǎ ŀƴŘ ǘƘŜ ƘƛƎƘ ŀƳƻǳƴǘ ƻŦ ŎƻƳƳǳǘŜǊǎ ǘǊŀŦŦƛŎέ 

όƛōƛŘΦύ ƭƛƳƛǘ ƛǘǎ ǘǊŀƴǎǇƻǊǘ ǇŜǊŦƻǊƳŀƴŎŜ ǎƛƎƴƛŦƛŎŀƴǘƭȅΦ Lƴ ǘƘƛǎ ǊŜƎŀǊŘΣ ŀ ŦǳǊǘƘŜǊ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǘƘŜ άŀƭǊŜŀŘȅ 

existing solution to relieve the lorry 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 is still below the capacity limit, even 

ƛŦ ǘƘŜ ǘǊŀƴǎǇƻǊǘ ǾƻƭǳƳŜ ƻŦ ǘƘŜ ƛƴƭŀƴŘ ƴŀǾƛƎŀǘƛƻƴ ƛǎ Ŏƻƴǎǘŀƴǘƭȅ ƛƴŎǊŜŀǎƛƴƎέ (Keil & Wetterau, 2013, p. 70). 

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 infrastructure, research and education infrastructure are crucial for the 

competitiveness and innovation capacity of a region. Even though the process of establishing universities 

and research institutes in the Ruhr Area started comparatively late (see Chapter 3.4.2), nowadays there 

is a well-developed knowledge infrastructure with 5 universities, several universities of applied sciences 

and several research institutes (see Figure 63). However, the innovation capacity is significantly limited by 

a lack of resources (e.g., student-to-professor ratio), and in relation to its population of 5.1 million, the 

Ruhr Area has a below-average number of non-university research facilities compared to other 

metropolitan regions (e.g., Berlin or Munich) (Kiese, 2019, p. 71). Additionally, as mentioned earlier, the 

transformation to a knowledge-ōŀǎŜŘ ŜŎƻƴƻƳȅ άcould be boosted by knowledge-intensive business start-

ups from and in the vicinity of universities and research institutions, thereby strengthening the regional 

economy endogenously [own translation136ϐέ (Kiese, 2019, p. 74). 

Despite the comparatively high number of enrolled students in the Ruhr Area, social inequalities are also 

reflected in the lower share of higher education in the population137 of the Ruhr Area compared to 

Germany and the rest of the EU (see Figure 64). Regarding the availability of skilled workers for the 

ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǘƘŜ ƘȅŘǊƻƎŜƴ ŜŎƻǎȅǎǘŜƳΣ ǘƘƛǎ ŘƻŜǎ ƴƻǘ ǇƻǎŜ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ōƻǘǘƭŜƴŜŎƪ ƛƴ ǘƘŜ ŎǳǊǊŜƴǘ άŜŀǊƭȅ 

stage of market launch, meaning that demand for H2 skills 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 particular [own 

 

135 ҵThe 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 GermanyҶ"(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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translation138ϐέ (Grimm et al., 2021, p. 7). 139 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 potentially limit 

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 ecosystem (Ronsiek et al., 2024). 

 
Figure 63: Universities and selected research institutions in 

the Ruhr Area (signatures not true to position). 

Cartography: Ralf Wieland (supplemented according to 

RVR 2017, P. 2). 

Legend from top to bottom: w±w όάRegionalverband 

RuhrέύΣ Ŏƻǳƴǘȅκ Ŏƛǘȅ ƭƛƳƛǘ όάKreis- / StadtgrenzeέύΣ 

ǳƴƛǾŜǊǎƛǘȅ όάUniversitätέύΣ ǳƴƛǾŜǊǎƛǘȅ ƻŦ ŀǇǇƭƛŜŘ ǎŎƛŜƴŎŜǎ 

όάFachhochschuleέύΣ ŀŎŀŘŜƳȅ ƻŦ ŦƛƴŜ ŀǊǘǎ 

όάKunsthochschuleέύΣ ǇǳōƭƛŎ ŀŘƳƛƴƛǎǘǊŀǘƛƻƴ ŎƻƭƭŜƎŜ  

όάVerwaltungshochschuleέύΣ CǊŀǳƴƘƻŦŜǊ LƴǎǘƛǘǳǘŜ  

όάFraunhofer-InstitutέύΣ Max-Planck-LƴǎǘƛǘǳǘŜ  όάMax-

Planck-Institutέύ. Source: Kiese (2019, p. 71). 

 

Figure 64: Comparison of education levels in the EU, 

Germany and the Ruhr Area  (aggregation of NUTS 3 

regions; (percentage of people from 25 to 64 years). Own 

compilation based on data from EUROSTAT. 

 

As mentioned above, economic aspects represent only one dimension of sustainability. Economic factors 

are closely intertwined with other socio-political and environmental factors that influence transition 

potential. Regarding the social and political dimensions of transition potential, the European Social 

Progress Index provides a useful basis for a detailed assessment. In this regard, the three NUTS 2 regions 

that the Ruhr Area is part of, Düsseldorf, Arnsberg, Münster, score very high (see Table 24). However, as 

mentioned above, this aggregation may be misleading as it does not reflect the structural inequalities of 

the Ruhr AreaΦ wŜƎŀǊŘƛƴƎ ǘƘŜ άŀǘ-risk-of-ǇƻǾŜǊǘȅ ǊŀǘŜέΣ ǿƘƛŎƘ ƛǎ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ƛƴŘƛŎŀǘƻǊǎ ŦƻǊ 

assessing social disparities, it is obvious that the Ruhr Area faces a significant challenge: the Ruhr Area has 

ōȅ ŦŀǊ ǘƘŜ ƘƛƎƘŜǎǘ άŀǘ-risk-of-ǇƻǾŜǊǘȅ ǊŀǘŜέ ƻŦ ǘƘŜ ǊŜƎƛƻƴǎ ƛƴ bw² (see Figure 65) In combination with the 

 

138  Please note, that the study is in German language and the translation is not strictly literal.  
139 Even though a study by Ronsiek et al. (2024) show, that for the hydrogen ramp-up, ҵa 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 changeҶ"*kdkf0."r0 31; please note, 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 affect the political dimensions 

of transition.  

In this regard, the 

results from the 

European Quality of 

Government Index 

(see Table 25) about 

the quality141, 

impartiality142 as 

well as the 

corruption in the 

provision of public 

services143, show a 

high level of trust in 

public institutions 

by the citizens of the 

three NUTS 2 

regions (best scores 

of the four 

TRANSFORMER TSL regions). However, this might not be the case for the Ruhr Area with its social 

disparities, structural inequalities and high debts of its municipalities. As studies about the so-ŎŀƭƭŜŘ άƭŜŦǘ 

ōŜƘƛƴŘ ǊŜƎƛƻƴǎέ ǎǳƎƎŜǎǘ (Greve et al., 2023; Rodríguez-Pose & Bartalucci, 2023), these social inequalities 

are expected to cause a lack of trust in institutions. However, as a study from Küppers and Decker (2023) 

shows, this is not the case for the Ruhr Area. Based on a comprehensive survey (see Figure 66), they show 

that the institutional trust in the federal government, federal parliament, unions, justice system and 

ŎƻǳǊǘǎΣ ƳŜŘƛŀΣ ŀƴŘ ǘƘŜ ǇƻƭƛǘƛŎŀƭ ǇŀǊǘƛŜǎ ƛǎ ƘƛƎƘŜǊ ǘƘŀƴ ǘƘŜ DŜǊƳŀƴ ŀǾŜǊŀƎŜΦ ¢ƘŜȅ ŀǎǎǳƳŜΣ ǘƘŀǘ άƻƴŜ ƻŦ ǘƘŜ 

reasons for the higher level of political support may be that politicians in the Ruhr region have been more 

 

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:  
141 Swguvkqpu"htqo"vjg"swguvkqppcktg<"Jqy"yqwnf"{qw"tcvg"vjg"swcnkv{"qh"]htqo"xgt{"rqqt"vq"gzegnngpv_ҿ""3+"00rwdnke"
gfwecvkqp"kp"{qwt"ctgcA"4+"ҿvjg"rwdnke"jgcnvj"ectg"u{uvgo"kp"{qwt"ctgcA"5+"ҿvjg"rqnkeg"hqteg"kp"{qwt"ctgcA"*Ejcttqp"gv"
al., 2022, p. 12). For complete 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 are trecvgf"gswcnn{"]htqo"citgg"vq"fkucitgg_ҿ"C+"ҿkp"vjg"rwdnke"gfwecvkqp"u{uvgo"kp"o{"ctgc0"D+"ҿvjg"
rwdnke"jgcnvj"ectg"u{uvgo"kp"o{"ctgc0"E+"ҿd{"vjg"rqnkeg"hqteg"kp"o{"ctgc0"6+"Kp"vjg"ctgc"yjgtg"K"nkxg."gngevkqpu"ctg"
conducted freely and fairly. (Charron et al., 2022, p. 13). For complete questionnaire see (Charron et al., 2022). 
143 Ugngevgf"swguvkqpu"htqo"vjg"swguvkqppcktg<"Eqttwrvkqp"ku"rtgxcngpv"kp"]htqo"uvtqpin{"fkucitgg"vq"uvtqpin{"citgg_ҿ"3+"
o{"ctgcҲu"nqecn"rwdnke"uejqqn"u{uvgo0"4+"ҿkp"vjg"rwdnke"jgcnvj"ectg"u{uvgo"kp"o{"ctgc0"5+"ҿkp"vjg"rqnkeg"hqteg"kp"o{"
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"vq"igv"ceeguu"vq"urgekcn"wphckt"rtkxkngigu"cpf"ygcnvj0"]ҿ_""*Ejcttqp"gv"cn0."4244."rr0"35-14). For 
complete questionnaire see (Charron et al., 2022). 

 
Figure 65: At-risk-of-poverty rates140 in NRW 2014 and 2018 by region.  

 Ruhr Area (Ruhrgebiet), Aachen region (Region Aachen), Rhineland (Rheinland); Eastern 

Westphalia-Lippe (Ostwestfalen­Lippe), Bergisches Land (Bergisches Land), South Westphalia 

(Südwestfalen), Münsterland (Münsterland). Source: Ministerium für Arbeit and Gesundheit 

und Soziales Nordrhein-Westfalen (2020, p. 255). 
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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 programmes [own translation144ϐέ (Küppers & 

Decker, 2023, p. 679)Φ Lƴ ǘƘƛǎ ǊŜƎŀǊŘΣ ƛǘ Ŏŀƴ ŀƭǎƻ ōŜ ŜȄǇŜŎǘŜŘ ǘƘŀǘ ƛƴŎƭǳǎƛǾŜ ǎǘǊǳŎǘǳǊŀƭ ǇǊƻƎǊŀƳǎ ƭƛƪŜ άL.! 

9ƳǎŎƘŜǊ tŀǊƪέ ƻǊ ǘƘŜ wǳƘǊ ŎƻƴŦŜǊŜƴŎŜ όǎŜŜ /ƘŀǇǘŜǊ оΦпΦнύ ŀǊŜ ŀƭǎƻ ōŜƴŜŦƛŎƛŀƭ ŦƻǊ ŎǊŜŀǘƛƴƎ ǘǊǳǎǘ ƛƴ 

institutions. 

 

Figure 66: A comparison of institutional trust in Germany and the Ruhr region (the values for Germany as a whole include the 

wǳƘǊ ǊŜƎƛƻƴύΦ CǊƻƳ ǘƻǇ ƭŜŦǘΥ ƛƴǎǘƛǘǳǘƛƻƴŀƭ ǘǊǳǎǘ ƛƴ ǘƘŜΧ ŦŜŘŜǊŀƭ ƎƻǾŜǊƴƳŜƴǘ ό.ǳƴŘŜǎǊŜƎƛŜǊǳƴƎύΤ ŦŜŘŜǊŀƭ ǇŀǊƭƛŀƳŜƴǘ 

(Bundestag); unions (Gewerkschaften); justice system & courts (Justiz & Gerichte); media (Medien); political parties 

(Parteien). Answers from left to right: no trust at all (gar kein Vertrauen), low trust (wenig Vertrauen), high trust (großes 

Vertrauen), very high trust (sehr großes Vertrauen). Data basis: FES/Infratest dimap survey 2019. 

Source: Küppers and Decker (2023, p. 676) 

 

This trust in institutions is of pivotal significance, as the fundamental transition of the socio-economic 

structure requires the support and acceptance of political measures by the citizens of the Ruhr Area. In 

this context, a survey by the European Investment Bank in 2023/24 shows145 ǘƘŀǘ άŜŎƻƴƻƳƛŎ ŀƴŘ ŦƛƴŀƴŎƛŀƭϦ 

ŀǎǇŜŎǘǎ όун҈ύΣ ŜǎǇŜŎƛŀƭƭȅ άƛƴŎǊŜŀǎŜŘ Ŏƻǎǘ ƻŦ ƭƛǾƛƴƎέ όсн҈ύΣ ŀǊŜ ǇŜǊŎŜƛǾŜŘ ōȅ ŎƛǘƛȊŜƴǎ όƴҐнмфύ ƻŦ bƻǊǘƘ-Rhine 

Westphalia146 ŀǎ ōƛƎƎŜǊ ŎƘŀƭƭŜƴƎŜǎ ǘƘŀƴ άŎƭƛƳŀǘŜ ŎƘŀƴƎŜέ όрм҈ύ ό9L. нлнпύΦ147 This is also reflected in the 

 

144  Please note, that the study is in German language and the translation is not strictly literal.  
145 Swguvkqp<"ҵYjcv"ctg"vjg"vjtgg"dkiiguv"ejcnngpigu"vjcv"rgqrng"kp"{qwt"eqwpvt{"ctg"ewttgpvn{"hcekpiAҶ"Uqwteg<"GKD"
(2024): https://www.eib.org/attachments/survey/eib -climate -survey-2023-2024-dataset-all-countries-cop28.xlsx 
(Excel sheet: Germany). The references are listed in the Cjcrvgt"ҵFcvc"uqwteguҶ0 
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+."ҵGeqpqoke"cpf"hkpcpekcn$"curgevu"*66'+"jcxg"dggp"rgtegkxgf"d{"ekvk|gpu"*p?658+"qh"Pqtvj-Rhine 

 

https://www.eib.org/attachments/survey/eib-climate-survey-2023-2024-dataset-all-countries-cop28.xlsx
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ŘƻƳƛƴŀƴǘ ƻǇƛƴƛƻƴǎ όрт҈ύ ǘƘŀǘ ǘƘŜ άƎƻǾŜǊƴƳŜƴǘ ǎƘƻǳƭŘ ŀŘŘǊŜǎǎ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ without affecting the 

ǇŜǊǎƻƴŀƭ ōǳŘƎŜǘέ148Σ ŀƴŘ ǘƘŀǘ άǘƘŜ ǘǊŀƴǎƛǘƛƻƴ ǘƻ ŀ ƭƻǿ ŎŀǊōƻƴ ŜŎƻƴƻƳȅ Ŏŀƴ ƻƴƭȅ ƘŀǇǇŜƴ ƛŦ inequalities are 

ŀŘŘǊŜǎǎŜŘ ŀǘ ǘƘŜ ǎŀƳŜ ǘƛƳŜέ όст҈ύΦ149 Regarding employment opportunities due to this transition, a 

ƳŀƧƻǊƛǘȅ όрт҈ύ ŜȄǇŜŎǘǎ ǘƘŀǘ άŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ǿƛƭƭ ŘŜǎǘǊƻȅ ƳƻǊŜ Ƨƻōǎ ǘƘŀƴ ǘƘŜȅ ǿƛƭƭ ŎǊŜŀǘŜ ƴŜǿ ƻƴŜǎέ ό9L. 

2024).150 

The latter assessment (albeit from the citizens of all NRW and not only from the Ruhr Area) is particularly 

problematic: Against the background of the still persistent structural inequalities resulting from  

deindustrialization (Lengyel et al., 2022, p. 576), especially high unemployment and municipal debts, a 

holistic approach for the region is required that focuses on its most important transition needs. However, 

ǘƘŜ άŦŀŎǘ ǘƘŀǘ ǘƘŜǊŜ ƛǎ ƴƻ ǳƴŘƛǎǇǳǘŜŘ ǊŜƎƛƻƴŀƭ ŎŜƴǘŜǊ ƛƳǇŜŘŜǎ ǊŜƎƛƻƴŀƭ ǘƘƛƴƪƛƴƎ ŀƴŘ ǊŜƎƛƻƴŀƭ ŀŎǘƛƻƴέ (Keil 

& Wetterau, 2013, p. 33) and increases the risk of municipalities competing with one another about 

limited resources rather than collaborating ς as happened numerous times in the past (Bogumil et al., 

2012; Goch, 2003; van Houtum & Lagendijk, 2001).151 

Nevertheless, there are several examples that indicate a gradual shift towards a more regional, inclusive 

and holistic approach: the establishment of the Ruhr Regional Association152 (Regionalverband Ruhr, RVR) 

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 2011) - in February 2024 

(Regionalverband Ruhr, 2024). However, it also highlights again the challenges the Ruhr Area is facing 

regarding fragmented responsibilities and competing interests among multiple responsible authorities. 

bŜǾŜǊǘƘŜƭŜǎǎΣ ƛǘ ŀƭǎƻ Ƙŀǎ ǘƻ ōŜ ŜƳǇƘŀǎƛȊŜŘ ǘƘŀǘ ǘƘŜ ƛƴŘŜǇŜƴŘŜƴǘ ά!ŎŀŘŜƳȅ ŦƻǊ ¢ŜǊǊƛǘƻǊƛŀƭ 5ŜǾŜƭƻǇƳŜƴǘ 

ƛƴ ǘƘŜ [ŜƛōƴƛȊ !ǎǎƻŎƛŀǘƛƻƴέ ό!w[ύ Ƙŀǎ ƘƛƎƘƭƛƎƘǘŜŘ ǘƘŜ άōǊƻŀŘΣ ǇŀǊǘƛŎƛǇŀǘƻǊȅΣ ŀƴŘ ŎƻƴǎŜƴǎǳǎ-oriented 

planning process that has garnered significant interest and recognition far beyond the Ruhr Area. It is 

considered an innovative contrƛōǳǘƛƻƴ ǘƻ ǘƘŜ ŦǳǊǘƘŜǊ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǊŜƎƛƻƴŀƭ ǇƭŀƴƴƛƴƎ ƛƴ DŜǊƳŀƴȅέ (ARL 

- Akademie für Raumentwicklung in der Leibniz-Gemeinschaft, 2019, p. 1). In addition, the Ruhr 

 

Westphalia as smaller ejcnngpigu" vjcp" ҵenkocvg" ejcpigҶ" *82'+0" Uqwteg<" GKD" *4242+<"
https://www.eib.org/attachments/survey/climate -survey-citizens-perception-climate -change-impact -all-data-en.xlsx   
(Excel sheet: Germany). The references are listed in the Cjcrvgt"ҵFcvc"uqwteguҶ0 
148 Swguvkqp<"ҵYqwnf"{qw"uc{"vjcvҿ"]ҿ_"[qwt"iqxgtpogpv"ujqwnf"cfftguu"enkocvg"ejcpig"ykvjqwv"chhgevkpi"{qwt"rgtuqpcn"
dwfigvҶ0"Uqwteg"GKD"*4246+0 
149 Swguvkqp<"ҵYqwnf"{qw"uc{"vjcvҿ"]ҿ_"Vjg"vtcpukvkqp"vq"c"nqy"ectdqp"geqpqo{"ecp"qpn{"jcrrgp"kh"kpgswcnkvkgu"ctg"
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) uwiiguvu"Ҷvjcv"c"rqnkvkecn"ejqkeg"ycu"ocfg"pqv"vq"jqoqigpkug"rqnkvkecnn{"vjg"Twjt"
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 in control in the different regions, instead of 
kp"vjg"Twjt"ctgc"cnqpg."jcu"rnc{gf"c"tqng"qh"uqog"korqtvcpeg"kp"vjku"tgurgevҶ"*kdkf0."r0"97:+0 
152 As the Regionalverband Ruhr highlights in their publication (2018), the RVR has a long history though: In 1920 the 
ҵCuuqekcvkqp"qh"vjg"Twjt"Eqcn"TgikqpҶ"*Ukgfnwpiuxgtdcpf"Twjtmqjngpdg|ktm"]UXT_) was founded by the municipalities 
and districts of the Ruhr Area and in 1979 renamed to ҵMunicipal Association for the Ruhr RegionҶ (Kommunalverband 
Ruhrgebiet [KVR]). Since 2004 the association is called Ruhr Regional Association (RVR).  

https://www.eib.org/attachments/survey/climate-survey-citizens-perception-climate-change-impact-all-data-en.xlsx
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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 approaches (Dahlbeck et al., 2023).153 

Against the background of initiating more inclusive and bottom-up approaches, citizen assemblies like the 

"Bürger*innenrat" in Duisburg, focusing on participatory approaches for discussing policy goals and 

developing hydrogen solutions, can be regarded as a promising way of developing inclusive and socially 

accepted solutions (Bergische Universität Wuppertal. Institut für Demokratie- und 

Partizipationsforschung [IDPF], 2023). 

¢ƘŜ ǊŜǎǳƭǘǎ ƻŦ ǘƘƛǎ ά.ǸǊƎŜǊϝƛƴƴŜƴǊŀǘέ όǿƛǘƘ пр ǇŀǊǘƛŎƛǇŀƴǘǎ ƴƻǘ ǊŜǇǊŜǎŜƴǘŀǘƛǾŜ ǘƘƻǳƎƘύ ŀǊŜ ǾŜǊȅ ƛƴǘŜǊŜǎǘƛƴƎ 

ōŜŎŀǳǎŜ ǘƘŜȅ ŘŜǾŜƭƻǇŜŘ ǎŜǾŜǊŀƭ Ƴŀƛƴ ǇƻƭƛŎȅ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ŀƴŘ άǊŜŘ ƭƛƴŜǎέΥ  hƴŜ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴ ƛǎ 

ǘƻ άǇǊƻŘǳŎŜ ƎǊŜŜƴ ƘȅŘǊƻƎŜƴ ŀǎ ƭƻŎŀƭƭȅ ŀǎ ǇƻǎǎƛōƭŜ with a view to energy self-sufficiency and creation of 

Ƨƻōǎέ όƛōƛŘΦΣ ǇΦ 8) and simultaneously strictly avoiding άǊŜƭȅƛƴƎ ŜȄŎƭǳǎƛǾŜƭȅ ƻƴ ƛƳǇƻǊǘǎ ƻŦ ƎǊŜŜƴ I2έ and 

άǘƘŀǘ ƎǊŜŜƴ I2 transition is taking place without respecting human rights and environmental protection in 

ǘƘŜ ǇǊƻŘǳŎƛƴƎ ŎƻǳƴǘǊƛŜǎέ όƛōƛŘΦύΦ 

This goal leads us to the ecological and environmental dimensions of sustainability that constitutes 

together with the above-described economic and socio-political dimension the region's transition 

potentials: the potential for the development of renewable energy as a prerequisite for generating 

άƎǊŜŜƴέ ƘȅŘǊƻƎŜƴ ƛƴ ǘƘŜ ǊŜƎƛƻƴΦ .ŀǎŜŘ ǳǇƻƴ ǘƘƛǎΣ ǘƘŜ tƛƭƻǘ ǳǎŜ ŎŀǎŜǎ ŜǾƻƭǾƛƴƎ ŀǊƻǳƴŘ άŀǎǎŜǎǎƛƴƎ ǊŜƎƛƻƴŀƭ 

ŜƴŜǊƎȅ όŜƭŜŎǘǊƛŎƛǘȅΣ ƘŜŀǘ ŀƴŘ ƘȅŘǊƻƎŜƴύ ŘŜƳŀƴŘǎέΣ ǘƘŜ άŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ ƘȅŘǊƻƎŜƴέ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ 

άŀǇǇƭƛŎŀōƛƭƛǘȅ ƻŦ ƘȅŘǊƻƎŜƴ ƛƴ ƘŜŀǘƛƴƎέ ǿƛƭƭ ōŜ ōǊƛŜŦƭȅ ǇƻǊǘǊŀȅŜŘΦ 

The cost-efficient generation of hydrogen will determine the scope and pace of the hydrogen ramp-up. 

!ǘ ŎǳǊǊŜƴǘ Ŧƻǎǎƛƭ ǇǊƛŎŜǎΣ ǿŜ Ŏŀƴ ǎŜŜ ŀƴ άŀǾŜǊŀƎŜ Ŏƻǎǘ ƎŀǇ ōŜǘǿŜŜƴ Ŧƻǎǎƛƭ-based hydrogen and renewable 

ƘȅŘǊƻƎŜƴ ώƻŦϐ ŀǇǇǊƻȄƛƳŀǘŜƭȅ ϵоκƪƎέ όǎŜŜ Figure 67) (Agora Energiewende and Guidehouse, 2021, p. 11). 

¢ƘŜ Ŏƻǎǘ ƻŦ ǊŜƴŜǿŀōƭŜ ƘȅŘǊƻƎŜƴ ƛǎ ǇǊƛƳŀǊƛƭȅ ŘŜǘŜǊƳƛƴŜŘ ōȅ ǘƘǊŜŜ ŀǎǇŜŎǘǎΥ άόмύ the cost of renewable 

electricity; (2) the annual operating hours of the electrolyser, or so-called capacity factor; and (3) the 

ŜƭŜŎǘǊƻƭȅǎŜǊ ǎȅǎǘŜƳ Ŏƻǎǘǎέ όƛōƛŘΦύΦ 

 

153 Even though Dahlbeck et al. (2023) argue, ҵthat 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 perceptionҶ"*kdkf0."r0"3;+0 

hat ҵthis 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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Figure 67: Production cost of renewable H2 compared to fossil-based H2  with and without carbon capture. Source: Agora 

Energiewende and Guidehouse (2021, 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 for fossil-based H2 ǊŜŦƭŜŎǘǎ ŀƴ ƛƳǇƭƛŎƛǘ ŎŀǊōƻƴ ǇǊƛŎŜ ƻŦ ϵрлκǘ/h2 in 2020 
increasing to ϵ100/tCO2 ƛƴ нлолΦ CƻǊ ƴŀǘǳǊŀƭ ƎŀǎΣ ŀ ǇǊƛŎŜ ƻŦ ϵнлκa²Ƙ ƛǎ ŀǎǎǳƳŜŘΦ ¢ƘŜ ŎŀǇǘǳǊŜ ǊŀǘŜ ŦƻǊ Ŧƻǎǎƛƭ-based H2 with carbon 
capture is assumed to be around 75% 

 

If we take a look at the first aspect that determines the hydrogen costs, the availability of (cost-efficient) 

renewable energy, we can see that the Ruhr Area had in 2020 a comparatively low share of RE in its 

electricity (9%, see Figure 68) and heat consumption (1.1%, see Figure 69), with the largest shares in 

biomass (Regionalverband Ruhr, 2022a, p. 22). In addition, the Ruhr Area has ς despite its dense 

population ς still a significant potential for the development of RE.154 

 

154 Data about the potentials of RE (wind, solar radiation, biomass, water power) for NRW on a NUTS 3 level can be 
downloaded here: 
https://www.energieatlas.nrw.de/site/Media/Default/Dokumente/202205_Potenziale_Energieatlas_NRW.xlsx   

https://www.energieatlas.nrw.de/site/Media/Default/Dokumente/202205_Potenziale_Energieatlas_NRW.xlsx
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Figure 68: Renewable energies (in green) in the Ruhr 

metropolis - share of total electricity consumption.   

Source: Regionalverband Ruhr (2022a, p. 24). 

 
Figure 69: Renewable energies (in green) in the Ruhr 

metropolis - share of total heat consumption.   

Source: Regionalverband Ruhr (2022a, p. 25). 

 

A study from 2016 on the potential for the development of wind power in the Ruhr Area (Gertec 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 

(see Figure 70). Together, the two municipalities have more than a quarter of the Ruhr Areás total wind 

potential. However, as already mentioned in the case study of Emilia-Romagna (Chapter 3.2.3) and Lower 

Silesia (Chapter 3.3.3), restrictions for wind power reduce this (theoretical) potential significantly: in their 

Ƴƻǎǘ ǊŜŎŜƴǘ ŀƴŀƭȅǎƛǎΣ ǘƘŜ w±w άƛŘŜƴǘƛŦƛŜǎ ŀ ǇƻǎǎƛōƭŜ ŀǊŜŀ ƻŦ ƻƴƭȅ нΣтмп ƘŜŎǘŀǊŜǎΦ ¢Ƙŀǘ ƛǎ ƻƴƭȅ нΦр ǇŜǊŎŜƴǘ 

of all suitable areas in North Rhine-Westphalia [own translation155ϐέ (Polzin, 2023, p. 1). 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 in the Ruhr Area (see Figure 71). This form 

of renewable energy is not only cost-efficient and competitive, but ς unlike the development of 

windpower ς also has only very limited potential for conflicts (Gölz & 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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Figure 70: Wind energy potential in the Ruhr Area (in GWH/a) in 2016.  Source: Gertec GmbH (2016, p. 60). 

 

Figure 71: Photovoltaic potential on rooftops (in GWH/a) in 2016.  Source: Gertec GmbH (2016, p. 70). 
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However, a densely populated region like the Ruhr Area, with its energy-intensive industries, will not be 

able to become fully self-sufficient 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 generation of hydrogen is 

considered (see Figure 72). 

 

 
Figure 72: Structure and regional allocation of electricity demand in NRW in 2050.  Sectors: Housing 

(Haushalte); Trade, commerce and services (Gewerbe, Haushalt, Dienstleistungen [GHG]; industry 

(Industrie); transport (Transport). Source: Cerniauskas et al. (2021, p. 75). 
 

 
Figure 73: Distribution of final energy demand for hydrogen in 2050 (only including hydrogen demand 

from industry, which is supplied externally). Sectors: Cement (Zement), steel (Stahl); petrochemicals 

(Petrochemie), industrial furnaces (Industrieöfen).  Source: Cerniauskas et al. (2021, p. 77). 

 

The huge demand for green hydrogen (see Figure 73) must therefore be met by imports from other 

regions, which have a larger potential for the development of renewable energy. As Figure 74 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 Macedonia, is currently developing a hydrogen ecosystem 

to transform their economy from a lignite-based economy (mining and energy generation) to a diversified, 

climate neutral and sustainable economy (see case study of Western Macedonia). A cooperation between 

ǘƘŜǎŜ ǘǿƻ ǊŜƎƛƻƴǎ ǿƻǳƭŘ ƳŜŜǘ ǘƘŜ ŜȄǇŜŎǘŀǘƛƻƴǎ ƻŦ ǘƘŜ ά.ǸǊƎŜǊϝƛƴƴŜƴǊŀǘέ ƻŦ 5ǳƛǎōǳǊƎ όǎŜŜ ǎŜŎǘƛƻƴ ŀōƻǾŜύΣ 

which expects that the import of hydrogen respects human rights and environmental protection in the 

producing countries. 






































































































































