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Summary

The 2015 Paris Agreement called on developed countries to reduce greenhouse gas emissions
to prevent the average global temperature from rising above 2°C. To achieve this goal,
Germany decided to phase out lignite by 2038 at the latest. Recognising that the phase-out
would lead to structural change in lignite mining regions, the government established the Coal
Commission, which issued recommendations in its final report on how to manage this
structural change. Lusatia, one of Germany's three lignite mining regions, will receive a total
of €17.2 billion. This money will be used to fund research and innovation, secure the
competitiveness of the regional economy and transform the regional energy system with new
technologies and business models. However, the question is whether this unique amount of
funding will be sufficient to stimulate regional economic development and green
transformation in the rural and peripheral region.

This dissertation aims to contribute to answering this question from the perspective of
Regional Innovation Systems (RIS). The RIS framework helps to explain the uneven
geographical distribution of innovation and serves as a basis for the design and
implementation of place-based innovation policies, the promotion of regional innovation
capacity and the development of new industrial paths.

The work is based on three different studies that focus on certain aspects of the RIS
framework. Chapter 2 is dedicated to the question if the strength of German RIS is related to
the cooperation for innovation. The study finds that there is indeed a strong positive
correlation between the two, which helps to understand why it is useful to foster cooperation
and establish new research institutes to improve Lusatia's RIS in the long term. Chapter 3
analyses green path development in the lignite industry and the influence of the respective
RIS in the German mining regions. While there was an observable shift towards renewables in
the regions, the lignite industry was hardly connected to the three RIS. In addition, especially
the lignite industry in Lusatia suffered from technological lock-in and only started to pursue a
path renewal after the phase-out decision. The implication is that transforming industries
should be supported, but their willingness to transform is likely to depend on changes in
regulatory and market conditions at the national or even international level, rather than on
RIS conditions. Chapter 4 focuses on the Smart Specialisation approach and analyses if Smart
Specialisation in the field of energy is realistic in Lusatia. The study shows that the potential
for such specialisation has not been sufficient in the past, but that critical masses can be
achieved if the new research facilities and projects actually attract new companies and
workers in the long term and if this remains the case after the initial funding has ended.
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01 Introduction

1 Introduction

1.1 Background: Phase-out of lignite generation and structural change
in Lusatia

One of the great challenges of the 215 century is tackling climate change and avoiding a global
mean temperature rise above 2° C and possibly above 1.5° C as defined in the Paris Agreement
(United Nations, 2015, p. 145). In this document, developed countries were urged to take the
lead in this effort by setting “economy-wide absolute emission reduction targets” (United
Nations, 2015, p. 146). Together with its European partners, Germany agreed in 2019 on a
process to reduce greenhouse gas emissions in Europe by at least 40 per cent by 2030
compared to 1990 levels, and committed to achieving greenhouse gas neutrality in Europe by
2050 (Bundesministerium fir Umwelt, Naturschutz und nukleare Sicherheit, 2019, p. 7). The
reduction targets have been set by law and the achievement of net greenhouse gas neutrality
by 2045 is now set according to the latest amendment (Bundes-Klimaschutzgesetz - KSG, 2019,
para. 3).

This was the background for the discussion on phasing out lignite-fired power generation,
which had already led to the appointment of the Commission on Growth, Structural Change
and Employment (Kommission ,Wachstum, Strukturwandel und Beschaftigung”) in 2018. The
commission, often referred to as the Coal Commission (Kohlekommission), presented its final
report in 2019 and recommended the end of 2038 as the end date for coal-fired power
generation (Kommission ,,Wachstum, Strukturwandel und Beschaftigung”, 2019, p. 64). At the
same time, it was emphasised that the resulting structural change in lignite mining regions can
only be successfully managed if a number of different interests are taken into account:
Effective and efficient measures for ambitious climate protection; compensation for the loss
of jobs and value added through new, sustainable and value creation through new, sustainable
facilities and companies; security of supply, securing the competitiveness of industry and
maintaining and developing industrial value chains as well as binding, long-term financing of
measures to accompany structural change (Kommission ,Wachstum, Strukturwandel und
Beschaftigung”, 2019, pp. 3—4). The phase-out of lignite as well as the funding of affected
regions are regulated via the Coal Regions Investment Act (Investitionsgesetz Kohleregionen
— InvKG) and the Coal Phaseout Act (Kohleausstiegsgesetz — KohleAusG).

In the East German mining regions, this politically induced structural change represents a
special challenge for regional economic development. The German reunification already had
led to a structural collapse of the lignite industry, modernisation and closure of opencast
mines led to a loss of up to 90% of jobs in the 1990ies (Hermann et al., 2018, p. 13; Ministerium
flir Wirtschaft, Arbeit und Energie, 2022). The eastern German mining areas are therefore
confronted with a repeated structural change that — again — means the loss of jobs and
regional identity. This applies in particular to Lusatia as a peripheral region.

Located between the metropolitan regions of Berlin and Dresden, the region is home to
almost 1.2 million people and comprises five administrative districts in Brandenburg and two
in Saxony: Landkreis Elbe-Elster, Landkreis Oberspreewald-Lausitz, Landkreis Dahme-
Spreewald, Landkreis Spree-Neil3e, kreisfreie Stadt Cottbus, Landkreis Bautzen and Landkreis
Gorlitz. The municipalities in these districts are mostly characterised as rural and peripheral,
this characterisation is based on settlement structures and accessibility models by the German
Federal Institute for Research on Building, Urban Affairs and Spatial Development (BBSR,
2021).
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In order to successfully tackle structural change, a total of up to 17.2 billion euros will be made
available to Lusatia over the period of 2020 and 2038 (Investitionsgesetz Kohleregionen -
InvKG, 2020, paras 1-3, 6, 27). This structural change, which is unique due to the
circumstances, is therefore also accompanied by a unique amount of funding, which means
that the special challenge also becomes a special opportunity.

One of the most important objectives of the funding programme is the promotion of science
and research. The aim is to generate innovation to improve the long-term economic
performance of the entire region. According to the Coal Regions Investment Act, Lusatia will
remain an energy region even after the phase-out. Building on existing expertise and
structures in the fields of energy generation and technology, Lusatia will restructure the
energy system and continue to make an important contribution to securing Germany's energy
supply (Investitionsgesetz Kohleregionen - InvKG, 2020, Appendix 1). Furthermore, research
priorities based on existing regional expertise, such as the development of energy systems or
energy storage, alternative and climate-friendly mobility technologies or artificial intelligence,
are to be expanded, knowledge and technology transfer intensified and start-up activities
strengthened in order to enable new industrial development paths (Investitionsgesetz
Kohleregionen - InvKG, 2020, Appendix 1).

The funds provided are to be used to meet the grand social challenge (Todtling et al., 2022, p.
2140) of climate neutral energy production and the associated structural change at the same
time by promoting science and innovation. There is no doubt that the financial resources
made available for structural change are high, but so are the objectives. The question is
whether and how this can be achieved in a peripheral region like Lusatia: What conditions
need to be created to ensure that the funds fall on fertile ground and that the goals set are
achieved? How can this unique challenge and opportunity be met?

1.2 The Regional Innovation Systems (RIS) framework as a policy tool
to boost Lusatia’s regional economic development

From an economics perspective, there are different approaches that can be useful in
answering such questions. One of these is the Regional Innovation Systems (RIS) framework.
Since the early 1990s, the concept of RIS has gained considerable attention from policy makers
and academic researchers as a promising analytical framework for advancing our
understanding of the innovation process in regional economies (Doloreux & Parto, 2005, p.
134). The RIS approach as an analytical framework has become a widely accepted and used
approach as it allows to explain the uneven geographical distribution of innovation (Asheim
et al.,, 2019, p. 1). It also serves as a theoretical basis for the design and implementation of
place-based innovation policies (Todtling et al., 2022, pp. 2139-2140) and the promotion of
regional innovation capacity (Asheim et al., 2019, p. 1). In particular, the EU Smart
Specialisation strategy (S2) is closely linked to RIS. This strategy aims to achieve a competitive
advantage based on the specific resources and strengths of each region (Kogut-Jaworska &
Ociepa-Kicinska, 2023, p. 1) and has become the central approach for the European
Commission's regional and cohesion policy (Foray, 2023, p. 4).

As the RIS approach has evolved from different theoretical antecedents, such as cluster theory
or economic geography (Asheim et al., 2011, p. 877), it has incorporated several concepts from
these fields. One that is of particular importance is path dependence as an explanation for a
certain development of industrial structures. Combining an evolutionary and a territorial
perspective, RIS research has adapted and extended the notion of path dependence to explain
the development of regional industrial paths. The study of new path development in different

2
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regional settings has attracted increasing interest, especially in the context of the
decarbonisation of industrial production and the question of how policies can promote green
path development.

RIS as a place-based approach conceptualises the regional dimension of the generation,
absorption and exploitation of new knowledge and innovation (Tédtling & Trippl, 2018, pp.
1780-1782). RIS are the sum of actors and institutions that play a role in the development and
commercialisation of new technologies within a region (Fritsch, 2013, p. 16). They usually
consist of two subsystems: First, the local firms or industry that are also called the knowledge
exploitation subsystem. Second, public research institutes such as Higher Education Institutes
(HEI) as well as supporting business services that are also called the knowledge exploration
subsystem (Trippl et al., 2016, p. 29). They interact with each other and with other actors in
other regions. However, not all organisations are equally embedded in the regional system or
in other systems (Stuck et al., 2016, p. 427). The workforce potential and other regional or
national conditions and institutional settings serve as a distinct resource base for the actors.
While the narrow definition of an RIS solely includes the two subsystems, a wider definition
also includes this resource base (Trippl et al., 2016, p. 29) and the institutional and policy
subsystem. Innovations can be seen as the overall output of the system.

The functionality of an RIS depends to a large extent on the presence of the elements
mentioned above, a critical mass of regional actors or the so-called organisational thickness
(Fritsch, 2013, p. 13; Trippl et al., 2016, p. 27). In addition to the purely quantitative aspect,
the quality of the elements is equally important. For example, the mere presence of non-
university research institutions and enterprises is not enough; their performance and
competitiveness are decisive for the success of innovation (Fritsch, 2013, p. 18). Consequently,
a region with a well-functioning RIS does supposedly not only have a competitive advantage
due to its innovative potential in the present, it also has better capacities to adapt to changing
conditions and tackle challenges by developing new industrial paths in the future.

Research on RIS thus often analyses why some RIS are weaker than others. It conceptualises
the identification of less-developed innovation systems via system failure approaches or
regional industrial path development. Especially peripheral regions are often characterised by
organisational thinness as a system deficiency (Trippl et al., 2016, p. 26), resulting in a lack of
innovative potential and therefore often lack the structures for new path development and
suffer from path exhaustion (Trippl et al., 2016, p. 32).

Innovation policy based on these findings from RIS research addresses such issues. The idea is
to compensate for weaknesses and build on strengths. The latter is also a basic component of
the EU's S2 strategy. Against the backdrop of climate change, RIS research is also increasingly
asking how RIS capacities can be strengthened in such a way as to generate a green
transformation (Todtling et al., 2021, p. 867, 2022, p. 2140; Trippl et al., 2020, p. 190) by
developing new green industrial paths.

As the RIS framework serves as an instrument for pursuing regional innovation policy and
strengthening and maintaining regional competitiveness, it is also relevant for those dealing
with structural change in lignite mining regions. As recommended by the Coal Commission,
many project funds are to be spent on scientific institutions, research groups or projects, many
of which are related to energy system transformation. These are partly specified in the
strategies of the federal states (Lidnder), but also in the InvKG (Investitionsgesetz
Kohleregionen - InvKG, 2020, paras 16—17). The objective of these investments is to promote
economic development in the long term. This means that the funding is aimed at improving
the regional generation and use of knowledge.
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Strengthening Lusatia’s RIS is therefore implicitly one of the main recommendations of the
Coal Commission. The following can be deduced and argued: When asking whether the money
spent on structural change is achieving its objectives, one is really asking whether the funding
is leading to an improvement in RIS. This falls within the scope of RIS research. In fact, several
studies carried out during the phase-out discussion implicitly or explicitly analysed the RIS of
lignite mining regions, in particular the RIS of Lusatia.

For example, a 2018 RWI report on the development of comparative structural data for the
German lignite regions analysed the innovative capacity of the coal regions (Frondel et al.,
2018). The authors concluded that Lusatia has a lower innovation potential than the other
mining regions, partly due to the low share of R&D (research and development) employees
and the small business structure of the companies, at least in the rural districts, as well as the
lower proximity to universities and research institutions (Frondel et al., 2018, p. 200). Another
study published in the run-up to the structural change process is a meta-study by Prognos AG
on future fields of action to promote structural adjustment measures in lignite regions
(Bornemann et al.,, 2018). The authors find that the RIS in Lusatia is only rudimentarily
developed, although the existing universities offer good points of contact in the field of
innovation (Bornemann et al., 2018, p. 27). Accordingly, it is proposed to expand project
groups at universities and research institutes in the field of energy research, but also in other
areas, and to link them more intensively with the core industrial sectors and strengths of
Lusatia (Bornemann et al., 2018, p. 29). Another study commissioned by Wirtschaftsregion
Lausitz GmbH examined the location potential of Lusatia and compiled findings on the region's
RIS (Berger et al., 2019, pp. 195-213).

Now that the first funds have been allocated, it is all the more important to keep an eye on
the achievement of the targets for Lusatia's regional innovation potential. Of particular note
is a study on the strengths and weaknesses of regional innovation systems in the German
regions affected by the coal phase-out (Brachert & Titze, 2024). Based on their analysis of
cooperation relationships in the RIS, the two authors conclude that a differentiated regional
innovation policy must focus on strengthening the intensity of cooperation, especially in
Lusatia, which is at the bottom of the list of coal mining regions (Brachert & Titze, 2024, p. 21).
Common to all studies is that the RIS in Lusatia is described as rather weak overall. It is
recommended to strengthen cooperation and to promote university and non-university
research in certain fields of competence in the region, especially in energy research. However,
for those familiar with the RIS framework or the innovation potential of Lusatia, these findings
are hardly surprising.

In order to deepen these recommendations, it seems useful to take a closer look at the key
findings of the RIS research. If we combine the finding that Lusatia currently has a rather weak
RIS with the conceptual considerations of RIS research, we can also explain why the RIS is
weak; why it is precisely the strengthening of cooperation that is so important; what possible
obstacles there are to the specialisation of the region in the field of energy research; why it is
so difficult, but at the same time essential, for the lignite industry to develop a new industrial
path in energy production.

1.3 Dissertation aims and objectives

As mentioned above, from the point of view of the RIS framework, the question of whether
the Structural Funds can achieve their objectives in Lusatia has to be asked in terms of how
the RIS can be strengthened and a green industrial path development in the energy sector can
be realised. Furthermore, it should be taken into account that Lusatia is a peripheral region
with allegedly worse starting conditions for structural change. The aim of this dissertation is
4
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to contribute to answering this question. It bridges the gap between important concepts of
the RIS framework on the one hand and empirical findings on German RIS and the Lusatian
RIS in particular on the other hand.

While the focus of the studies included in this dissertation are slightly different and
complementary, they are linked by the overarching question outlined above. In addition, they
build on a large amount of data related to innovation activities in Germany and Lusatia, which
has been collected over several years.

Naturally, there are a variety of aspects to be considered. However, the three research papers
in this dissertation therefore focus on three specific perspectives that are of great importance.
The first perspective is the strengthening of RIS as a whole by promoting exchanges between
science and industry or generating innovation through cooperation. The second perspective
is the concept of developing new industrial paths. In other words, thinking about how to
overcome the lock-in of industries and regions in order to be able to react to new
circumstances and remain competitive. As a result of the phase-out of lignite, new green path
development is particularly important as the industry decides on its economic survival by
reorienting itself. Furthermore, jobs and added value are disappearing and have to be
replaced. The third perspective is the S2 strategy to promote regional economic development
in the field of energy production. One goal of structural change policies is that the "Energy
Region Lusatia" needs to get fit for a green future and become a pioneer in the field of
renewable energies and the transformation of the energy system via supporting energy
research and creating new business opportunities.

Chapter 2 is therefore dedicated to the question of the extent to which the strength of RIS is
related to the cooperation for innovation. The study in this uses a Social Network Analysis
(SNA) approach to evaluate the correlation between both overall and regional innovation
cooperation intensity and the performance of German RIS, represented by the Regional
Innovation Index (RII) by the European Commission. Additionally, key actors and a correlation
between the number of regional actors and interactions are identified for further analysis. The
data show that there is a strong correlation between cooperation intensity and Rll score.
There is also a correlation between regional collaboration and the RIl score, although this
correlation is weaker. In addition, the study finds that a handful of companies as well as
universities and research institutes have a considerable share in the overall interactions. The
results emphasise the importance of promoting exchange between science and industry and
confirm the call for more networking within Lusatia.

Chapter 3 presents the concept of new industrial path development in RIS and analyses to
what degree and why different RIS configurations in the German lignite regions may or may
not have influenced path development in the lignite industry. Data on funded cooperative
research projects in the so-called Forderkatalog (FOEKAT) are collected to depict the path
development in the case regions and how the lignite industry is embedded in innovative
networks. Furthermore, data on renewable energy capacity installations are used to evaluate
if there is a connection between path development in the RIS and the path upgrading of the
lignite industry itself. The study shows that the firm that invested the earliest in renewables is
located in the region with the densest energy innovation system and the best overall RIS
conditions, which is in line with the literature on path development in RIS. However, the lignite
industry is hardly connected to regional innovative networks, so this finding may be
coincidental. Firm decisions unrelated to the region and national or even international market
factors have a stronger influence on path development than the RIS. In fact, LEAG, the Lusatian
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lignite company, only started to invest seriously in renewables after the phase-out decision.
In the meantime, however, the company has set itself ambitious targets. Accordingly, from
the perspective of this study, new path development needs inflow of technologies and
knowledge, especially in thin RIS. But funding energy research alone will not be effective.
Regional firms have to be integrated into innovation networks and cooperative research in
order to profit from knowledge exchange. Ultimately, it is even of greater importance to
create suiting legal and market conditions for the viability of new green industrial paths.

The study in Chapter 4 looks at the RIS and S2 in Lusatia and shows why the image of the
"Energy Region Lusatia" has in the past been rooted more in historical regional identity than
in actual regional specialisation - but also why this is likely to change because of structural
change. The study analyses the current status of RIS in Lusatia and the potentials for S2 in the
field of energy. The analysis is based on empirical data from statistical offices and the FOEKAT,
as well as data on new research projects and institutes. The collected data suggest that the
region's RIS is rather thin. The proclaimed image of an "energy region" is not yet reflected in
the data, but this may change due to the structural change programme and the strategic
orientation of the region. The study finds that S2 could be successful if the new institutes and
research projects make it possible to attract skilled workers and companies, while at the same
time increasing the absorption capacity of existing companies in the region. Building a critical
mass for cooperation and innovation is achievable, at least in the larger cities such as Cottbus.
Of course, it is still too early to determine whether the efforts to strengthen Lusatia's RIS will
be successful and whether the funds distributed will be well spent. The process of structural
change is far from over. However, the studies in this dissertation help to understand what
conditions need to be created from an RIS perspective for these efforts to be successful, and
why.
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2 Research Cooperation and Regional Innovation Systems
Performance in Germany

Abstract

Innovation, research cooperation and knowledge transfer are key drivers of regional economic
competitiveness. The Regional Innovation Systems (RIS) framework serves as an analytical
framework for investigating regional innovation processes and identifying regional disparities.
This study establishes a link between RIS performance and cooperation for innovation by using
Social Network Analysis to evaluate the correlation between both overall and regional
innovation cooperation intensity and the performance of German RIS, represented by the
Regional Innovation Index (RIl). Additionally, key actors and a correlation between the number
of regional actors and interactions are identified for further analysis. The data show that there
is a strong correlation between cooperation intensity and Rll score. There is also a correlation
between regional collaboration and the RIl score, although this correlation is weaker. In
addition, the study finds that a handful of companies as well as universities and research
institutes have a considerable share in the overall interactions. This means that the promotion
of research cooperation is important from a funding policy perspective, however at the same
time very strong innovation networks cannot be easily copied.

2.1 Introduction

The Regional Innovation Systems (RIS) framework has been developed over the last three
decades as an analytical framework for investigating regional innovation processes and
identifying regional disparities in innovative capacity, knowledge exchange and innovation
output. Innovation, research cooperation and knowledge transfer are seen as key drivers of
regional economic competitiveness. The RIS approach has been extensively researched in the
literature and is nowadays the theoretical basis for designing and implementing place-based
innovation policies (Todtling et al., 2022, pp.2139-2140) and stimulating the regional
innovation capability (Asheim et al., 2019, p. 1). Despite its origins in the early 1990s, the RIS
framework is still fundamental to contemporary policy approaches in Europe, notably the
Smart Specialisation Strategies (S3). The S3 practice seeks to achieve a competitive advantage
based on the specific resources and strengths of each region (Kogut-Jaworska & Ociepa-
Kicinska, 2020, p. 1).

A large number of studies have analysed RIS, ranging from case studies to comparative studies
(Arnold et al., 2014; Cooke et al., 2010; David Doloreux & Dionne, 2008; Fritsch & Slavtchev,
2011; Porto-Gomez, Zabala-lturriagagoitia, & Leydesdorff, 2019). Many studies focus on how
to measure the RIS performance and the appropriate metrics when evaluating their success
(Pino & Ortega, 2018, p. 3). However, we do not always know exactly the reasons why one RIS
performs better than another. We do know that knowledge exchange plays an important role
in driving innovation processes (Fritsch et al., 2020, p. 630). Therefore, it is evident that
comprehending interactions between actors in innovation systems is crucial to fully
understanding such systems (Borras & Edquist, 2019, p. 145) and explaining their strength.

In general, RIS theory supposes that improved cooperation or collaboration between regional
actors leads to stronger RIS, but the relationship between innovation networks and RIS
performance requires more quantitative research (Fritsch et al., 2020, p. 650). More empirical
evidence for this link is needed for two reasons. The first reason is proving the basic
assumption of the RIS framework that a critical mass of interaction between innovative actors

10



02 Research Cooperation and Regional Innovation Systems Performance in Germany

within an RIS contribute to its strength. The second reason is the justification for innovation
policies and funding that focus on fostering collaboration and establishing knowledge
exchange networks. Previous research generally lacks theoretically precise and quantitatively
measurable analyses of the inter-organisational interactions and knowledge exchange (Stuck
et al.,, 2016, p. 424).

For the assessment of RIS and their innovative potential and capacity, there are different
appropriate methods and indicators. One commonly used indicator system, which the
European Commission has developed and applied, is the Regional Innovation Scoreboard
(European Commission, 2021a). The Scoreboard is based on the Regional Innovation Index
(RH), a composite indicator that ranks European Regions according to their overall
performance in terms of RIS. Social network analysis (SNA) has proven to be an adequate
analytical tool for assessing innovation cooperation within regions and innovation networks
(Wal & Boschma, 2009, pp. 753—754), but has been largely overlooked by the RIS literature
(Stuck et al., 2016, p. 424). Moreover, while several studies have already examined either RIS
performance or innovation networks, there is still a lack of explicit evidence for a general
correlation between cooperation intensity and RIS performance.

Therefore, the aim of this paper is to empirically investigate whether there is a correlation
between a) overall (nationwide) research cooperation intensity and b) regional research
cooperation intensity on the one hand and the RIS performance of German RIS, on the other
hand. Furthermore, the study also tries to answer the question of whether many actors mean
a high same level of cooperation, or whether a few key actors are particularly active.

The 38 German government regions or Regierungsbezirke (which are identical to NUTS-2
regions) are used as a spatial reference point for German RIS. For the two research
cooperation intensity indicators, interactions in co-patents and co-operative research projects
funded by German ministries are used as data and a simplified Social Network Analysis (SNA)
is conducted. The correlation between cooperation intensity in the RIS and the ranking of the
regions in the Regional Innovation Scoreboard expressed in the Rll will be tested. In addition,
data is collected on the correlation between the number of actors per region as well as data
on particularly active actors and their location. This final step should help to answer the
guestion of whether the sheer mass of actors contributes to a high intensity of cooperation,
or whether it is a few interactive actors that contribute to a high number of interactions and
presumably contribute to a strong RIS. In addition to contributing to the RIS framework by
providing more empirical evidence, the analysis will also provide valuable insights for
innovation policy recommendations.

The paper is structured as follows: chapter two provides an overview of the RIS concept and
the relationship between research cooperation and the strength of RIS. The SNA as a method
to quantify the number of innovative relationships and the Regional Innovation Scoreboard
ranking. In the third chapter, methodological considerations relating to the SNA and the RII
score are discussed before the collection and combination of data used is described in detail.
Chapter four presents the empirical findings and draws some implications for regional
innovation policy. The final chapter discusses the results of the studies, some limitations and
possible approaches for future research.

2.2 Background: RIS performance and the link to research cooperation

An RIS is a complex system that is based in a region that produces innovation and creates a
competitive advantage for that region. Broadly speaking, we can “describe a system of
innovation as being constituted of a number of elements and by the relationship between
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these elements” (Cooke & Memedovic, 2003, p. 5). Fritsch (2013) provides a more explicit
definition:
LRIS are the sum of actors and institutions® that play a role in the development and
commercialization of new technologies within a region: private firms, Higher Education
Institution (HEI) and public research institutions, non-academic education institutions,
workforce potential, policies of regional governmental and non-governmental
organizations and institutional conditions that are relevant for innovation activities”
(Fritsch, 2013, p. 16).
While not all regions actually possess all the characteristics of an RIS, the RIS framework as a
conceptual framework can in principle be applied to all regions. The advantage of the
approach is that “it allows for a systematic comparison of innovation activities in various
regions” (Cooke et al., 2010, p. 12). In addition, the approach serves as a basis for regional
innovation policies. Most notably, the EU defines European NUTS regions as RIS and uses it as
a basis for the Research and Innovation Strategies for Smart Specialisation (RIS3) (European
Commission et al., 2012; Hoglund & Linton, 2018, p. 60). Although the question of whether
administrative regions best represent an actual RIS is debatable, the EU-wide political
framework for innovation policy means that the NUTS regions can be equated de facto with
an RIS, especially as these administrative boundaries also offer the advantage of data
comparability.
To identify and explain the competitive advantages or disadvantages of a region, it is possible
to differentiate between strong RIS and weak RIS. In the literature on RIS, it is a widely-
accepted assumption that cooperation leads to an efficient or strong RIS, as “[...] cooperative
relationships within the region are particularly regarded as a channel for the transfer of
knowledge” (Fritsch, 2001, p. 299). Interaction of different actors are the driving force of
innovation processes (Borrds & Edquist, 2019, p. 145). In general, we can observe that strong
RIS have many actors and much interaction, while weak systems lack critical mass of actors
and collaboration.
Apparently, there is a strong relationship between research cooperation and the overall RIS
strength. On the one hand, it can be assumed that in regions with more cooperation of firms,
HEl and research institutes there will be more knowledge transfer, more innovation
capabilities in firms and a better innovation culture. Thus, the region will produce more
innovation outputs. Less communication and cooperation between the RIS elements leads to
an insufficient flow of knowledge and technology and therefore to a poorer innovative
performance (Todtling & Trippl, 2005, p. 1207). On the other hand, in regions with better input
factors that are relevant for innovation processes, such as workforce, funding and
infrastructure and innovative firms, there will be more options for cooperation and
interaction. This relationship could be described as a self-reinforcing effect. From a conceptual
perspective, the more elements in the system and the higher the number of interactions
between those elements, the more likely we observe a well-functioning RIS. This is why there
is a differentiation of organisational thickness of RIS, a term that refers to the presence or
absence of a critical mass of firms, universities, research bodies, and support organisations
(Trippl et al., 2015, p. 5). According to this thickness typology, there are (a) organizationally
thick and diversified RIS, (b) organizationally thick and specialized RIS and (c) organizationally
thin RIS (Asheim et al., 2019, p. 44; Isaksen & Trippl, 2016).

! Institutions or institutional conditions refer to the formal and informal set of rules, norms and laws, as opposed
to research institutions, which are actually organisations or actors. To make the conceptual distinction clear, this
study will always refer to research institutions as such or as research institutes.
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For RIS with lower innovation capacity and lower innovation outputs, it is important to
investigate whether there is a lack of critical mass and knowledge flows, and whether
innovation capacity can be increased by improving cooperation for innovation. This could be
achieved, for example, by attracting new actors or by strategically supporting the flow of
information and technology between actors through networking activities. As a result,
regional innovation policies often include strategies that try to foster cooperation for
innovation and innovation networks (McCann & Ortega-Argiles, 2013), for example by
establishing science and technology parks (Vasquez-Urriago et al., 2016, p. 137).

However, despite the notion that cooperation and networks play an important role in RIS,
empirical evidence for the relationship between RIS strength and cooperation intensity of
regional actors is rather thin. Research on RIS generally lacks theoretically precise and
guantitatively measurable analyses of the structures and characteristics of inter-
organisational interactions and knowledge exchange relationships (Stuck et al., 2016, p. 424).
This can be explained by the fact that RIS research offers a range of topics and is more often
than not based on single case studies, as those systems are very complex in nature. One study
on RIS research finds that between 1998 and 2015, 9.5 % of papers on RIS focus on networks
and cooperation (David Doloreux & Porto Gomez, 2017, p. 382), at the same time also states
that observational study is the most commonly used data-collection method, and there is a
strong emphasis on case studies with a focus on single-region studies (David Doloreux & Porto
Gomez, 2017, p. 383). Another study analysing the keywords of RIS studies between 1992 and
2017 ranks the keyword 'network' in 6th place and the keyword 'collaboration’ in 36th place
(Lépez-Rubio et al., 2020).

Among the studies that do indeed address the link between collaborative relationships and
positive impacts on RIS, they often discuss relational structures and interaction networks for
individual cases (Stuck et al., 2016, p. 424). There are some studies that use quantified data.
For example, some studies analyse the relationship between cooperation and knowledge spill
overs using multivariate analysis based on innovation output or efficiency and firm surveys
(Fritsch, 2001; Fritsch & Franke, 2004). A 2010 study uses patent co-applications to
approximate collaboration intensities and examines the relationship with innovation
efficiency using conditional nonparametric efficiency analysis (Broekel & Meder, 2010).
Interestingly, the assumption that more cooperation relates to more knowledge spill overs
and more innovation is only partly confirmed in these studies (Fritsch, 2001, p. 305). Besides
that, the cited studies are not only outdated, but also cover only some aspects of RIS, namely
spill over effects and efficiency of innovation processes, and not their overall strength. A more
recent study analyses the role of collaborative networks in supporting the innovation
performances of lagging-behind European regions (Noni et al., 2018). Here, a fixed effects
regression model on a 7-year longitudinal dataset of 205 European regions is applied (Noni et
al., 2018, p. 2). Collaboration is defined by using co-patents as well, while overall patenting in
combination with the Regional Innovation Scoreboard (RIS) is used as an indicator for RIS
performance (Noni et al., 2018, p. 3). The authors find that collaboration per se does not
necessarily contribute to increasing EU cohesion at the regional level (Noni et al., 2018, p. 9).
In addition, despite the interesting methodology of this study, it is debatable if co-patents
alone are sufficient as an indicator for cooperation for innovation.

To summarise, it can be said that RIS theory implicitly or explicitly assumes a correlation
between the density of research collaborations and the strength of an RIS. In addition,
organisationally thick RIS are considered to be stronger RIS because they have a higher density
of actors and therefore offer more opportunities for knowledge exchange. At the same time,
there has been little empirical research on this relationship. As a result, there is a lack of broad

13



02 Research Cooperation and Regional Innovation Systems Performance in Germany

empirical evidence to support this assumption. An in-depth examination of this relationship is
further complicated by the fact that it is unclear how to measure both the density of
interaction in RIS and their strength. This attempt is made in this study, which is why the
following chapter first sets out some methodological considerations before presenting the
method and data.

2.3 Method and data

2.3.1 Methodological considerations

In order to establish a link between the density of research collaboration and RIS performance,
it is necessary to measure these two aspects of an RIS.

For cooperation, a social network analysis (SNA) that counts research interactions between
HEIs and other research institutions as well as enterprises seems appropriate. SNA enables
the quantitative empirical assessment of inter-organisational interaction which makes it a
good analytic tool (Wal & Boschma, 2009, pp. 753-754). Therefore, SNA can help to map the
interdependencies of actors in RIS and uncover strengths and weaknesses (Brachert & Titze,
2023, p. 20). Fritsch et al present the method in detail in a 2020 study (Fritsch et al., 2020).
SNA usually combines different types of data for identifying networks cooperation, which will
draw “a clearer and particularly more reliable picture of regional interaction and knowledge
transfer” (Fritsch et al., 2020, p. 633). While the study offers an overview of the method itself,
it relies on six case study regions in Germany. The authors admit that, although they would
have liked to, they were unable to use statistical methods to investigate the relationship
between structure and the performance of the respective RIS across regions (Fritsch et al.,
2020, p. 650). Another study that uses the SNA method analyses regional innovation systems
in three German regions that are affected by structural change caused by the lignite phase-
out (Brachert & Titze, 2023). The authors find that strengthening innovation cooperation can
provide additional impetus for the regional development of the mining areas (Brachert &
Titze, 2023, p. 20). However, this study also lacks a broad-based comparison, as only these
three case regions are compared with each other.

It is preferable to compare at least all RIS of a country, in this case Germany, in order to carry
out such a comprehensive analysis and to look for a correlation between the intensity of
cooperation and the strength of RIS. Such broader comparisons are attempted in some
studies. For example, a study on the relationship between the embeddedness of networks and
innovation output, represented by funded research projects on the one hand and a knowledge
production function based on patent applications on the other (Wanzenbdck & Piribauer,
2018). However, using only patents as a proxy for innovation output can be criticised. It can
therefore be concluded that while the SNA is well suited as a method to capture the intensity
of cooperation for innovation, the question arises as to how the other part of the required
data, the performance of RIS, can be adequately captured.

The question of how to measure the strength of an RIS is more difficult to answer. It is not
without reason that a whole series of studies on RIS are concerned with RIS assessment and
discuss how to measure the RIS performance and the appropriate metrics when evaluating
their success (Pino and Ortega 2018, p. 3). In general, there are three starting points to
consider. Firstly, the strength of an RIS is based on its capacity to innovate. In the recent
literature on RIS, capacity means not only the ability to increase economic growth, but also
the ability of a region to address major societal challenges. (Tédtling et al., 2022, p. 2140). The
capacity of an RIS relates to the “inputs invested and outputs produced” (Zabala-
lturriagagoitia et al., 2021, p. 4), i.e. the scale or size of an RIS. Capacity also includes the
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institutional conditions that shape an RIS. Secondly, the strength of an RIS can be expressed
in terms of its efficiency, the relationship between the resources invested and the extent to
which they are effectively transformed into outputs. (Zabala-lturriagagoitia et al., 2021, p. 11).
Several studies build on this approach and use for example multivariate analysis, data
envelopment analysis or even thermodynamic approaches to analyse the efficiency of
innovation processes (Fritsch & Slavtchev, 2011; Porto-Gomez, Zabala Iturriagagoitia, Cortés
Martinez, & Gutierrez-Cafias Mateo, 2019; Zabala-lturriagagoitia et al., 2021). Thirdly, the
strength of an RIS could be measured by outputs alone, such as the number of innovations
and induced economic growth.

In fact, the problem of making the performance or strength of an innovation system tangible
is far from being resolved (Porto-Gomez, Zabala lturriagagoitia, Cortés Martinez, & Gutierrez-
Cafnas Mateo, 2019, p. 66). The main problem seems to be that RIS are complex systems and
at the same time the available data base for their analysis is limited. Therefore, many studies
“rely on the data gathered by innovation surveys, such as the Community Innovation Survey,
or Innovation Scoreboards, in spite of the potential flaws and biases that may result from
these” (David Doloreux & Porto Gomez, 2017; Edquist et al.,, 2018; Porto-Gomez, Zabala
lturriagagoitia, Cortés Martinez, & Gutierrez-Caiflas Mateo, 2019, p. 66). The well-known
scoreboard for RIS is the EU Regional Innovation Scoreboard based on the Regional Innovation
Index (RII). The Scoreboard provides a comparative assessment of innovation performance of
innovation systems across 240 regions (European Commission, 2021a, p. 4). In addition to the
scores based on an EU average of 100, there is a categorisation of regions, where a distinction
is made between Innovation Leader, Strong Innovator and Moderate Innovator, Emerging
Innovator (each with + / -). For example, in the 2021 ranking Oberbayern in Bavaria is ranked
as Innovation Leader +, While Weser-Ems in Lower Saxony is ranked as Moderate (European
Commission, 2021a, p. 24).

It is debatable whether the indicators provided by the Rll are the best measure of RIS strength.
Especially the unweighted mix of input and output factors can be criticised. One has to be
aware that the RIS Scoreboard does not actually measure innovation efficiency in terms of
inputs vis-a-vis outputs but rather the sum of inputs and outputs (Edquist et al., 2018, p. 207).
Increasing the inputs thus would result in a better ranking, but in fact “the outputs do not
grow proportionately to the inputs” (Zabala-lturriagagoitia et al., 2021, p.12). We can
conclude that while the Regional Innovation Scoreboard ranking provides a comparison of the
RIS performance in terms of innovation capacity of different regions, it fails to explain why
and how outputs, efficiency, or capacity of an RIS can be increased.

Although not perfect, the EU innovation indices are a unique collection of data related to
innovation capacity and performance benchmarks. Therefore, the ranking and the scores
provide an overall assessment of the strength of RIS that can be paired with SNA for analysis
in this study. As explained in the following chapter, using the RIll score as a proxy for RIS
performance on the one hand, and overall and regional cooperation intensity on the other,
establishes a link between RIS strength and collaboration for innovation, and thus provides
empirical evidence on whether more collaboration leads to stronger RIS.

2.3.2 Data collection

Against the background of RIS strength and the link to cooperation for innovation, this study
aims to combine the available data of the RIl and a SNA. To carry out the analysis, which aims
to show a correlation between the performance of German RIS and the intensity of
collaboration, five sets of data were collected: data on co-patents, data on publicly funded
R&D projects, the Rll, inhabitants per region, number of business branches per region.
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The first two sets of data for the analysis represent the cooperation intensity. Those are based
on co-patent application at the German Patent Office (Deutsches Patent und Markenamt,
DPMA) and funded collaborative R&D projects in the Federal Funding Catalogue
(Forderkatalog des Bundes, FOEKAT). As different type of data capture different modes of
innovation, it is recommendable to combine those data to get a better insight into interaction
networks (Fritsch et al., 2020, p. 649). In addition to the different nature of innovation, the
use of a single source of data also introduces a degree of bias.

Patenting behaviour varies considerably between sectors. In some sectors, patents are a much
more common way of protecting intellectual property than in others. It is also observed that
larger firms tend to patent more compared to their smaller counterparts (Wal & Boschma,
20009, pp. 752-753).

Regarding the project data that are available in FOEKAT, there are two problems. Firstly,
information is only available on publicly funded R&D projects. Collaborative projects that are
purely privately funded are not included. Secondly, there are further funding opportunities
for (collaborative) R&D projects at the level of the German federal states and the EU (Brachert
& Titze, 2023, p. 7). This is the reason why combining FOEKAT data and data on co-patents
overcomes some of these biases.

The main advantage of using these two public datasets is that the information on interactions
is based on officially documented interaction processes, and is therefore more credible than
self-reported responses in interviews or questionnaires (Fritsch et al., 2020, p. 635). The main
disadvantage of these data sources is that they capture formal collaborations, which mainly
concern high-tech sectors, the analytical knowledge base and the STI mode of innovation
(Trippl et al., 2015, pp. 6-7). Although there have been some efforts to measure the DUl mode
of innovation (Alhusen et al., 2021), such alternative indicators lack the ability to collect data
on a large scale. Knowledge spill overs from informal collaborations are even more difficult to
identify. Therefore, while informal cooperation, other types of innovation and different
knowledge bases undoubtedly play an important role in innovation processes, this bias has to
be accepted due to the lack of adequate data.

As proxy indicators for RIS performance, the Rll normalised indicators and Rll total score from
the Innovation Scoreboard database 2021 (European Commission, 2021a) were collected for
38 German NUTS 2 regions, see Table 3.

It should be noted that the RIl used in the Scoreboard already includes three indicators
covering some aspects of cooperation for innovation. The first of these indicators is
“international scientific co-publications”, which measures the number of scientific
publications per million inhabitants involving at least one co-author based abroad relative to
the total population. This indicator focuses only on international interactions and ignores
national and regional interactions. The second indicator is “innovative SMEs collaborating with
others”, which is the percentage of SMEs that have had any co-operation agreements on
innovation activities with other enterprises or research institutions per total number of SMEs.
Here, the data are biased due to differences in the size of regions. A region could have 10 or
100 SMEs and the likelihood of cooperation agreements could be influenced by the total
number of SMEs. In addition, the level and extent of cooperation can vary considerably. The
third indicator relating to interactions are “public-private co-publications”. This is the number
of public-private co-authored research publications with both domestic and foreign
collaborators per total population. While this indicator seems useful, it neglects knowledge
flows between HEI. Also, the medical/ health sector is excluded from the dataset (European
Commission, 2021b, p. 10). As a result of these shortcomings, the indicators are not suitable
for empirically describing the intensity of research collaboration.
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RIS require a geographical reference. In the chosen approach, these are the 38 NUTS 2 regions
as a proxy for German RIS. Using those administrative regions has advantages and
disadvantages. Regional systems are not necessarily based on administrative borders alone,
and the links between actors that make up an innovation system often do not stop at borders.
Nevertheless, using the NUTS classification has some advantages. Administrative regions have
certain governance and institutional conditions, and from a methodological and analytical
point of view it is more useful to use a single type of region (D. Doloreux, 2002, p. 259). The
fact that the EU uses NUTS 2 as a basis for innovation policies (European Commission et al.,
2012; Hoglund & Linton, 2018, p. 60) is another reason why it makes sense to use these
regions as a geographical reference point. In addition, the NUTS 2 regions have some historical
background as regional mid-level local government units in some federal states, so we can
assume some degree of regional internal cohesion.

A problem for the comparability of regions is their different size, especially since this study
aims to distinguish between general interactions (a regional actor cooperates with any other
actor) and regional interactions (a regional actor cooperates with another actor from the same
region). The size of NUTS 2 regions varies considerably, nine of the NUTS 2 regions are even
identical with NUTS 1 regions. The larger the region, the more likely it is that other actors are
located in the same region. As a consequence, using them as a spatial reference would distort
the data on regional interactions. Therefore, for the SNA the 96 German spatial planning
regions (Raumordnungsregionen) or ROR (BBSR, 2023b) will be used as a reference point for
data collection. Fritsch et al. also propose the ROR as a spatial unit. These usually comprise a
core city (kreisfreie Stadt) and the neighbouring districts (Kreise) (Fritsch et al., 2020, p. 633).
ROR have a smaller and more homogenous structure than the NUTS regions. This greatly
improves the comparability of data on regional interactions. The SNA figures are then
aggregated for the NUTS regions. The ROR and NUTS regions are shown in Figure 3.

2.3.3 Method

The procedure of the approach is as follows. FOEKAT data were collected for the period 2011-
2020, which form the dataset of publicly funded R&D collaborations. The FOEKAT contains the
collaborative projects funded by federal ministries (BMBF, 2023). Patent application data were
collected in a similar manner, using the DPMAregister database (DPMA 2023). DPMA (German
Patent and Trade Mark Office) applications with more than one applicant for the period 2011-
2020 form the data set for co-patents. The collected data were pooled for these years to
account for variations between years, comparable studies follow a similar approach (Brachert
& Titze, 2023; Fritsch et al., 2020; Noni et al., 2018).

| extracted the cooperative funding projects and cooperative patent applications for both data
sets and assigned the participants to these funding projects and applications using the funding
code (FOEKAT) and the application number (DPMA). In the case of funded R&D projects, the
executing entity (Ausfiihrende Stelle) instead of the grant recipient (Zuwendungsempfénger)
was used. The reason is to avoid distortion, as many research institutes in Germany have
different branch offices and only taking into account the donee would match the projects with
the headquarters of these organisations. For patent data however, this differentiation was not
possible. | then assigned the location of the respective actors to a spatial planning region in
order to be able to count the interactions. | distinguish between regional interactions (at least
2 partners are located in the same ROR) and supra-regional interactions. An example might
illustrate this distinction: If a patent had three applicants, two from Berlin and one from
Hamburg, then two interactions and one regional interaction were counted for the Berlin ROR
(more than one applicant from Berlin), two interactions and zero regional interactions were
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counted for Hamburg. In addition, the frequency of interactions with others was collected for
each actor in order to identify the actors with the most interactions.

In order to generate an operationalisation from this number of interactions, it is still necessary
to put the interactions into a relation. Therefore, the number of inhabitants per ROR from the
INKAR database of the BBSR (BBSR, 2023a) are used for a normalisation of interactions per
inhabitant. For the aggregation of the years 2011-2020, the total number of interactions per
average of inhabitants for those years were used. These data are the cooperation intensity, or
the interactions per 100,000 inhabitants per region.

In a next step, the data for the 96 ROR were aggregated to the 38 NUTS regions, both regional
aggregations are shown in Figure 3. In this way it can be determined how many general
interactions and how many regional interactions can be identified in the corresponding RIS.
The last step taken to align the datasets of RIS performance with interactions was the creation
of an adjusted RIl score. In analogy to the Regional Innovation scoreboard, an adjusted RII
score for the 38 German RIS was calculated. | used the Rll indicators, with the exception of the
indicators “International scientific co-publications”, “Innovative SMEs collaborating with
others” and “Public-private co-publications”. | collected the unweighted average value of the
indicators, so the procedure is the same as for the RIl, except that the three indicators
mentioned are not taken into account. This avoids possible distortions in the later examination
of the correlation between interactions and RIl scoring.

The results of the SNA and the adjusted RIl score were compared in order to observe
correlations between cooperation and overall RIS performance. A table was created with the
names of the regions, the adjusted RIl score, the regional interactions and the overall
interactions. Maps were created in ArcGIS for visual representation of the three datasets that
were used. Furthermore, the top ten regions in terms of adjusted Rl score, total interactions
and regional interactions are presented for further insight. Finally, the relationship between
the RIl score and the two interaction types was determined by applying covariance, Pearson
correlation and r-squared coefficient. In addition, graphs were created to visualise the
correlations between the data sets.

After a calculation of the correlation effects, an analysis of the actors with the most
interactions and their location are presented. This will provide insights regarding the actors
that play an important role in the German RIS. Furthermore, the assumption that these actors
are predominantly located in strong RIS will be validated. For this step, a distinction will be
made between patent applications and funded R&D projects. In order to enable a better
allocation, the registering organisations for patents or the grant recipients for funded
collaborative projects are used. Here, private individuals are not considered. | will also present
a calculation of a possible correlation between business density and collaboration density
within the RIS. This helps to examine whether a higher number of actors corresponds to a
higher number of collaborations. The data on businesses are taken from the
“Regionaldatenbank Deutschland” (Statistische Amter des Bundes und der Linder, 2023). The
identification of key actors, together with the correlation between business density and
interaction density, should provide a solution to the question of whether a large number of
actors leads to many interactions or whether a few key actors are more important for a high
level of cooperation and a strong RIS.

2.4 Results and discussion

The first step in processing the data is to match the adjusted RIl 2021 score and the
cooperation intensity, i.e. total interactions per 100,000 inhabitants 2011-2020, regional
interactions (interactions within the ROR) per 100,000 inhabitants 2011-2020 for each NUTS
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region. These data are presented in Table 4. In addition, these data are visualized in a map
compiled with ArcGIS (version 10.6.1). Figure 4 shows a map of Germany with NUTS regions,
their ROR and the adjusted RIl 2021. Colour grading represents the score: the higher the score,
the darker the NUTS region. Figure 5 and Figure 6 show the same map, but with the
visualization of interactions and regional interactions respectively.

In order to analyse whether we can generalise the statement that a) higher cooperation
intensity correlates with a strong RIS and b) higher regional cooperation intensity correlates
with a strong RIS, the data sets adjusted RIl score / interactions per 100,000 inhabitants and
adjusted RIl score / regional interactions per 100,000 inhabitants were compared in a next
step. Figure 1 shows a scatterplot visualisation of the relationship between interactions and
RIl score, while Figure 2 shows the relationship between regional interactions and RIl score.
There appears to be a positive correlation between the Rll score and both regional interactions

and total interactions.
Figure 1: Adjusted RIl and cooperation intensity
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Figure 2: Adjusted Rll and regional cooperation intensity
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Correlations have therefore been calculated to look more closely at possible relationships
between the overall cooperation intensity and the regional cooperation intensity and RIS
performance. The results are presented in Table 1. We observe a large effect for adjusted Rl
score and overall cooperation intensity (r = 0.58), while the effect for adjusted RIl score and
regional cooperation intensity is somewhat smaller (r = 0.51). At the same time, there is a
large effect for the correlation between overall and regional cooperation intensity (r = 0.89).
We can conclude that many interactions may indeed play a role in good overall RIS
performance. However, it is less important that these interactions are regional in nature,
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although in general regions with high levels of cooperation also tend to have high levels of

regional cooperation.
Table 1: Correlation between adjusted Rll score and cooperation intensity

Cooperation

Adjusted RIl Adjusted RII . .
X intensity /
score / score / Regional .
. . Regional
Cooperation cooperation .
intensity intensity cooperation
intensity
Covariance 2 6039715078 0.5429696728 2.758.136.408.96
P 0.5135782879 0.8985031535 L. ffect
earson. 0.5866593385 Large effect Large effect arge eflec
correlation
0.2637626578 0.8073079168 L ffect
r-squared 0.3441691795 Large effect Large effect arge eflec

Now that the basic empirical evidence for the correlation between the intensity of
cooperation and the strength of the RIS has been presented, it will be examined whether some
key actors with a high level of cooperation contribute significantly to the intensity of
cooperation, or whether the number of actors in the RIS itself simply influences the frequency
of interactions.

For the FOEKAT funding catalogue, the dataset contains 69,124 interactions between 14,459
actors in 18,379 collaborative projects. The list of organisations, number of interactions, their
location and the corresponding RIl ranking of their region are presented in Table 5.
Universities and research institutes are the only actors in the top 20. They account for more
than a quarter of all interactions, and the top five alone account for more than ten percent of
all interactions, which is quite remarkable. However, the fact that universities and research
institutes play such an important role in this type of interaction can be explained by the design
of the funding for such projects, which usually require at least one of the partners to be such
an organisation. The Fraunhofer-Gesellschaft in particular appears to play an important role
as a co-operation partner. In addition, higher education institutions accounted for 23,372
interactions. This corresponds to 376 universities or university institutes. However, project
participation was very unevenly distributed, as the universities in the top 20 list had 9,495
interactions, which corresponds to 40.63 percent of all university interactions. Unsurprisingly,
the universities in the top 20 list tend to be large. With the exception of Charité-
Universitatsmedizin, which is a medical faculty, the universities in this group have between
20,000 and 40,000 students. A self-reinforcing effect can be assumed. Large universities are
more likely to have the capacity, equipment and staff to participate in calls for collaborative
research projects; on the other hand, the funds naturally contribute to their attractiveness for
researchers and students, as well as to their equipment and capacity. Another finding from
this data set is that the majority of actors in the top 20 for research projects is located in a
region with high RIS performance.

Meanwhile, the list of the top 20 co-patenting organisations, presented in Table 6, shows a
somewhat different picture. The co-patenting dataset contains 44,253 interactions between
11,026 actors in 24,637 patent applications. The top 20 account for almost 30 percent of all
interactions, the top five even account for almost 20 percent of all interactions. Several firms,
especially ThyssenKrupp firms and automotive and chemical companies dominate the top 20.
This can be explained by the fact that patenting is simply more frequent in some sectors, and
that patenting also requires certain capacities on the part of companies. Nonetheless, we also
find two research institutes and three Universities in this list that are also in the top 20 for
funded research projects: Fraunhofer, DLR, Technische Universitdt Dresden, Karlsruher
Institut fiir Technologie and Friedrich-Alexander-Universitdt Erlangen-Nirnberg. With the
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exception of the ThyssenKrupp firms and TU Dresden, the actors in this list are located in a
region with high RIS performance. Looking at both datasets in Table 5 and Table 6 together, it
can be concluded that there are indeed some key actors in terms of cooperation intensity.

While the key actors seem to play a role for cooperation intensity, the final dataset reveals
some other interesting results. Table 7 shows the company branches per 1000 inhabitants vis-
a-vis the overall interactions and regional interactions per 100,000 inhabitants for the 38 RIS.
In Table 2, the correlations between company branches and interactions is presented.
Surprisingly, the correlation between business density and cooperation intensity shows a
small effect (r= 0.24), while the correlation between business density and regional
cooperation intensity shows a medium effect (r= 0.2). This suggests that, in principle, the
number of possible cooperation partners does not automatically increase the likelihood of
more cooperation in general, but it does seem to increase the likelihood of regional
cooperation to some extent. These results indicate that innovative and highly interactive
research institutions and firms play an important role in RIS and that regions with many actors

offer better opportunities for regional knowledge exchange.
Table 2: Correlation between company branches and interactions 2011-2020

Interactions Regional
interactions
Covariance 74.7677163669 23.7218441538
Pearson 0.2415192395 0.3217030366
correlation
r-squared 0.0583315430 0.1034928437
Effect small medium

It can be concluded that the general assumption of RIS theory that a high level of cooperation
for innovation correlates with a strong RIS has been confirmed by empirical evidence from the
data collected. At the same time, the correlation between regional cooperation intensity and
RIS performance suggests that some firms rely only partly on local knowledge, and that
proximity other than geographical plays a role in innovation processes (see Boschma, 2005;
Trippl & Todtling, 2018, pp. 142—-143). The findings partly support the idea that regions with a
high density and diversity of actors offer more opportunities for knowledge exchange and
therefore organisationally thick RIS will perform better than organisationally thin RIS.

2.4.1 Policy Implications

In general, the finding that a high degree of cooperation for innovation correlates with a
strong RIS implies that regional innovation policies should encourage such cooperation.
Promoting cooperation for innovation today will increase the likelihood of having a strong RIS
and an economically competitive region tomorrow. There are four aspects that are of high
relevance for innovation policy.

Firstly, some actors account for a high proportion of interactions, they have strong innovative
networks. These are usually large high-tech firms or large HEI with lots of resources. The aim
should be to strengthen and expand universities, i.e. to increase funding and attract more
students and staff. In general, smaller universities in particular should make an effort to
become more active in research collaborations with private companies. Not only will this
benefit their own budgets, but also the region in the long term. But smaller HEI can hardly
compete with the top universities. Policy makers should therefore be aware that there are
limits to what smaller universities can achieveWithout the resources to initiate contacts,
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acquire projects and conduct collaborative research, a significant increase in research
collaboration activities seems unrealistic.

Secondly, this study has shown that the regions benefit from innovative firms, HEl and
research institutions. Organisational thickness or a critical mass of actors provides better
conditions for regional knowledge flows (Trippl & Tédtling, 2018, p. 143). However, the flow
of knowledge must also be promoted. A further policy implication is therefore to support
structures and actors that are interested in research cooperation. For example, start-ups and
university spin-offs should be further encouraged. The establishment of technology parks will
be successful (Vasquez-Urriago et al., 2016, p. 137) in strengthening RIS if they succeed in
fostering innovative networks and increasing the density of research-intensive actors through
new business settlements. Establishing branches of research institutes such as DLR or
Fraunhofer in weaker RIS also seems to be a useful way of increasing cooperation for
innovation.

Thirdly, as regional cooperation is not as important as cooperation in general, innovation
policy should take into account the fact that geographical proximity is not the only proximity
factor that plays a role in successful innovation processes (Boschma, 2005). While regional
networks and collaborations certainly have their raison d'étre, they do not appear to be the
priority, at least for highly formalised research collaborations. Therefore, simply trying to
maximise the number of regional cooperation relationships may not be a sufficient strategy
(Fritsch, 2001, p. 305). Due to extra-regional knowledge linkages, research institutes and
universities should be encouraged to collaborate with partners at national or even
international level (Grillitsch & Trippl, 2014, p. 2321; Trippl & Tédtling, 2018, p. 143).
Fourthly, funding research projects is an important way of promoting cooperative research.
Publicly funded projects by the federal ministries should be continued. In addition,
alternatives to large R&D projects as forms of cooperation should be encouraged, in particular
for smaller HEI and smaller firms that do not have the resources to take part in such large
projects. In the German context, for example, the Central Innovation Programme for SMEs
(ZIM) is another way of facilitating cooperation between research organisations and firms. An
evaluation of the ZIM programme from 2019 shows that smaller universities are also among
the top 20 research institutions in ZIM collaborative projects, including Brandenburgische
Technische Universitdt Cottbus-Senftenberg, Technische Universitdt Illmenau and
Westsdchsische Hochschule Zwickau (Kaufmann et al., 2019, p. 55). The continuation and
expansion of such programmes with lower entry barriers should be encouraged as well.

2.5 Conclusion

The Social Network Analysis (SNA) method presented in this paper is a possible way to
operationalise cooperation for innovation in Regional Innovation Systems. Correlations
calculated between RIS performance, as measured by the adjusted Rll score, and cooperation
intensity, as measured by interactions in co-patents and funded R&D projects per 100,000
inhabitants, show a strong positive correlation. However, the correlation between RIS
performance and regional cooperation intensity, as measured by interactions within planning
regions (ROR), is weaker.

Based on the chosen operationalisation it can be concluded that the assumption that RIS with
more interaction have better overall performance is confirmed. The data suggest that
successful cooperation, regardless of geographical proximity, is an integral part of RIS
performance. This finding is in line with the argument of RIS literature that proximity other
than geographical proximity also plays a role in innovation processes (see Boschma, 2005;
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Trippl & Todtling, 2018, pp. 142-143) and therefore some firms do not need to rely on local
knowledge.

Furthermore, an analysis of the key actors shows that there are indeed some actors that are
an integral part of cooperation for innovation in Germany. At the same time, it can be
observed that a higher business density does not imply a higher cooperation intensity, but to
some extent a higher regional cooperation intensity.

The empirical evidence gathered in this study supports the rationale of the RIS framework that
a critical mass of cooperating actors is important for a strong RIS and thus for regional
competitiveness. The idea that “organisationally thick” RIS will have advantages for
knowledge exchange (Trippl & Toédtling, 2018, p. 143) is confirmed. This evidence also
supports those funding policies that aim to increase cooperation. Funding research networks,
setting up research institutes and improving the financial and human resources of universities,
especially smaller ones, continue to be useful approaches for regional innovation policy.
Against the backdrop of competition for funding and relocations, however, expectations
should be realistic, especially as a large proportion of innovation activities in Germany can be
attributed to a few major players.

It should be noted that the findings of the study have some limitations. We have to be aware
that correlation does not imply causation. Other factors such as location, resources and
demographics contribute to the “success” of an RIS. Furthermore, the inclusion of more
datasets could be used to improve the analysis as it would further eliminate possible biases in
the SNA due to the characteristics of the respective data sources (Fritsch et al., 2020, p. 649).
For example, in the context of German innovation funding, data from the Central Innovation
Programme for SMEs (ZIM) could be used to focus more on cooperation between universities
and SMEs. The problem here, as so often, is obtaining suitable data. Collecting data
representing the DUl mode of innovation cooperation or informal cooperation is even more
difficult and had to be neglected in this study, therefore we have to accept a high-tech bias.
A transfer of the research approach of this study to other European regions seems useful,
especially for weaker RIS. It would therefore be necessary to be able to produce comparable
data sets. In the case of co-patents, for example, European or international patent applications
can be used. However, comparability would have to be established for other supplementary
data sets that significantly increase the quality of the analysis, such as government-funded
collaborative projects.
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2.7 Appendix

Table 3: 2021 normalised indicators and Rl score
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DEAS  Arnsberg 0.577 0.586 0.225 0.317 0.502 0.479 0.707 0504 0380 0.373 0.583 0.384 0.811 0942 0523 0.538 0.685 0.465 0975 0.626 0.941 0.572 0.578
DE3  Berlin 0.753 0.746 0.804 0.380 0.909 0.597 0.717 1.000 0.506 0.731 0.670 1.000 0.943 1.000 0.474 1.000 0.721 0.886 0.651 0.827 0.908 0.688 0.401
DE4  Brandenburg 0.502 0.501 0.151 0.242 0.657 0.753 0.632 0.732 0219 0.690 0.504 0.289 0.641 0.890 0.309 0.569 0.540 0.245 0.268 0.384 0.811 0.538 0.479
DE91 Braunschweig 0.705 0.664 0.431 0.346 0.880 0.637 0.717 1.000 1.000 0.403 0.635 0.383 1.000 1.000 1.000 0.977 0.777 0.228 0.300 1.000 0.944 0.550 0.595
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02 Research Cooperation and Regional Innovation Systems Performance in Germany

DEA2
DED5
DES3
DE8

DE25
DEA3
DE22
DE21
DE24
DE23
DEB3
DEC

DEE

DEF

DE27
DE11
DEG

DEB2
DE14
DE26
DE94

Koln
Leipzig

Liineburg

Mecklenburg-Vorpommern

Mittelfranken
Miinster
Niederbayern
Oberbayern
Oberfranken
Oberpfalz
Rheinhessen-Pfalz
Saarland
Sachsen-Anhalt
Schleswig-Holstein
Schwaben
Stuttgart
Thiiringen

Trier

Tiibingen
Unterfranken

Weser-Ems

0.679
0.616
0.477
0.490
0.672
0.556
0.514
0.791
0.581
0.607
0.701
0.560
0.488
0.564
0.564
0.678
0.561
0.526
0.705
0.628
0.451

0.655
0.592
0.506
0.476
0.674
0.560
0.543
0.775
0.582
0.598
0.681
0.557
0.478
0.560
0.582
0.700
0.556
0.551
0.691
0.623
0.455

0.467
0.559
0.189
0.230
0.450
0.327
0.298
0.763
0.417
0.441
0.408
0.317
0.116
0.208
0.358
0.600
0.339
0.472
0.526
0.396
0.206

0.305
0.391
0.238
0.294
0.261
0.324
0.201
0.313
0.283
0.238
0.320
0.279
0.246
0.320
0.216
0.331
0.305
0.272
0.328
0.328
0.227

0.800
0.882
0.215
0.634
0.664
0.497
0.241
0.858
0.517
0.533
0.710
0.640
0.560
0.580
0.312
0.442
0.604
0.385
0.826
0.641
0.355

0.649
0.597
0.465
0.454
0.667
0.659
0.645
0.683
0.580
0.643
0.667
0.452
0.485
0.622
0.444
0.505
0.531
0.519
0.587
0.527
0.417

0.707
0.670
0.717
0.660
0.707
0.707
0.707
0.707
0.707
0.707
0.698
0.717
0.707
0.726
0.707
0.707
0.707
0.698
0.707
0.707
0.717

1.000
1.000
0.090
0.829
0.629
0.408
0.097
0.739
0.401
0.345
0.725
0.580
0.774
0.525
0.145
0.304
0.760
0.269
0.677
0.435
0.242

0.477
0.151
0.276
0.222
0.962
0.240
0.441
1.000
0.563
0.718
1.000
0.326
0.161
0.316
0.520
1.000
0.413
0.187
1.000
0.804
0.219

0.380
0.755
0.371
0.693
0.364
0.335
0.465
0.421
0.434
0.470
0.344
0.313
0.747
0.354
0.387
0.420
0.729
0.538
0.399
0.453
0.375

0.634
0.552
0.540
0.534
0.590
0.559
0.521
0.649
0.562
0.555
0.640
0.609
0.525
0.585
0.563
0.610
0.574
0.517
0.609
0.585
0.532

0.680
0.616
0.343
0.221
0.630
0.391
0.330
0.881
0.295
0.293
0.521
0.419
0.203
0.409
0.385
0.599
0.257
0.320
0.437
0.333
0.189

0.998
0.819
0.877
0.519
0.836
0.807
0.831
0.994
0.614
0.888
0.865
0.839
0.606
0.859
0.771
0.950
0.620
1.000
0.770
0.723
0.549

0.789
0.903
1.000
0.870
0.799
0.883
0.717
1.000
0.829
0.637
0.887
1.000
0.871
0.917
1.000
1.000
0.858
0.865
0.899
1.000
0.747

0.841
0.521
0.432
0.415
0.474
0.560
0.456
0.795
0.665
0.834
0.906
0.389
0.472
0.589
0.658
0.536
0.522
0.434
0.603
0.657
0.490

0.826
0.871
0.261
0.675
0.856
0.541
0.326
1.000
0.560
0.600
0.845
0.715
0.609
0.604
0.403
0.663
0.637
0.315
0.941
0.669
0.420

0.788
0.425
0.597
0.402
1.000
0.646
0.776
1.000
0.930
1.000
1.000
0.613
0.450
0.598
0.879
1.000
0.715
0.565
1.000
0.912
0.586

0.535
0.288
0.471
0.195
0.546
0.508
0.320
0.753
0.510
0.354
0.505
0.352
0.137
0.463
0.508
0.501
0.217
0.537
0.538
0.421
0.366

0.526
0.290
0.452
0.320
1.000
0.764
0.603
0.800
0.756
0.615
0.696
0.597
0.221
0.706
0.640
0.871
0.372
0.539
0.834
0.706
0.548

0.691
0.636
0.550
0.369
0.746
0.500
0.872
1.000
0.666
0.847
0.842
0.590
0.460
0.490
0.852
1.000
0.525
0.455
1.000
0.867
0.490

0.942
0.863
0.892
0.815
0.922
0.886
0.902
0.966
0.927
0.877
0.909
0.907
0.849
0.871
0.917
0.967
0.901
0.836
0.950
0.921
0.868

0.627
0.649
0.467
0.388
0.472
0.615
0.521
0.741
0.421
0.602
0.629
0.479
0.519
0.535
0.589
0.637
0.605
0.632
0.545
0.492
0.361

0.590
0.502
0.577
0.556
0.547
0.513
0.528
0.544
0.573
0.540
0.594
0.630
0.534
0.573
0.598
0.600
0.589
0.693
0.632
0.608
0.558

Source: European Commission, 2021a
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Table 4: Adjusted RIl 2021 and cooperation intensity

NUTS Code NUTS Region RII adjusted indicator Interactions per 100,000 Regional Interactions per 100,000
average 2021 inhabitants 2011-2020 inhabitants 2011-2020

DEAS Arnsberg 0.586 98.94 12.03
DE3 Berlin 0.746 184.24 45.41
DE4 Brandenburg 0.501 87.70 9.25
DE91 Braunschweig 0.664 230.06 26.64
DE5 Bremen 0.567 231.49 35.09
DED4 Chemnitz 0.526 142.38 36.37
DE71 Darmstadt 0.667 98.52 12.75
DEA4 Detmold 0.630 81.02 12.72
DED2 Dresden 0.620 236.32 44.44
DEA1 Dusseldorf 0.572 151.35 29.83
DE13 Freiburg 0.664 140.34 27.91
DE72 GieRen 0.628 76.91 11.95
DE6 Hamburg 0.664 149.69 29.50
DE92 Hannover 0.603 89.63 11.99
DE12 Karlsruhe 0.739 175.00 28.76
DE73 Kassel 0.531 87.49 14.86
DEB1 Koblenz 0.537 69.22 11.44
DEA2 Kéln 0.655 141.09 22.16
DED5 Leipzig 0.592 127.52 20.07
DE93 Liineburg 0.506 45.52 4.55
DE8 Mecklenburg-Vorpommern 0.476 92.43 14.94
DE25 Mittelfranken 0.674 128.03 17.55
DEA3 Minster 0.560 55.06 7.57
DE22 Niederbayern 0.543 63.99 6.31
DE21 Oberbayern 0.775 227.46 32.52
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DE24
DE23
DEB3
DEC
DEE
DEF
DE27
DE11
DEG
DEB2
DE14
DE26
DE94

Oberfranken
Oberpfalz
Rheinhessen-Pfalz
Saarland
Sachsen-Anhalt
Schleswig-Holstein
Schwaben
Stuttgart
Thiringen

Trier

Tlbingen
Unterfranken

Weser-Ems

0.582
0.598
0.681
0.557
0.478
0.560
0.582
0.700
0.556
0.551
0.691
0.623
0.455

90.24
48.75
96.30
102.02
85.54
79.10
71.29
223.47
136.96
28.10
167.58
90.40
70.60

19.69
3.40

11.61
19.05
15.15
9.62

11.48
37.79
23.02
2.47

19.33
13.16
11.87
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Table 5: Top 20 actors - collaborative R&D projects

Rank Grant recipent Interactions Percentage ROR NUTS Ranking Adjusted RII
1 Fraunhofer-Gesellschaft zur Forderung der angewandten Forschung e.V. 4395 6.36 Miinchen Oberbayern 1
2 Rheinisch-Westfalische Technische Hochschule Aachen 1061 1.53 Aachen KéIn 12
3 Technische Universitdt Dresden 943 1.36 Oberes Elbtal/Osterzgebirge Dresden 16
4 Karlsruher Institut fiir Technologie 894 1.29 Mittlerer Oberrhein Karlsruhe 3
5 Technische Universitdt Minchen 824 1.19 Miinchen Oberbayern 1
6 Technische Universitat Berlin 730 1.06 Berlin Berlin 2
7 Universitat Stuttgart 607 0.88 Stuttgart Stuttgart 4
8 Deutsches Zentrum fiir Luft- und Raumfahrt e.V. 543 0.79 Ko6In KéIn 12
9 Leibniz Universitdt Hannover 449 0.65 Hannover Hannover 17
10 Technische Universitdt Darmstadt 442 0.64 Starkenburg Darmstadt 8
11 Technische Universitdt Carolo-Wilhelmina zu Braunschweig 438 0.63 Braunschweig Braunschweig 10
12 Friedrich-Alexander-Universitat Erlangen-Nurnberg 430 0.62 Industrieregion Mittelfranken Mittelfranken 7
13 Albert-Ludwigs-Universitat Freiburg 396 0.57 Sudlicher Oberrhein Freiburg 9
14 Universitdt Bremen 395 0.57 Bremen Bremen 24
15 Rheinische Friedrich-Wilhelms-Universitdt Bonn 387 0.56 Bonn Kéln 12
16 Universitat Heidelberg 385 0.56 Unterer Neckar Karlsruhe 3
17 Charité - Universitatsmedizin Berlin 377 0.55 Berlin Berlin 2
18 Max-Planck-Gesellschaft zur Férderung der Wissenschaften e.V. 376 0.54 Minchen Oberbayern 1
19 Ruhr-Universitat Bochum 373 0.54 Bochum/Hagen Arnsberg 20
20 Georg-August-Universitat Gottingen 364 0.53 Gottingen Braunschweig 10

Top 20 14,809 21.42

Top 10 10,888 15.75

Top 5 8,117 11.74

All 69,124 100
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Table 6: Top 20 actors - co-patents

Rank Patenting organisation Interactions Percentage ROR NUTS Ranking Adjusted RII
1 thyssenkrupp AG 2735 6.18 Duisburg/Essen Dusseldorf 23
2 Robert Bosch GmbH 1979 4.47 Stuttgart Stuttgart 4
3 Fraunhofer-Gesellschaft zur Forderung der angewandten Forschung e.V. 1375 3.11 Miinchen Oberbayern 1
4 Volkswagen AG 1146 2.59 Braunschweig Braunschweig 10
5 AUDI AG 1132 2.56 Ingolstadt Oberbayern 1
6 Bayerische Motoren Werke AG 482 1.09 Miinchen Oberbayern 1
7 ThyssenKrupp Industrial Solutions AG 467 1.06 Duisburg/Essen Dusseldorf 23
8 ThyssenKrupp Steel Europe AG 432 0.98 Duisburg/Essen Dusseldorf 23
9 ZF Friedrichshafen AG 415 0.94 Bodensee-Oberschwaben Tlbingen 5
10 Technische Universitdt Dresden 335 0.76 Oberes Elbtal/Osterzgebirge Dresden 16
11 thyssenkrupp Marine Systems GmbH 311 0.70 Schleswig-Holstein Mitte Schleswig-Holstein 25
12 Dr. Ing. h.c. F. Porsche AG 282 0.64 Stuttgart Stuttgart 4
13 Daimler AG 251 0.57 Stuttgart Stuttgart 4
14 Airbus Operations GmbH 242 0.55 Hamburg Hamburg 11
15 BASF SE 201 0.45 Rheinpfalz Rheinhessen-Pfalz 6
16 MAHLE International GmbH 197 0.45 Stuttgart Stuttgart 4
17 Karlsruher Institut fiir Technologie 191 0.43 Mittlerer Oberrhein Karlsruhe 3
18 Friedrich-Alexander-Universitdt Erlangen-Nurnberg 190 0.43 Industrieregion Mittelfranken Mittelfranken 7
19 ThyssenKrupp Elevator AG 184 0.42 Dusseldorf Dusseldorf 23
20 Deutsches Zentrum fiir Luft- und Raumfahrt e.V. 163 0.37 KéIn KoéIn 12

Top 20 12710 28.72

Top 10 10498 23.72

Top 5 8367 18.91

All 44253 100
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Table 7: Company branches and interactions 2011-2020

NUTS NUTS Region Company Interactions per Regional
Code branches per 100,000 Interactions per
1000 inhabitants inhabitants 2011- 100,000
2011-2020 2020 inhabitants 2011-
2020
DEAS Arnsberg 39,64 98.94 12.03
DE3 Berlin 52,01 184.24 45.41
DE4 Brandenburg 43,62 87.70 9.25
DE91 Braunschweig 31,31 230.06 26.64
DE5 Bremen 43,81 231.49 35.09
DED4 Chemnitz 45,51 142.38 36.37
DE71 Darmstadt 52,01 98.52 12.75
DEA4 Detmold 43,27 81.02 12.72
DED2 Dresden 44,59 236.32 44.44
DEA1 Dusseldorf 45,39 151.35 29.83
DE13 Freiburg 47,64 140.34 27.91
DE72 GieRen 43,00 76.91 11.95
DE6 Hamburg 60,10 149.69 29.50
DE92 Hannover 41,87 89.63 11.99
DE12 Karlsruhe 47,04 175.00 28.76
DE73 Kassel 40,95 87.49 14.86
DEB1 Koblenz 45,55 69.22 11.44
DEA2 Koln 47,51 141.09 22.16
DED5 Leipzig 45,81 127.52 20.07
DE93 Lineburg 40,70 45.52 4.55
DE8 Mecklenburg-Vorpommern 43,93 92.43 14.94
DE25 Mittelfranken 48,09 128.03 17.55
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DEA3
DE22
DE21
DE24
DE23
DEB3
DEC

DEE

DEF

DE27
DE11
DEG

DEB2
DE14
DE26
DE94

Miinster
Niederbayern
Oberbayern
Oberfranken
Oberpfalz
Rheinhessen-Pfalz
Saarland
Sachsen-Anhalt
Schleswig-Holstein
Schwaben
Stuttgart
Thiringen

Trier

Tibingen
Unterfranken

Weser-Ems

39,89
50,08
61,48
44,99
44,02
41,56
41,94
37,74
47,01
49,98
47,06
42,28
42,13
48,18
47,03
43,35

55.06
63.99
227.46
90.24
48.75
96.30
102.02
85.54
79.10
71.29
223.47
136.96
28.10
167.58
90.40
70.60

7.57
6.31
32.52
19.69
3.40
11.61
19.05
15.15
9.62
11.48
37.79
23.02
247
19.33
13.16
11.87
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Figure 3: German RIS (NUTS regions) and spatial planning regions (ROR)
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Figure 4: Adjusted RIl 2021
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Figure 5: Cooperation intensity - interactions per 100,000 inhabitants 2011-2020
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Figure 6: Regional cooperation intensity - regional interactions per 100,000 inhabitants 2011-2020
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Abstract

Path development in Regional Innovation Systems addresses the issue of how new industrial
paths can be supported in different regional settings, which is particularly relevant in the
context of the green transition. This paper analyses the role of RIS in the transition to
renewable energy in the three lignite mining regions in Germany. Data on cooperative
research projects and installed renewable energy capacities are used to analyse path
development in the case regions and how this is linked to path renewal in the lignite industry.
The analysis shows that the firm that invested the earliest in renewables is located in the
region with the densest cooperative network and the best overall RIS conditions, which is in
line with the literature. However, the lignite industry is hardly connected to regional
cooperative networks. Firm decisions related to national market and legal factors have a
stronger influence on path development than the RIS in the lignite industry. This poses
particular challenges for policymakers and adds a new perspective to the literature on path
development.

3.1 Introduction

The development of new industrial paths has been studied in economic geography and related
fields, in particular in the field of Regional Innovation Systems (RIS) literature (Isaksen & Trippl,
2016, p. 22 see also; Martin & Sunley, 2006; Martin, 2010; Boschma & Frenken, 2011; Neffke
et al., 2011). RIS literature conceptualises several paths of industrial development (Chaminade
et al., 2019; Grillitsch et al., 2018; Isaksen & Trippl, 2016; Rypestgl et al., 2022; Trippl et al.,
2016). Path development has seen an increase of interest in RIS research recently, especially
as we need to address the question of how policies can promote path development and new
path creation in a variety of regional settings (Isaksen & Trippl, 2016, p. 22).

In the context of the challenge of climate change and emissions reduction goals, especially the
development and support of green industrial paths (Trippl et al., 2020) needs to be further
explored. Climate neutral production is one of the grand societal challenges (Todtling et al.,
2022, p. 2140) that places new demands on innovation policy and RIS development. This leads
to the question of whether and to what extent RIS play a role in the development of green
paths in carbon-intensive industries, and what policies and other factors may have an
influence.

Against the background of the decision to phase out of lignite energy by 2038 and rising CO»
prices which reduce the profitability of lignite generation, the German lignite industry is a
unique case. It is particularly subject to strong path dependencies due to technological,
infrastructural, institutional and behavioural lock-ins (Fouquet, 2016, p. 1). However, the
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phase-out will require an accelerated shift from conventional to renewable energy
production, leading to structural change in the affected lignite regions.

This study aims to shed a light on the issue of new path development in the lignite industry in
the German mining regions Rheinisches Revier (Rhineland), Mitteldeutsches Revier (Central
German District) and Lausitzer Revier (Lusatia). The results of previous research on these three
mining regions and empirical data are used to analyse how RIS conditions differ from each
other and how these conditions may have influenced path development, with a focus on
research cooperation networks. The first hypothesis to be tested is whether better RIS
conditions have indeed led to a stronger path development towards renewable energies in
the mining regions. The second hypothesis to be tested is whether better RIS conditions have
also led to a more significant path renewal in the lignite industry.

Two sets of data have been combined to depict the path development in the lignite industry
and the respective RIS. Data on cooperative research projects funded by state ministries are
extracted from the Foerderkatalog des Bundes (Research Funding Catalogue, in short FOEKAT)
to conduct a Social Network Analysis (SNA) and evaluate the Regional Energy Innovation
System in the three case regions. In addition, data from the Marktstammdatenregister (Energy
Market Data Register, in short MaStR) is used to analyse to what extent and when regions and
the lignite industry have started to invest in renewable energy. This will make it possible to
assess whether the regional lignite industry is pursuing a change of paths from lignite
generation to renewable energy and how this relates to the overall path development in the
three different RIS.

The paper is structured as follows. In chapter two, | will summarise theoretical considerations
on new industrial path development from the RIS framework literature and present an
overview of possible paths as well as some findings from recent studies focusing on path
development in Europe. Chapter three presents the case of the German lignite mining regions
and key findings on the regions and their respective RIS in order to gain a better understanding
of the lignite industry and how the regional settings differ. Chapter four presents the data and
methodology used. Chapter five discusses the results of the data collection, while chapter six
concludes and summarises the findings of this study.

3.2 Background - path development in RIS

Path dependence theory seeks to explain the historical development of distinctive patterns of
technological and industrial forms (Martin & Simmie, 2008, p. 184). Studying path dependent
regional industrial development has become an area of research interest in economic
geography, innovation studies, and related academic fields (Isaksen & Trippl, 2016, p. 22 see
also; Martin & Sunley, 2006; Martin, 2010; Boschma & Frenken, 2011; Neffke et al., 2011).
The analysis of new path development has been developed mainly in the evolutionary
economic geography (EEG) approach. However, EEG has been criticized for not paying enough
attention to the role of the social, cultural and institutional environment of economic activities
and having a narrow understanding of new path development (Hassink et al., 2019, p. 1637).
Furthermore, EEG has focused too much on firms and industry structures (Trippl et al., 2020,
p. 190). With the emergence of RIS and the concept of regional economic evolution, the
concept of path development has been expanded.
In the context of RIS, innovation systems are seen as key driving mechanism for path
development (Martin & Simmie, 2008, p. 194). In contrast to portraying the emergence of new
industrial paths as the result of market-driven processes and Schumpeterian entrepreneurial
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efforts, innovation systems approaches highlight the different regional dimensions of the
generation, absorption and exploitation of new knowledge and innovation (Todtling & Trippl,
2018, pp. 1780-1782). Adopting an RIS perspective allows to extend EEG models and their
focus on firms and industry structures to include organisational support configurations,
institutional set-ups and interactions between regional actors into analyses of regional path
development (Trippl et al., 2020, pp. 189-190).

Recent literature in the area of RIS studies has addressed different forms of regional industrial
path development that is related to “various routes of transformation of regional economies
and innovation systems” (Isaksen & Trippl, 2016, p. 67). In short, path development is a form
of industrial restructuring as a result of challenges faced by industry and society (Isaksen et
al.,, 2019, p. 48). Innovative firms source, exchange, combine, and create knowledge in a
collaborative effort (Asheim et al., 2019; Rypestgl et al., 2022) to stay competitive and solve
the challenges they face, while less innovative firms will lose competitiveness in the long term
and may be forced out of the market or become obsolete.

A first typology of possible paths dates back to the early 2000s (Lester, 2007, p. 17; Martin &
Sunley, 2006, p. 420) and was later refined by other scholars (Grillitsch & Trippl, 2016, p. 9).
The current path development typology is shown in Table 12.

In the context of path development towards a green economy, there are two main routes.
These are either path renewal, i.e. the introduction of green technologies and/or business
models such as renewable energies, green hydrogen or Carbon Capture and Storage (CCS); or
path diversification, i.e. the transfer of knowledge and assets from brown sectors to green
industries (Trippl et al., 2020, p. 194). It should be noted, however, that the types of
transformation are idealised, while in practice the distinctions between the different types are
not always clear-cut (Lester, 2007, p. 18).

Two types of agency play a role in path development, firm agency or organisational agency on
the one hand and system agency on the other hand (Isaksen et al., 2019, pp. 51-52). From an
RIS perspective, system level agency is action or intervention to change the functioning of the
regional support structure for innovation. The system itself is defined by its constituting
elements (the firms, knowledge and support organisations) and the links between the actors
(Isaksen et al. 2019, 52). Scholars have observed that whether a system as a whole is path
dependent or not is determined by the structure of the interactions between the actors in the
system, i.e. strong interactions induce path dependence (Bassanini & Dosi, 2001, p. 61; Martin
& Sunley, 2006, p. 413). It can be argued that the ability of an RIS to create new industrial
paths is closely linked to the way regional actors interact with each other. Thus, the
possibilities of RIS to contribute to path development will also differ (Isaksen & Trippl, 2016,
p. 71).

In general, different RIS types are associated with certain potentials for path development.
The three main RIS types and associated paths as described by Isaksen and Trippl (Isaksen &
Trippl, 2016; Trippl et al., 2016) are shown in Table 13. According to the literature, possibilities
for path creation and diversification are much better in thick and diversified RIS. In thin RIS
and thick and specialised RIS, path extension and upgrading are easier to accomplish than
other types of path development (Isaksen et al., 2019, pp. 57-58; Trippl et al., 2016). An
empirical study on textile districts in Italy and Sweden (Chaminade et al., 2019) shows that
strategies beyond path extension are sometimes possible in thick and specialized RIS. In thin
RIS, the risk of path exhaustion and negative lock-in is high due to innovation deficits, the
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predominant DUI mode of innovation and the prevalence of SMEs in combination with few
and mostly externally owned firms (Isaksen, 2015, p. 590).

In addition to the broad RIS configuration, recent research has identified several reasons why
industries within a region will transform. A recent study that explored the role of human
agency in twelve Nordic regions over 30 years (Grillitsch et al., 2023) explains new path
development by combination of five conditions, namely the presence or absence of: a)
regional preconditions for innovation and entrepreneurship, b) innovative entrepreneurship,
c) institutional entrepreneurship, d) place-based leadership and e) crisis (Grillitsch et al., 2023,
p. 1460). In the case of the study that was based on over 200 interviews combined with printed
sources and quantitative data, the combination of those factors was tested for path
diversification and path upgrading as possible paths in the case regions (Grillitsch et al., 2023,
p. 1458).

The focus on crisis or exogenous shocks adds a new perspective to path development. These
exogenous shocks place transformative pressures on regional industrial paths, even in
prosperous industries (Rypestgl et al., 2022, pp. 879-880). An example is the study on the oil
and gas industry in southern Norway that was affected by an economic crisis following an oil
price shock in 2014, drawing on network data and interviews. Empirically, the study was able
to observe changes in firms' innovation behaviour and in their innovation networks, and to
identify various traces of the development of new paths (Rypestgl et al., 2022, p. 893). The
authors conclude that firms intensified cooperation with RIS support organisations, but they
also found a shift towards more national and international sourcing of knowledge (Rypestgl
et al., 2022, p. 893).

In the past, the role of policy interventions has been rather neglected in both conceptual and
empirical studies on path development. Recent studies (Chaminade et al., 2019; Isaksen et al.,
2019; Rypestgl et al., 2022) focus on possible ways of influencing path development via
(regional) policies. In the context of the two agency levels of path development, there are two
main strategies: one could improve the endogenous development capacities of regions or
rather target individual firms (Isaksen & Trippl, 2016, p. 76). In terms of regional capacity
development, it is important to bear in mind that thin RIS require more policy intervention
than thick RIS (Isaksen & Trippl, 2016, p. 76). Chaminade et al. argue that policy interventions
should take into account the institutional and social conditions that characterise a region, as
well as its social capital; in addition, more research is needed on the interplay of policies at
different levels, and on the importance of leadership and agency at multiscale levels, from
local to regional to national (Chaminade et al., 2019, p. 1990). A recommendation in a similar
direction is that policies should enable knowledge sharing across regional and even national
boundaries (Rypestgl et al., 2022, p. 894).

As a conclusion to the state of the art of the literature on RIS and path development, it can be
said that the conceptual-theoretical considerations on new paths and triggers for path
development have already been presented in detail. However, more research is needed on
how green path development unfolds in different types of regions (Todtling & Trippl, 2018, p.
1789) and the extent to which RIS influences firms' decisions to pursue new paths. The
approach of this study therefore takes this direction by examining the German lignite industry.
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3.3 Phase-out of lignite in Germany: Transformation in a highly path-
dependent industry

In 2020, the German government decided on a planned phase-out of lignite and hard coal
mining and generation until 2038. This decision that followed a long political process and the
appointment of the Commission on Growth, Structural Change and Employment or Coal
Commission in 2018 that was supposed to evaluate and recommend measured for the
German lignite mining and generation regions. At the same time, due to rising CO; prices in
the previous years, the profitability of lignite was decreasing (Jones, 2019; Koenig et al., 2020),
guestioning the use of lignite even without a forced phase-out. CCS as a technological fix and
a possibility for path renewal was made de facto impossible by the Carbon Dioxide Storage
Act (KSpG), which has been in force since 2012. Vattenfall, the predecessor of LEAG in Lusatia,
had even planned a CCS demonstration power plant in Janschwalde in 2009 (Christensen,
2012). The question is if and how the lignite industry will be able to maintain its business
model — producing and selling energy — by replacing its assets with renewable energy
technologies.

Despite these developments, the energy system is still highly path-dependent (Fouquet, 2016,
p. 1). Studies of path dependence in the energy industry find that there are certain self-
reinforcing mechanisms that obstruct path renewal processes (Apajalahti & Kungl, 2022). One
main problem is that emerging renewable energy technologies substantially differ from
conventional energy technologies, which prevents fast technology diffusion (Negro et al.,
2012, p. 3837). This notion holds especially true for the lignite industry, with large power
plants and other assets linked to the mining and generation that are usually used for long
periods of time.

Not surprisingly, the lignite industry wanted to delay the phase-out for as long as possible. The
industry has even received support from the regional government in Brandenburg for this
delay (Budde, 2018). Although the debate about the continuation of lignite mining dates back
to at least 2007, the Brandenburg state government repeatedly emphasised the
indispensability of coal and only changed its communication strategy after the decision to
phase out coal was taken. With its support, which was perhaps greater than it should have
been (Haas, 2020, p. 162), the state government has unwittingly contributed to path
dependence and technological lock-in. In the Rhineland, RWE even started planning another
lignite-fired power plant in 2012, which was finally shelved in 2019 (Lambertz, 2019).

Before going more into detail regarding new path development, structural data and previous
research on the lignite industry and the lignite regions will be presented in order to better
understand the industry and the similarities and differences of the regions and their RIS.

3.3.1 Overview of the lignite industry and the three lignite regions

The territorial extent of the three lignite regions is the NUTS3-level districts (Kreise) that are
part of each mining region according to the Investment Act for Coal Regions (/nvestitionsgesetz
Kohleregionen - InvKG):

Rheinisches Revier: Rhein-Kreis Neuss, Kreis Diren, Rhein-Erft-Kreis, Stadteregion
Aachen, Kreis Heinsberg, Kreis Euskirchen, Stadt Monchengladbach

Lausitzer Revier: Landkreis Elbe-Elster, Landkreis Oberspreewald-Lausitz, Landkreis
Dahme-Spreewald, Landkreis Spree-NeiRe, kreisfreie Stadt Cottbus, Landkreis Bautzen,
Landkreis Gorlitz
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Mitteldeutsches Revier: Burgenlandkreis, Saalekreis, kreisfreie Stadt Halle, Landkreis
Mansfeld-Stuidharz, Landkreis Anhalt-Bitterfeld, Landkreis Leipzig, Stadt Leipzig, Landkreis
Nordsachsen
It should be noted that some of the districts are located in different NUTS2 regions and some

even in different Lander (federal states). A map is shown in Figure 7.
Figure 7: Map of Germany with Lignite Mining Regions
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Currently, four companies are relevant for lignite energy generation: RWE in Rheinisches
Revier (with several subsidiary companies); Saale Energie, MIBRAG and ROMONTA in
Mitteldeutsches Revier; Lausitz Energie Kraftwerke or LEAG (in combination with Lausitz
Energie Bergbau) in Lausitzer Revier and partly in Mitteldeutsches Revier. RWE and LEAG are
two of the “big five” of energy production in Germany. Data on the firms and the capacities of
their lignite power plants are shown in Table 8. RWE, LEAG, MIBRAG and ROMONTA are also
responsible for the extraction of lignite for energy production, with the exception of
ROMONTA, which also extracts bituminous lignite for the production of montan wax (Koenig
et al., 2020, p. 34).

Table 8: Lignite Generation Firms (over 10 MW regional capacities)

Lignite generation firm Location Lignite capacity in MW Lignite capacity in MW in total
in the respective region
RWE Power AG Rheinisches Revier/ HQ 8904 8904
in Essen

Lausitz Energie Kraftwerke AG Lausitzer Revier 7455 8397

MIBRAG GmbH Mitteldeutsches Revier 35 35

ROMONTA GmbH Mitteldeutsches Revier 15.65 15.65

Saale Energie GmbH Mitteldeutsches Revier 1000 1000

The three mining regions are very different in some aspects, but they also share some
characteristics. Detailed structural data are presented in Table 8. Rheinisches Revier has a
rather high population density and is characterised as a central-metropolitan region, while
Lausitzer Revier is a peripheral region with rather low population density and Mitteldeutsches
Revier is somewhere in between in terms of population density and centrality (Noack et al.,
2023). This fundamental difference of the regions is perhaps the most important one.

GDP per capita is the highest in Rheinisches Revier with 34,890 € in 2020, followed by
Mitteldeutsches Revier with 31,740 € and Lausitzer Revier with 30,370 €, while the German
average is 40,950 €. The unemployment rate is slightly higher than German average in all three
regions.

The share of immigrants in Rheinisches Revier (13.11 %) is comparable to the German average
(12.73 %), while it is much lower in Lausitzer Revier (4.18 %) and Mitteldeutsches Revier (6.4
%). In Lausitzer Revier, the share of employees with a university degree (12.7 %) and the
number of students per 1000 inhabitants (13.0) are significantly lower than the German
average (17.4 % and 35.4), while in the other two regions these figures are comparable to the
German average. This suggests that there is less workforce potential for research and
development activities and high-tech sectors than in the other two case regions. This is not
surprising, given the fact that the region is peripheral-rural and has suffered from a brain-drain
after the reunification of Germany. Furthermore, what is also interesting is the age structure
of the regions. In Rheinisches Revier, the age structure is almost equal to German average.
However, in Mitteldeutsches Revier and especially in Lausitzer Revier, the proportion of
younger people aged 18-29 is lower, while the proportion of people aged 65 and over is higher.
This is also an indication of demographic problems due to German reunification.

Looking at the industrial sector structure at a macro level, the number of firms, the number
of persons employed and the average size of firms per sector in Rheinisches Revier are quite
similar to the German average. In Mitteldeutsches Revier and especially in Lausitzer Revier,
some sectors differ considerably. The number of firms, the number of persons employed and
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the size of firms are smaller than the German average, especially in information and
communication (WZ2008 J) and to some extent in finance, insurance and real estate (WZ2008
K-L). In the construction industry (WZ2008 F), the number of firms and the number of
employees in these two regions is significantly higher. For a more detailed analysis, please
refer again to Table 14.

Finally, the relevance of the lignite mining industry is highest in the Lausitzer Revier, with a
share of 3.3 % of total employment in the region, followed by Rheinisches Revier with 1.8 %
and Mitteldeutsches Revier with 0.5 % in 2016 (Frondel et al., 2018, p. 197). Detailed data are

presented in Table 9.
Table 9: Employees in the lignite mining sector in total 2016

Region Directly employed Indirectly employed Total employed Share of total
employees for directly +
indirectly employed

Germany 19,852 35,734 55,586 0.2%
Rheinisches Revier 8,961 5,376 14,338 1.8%
Lausitzer Revier 8,278 4,967 13,245 3.3%
Mitteldeutsches Revier 2,414 1,448 3,862 0.5%

Source: Frondel et al., 2018

3.3.2 Previous research on the three lignite regions and outlook for path
development

There are already a number of studies that have implicitly or explicitly addressed RIS or path
development in the three regions, and relevant findings are presented here.

Frondel et al. describe the overall innovative capacity of the mining regions in detail. The
authors find that “the innovation indicators show a mixed picture, with some of the eastern
German regions having significantly lower values, which indicates a lower innovation
potential. [...] Although the region of the Rheinisches Revier is still below the research
intensity of the state of North Rhine-Westphalia, which has a relatively low research intensity
compared to the national average, it is more than twice or three times as high as in the other
two regions” (Frondel et al., 2018, p. 200). This finding is confirmed by another study focusing
on Smart Specialisation in Lausitzer Revier, which finds that the overall RIS is rather thin and
in the past, there has not been much potential for Smart Specialisation in the energy sector
(Pomp, 2024).

A study comparing the economic resilience and adaptive capacity of Rheinisches Revier and
Lausitzer Revier (Stognief et al., 2019) comes to the following conclusions. In general, old
industrial areas tend to be subject to path dependence and carbon lock-in (Stognief et al.,
2019, p. 2). However, the opportunities to adapt to sustainable paths differ in the two regions.
The authors find that Lausitzer Revier has lower productivity, education levels, access to
infrastructure, skills and competencies in the sustainable sector, as well as lower regional
economic connectivity and capacity for sustainable innovation (Stognief et al., 2019, pp. 7-8).
This difference in regional potential can be explained by differences in history: the regional
economy in the Rhineland has developed steadily since 1945, whereas industrial development
in Lusatia was much slower during the planned economy of the GDR and suffered from
negative effects of reunification (Stognief et al., 2019, pp. 8-10). Although Mitteldeutsches
Revier was not included in the study, it can be concluded that it also suffered from problems
rooted in the GDR economy, but still has more regional potential as it is also partly a
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metropolitan region. This means that the region is somewhere in between in terms of overall
innovation potential.

Furthermore, an examination of the three RIS in the mining regions by Brachert and Titze
(2023) adds more depth to a comparison of the three regions. The authors analysed
cooperation networks based on patent application data and cooperative research projects
funded by the state ministries. They conclude that Rheinisches Revier has a high level of
cooperation intensity and, with its university locations, undoubtedly has critical mass. These
can also be found to some extent in the Mitteldeutsches Revier. Lausitzer Revier has so far
lacked a sufficient density of research institutions. Nonetheless, the efforts to attract non-
university research institutions to Lusatia are very promising (Brachert & Titze, 2023, p. 21).
Based on the structural data and findings provided by previous research, we can draw some
conclusions for the development of new paths in the RIS as a whole and for the lignite sector
in particular. Metropolitan regions with diversified industrial structures are usually offer good
conditions for path creation (Trippl et al., 2020, p. 191). Negative lock-in effects, which make
path creation difficult, are often found in non-metropolitan RIS, as these RIS face particular
challenges, such as a small number of actors or a high degree of specialisation in a particular
industry. (Grillitsch et al., 2023, p. 1455). They can also occur in highly specialised thick RIS
with industrial mono-structures where one industry has 30% or more share of total employees
(Coenen et al., 2015, p. 854). This degree of specialisation is not the case for lignite, as the
data in Table 9 show. But the empirical findings on critical mass of cooperation among regional
actors in Lausitzer Revier and to some extent in Mitteldeutsches Revier imply that path
development will be more challenging than in Rheinisches Revier.

Following the typology for path development towards a green economy mentioned above
(Trippl et al., 2020, p. 194), two possible paths are relevant for the lignite industry. The first is
path renewal, i.e. replacing conventional lignite energy production with renewable energy. As
the lignite industry has open space (mines) and large infrastructure already connected to the
grid (power plants), the installation of wind and solar farms combined with battery storage or
hydrogen storage and conversion is a viable alternative. Current strategies for Brandenburg
explicitly mention these potentials for green electricity and hydrogen generation (Spillmann
et al.,, 2023, pp. 16-29). The second option, particularly for the mining sector, is path
diversification, related to existing technologies in the regions. In the Central German District,
a study has identified biomass and the bio-economy as promising technologies (Brandt et al.,
2021, p. 64). Other cases of path diversification in the context of green path development
demonstrate the viability of such a strategy (Trippl et al., 2020, p. 191). However, the focus of
this study is on path renewal via renewable energy.

3.4 Data collection and method

In order to find out how the three RIS differ in path development towards renewable energy
production and whether there is a connection to path renewal in the lignite industry, data on
firms and regions were collected. The following firms were considered to be actors that are
relevant in the lignite industry: RWE?, LEAG, Saale Energie, MIBRAG, ROMONTA and
subsidiaries. As for the regions, the territorial extent described in the previous chapter has
been used to be consistent with the definition of lignite mining regions. Data collection for

2 please note that RWE is counted as a regional actor although the company headquarters is located outside the
region.
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cooperative research projects and installed renewable energy capacity will be explained in
detail in the following two sub-chapters.

3.4.1 Cooperative research projects

First, data on cooperative research projects in the field of conventional and renewable energy
research between 1991 and 2020 were collected from Research Funding Catalogue (FOEKAT)
(Bundesministerium fir Bildung und Forschung, 2024). The dataset contains data on each
grant recipient as well as executing branch for funded research projects, i.e. their names and
locations as well as received funding. Each project has a unique name and is assigned to a
technological research area with an identifier described in the Funding Catalogue Taxonomy
(Leistungsplansystematik, LPS). These identifiers consist of two letters and four numbers
(AA0000). Therefore, actors and their interactions can be identified, which allows to conduct
a Social Network Analysis (SNA) that is based on the method presented by Fritsch et al. (2020)
and is also similar to the approach used by Brachert and Titze (2023) for comparing the RIS of
the mining regions. The benefit of using SNA for identifying cooperation for innovation is that
“researchers are capable to define key actors of regional knowledge transfer in a
comprehensive and systematic way” (Fritsch et al., 2020, p. 631). Localized learning as
knowledge spill overs play an important role in path dependence (Martin & Sunley, 2006, p.
409). In addition, findings from network research suggest a certain heterogeneity of the
embeddedness of actors into regional networks, which has implications for knowledge
diffusion (Stuck et al., 2016, pp. 426—427). It can therefore be expected that the involvement
of the lignite industry in regional research networks is an indicator of a high level of
embeddedness in the RIS, which in turn implies the ability of the RIS to influence path renewal.
Rather than collecting data related to RIS as a whole, the focus is on research projects in the
field of energy. Therefore, project data on conventional and renewable energy research
between 1991 and 2020 were extracted. The differentiation between conventional and
renewable energy research can be made using the LPS, where all energy-related projects are
coded EA-EF with a total of 442 LPS numbers. As some LPS numbers cannot be clearly assigned
to the conventional/renewable distinction, LPS numbers on energy efficiency, nuclear energy
and basic energy research were excluded. In order to avoid distortions, only projects from the
funding profile “promotion of technology and innovation” were used. The location of each
grant recipient in each project was assigned to the corresponding district, thus an aggregation
of recipients from each of the mining regions is possible.

This refined dataset contains the number of projects where actors from the mining regions
were involved and the number of actors that were involved in these projects both from within
and outside the mining regions. By counting the number of interactions, regional and national
cooperative relationships and networks can be identified for the “old path” of conventional
energy research and the “new path” of renewable energy research. In addition, the number
of project interactions of the lignite firms with regional and national partners was extracted
as well to analyse if and how the firms were connected to the RIS.

The calculation of interaction was done as follows for each research project in the dataset:
National Interactions = participating regional actors x participating national actors; Regional
Interactions = participating regional actors x (participating regional actors — 1)/2. This
calculation was chosen in particular to reveal the cooperation relationships within the
respective region. Interactions between actors outside the region were not included.
Examples:
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e Actor A from Rheinisches Revier carried out a project with two actors in Munich = two
national interactions

e Actor A, Actor B and Actor C from Lausitzer Revier carried out a project with two actors
in Karlsruhe = six national interactions and three regional interactions

e Four Actors from Mitteldeutsches Revier carried out a project = six regional
interactions

In addition to collecting data on interactions between regional and national actors,
visualisations of regional cooperative networks based on regional interactions were drawn
using SocNetV. For the graphical representation, duplicate interactions across different
projects have been dropped. A differentiation in the participation of actors in types of projects
is visualised with different shapes: circles for conventional energy research projects, squares
for renewable energy research projects and triangles for both types of projects. In addition,
different colours are used to distinguish between Higher Education and Research Institutions
(HERI) and firms. Companies in the lignite industry that were involved in cooperative research
projects in their respective lignite mining region are labelled.

3.4.2 Installed renewable energy capacity

Data on renewable energy capacities installed by the lignite industry were collected from the
Core Energy Market Data Register (MaStR). The MaStR is the register for the German
electricity and gas market. Relevant data on electricity and gas generation plants must be
registered there. The master data of market players such as plant operators, grid operators
and energy suppliers must also be registered (Bundesnetzagentur, 2024). By linking
installation data with operator data, it is possible to allocate the construction of renewable
energy installations per year to different firms. In addition, location data can be used to
aggregate renewable capacity across the three regions.

For data collection, registries for lignite power plants, PV systems (above 1 kW gross capacity;
open space PV-installations; PV-installations on non-building structures, which cover PV-
installations in mining sites), wind farms (WPU above 1 kW gross capacity) and battery storage
systems (above 100 kW gross capacity) since in 2001 were considered. In the end, a dataset is
created that contains the aggregated renewable capacities per regions as well as the
capacities installed by each actor (within and outside the region).

3.4.3 Reasoning for the chosen approach

This method of using FOEKAT and MaStR data for representation of path development in the
three mining regions and the RIS embeddedness and path renewal of the lignite industry has
some limitations, but also some benefits. In order to cover possible distortion and bias, it is
advisable to use more than one data source for SNA, as “an analysis based on several types of
data will provide a clearer and particularly more reliable picture of regional interaction and
knowledge transfer” (Fritsch et al., 2020, p. 633). Co-patenting data and co-publications would
be desirable for SNA, however as of now there is no way to use these data to depict a
development from research into conventional energy towards renewables. Green Patent
classes as defined in WIPO's IPC Green Inventory can be utilized to identify trends in energy
innovation-related patenting (Rivera Ledn et al., 2023). However, there is no corresponding
definition of patent classes related to conventional energy, so no differentiation was possible.
In the case of publications, a distinction could only be made by manual categorisation. In
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contrast, the LPS definitions in the FOEKAT allow for a differentiation of research projects that
provides a unique opportunity to cover the green energy transition and could be used in future
studies to analyse path development in other technology areas.

Combining FOEKAT data for SNA and the MaStr data for renewable installations enables
tracking down the transition of the lignite industry in particular. In general, data for describing
innovation in the energy sector is difficult to obtain (Gallagher et al., 2012, p. 149).
Furthermore, it is only rarely possible to trace the path development using empirical statistical
data. For this reason, interviews are often chosen as the data basis in the RIS literature on
path development (Chaminade et al., 2019; Rypestgl et al., 2022). However, by combining the
two datasets presented, we can establish a possible link between the lignite industry's
participation in collaborative research projects, as an indicator of embeddedness in the RIS,
and the change in the system or regional support structure for innovation (lsaksen et al., 2019,
p. 52), expressed by the shift in research focus in FOEKAT projects, on the one hand, and
investments in renewable energy for energy production, as an indicator of path renewal, on
the other. So both system-level agency and actor-level agency can be explored.
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3.5 Results and Discussion

In order to analyse how the RIS and the firms in the lignite industry differed in developing new

paths, a regional comparison of cooperation among FOEKAT projects is shown in Table 10.
Table 10: Co-operative energy research projects 1991-2020 (Reviere)

Germany Rheinisches Lausitzer Mitteldeutsches
Revier Revier Revier

Cooperative projects - conventional 121 41 17 4
percentage 100 33.88 14.05 3.31
Actors - conventional 180 11 8 4
percentage 100 6.11 4.44 2.22
Project participations HERI - conventional 44 14 0
Project participations firms - conventional 13 11 4
National interactions - conventional 388 142 21
Regional interactions - conventional 22 14 0
Cooperative projects - renewable 2227 317 56 158
percentage 100 14.23 2.51 7.09
Actors - renewable 2552 99 33 50
percentage 100 3.88 1.29 1.96
Project participations HERI - renewable 251 27 125
Project participations firms - renewable 144 32 60
National interactions - renewable 1483 357 645
Regional interactions - renewable 113 8 32
Ratio number of projects renewable/ conventional 18.40 7.73 3.29 39.50
Ratio number of actors renewable/ conventional 14.18 9.00 4.13 12.50

The participation of the lignite industry in the projects is shown in
Table 11. For the observation of the density of the regional cooperation networks, the
networks were visualised as explained in the previous chapter and can be found in Figure 15

for Rheinisches Revier, Figure 16 for Lausitzer Revier and Figure 17 for Mitteldeutsches Revier.
Table 11: Co-operative energy research projects 1991-2020 (actors)

RWE LEAG MIBRAG ROMONTA
Project participation - conventional 5 4 1 -
percentage (region) 12.20 23.53 25 -
National interactions - conventional 30 10 10 -
Regional interactions - conventional 4 7 - -
Project participation - renewable 6 - - -
percentage (region) 1.90 - - -
National interactions - renewable 66 - - -
Regional interactions - renewable 5 - - -

Out of a total of 121 projects in conventional energy research, 41 involved actors from
Rheinisches Revier, 17 involved actors from Lausitzer Revier and 4 involved actors from
Mitteldeutsches Revier. That means over 33 % of conventional energy research projects in
Germany involved actors from Rheinisches Revier, 14 % involved Lusatian actors and only 3 %
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involved actors from Mitteldeutsches Revier. The number of national and regional interactions
in conventional energy research is also highest for Rheinisches Revier. However, the numbers
are different for renewable energy research projects. Here, Mitteldeutsches Reviers ranks
second place regarding project participation and number of interactions. While around 14 %
of the total 2227 renewable energy projects involved actors from Rheinisches Revier, 7 %
involved actors from Mitteldeutsches Revier and only 2.5 % involved actors from Lausitzer
Rever.

Accordingly, the regional innovation network is strongest in Rheinisches Revier, as visualised
by comparing Figure 15, Figure 16 and Figure 17. In all three regional networks, the actors
with the highest degree centrality are HERI. They are therefore the anchor of the network, as
one would expect.

Furthermore, by looking at the ratio of projects in renewable versus conventional research
projects, it can be concluded that the shift in cooperative research is significant in
Mitteldeutsches Revier with a ratio of 39.50, but below national level (18.40) in Rheinisches
Revier (7.73) and Lausitzer Revier (3.29). The ratio of actors involved in renewable versus
conventional projects is below average (14.18) for all three regions, with a ratio of 9.00 in
Rheinisches Revier, 4.13 in Lausitzer Revier and 12.50 in Mitteldeutsches Revier. However,
these ratios should be treated with caution, as the number of projects is in some cases very
small.

If we compare the types of actors in the projects, the following becomes apparent when
counting project participations. For conventional projects, the project participation of HERI
clearly outweighs that of firms in Rheinisches Revier (44 and 13), while it is slightly higher in
Lusatia (14 and 11). In Mitteldeutsches Revier only firms were involved in such projects. In the
case of renewable energy projects, HERIs were involved about twice as often as firms in both
Rheinisches Revier (251 and 144) and Mitteldeutsches Revier (125 and 60), while in Lausitzer
Revier the number of project participations by firms was even slightly higher (27 and 32). In
other words, regional companies were often involved in cooperative research projects, we can
therefore assume a good link between research and industry in all three regions.

Three implications can be drawn from these data: Firstly, there is an observable shift from
conventional to renewable energy research in Germany. This can be explained by a change of
funding, as shown in Figure 18. The intensity of research cooperation among the three regions
is actually highest in Rheinisches Revier. Thirdly, a change of paths in energy research can also
be observed in all three regions. The shift is greatest in Mitteldeutsches Revier but may be
distorted to the overall low number of conventional energy projects. According to the
literature on the three regions and the literature on path development in RIS, we should
expect that in Rheinisches Revier there is the most cooperation among actors and the switch
from conventional to renewable energy research cooperation has been the most significant,
followed by Mitteldeutsches Revier and then Lausitzer Revier. If we follow the argument of
the RIS literature (Isaksen & Trippl, 2016, p. 72), this can be attributed to the fact that
Rheinisches Revier has the best RIS conditions for new path development, being a more
metropolitan and economically diverse region while Lausitzer Revier has the least favourable
conditions. Comparing the data for the three regions confirms this assumption. The first
hypothesis, that better RIS conditions have indeed led to a stronger development of green
paths, is confirmed by the data, at least in the area of research and innovation.

The question now arises as to how the relationship between the RIS and the lignite industry
can be described. RWE, LEAG and MIBAG were involved in conventional energy research
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projects, but only RWE was involved in renewable energy research projects. This implies that
only RWE was pursuing the development or discovery of new technologies for energy
production and is the only lignite firm who is connected to the “new path” within the RIS.
However, it should also be noted that overall, the lignite companies are barely integrated into
regional innovation networks. If we rule out duplicate cooperation, RWE had a total of five
regional cooperation partners or a degree centrality of five, as shown in Figure 15. LEAG hat a
total of four regional cooperation partners or a degree centrality of four, as shown in Figure
16. MIBRAG did not have any regional cooperation at all, the regional network for
Mitteldeutsches Revier is shown in Figure 17.

As explained above, cooperation between regional actors and the willingness to research new
technologies was highest where the RIS conditions are best, namely in Rheinisches Revier.
However, as the data show that the overall embeddedness of the lignite industry in the RIS is
low, this casts doubt on the idea that the specific characteristics of the RIS have an influence
on the path development of lignite firms. This finding is in line with the results of a study on
the Mitteldeutsches Revier that found the lignite industry has a low connection to companies
in the knowledge-intensive economy segment (Brandt et al. 2021, 32), implying knowledge
exchange between the lignite industry and other regional actors is improbable. Following the
argument that path dependence at the system level is induced by interaction between path-
dependent actors in the system (Bassanini & Dosi, 2001, p. 61; Martin & Sunley, 2006, p. 413)
we can conclude: As there are very few interactions between the lignite firms and other
regional actors, new path development at the system level does not induce new path
development at firm level. The second hypothesis that RIS conditions have also led to a
stronger path development in the lignite industry is therefore not confirmed by the data.
Now that we have looked at the research data, the MaStR data are examined. Figure 8 shows
the installed capacities of renewables in Rheinisches Revier beginning in 2001, Figure 9 shows
the capacities in Lausitzer Revier and Figure 10 the capacities in Mitteldeutsches Revier. Please
note that these data reflect the aggregated capacities in each year, not the annual instalment
of capacities per year.
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Figure 8: Total renewable capacities Rheinisches Revier
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Figure 9: Total renewable capacities Lausitzer Revier
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Figure 10: Total renewable capacities Mitteldeutsches Revier
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It can be seen that although there was more research and innovation activity in Rheinisches
Revier than in the other two regions, this is not reflected in the installed capacity of renewable
energy. The installed capacity in Lausitzer Revier and Mitteldeutsches Revier is around twice
that of Rheinisches Revier. However, the expansion of renewables by the lignite industry
presents a different picture. Figure 11 shows the installed capacities of RWE in Rheinisches
Revier and Figure 12 shows the installed capacities of RWE in Germany. LEAG and MIBRAG did
not install any capacities outside their region, therefore Figure 13 shows the installed
capacities of LEAG in Lausitzer Revier and Figure 14 shows the installed capacities of MIBRAG
in Mitteldeutsches Revier. ROMONTA did not install any capacities according to the collected
data. RWE did install much more capacities than LEAG and MIBRAG, especially outside
Rheinisches Revier, these are mainly off-shore WPU. In addition, RWE started to invest in
renewable capacities much earlier. For LEAG and MIBRAG, we only see an increase of

instalment and planning of capacities after 2020, when the phase-out of lignite was decided.
Figure 11: Renewable capacities RWE in Rheinisches Revier
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Figure 12: Renewable capacities RWE in Germany
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Figure 13: Renewable capacities LEAG in Lausitzer Revier
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Figure 14: Renewable capacities MIBRAG in Mitteldeutsches Revier
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Based on the MaStR data, two implications can be drawn for path development in the mining
regions. Firstly, the highest number of MW has not been built in the RIS with the highest
research activity. This may be due to the fact that Mitteldeutsches Revier and Lausitzer Revier
offer better geographical conditions for WPU and PV panels, as they are less densely
populated. As a result, regional innovation activity in renewable energy may not translate
directly into the deployment of renewable capacity.

Secondly, the actor that has been the earliest in using renewable energy technology (RWE) is
located in the RIS with the best framework conditions for path development. This would imply
that thick RIS promote the development of new industrial, were it not for the fact that all
lignite companies are barely embedded in the RIS. In addition, a much larger proportion of the
newly installed renewable energy plants by RWE is located outside of the region, mainly off-
shore wind parks. The focus of the firm activities in the “renewed path” for energy production
is therefore disconnected from the region of origin.

The RIS thus seemingly plays a smaller role in the transition from conventional to renewable
energy production than the national or even global innovation system. This finding is also
supported by the fact that the regional actors in the mining regions had far more national than
regional cooperation in energy research, as shown in

Table 11. In this context, it is also noteworthy that RWE is a large, internationally active energy
company. MIBRAG and LEAG on the other hand are currently owned by Czech energy company
Energeticky a primyslovy holding, a.s. (EPH) and are much smaller in comparison to RWE.
Differences in investment decisions and diversification strategies could be due to intra-firm
strategies. In this sense, path dependence is more related to the firm and industry than to the
region. Of course, there is also a certain place dependency, as the assets and the resources
for lignite energy are geographically bound. But this is purely coincidental because the lignite
deposits are distributed randomly. The case of RWE shows that for the new path of renewable
energy, place dependency plays less important role. Overall, therefore, the MaStr data do not
confirm the second hypothesis.

Interestingly, the lignite industry started to increase WPU, PV and battery storage capacities
since the political decision to phase-out was made. For example, LEAG alone is planning to
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install up to 7 GW of renewable energy in their “Gigawatt factory”, combining photovoltaic
and wind energy plants with innovative power plants, large-scale storage facilities and green
hydrogen (LEAG 2023). While it is debateable if rising carbon emission prices may have had
the same long-term outcome as the forced phase-out until 2038, the argument that the
development of new green industrial paths requires system-level agency also towards the
destruction of institutional configurations that have benefitted “brown industries” (Trippl et
al., 2020, p. 195) is confirmed. This political intervention which fundamentally changed the
viability of “brown” energy production can be seen as an “exogenous shock” that finally
triggered path development. Such an exogenous shock that places transformative pressures
on regional industrial paths has already been identified by other studies as a possible trigger
for path development (Rypestgl et al., 2022, p. 880). In fact, in the past there were many self-
reinforcing mechanisms which impeded a change of paths (Apajalahti & Kungl, 2022) and
made path renewal unattractive for the lignite industry, which only changed after this shock.
Yet the planned phase-out can also be seen as the final step in a series of events that had
already paved the way for a renewal of the pathway: Renewable energy weakened the
technological interconnectedness of energy production and challenged the stable role of
conventional energy production; the entry of new market actors challenged the status quo by
decentralising energy production as an alternative to centralised fossil energy production;
renewable energy is a new business opportunity for some companies, as they could transfer
their expertise in large-scale centralised structures to the field of renewable energy, in the
case of RWE the investment in large-scale offshore wind farm projects (Apajalahti & Kungl,
2022, pp. 230-231; Negro et al., 2012).

3.6 Conclusion

This study aimed to analyse whether the RIS and path development towards renewable
energy production differ in the three German lignite mining regions and how this relates to
path development in the lignite industry. A social network analysis (SNA) was carried out on
the basis of empirical data from the federal government's catalogue of cooperative energy
research projects (FOEKAT) to compare the cooperative innovative activities in the
Rheinisches Revier, Mitteldeutsches Revier and Lausitzer Revier regions and the lignite-based
power generation companies in the regions. These data were compared with data from the
Market Master Data Register (MaStR) on the installation of renewable energy capacity by the
lignite companies.
The analysis of the empirical data shows that we observe the most cooperation of regional
actors in energy research in the metropolitan RIS of Rheinisches Revier, which presumably has
the best conditions for the path development. As for the lignite industry, we do observe a shift
towards renewable for RWE much earlier than the other two large lignite companies. LEAG
and MIBRAG only started to invest in renewables after the political decision to phase out of
lignite energy in 2020. One would assume that better path development conditions in
Rheinisches Revier also induced path development in the local lignite industry. However, the
analysis also shows that the lignite industry was not very involved in innovative networks. This
result is in line with the findings of previous studies (Brandt et al., 2021). Regional knowledge
exchange and spill-over effects are therefore not significant enough to explain RWE's
investment in renewables, in addition RWE installed most capacities outside the region.
Therefore, the fact that we see an earlier and faster upgrading in the mining region with a
thicker Energy Innovation System could be coincidental. The second hypothesis, that path
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development in the lignite industry was driven by the RIS configuration, cannot be confirmed.
Company decisions unrelated to the region and political or market factors that are not regional
but national or international in nature play a greater role here.

The case of the German lignite industry demonstrates that once national political and market
conditions in a carbon intensive industry changed fundamentally, path dependence was
disrupted. The policy intervention on a national level as an “exogenous shock” had a greater
influence than RIS and regional knowledge diffusion. The results of the study support the
notion that the traditional RIS approach, which argues that the successful interplay of regional
actors and the matters for innovation and new path development, may be less suited to
current economic and societal challenges. Recent research has highlighted that newer
systemic approaches and policies (Todtling & Trippl, 2018, p. 1789) should play a greater role
for path development policies, in particular against the background of the grand societal
challenge of climate change (Todtling et al., 2022, p. 2140) and the pledge to achieve carbon
neutrality. It is suggested that, for example, multi-level perspective or transition management
can bring new perspectives by focusing on the technological niches needed for disruptive
innovation and the development of long-term visions and pathways by involving relevant
actors at different levels. (Todtling & Trippl, 2018, p. 1787). In some industries, technological
and global innovation systems (TIS and GIS) may be more important than RIS, since system
functions such as knowledge diffusion for green technologies, financial resources or market
access and regulation are much less provided on regional level (Todtling & Trippl, 2018, p.
1786). For example, renewable energy sectors are often conceptualised as GIS or TIS (Asna
Ashari et al., 2024; Rohe, 2020).

Two implications can be drawn for regional policy. First, in terms of overall regional path
development, we need to recognise that regions differ in their ability to adapt to challenges.
Differences between regions do not usually allow for the direct transfer of successful
strategies from one region to another (Stognief et al., 2019, p. 2). Strategies for economic
restructuring that have been successful in Rheinisches Revier (see Breul, 2022, p. 594) may
not be equally successful in the other two regions. Especially for thin RIS like Lausitzer Revier,
new path development needs inflow of technologies and knowledge (Isaksen, 2015, p. 597).
Secondly, green path development in large and sluggish industries is particularly challenging,
as the influence of regional policies and regional systems is limited. This applies not only to
the lignite industry, but probably also to other industries that are highly path dependent due
to high investment costs in production assets or dependence on specific "brown" resources,
for example the chemical industry or the gas industry. Green path development requires long-
term visions and the integration of relevant firms into innovation networks in order to benefit
from knowledge exchange. Regional policies can only successfully support such transitions if
the regulatory framework and market conditions make the development and use of green
technologies even more profitable and necessary. Lack of technologies and infrastructure,
cost pressures and high switching costs often hamper the creation of pathways (Clausen et al.,
2017, p. 130). It is important to analyse how these obstacles can be overcome and how
carbon-intensive industries can be encouraged to adapt and switch to green paths. An
interplay of different levels of systemic action that fosters green path development is needed.
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3.8 Appendix

Table 12: Paths of industrial transformation

Paths of industrial transformation

Description

Path exhaustion

Path extension

Path renewal (similar to related path

innovation potential of local firms has been severely reduced, the industry shrinks due to
negative lock-in and lack of diversity and variety

incremental product and process innovations in existing industries and technological paths

Change into a new industrial direction through different, but related activities and sectors

diversification)

Related path diversification/ path
branching

Unrelated path diversification

Path upgrading

New paths grow out of existing industries using a combination of different types of
knowledge

The result of combining firms’ existing competencies with new, unrelated knowledge

Revitalisation and a significant change in an existing industrial structure through the infusion

of new technologies, introduction of new products or organisational innovation

Path importation

establishment of industries that are new to the region by of settling non-local firms,

entrepreneurs, or highly-skilled labour from other regions

Path creation

the most radical transformation of a regional industry, implying the emergence of new

sectors and new types of firms in the region or the introduction of technologies and forms
of organization that are radically different from the technical standards in the region

Based on: Rypestgl et al., 2022; Chaminade et al., 2019; Grillitsch et al., 2018; Isaksen and Trippl 2016; Trippl et

al., 2016

Table 13: RIS Types and possible paths

RIS Type

Possible paths

Weak structures for

Thick and diversified RIS (variety among wide
range of industries, strong research
organisations, high potential for
commercialising research)

Thick and specialised RIS (narrow industrial
base, specialized knowledge and support
structure; mono-structure: >30% employment
share of the leading industry)

Thin RIS (weak endowment with support
organisations, lack of infrastructure, lack of
critical mass of innovative actors, weakly
developed clusters, SME dominate the
industry)

Path renewal (related variety)

Path branching/ related diversification
(related variety)

Path upgrading (unrelated variety)
Path importation (unrelated variety)
Path creation (unrelated variety)

Path importation (unrelated variety)

Path renewal

Path extension (positive lock-in)
Path exhaustion (negative lock-in)

Path exhaustion

path extension (too little
exploitation): lack of industrial focus;
emerging paths may not achieve
critical mass; instability in
institutional arrangements
(fragmentation)

switching to new growth paths (lack
of industrial and organisational
variety; too little exploration)

new path development (lack of
critical mass of actors, little variety)

Based on: Rypestgl et al., 2022; Chaminade et al., 2019; Grillitsch et al., 2018; Isaksen and Trippl 2016; Trippl et

al., 2016

Table 14: Regional structural data

Region Germany Rheinisches Lausitzer Mitteldeutsches
Revier Revier Revier
Population (2020) 83,155,032 2,453,865 1,143,069 2,031,475
Population density 232.55 493.04 97.47 194.72
GDP per capita in 2020 in 1000 € 40.95 34.89 30.37 31.74
Unemployment rate 5.89 7.07 6.43 7.38
Share of immigrants 12.73 13.11 4.18 6.4
Share of employees with academic degree 17.4 15.2 12.7 17.1
Students per 1000 inhabitants 35.4 31.7 13.0 32.8
Share of population 6-17 years 10.8 11.0 10.4 10.1
Share of population 18-24 years 7.4 8.0 4.9 6.5
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Share of population 25-29 years 5.9 6.1 2.9 4.5
Share of population 30-49 years 25.2 24.0 23.3 25.7
Share of population 50-64 years 23.0 23.6 25.4 22.3
Share of population 65+ years 22.0 21.6 28.2 25.4
Number of employees WZ 2008 B-N, P-S without S94 32,498,144 764,001 300,101 462,034
Share of employees in production industry without 25.10 21.88 25.01 19.07
construction (B-E)
Share of employees in Construction (F) 6.50 6.63 10.64 9.76
Share of employees in wholesale and retail trade; repair of 16.91 17.44 15.09 12.80
motor vehicle (G)
Share of employees in transportation and storage (H) 6.31 7.90 8.24 7.20
Share of employees in accommodation and food service (1) 4.21 3.88 4.84 5.10
Share of employees in information and communication (J) 3.97 2.73 0.85 3.53
Share of in financial and insurance activities and real estate 4.29 3.75 2.51 3.44
K-L
(Shaze of employees in economic services (M-N) 14.00 14.51 10.12 15.26
Share of employees in education, human health and social 16.60 18.63 19.94 20.89
work (P - Q)
Share of employees in arts, entertainment and recreation 2.10 2.65 2.77 2.95
and other service activities (R, S95, S96)
Number of firms WZ 2008 B-N, P-S without S94 3,145,703 91,277 38,858 63,060
Share of firms in B-E 8.98 7.68 9.64 7.33
Share of firms in F 12.00 12.22 18.69 15.67
Share of firms in G 17.58 19.65 18.39 15.98
Share of firms in H 3.20 3.25 3.52 3.05
Share of firms in | 7.07 6.28 7.24 6.43
Share of firms inJ 4.01 3.90 1.93 3.27
Share of employees in K-L 8.26 8.55 6.51 7.17
Share of firms in M-N 21.77 22.03 17.68 21.17
Share of firms in P-Q 9.42 9.28 10.11 11.35
Share of firms in R, S95, S96 7.73 7.16 6.29 8.58
Average firm size (employees per firm) WZ 2008 B-N, P-S 10.33 8.37 7.72 7.33
without S94
Average firm size in B-E 28.87 23.84 20.03 19.05
Average firm size in F 5.59 4.54 4.40 4.56
Average firm size in G 9.94 7.43 6.34 5.87
Average firm size in H 20.41 20.31 18.10 17.29
Average firm size in | 6.15 5.18 5.16 5.82
Average firm size inJ 10.22 5.87 3.41 7.91
Average firm size in K-L 5.37 3.67 2.97 3.52
Average firm size in M-N 6.64 5.51 4.42 5.28
Average firm size in P-Q 18.22 16.81 15.24 13.49
Average firm size in R, S95, S96 2.81 3.10 3.39 2.52
Share of firms with 1-9 employees 85.17 85.89 84.9 84.46
Share of firms with 10-49 employees 11.77 11.27 12.07 12.23
Share of firms with 50-249 employees 2.61 2.44 2.63 2.81
Share of firms with 250+ employees 0.45 0.4 0.39 0.49

Source: Bundesinstitut fiir Bau-, Stadt und Raumforschung, 2023; Statistische Amter des Bundes und der
Lénder, 2024
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Figure 15: Innovation network energy research (Rheinisches Revier)
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Figure 16: Innovation network energy research (Lausitzer Revier)
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Figure 17: Innovation network energy research (Mitteldeutsches Revier)

Legend

Circle: Actor involved in
conventional energy research project

Square: Actor invelved in renewable
energy research project

Triangle: Actor involved in both
types of projects

Colors: Light grey = HERI, black =
lignite firm, dark grey = firms

Figure 18: Funds for cooperative energy research projects in Germany (Forderkatalog, FOEKAT)
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Abstract

Lusatia, a rural-peripheral region in Eastern Germany, currently faces structural change due
to the planned phase-out of lignite mining. Against the backdrop of the EU Smart
Specialisation (S2) strategy, structural change funds need to be invested where it can
strengthen Lusatia’s Regional Innovation System (RIS). With Lusatia’s history, energy seems a
promising topic S2. However, it is questionable if there is a critical mass of actors and research
for energy topics in the region that could enable regional competitiveness. This paper
addresses this issue by analysing the current state of Lusatia’s RIS and the potentials for S2. |
use empirical data from statistical offices and the “Forderkatalog” as well as data on new
research projects and institutes for my analysis. The gathered data suggest that the region’s
RIS is rather thin. While the proclaimed image of an “energy region” is not reflected in the
data yet, this may change due to the structural change program and the strategic orientation
of the region. S2 may be successful if the new institutes and research projects enable the
attraction of skilled workers and firms and at the same time manage to increase the
absorption capacity of existing firms in the region. Building a critical mass for cooperation and
innovation is achievable, at least in the larger cities such as Cottbus. Monitoring and
evaluation of the impacts of the invested funds will be crucial.

4.1 Introduction

Lusatia is a traditional lignite mining region in Eastern Germany and has already seen a period
of structural change after the German reunification. In the former GDR, Lusatia was the centre
of energy production with more than 80,000 workers in the energy industry (Herberg et al.
2019, 5). Currently, there are about 8,000 employees directly employed in the lignite sector
and around 5,000 that are indirectly employed (MWAE 2022). With the phase-out of lignite
that is planned for 2038 due to Germany’s pledges to decrease emissions and switch to carbon
neutral energy generation, the region faces structural change again. This is a huge challenge,
as Lusatia is a peripheral and rural region with a rather heterogenic regional economy and a
thin Regional Innovation System (RIS).

According to the Investment Act for Coal regions (Investitionsgesetz Kohleregionen), about 14
billion euros will be used for boosting research and economic development in the four mining
regions, with 43 % dedicated for Lusatia (Bundestag 2020). Additional funds will be provided,
adding up to 40 billion in total and 17 billion for Lusatia (Rausch 2022). These funds will be
invested for municipal needs, but also in new research institutes, research infrastructure and
programs that aim to attract companies and skilled workers. There is a double challenge for
the state and local governments involved: active economic promotion is intended to cushion
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social hardship and at the same time generate a leap in development (Herberg et al. 2019,
10).

Against this backdrop, the EU research and innovation strategies for smart specialisation
(RIS3) is a promising approach for place-based economic transformation in Lusatia. Smart
Specialisation (S2) is supposed to contribute to inclusive growth between and within European
regions by strengthening territorial cohesion and by managing structural change, creating
economic opportunity and investing in skills development, better jobs and social innovation
(Foray et al. 2021, 8). Fittingly, one of the proposed goals of policy makers is to strengthen the
region as an “energy region” by focusing on new trends and building on the region’s tradition
and capacities. However, the self-perception as an energy region is only partly true. On the
one hand, the rather large region had more industry branches than just lignite mining, on the
other hand, the mining and generation industry in the region was not very innovative,
therefore it is questionable if the region really is a “hotspot” of energy-related innovation.

In order to analyse if a S2 strategy in the field of energy in Lusatia is viable, this paper aims to
shed a light on the status quo and future developments from the perspective of innovation
economics. The following topics shall be addressed: How can we describe the RIS of Lusatia
by comparing the innovation outputs with the German average and other regions? Can we
observe a critical mass of enterprises and research for energy topics? Is the share of research
projects in energy-related topics above average? Which actors play an important role in the
region? Which projects and institutes that focus on energy are currently planned and is that
enough to boost Smart Specialisation in that field?

The paper is structured as follows: In chapter two, | will give an overview of the region as well
as the RIS and the S2 concept. In chapter three, | will first present data on the RIS and compare
it with Germany and other regions in order to give some general policy recommendations for
innovation strategies. Afterwards, | will focus on the region’s potentials for S2. For this,
empirical data regarding the industry structure and research in the region will be analysed. |
will use research projects funded by federal ministries as a proxy for research, as there is a
good database available that is called the “Forderkatalog”. Here, | will apply a comparison to
Germany and the federal state Baden-Wiirttemberg, a well-known strong RIS. Furthermore, |
will give an overview of research projects as well as institutes and networks that will focus on
energy. Finally, | will assess the S2 potentials in the region against the backdrop of S2 strategies
in Germany and Brandenburg. In chapter four, the results and implications for Lusatia’s
innovation policies and Smart Specialisation in the region will be discussed.

4.2 The ,energy region” Lusatia and innovation policy approaches

Lusatia is a rural-peripheral region, located between the metropolitan regions Berlin, Dresden
and Leipzig, and currently has around 1,150,000 inhabitants with a population density of 98
inhabitants per square kilometre (BBSR 2021). As for administrative borders, it includes seven
districts or “Landkreise”: Cottbus, Dahme-Spreewald, Elbe-Elster, Oberspreewald-Lausitz and
Spree-Neie in Brandenburg, Bautzen and Gorlitz in Saxonia. Some general data for the region
are shown in Table 15. Here, we can see that population density is much less than German
average, the region is peripheral-rural. In addition, GDP is also below German average while
the average age is slightly higher.
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Table 15: Data on Lusatia 2019 (BBSR 2021)

Population Population density GDP per inhabitant Average age
Germany 83,166,712 232.6 41,472 44.1
Lusatia 1,147,870 97.9 29,844 48.4
Cottbus, Stadt 99,678 601.9 35,930 46.6
Dahme-Spreewald 170,791 75.1 33,407 46.5
Elbe-Elster 101,827 53.6 25,640 49.4
Oberspreewald-Lausitz 109,371 89.4 28,468 49.3
Spree-NeiRe 113,720 68.6 34,432 49.6
Bautzen 299,758 125.1 27,372 48.1
Gorlitz 252,725 119.7 28,194 49.2

After the collapse of the GDR the industry was restructured and factories were shrunk, over
90 % of jobs were lost (MWAE 2022). In addition, the exodus of many young people after the
reunification led to a brain drain and demographic challenges in an already sparsely populated
region. The identity of the region as an energy region remained after 1989 though. However,
the focus on lignite was not the best choice from an innovation policy perspective. Structural
policy was primarily aimed at preserving existing structures. Especially at the local and state
level, there was a very strong focus on preserving industries from the GDR era, therefore there
is a certain path dependency between previous structural policy and the neglect of the
development of alternative diversified economic structures (Ragnitz et al. 2021, 20). Even with
new trends in technology and the rising awareness for decarbonisation, the future of Lusatia
was still seen primarily as a region that was based on the continued existence of the lignite
industry.

In contrast to the 1990s, the current structural change is the implication of political decisions.
Due to the aim of carbon neutrality, the carbon intensive energy production from lignite will
be phased out. Therefore, there are many funds provided that try to compensate for the loss
of the lignite sector and the jobs and even boost the region’s economy by promoting
innovation activities. Currently, two concepts that are important for Lusatia’s innovation
policies are in the European context: Regional Innovation Systems (RIS) and Smart
Specialisation (S2).

The RIS framework is an approach that conceptualises regional development processes. It is
closely linked to the National Systems of Innovation (NSI) approach. The term innovation
system was first used in 1982 but is rooted in the work of List, Marx and Schumpeter who try
to explain the competiveness of “systems of production”. The difference to for example
international trade theory is that the innovation systems approach is based on the idea that
innovation rather than cost-efficient production is the main reason for a region’s
competiveness (Asheim et al. 2019, 6-7) and it is linked to the evolutionary economics. Both
NSI and RIS focus on innovation as an interactive learning process with long-term relationships
between different stakeholders. Neither companies nor universities alone are the key actors
who promote innovation, rather innovation is the result of research collaboration (Cooke
1997, 477; Asheim et al. 2019, 7-8). The narrow definition of RIS describes an RIS as the sum
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of the actors generating and exchanging knowledge within a region: private firms, research
institutes and knowledge and technology transfer intermediaries, state organisations,
consumers; their interactions must be of a systemic character and in the end lead to
innovations (see Asheim 2018, 11; Fritsch et al. 2008, 7-8; Fritsch 2013, 16). In the European
context, it is assumed that these RIS are “planned top-down with governmental and public
agencies playing an active role” (Asheim 2018, 11).

There are different typologies to characterise and compare RIS. One is of particular interest
here. According to this typology, there are (a) organizationally thick and diversified RIS, (b)
organizationally thick and specialized RIS and (c) organizationally thin RIS (Asheim et al. 2019,
44). It can be assumed that peripheral-rural regions are organizationally rather thin RIS.
Another point of the RIS approach that should be noted is that the original use of the approach
was to promote innovation, economic growth and competitiveness (Asheim 2018, 11). This
use has re-gained more attention recently, with the Smart Specialisation approach taken by
the EU to promote regional economic growth.

Smart Specialisation (S2) is a policy framework developed by Foray et al. (2012) and is being
used by the EU in order to design innovation policies. In contrast to the RIS approach, it is
newer. The Smart Specialisation as a policy-prioritization logic builds on the existing regional
innovation systems literature (McCann and Ortega-Argilés 2013, 1300; see McCann and
Ortega-Argilés 2013). It is one of the new “industrial policy approaches” (Vezzani et al. 2017,
9). In the context of Europe 2020, Smart Specialisation emerged as a key element for place-
based innovation policies. (Foray et al. 2012, 8). The Smart Sepcialisation approach is the basis
for the current EU “Research and Innovation Strategies for Smart Specialisations (RIS 3)”. It is
“probably the single largest attempt ever of an orchestrated, supranational innovation
strategy to boost economic growth through economic diversification and new path
development [...] for the first time in the EU’s history, provides a policy framework for
promoting and implementing a broad based innovation policy” (Asheim 2018, 9).

One key element of Smart Specialisation is that governments should focus “in activities— not
in sectors in per se — that reflect areas where a region or country has some comparative
advantage (specialisation) or emerging areas where entrepreneurs could develop new
activities (diversification)” (OECD 2013, 17). As a policy strategy, it is not a simple top-down
approach. On the contrary, the approach focuses on the strengths of regional stakeholders
and accordingly develops bottom-up regional measures for fostering innovative activities
(Ruhrmann et al. 2021, 1). The selection of relevant activities or areas for specialisation and
competitive advantage is an interactive process. Policy makers should build on the existing
strengths of the region, this process is also called the “entrepreneurial discovery process”
(Asheim 2018, 10). Accordingly, in the Europe 2020 strategy, the European Commission
“highlighted that each RIS should be based on the specific knowledge located in a region”
(Hoglund and Linton 2017, 60). In addition, an important aspect of Smart Specialisation
strategy is the “continuous search for new opportunities for structural change within regions”
(Vezzani et al. 2017, 29). Taking the starting point of existing strengths, the regions will
diversify their economies and capabilities to related and unrelated sectors, which leads to path
upgrading, path diversification und path emergence (Asheim 2018, 10-13).

Several methods can be used to support the identification of potential niches for smart
specialisation. One method is the analysis of scientific and technological specialisation and
comparative advantage: analyses of specialisation of R&D (research and development)
investment, publications and citations, and patent applications and citations by 'field'. A
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region has a comparative advantage in a certain field if it shows an above-average
concentration of these indicators compared to the value taken in the country or a group of
countries. Another way to identify potential niches is the analysis of regional economic
specialisation, for example by location quotients that measure whether some sectors are
over-represented in a regional economy compared to other regions or countries. In addition,
gualitative studies can be carried out on activity domains where a region shows relative
specialisation. The last method is foresight. It captures existing expert intelligence sources on
future trends and makes them accessible for present decision-making. (Foray et al. 2012, 29-
32).
For a peripheral region facing structural change, strengthening the RIS and encouraging Smart
Specialisation could be an opportunity for economic growth and the necessary leap in
development. Many actors in the region are already focusing on a post-lignite energy region
Lusatia and see the structural change as an opportunity:
“In addition to the challenges of structural change, there are also opportunities for the
Region, because it is Lusatia's declared goal to remain an energy region in the future.
The region can benefit from many years of expertise and the existing energy
infrastructure and specialists benefit locally. This locational advantage that Lusatia
offers compared to other regions in Germany should be actively used to accelerate the
energy transition across sectors and successfully lead Lusatia into the age of renewable
energy sources. So that it will also be said in the future: The energy comes from
Lusatia” (Wasserstoffnetzwerk Lusatia 2021, 11; translated by the author).
However, the question arises as to whether the topic of energy carries enough weight in the
region for a S2 strategy and is more than a self-image based on the past. For this, a certain
potential must already exist through funding from outside, but also within the region.

4.3 Potentials for Smart Specialisation in energy related fields

4.3.1 Collection of data and sources

In order to gain an overview of the current status of Lusatia’s RIS and for analysing if there are
observable potentials for Smart Specialisation, the following set of data was collected. For the
RIS, full-time equivalent of staff in R&D as well as internal spending on research and
development, start-up intensity, national patent applications via the DPMA and projects
within the ZIM funding program were used. The data was collected for 2013-2017 due to data
availability.

For data on research, the funding portal (Férderkatalog) of German ministries was used as a
data source, here the focus was on funded projects starting in 2018. Furthermore, a collection
of patent data regarding energy-related patent applications are presented.

For the economic and business potential regarding energy, number of employees with social
insurance, number and size of firms according to statistical data of different sources were
used. In addition, future projections on renewable energy production and employees plus a
collection of data from LEAG (Lusatia Energie Kraftwerke) is presented.

For recent energy innovation trends, some well-known projects and institutes are collected
by researching news of Fraunhofer, IHK and Universities websites. With the exception of the
recent trends, all data are presented in tables.
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4.3.2 Lusatia’s Regional Innovation System

The RIS is the sum of actors in the region, their cooperation relationships and innovation
produced. Accordingly, indicators must represent the amount of actors and cooperation plus
if there is significant output of innovation. Therefore, for a short overview of the region’s RIS
following data are quite relevant.

First, we look at the employees in R&D and private internal R&D spending (Table 16 and Table
17). Especially employees in R&D are a representative indicator for regional cooperation and
knowledge spill overs, as we can assume that the greater the number of R&D employees, the
greater the opportunity to find a suitable partner for cooperation and knowledge exchange

(Fritsch and Slavtchev 2011, 910).
Table 16: R&D staff in full-time equivalents

R&D staff in full-time equivalents

2015 2017 2015-2017 2015 2017 2015-2017
Share of all employees

total change in % with social insurance in % change in %

Germany 404,767 436,571 7.86 1.32 1.36 3.18
Lusatia 1,369 1,374 0.37 0.34 0.33 -2.63
Bautzen 588 611 3.94 0.54 0.55 1.21
Cottbus 59 88 49.41 0.13 0.19 47.04
Dahme-Spreewald 105 113 7.39 0.18 0.18 0.73
Elbe-Elster 47 45 -4.49 0.14 0.14 -6.47
Gorlitz 427 351 -17.79 0.52 0.42 -19.64
Oberspreewald-Lausitz 127 148 17.22 0.33 0.36 11.30
Spree-NeiRe 17 18 8.53 0.05 0.05 7.70

Source: Stifterverband Wissenschaftsstatistik
Table 17: Internal R&D spending per employee in €

internal R&D spending per employee in €

2015 2017 2015-2017 Anderungin %
Germany 1,415.15 1,553.85 9.80
Lusatia 293.51 235.77 -19.67
Bautzen 359.58 359.02 -0.16
Cottbus 47.98 75.81 57.99
Dahme-Spreewald 84.19 78.63 -6.61
Elbe-Elster 77.98 64.26 -17.60
Gorlitz 749.04 476.64 -36.37
Oberspreewald-Lausitz 101.34 99.53 -1.78
Spree-NeilRe 34.87 32.86 -5.76

Source: Stifterverband Wissenschaftsstatistik

The R&D employees as well as internal R&D spending are below German average. A study
analysing German mining regions concludes that private R&D is too low in Lusatia to assume
significant spill over effects (Fondel et al. 2018, 68). Public R&D spending however is above
average. This can be seen as an attempt to compensate for the low private R&D (Frondel et
al. 2018, 68). Between 2015 and 2017, the internal private spending fell, which indicates a loss
of innovation potential. At the same time, the share of R&D employees also decreased slightly,
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while the total number was stable. With overall low numbers in the region, such changes can
be related to a single firm or few firms, therefore we must be careful with interpreting these
numbers.

A second indicator for regional spill over effects and also innovation output is the company
start-up intensity. The start-up intensity indicator represents the number of new firms per
10,000 inhabitants in working age, so inhabitants between 15 and 65 years. The overall start-

up intensity as well as the start-up intensity for energy and mining is shown in Table 18.
Table 18: Start-up intensity 2014-2017

start-up intensity 2014-2017 (new firms per 10,000 inhabitants in working age)

all sectors mining and energy generation
Germany 31.37 0.40
Lusatia 20.66 0.27
Bautzen 19.45 0.14
Cottbus 23.74 0.36
Dahme-Spreewald 32.89 0.44
Elbe-Elster 17.07 0.79
Gorlitz 19.85 0.03
Oberspreewald-Lausitz 17.48 0.30
Spree-NeiRe 20.26 0.10

Source: ZEW, Inkar, own calculations

In total, the company start-ups in relation to inhabitants is significant lower than German
average. This is also true for the energy and mining sector, where we can observe very few
new company start-ups in general. That may be due to the fact that there are often very few,
but large companies in these sectors. For a Smart Specialisation in Lusatia, these numbers
should eventually rise in the near future, in particular since there is the goal to tap new value
chains.

Another relevant indicator reflecting the RIS is patent applications. They represent innovation

output in the region. Table 19 shows patent applications in the years 2013-2017.
Table 19: National patent applications

national patent applications per 100,000 inhabitants
2013 2014 2015 2016 2017

Germany 58.61 59.29 57.65 58.74 57.71
Lusatia 11.71 9.36 9.87 8.69 9.50
Bautzen 20.11 13.37 10.77 11.16 7.93
Cottbus 11.04 8.04 14.04 6.97 19.79
Dahme-Spreewald 17.41 24.70 13.98 10.84 13.75
Elbe-Elster 7.54 5.71 5.73 7.66 9.67
Gorlitz 3.81 2.69 6.15 6.58 5.07
Oberspreewald-Lausitz 13.18 6.20 14.23 14.29 17.10
Spree-NeiRe 2.52 0.00 5.95 0.86 0.87

Source: DPMA, Statistisches Bundesamt (Destatis)

As shown in the table, there were relatively few patent applications in Lusatia between 2013

and 2017. Admittedly, this is also the case for Brandenburg and Saxonia in general, where only

13 and 18 patent applications per 100,000 inhabitants were filed, respectively (DPMA 2018,

7). In comparison, in Baden-Wirttemberg around 132 patent applications per 100,000
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inhabitants were filed (DPMA 2018, 7). It is remarkable that between 2015-2019, 37 patent
applications in Lusatia were filed by the BTU Cottbus-Senftenberg with 8 Co-Patents (DPMA
2022). The university is therefore the organisation with most patent applications in the region.
At a total of 437 applications in these years (DPMA 2022), 8.47% of all applications were filed
by the BTU. Similar to the R&D spending, we can assume that public research is comparably
strong in Lusatia and partly compensates the lack of innovation among firms. Nevertheless, a
strong RIS needs different kinds of actors and especially cooperation between public and
private research.

In this regard, we can observe some positive trends in state-funded cooperative research
projects in the ZIM (Zentrales Innovationsproramm Mittelstand) program. This initiative is
aimed at SME and encourages projects where regional SME and research institutes or HEI
(higher education institutions) conduct joint applied research. Data on ZIM funded projects

are shown in Table 20.
Table 20: ZIM projects 2015-2017

ZIM projects 2015-2017 Granted Non- Cooperative Network Total
funds in cooperative projects projects projects
million € projects

Lusatia 35.9 19 210 10 239

Cottbus 6.7 3 35 0 38

Dahme-Spreewald 7.2 5 39 3 47

Elbe-Elster 14 2 9 0 11

Oberspreewald-Lausitz 6.2 2 35 0 37

Spree-NeiRe 0.6 0 5 0 5

Bautzen 9.4 6 54 7 67

Gorlitz 4.4 1 33 0 34

Source: Berger et al. 2019, 209

Annual average of funding between 2015 and 2017 was around 12 million Euro, which is about
1.03 Euro per 100,000 inhabitants. In comparison, German average in the years 2015-2018
was around 0.65 Euro per 100,000 inhabitants (Berger et al. 2019, 209). In addition, a study
evaluating the ZIM program concludes that on average, more projects were approved in
Western Germany than in Eastern Germany (Kaufmann et al. 2019, S. 68). This study also finds
that the BTU Cottbus-Senftenberg applied for 324 projects in the evaluation period and was
therefore ranked 7t place among German HEI (Kaufmann et al. 2019, S. 55). For ZIM network
project funding, TH Wildau was ranked 8" place with 28 applications and BTU Cottbus-
Senftenberg was ranked 10 place with 25 applications (see Kaufmann et al. 2019, S. 56). This
is an indication that the universities in Lusatia fulfil an important function in the application
and implementation of joint innovative research projects (Pomp and Zundel 2021, 17) and
contribute to cooperation and regional spill over effects. We also can assume that government
funding for an innovation policy does trigger cooperative research and interaction in the
region.

In conclusion, Lusatia’s RIS can be described as thin, as there is a lack of critical mass of actors.
In addition, the innovation inputs and outputs are below German average. The situation in
this region is similar to the other German regions impacted by the phase out of coal and
induced structural change. A study on these four coal mining regions reveals that all four
regions suffer from lower innovation potential to a certain extent (Frondel et al. 2018). Among
those four, the Rhineland region is the strongest:
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“The analysis of innovation indicators shows a mixed picture, with the eastern German
regions showing significantly lower values in some cases, which speaks for a lower
innovation potential. [...] Although the Rhineland coal region is still below the research
intensity of NRW, which is relatively weak in terms of research compared to the
national average, it is more than twice and three times as high as in Lusatia” (Frondel
et al. 2018, 200-204, translated by the author).
In terms of the RIS literature, Lusatia is a typical region with a thin RIS. In many of these
regions, traditional, resource-intensive industries with low innovation rates are predominant
(Trippl and Frangenheim 2018, 61) and beyond that the firm landscape is rather
heterogeneous and fragmented. Currently, in the east German mining regions and especially
Lusatia low private investments in R&D and the generally lower proximity to universities and
research institutions are compensated by public R&D (Frondel et al. 2018, 200-202). But that
won’t be enough to trigger more innovation activities and economic growth.
Recent literature on RIS suggests that RIS reorientation, i.e. building on existing actors and
institutions could enable the development of “innovative solutions to regional problems and
needs that are related to grand societal challenges, such as the decarbonisation of industries”
(Isaksen, Trippl, and Mayer 2022, 2126). In thin RIS, new RIS elements need to be created if
endogenous potentials are too low. Possible policy approaches include path transplantation
and path modernisation. The former includes policies aimed at attracting knowledge and
resources from outside the region. Here, companies, research and educational institutions,
public services or even highly qualified individuals are “lured" into the region. For path
modernisation, access to knowledge, resources and other innovation impulses from outside
the region also play a decisive role. Against this background, policy strategies aimed at
proactively fostering relationships with partners and sources of knowledge external to the
region appear particularly sensible. A strategy aimed at mobilising exogenous development
impulses can only be successful if measures are taken that also force the anchoring and
circulation of extra regional knowledge in the region and strengthen the absorption capacities
of regional actors. (Trippl and Frangenheim 2018, 62). It would also be necessary to evaluate
if the new elements have a positive regional impact in the long term and if the path
transplantation and modernisation is successful. Optimally, they should contribute to an
improvement of the innovative output in the region, create new jobs and generate economic
growth that can be sustained after the funds have been spent.
Due to the region’s unique situation of having the structural change program, the available
funds can be allocated for such a creation of RIS elements. Currently, this is actually happening
in Lusatia (see 3.5). There will be new research projects and institutes, especially those who
are focused on energy research. Implementing S2 strategies seems useful, as it is much easier
to generate critical mass in sectors where there are endogenous potentials than to generate
critical mass in all industries. However, the question arises whether endogenous potentials
are high enough or the new elements have the potential not only to attract external
knowledge and actors but also to increase the absorption capacity in the region.

4.3.3 Empirical data on energy-related research

After presenting data on the RIS in general and the status of the energy industry in Lusatia,
empirical data for energy-related research and detailed patent data is presented in this
chapter. Needless to say, not only the numbers of firms and employees are relevant for a
supposed Smart Specialisation on energy in Lusatia, but also research and innovation. The

83



04 The Regional Innovation System and Smart Specialisation in the “Energy Region” Lusatia

guestion is whether energy is only produced in Lusatia or if we can expect innovation potential
for a decarbonized energy industry.

Previous studies on the field of energy research in the region concluded that between 2005
and 2014, 2.2% of all federal funds in Brandenburg and 6.2% of all federal funds in Saxonia
were spent on energy research (Diekmann 2015, 25) while in 2018, Brandenburg issued 0.5%
and Saxony issued 10% of the state funding for the field of renewable energies (Jessen 2018,
4). Therefore, the overall impression is that the Energy research in Lusatia has so far not been
particularly noticeable statistically (Nagel and Zundel 2021, 11).

In order to carry out an analysis of funded research in Lusatia, | now present my collection of
data. Projects of the federal ministries were used for the evaluation as data is freely accessible
in the German Funding Catalogue (FOEKAT). State funding of projects can be used as a proxy
for research in general, especially in a region with few internal private R&D and in the field of
energy with cost-intensive research. For the first part of the analysis, the number of energy-
related research projects in Lusatia was compared to the total number of research projects.
All projects under the numbers EA1110 - EF6000 are considered energy-related, these are for
example crystalline silicon module technology, fuel cells, energy-optimized building
technology, advanced power plant systems, basic energy research, hydrogen production
(electrolysis) and more (Bundesministerium fiir Blldung und Forschung, 2023). As a
benchmark, the numbers for Lusatia are compared to Germany and Baden-Wiirttemberg. The

numbers for total projects and amount of funding are shown Table 21 and Table 22.
Table 21: Number of projects (Férderkatalog)

number of projects in the Forderkatalog (EA1110 - EF6000) starting 2018 including projects in progress

Germany total 56394 Germany Energy 6440 share in % 11,42%
Baden-Wirttemberg 12814 Baden-Wirttemberg 1472 share in % 11,49%
total Energy

Lusatia total 617 Lusatia Energy 50 share in % 8,10%

Source: Férderkatalog des Bundes

Table 22: Funds for projects (Férderkatalog)

total funds for projects in the Férderkatalog (EA1110 - EF6000) starting 2018 including projects in progress

Germany total  42.760.352.924 Germany Energy 4.670.003.318 share in % 10,92%
Baden- 7.468.931.892 Baden- 1.341.220.694 share in % 17,96%
Wiirttemberg Wirttemberg

total Energy

Lusatia total 426.531.359 Lusatia Energy 31.159.212 sharein % 7,31%

Source: Férderkatalog des Bundes

The share of energy related projects in Lusatia was 8.10%, slightly smaller than the average
for Germany and for Baden-Wiirttemberg. Overall, among all funded projects in Germany,
1.09% of them were carried out in Lusatia, while 22.72% were carried out in Baden-
Wirttemberg. This is no surprise, as the federal state is a much larger entity. Regarding
energy-related projects in Germany, 0.78% were carried out in Lusatia and 22.86% were
carried out in Baden-Wirttemberg.

For the share of funding, the numbers are slightly different. In Lusatia, there was less funding
for energy-related research projects in comparison to the share of number of research
projects. The German average was also slightly smaller, whereas in Baden-Wirttemberg the
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share of funding was much larger than the share of projects. Similarly, 1% of all funds for
research projects were provided for Lusatia and 17.47% for Baden-Wirttemberg, while 0.67%
of funds for energy-related research projects were provided for Lusatia and 28.72% were
provided for Baden-Wirttemberg.

In order to gain more insight into the relevant actors for energy research in Lusatia, it is useful
to find out which organisations carried out the most projects in recent years. For organisations
with at least three projects since 2010 including projects in progress, there are: BTU Cottbus-
Senftenberg (36 projects or project participations), Hochschule Zittau/Gorlitz (19 projects or
project participations), Skeleton Technologies (6 projects or project participations), Lusatia
Energie Kraftwerke (3 projects or project participations), Sachsenmilch Leppersdorf (3 projects
or project participations). If we look only at projects since 2018 including projects in progress,
there are: BTU Cottbus-Senftenberg (13 projects or project participations), Hochschule
Zittau/Gorlitz (8 projects or project participations), Skeleton Technologies (6 projects or
project participations).

Two of the most active organisations are HEI in the region. The BTU Cottbus-Senftenberg alone
carried 26% of all energy-related funded research projects. Furthermore, LEAG as a
representative of the lignite industry has not done any projects in recent years. Sachsenmilch
Leppersdorf is a dairy producing firm and did projects that try to improve energy efficiency in
dairy processing, which is not really contributing to the energy region image of Lusatia.
Skeleton Technologies, however, is a firm that is located in GroRréhrsdorf and registered in
Estonia that focuses on energy storage and is “Europe's leading manufacturer of ultra-
capacitors” (Energy Saxony e.V. 2022). They did all of their projects after 2018 and these are
all projects in progress. This indicates that we can possibly expect more research and
innovation from this new firm in the near future.

Another interesting set of data presented is a time-sensitive comparison. Project themes
according to different programs (Leistungsplansystematik) starting between 2010-2017 and
projects starting in 2018 are compared. This comparison allows to estimate if there is an
observable shift from conventional energy research and nuclear energy research to renewable
energy and energy efficiency research. For research projects starting between 15t January 2010
and 315t December 2017, there were 72 projects or project participations in total, 11 of them
focusing on conventional energy (EA1110 - EA1999) and 9 focusing on nuclear energy (EC1100
— EF6000). Therefore, 72.2% of the projects were focusing on renewable energy or energy
efficiency. For projects starting 1%' January 2018, there were 50 projects or project
participations in total. Here, 4 of them were focusing on conventional energy and another 4
focusing on nuclear energy. Therefore, 84% of the projects were focusing on renewable
energy or energy efficiency. Hence, the data show a slight trend towards future trends in
sustainable energy production and away from conventional energy.

In addition to funded research projects, an analysis of patent data shows a specialisation in

energy that is above German average (Table 23 and Table 24).
Table 23: Patent data total and energy-related

Patent applications total 2013- Patent applications in electrical percentage
2017 machinery and apparatus,
electrical energy 2013-2017
Germany 239,416 24,844 10.38 %
Lusatia 535 114 21.31%

Source: DPMA 2022, own calculations
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Table 24: Patent data per 100,000 inhabitants total and energy-related

Patent applications per 100,000 Patent applications in electrical
inhabitants 2013-2017 machinery and apparatus,
electrical energy per 100,000
inhabitants 2013-2017
Germany 58.47 6.07
Lusatia 9.19 1.96
Source: DPMA 2022, own calculations

The patent application data are based on total patent applications in the years 2013-2017 and
patents in the field of “Electrical machinery and apparatus, electrical energy” according to the
WIPO classification (Schmoch 2008, 5).

While the share of energy-related patent applications from Lusatia is only 0.46 % (114 out of
24,844), the share of such patent applications within the region is as twice as high as the
German average. This indicates that although the absolute innovation potential according to
patent applications is not very high (see chapter 4.3.2), at least it is relatively higher for energy.

4.3.4 The status quo of Lusatia’s energy sector

In order to analyse the regional potential for Smart Specialisation in the energy production,
storage and use, there are several aspects to consider. First, industry and workforce base
(Fritsch et al. 2008, 8) within a region are an important factor for an RIS. Second, for Smart
Specialisation aimed at a certain branch of industries, there must be specific knowledge in
that industries. That implies that for energy-related specialisation, there have to be
comparably more employees and firms in that sector. Finding adequate data sources is
difficult, as there are many different industries connected to energy production. One starting
point is the data of the federal agency for work (Bundesagentur fir Arbeit). Current data for
the share of employees in the energy sector in general are shown in Table 25.
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Table 25: Number of employees 2018

total employees with energy sector employees share in %

social insurance 2018 with social insurance 2018
Germany 32,870,230 229,940 0.70%
Lusatia 420,550 4,710 1.12%
Bautzen 113,110 440 0.39%
Cottbus 45,870 600 1.31%
Dahme-Spreewald 62,540 220 0.35%
Elbe-Elster 33,680 350 1.04%
Gorlitz 86,860 1,260 1.45%
Oberspreewald-Lausitz 41,440 260 0.63%
Spree-Neile 37,050 1,580 4.26%

Source: Bundesagentur fir Arbeit

Overall, the share of employees in the energy sector is distributed unevenly across Lusatia. In
Spree-NeilRe the share is exceptionally high, in Gorlitz and Cottbus the share is also around
twice as high as the German average. In Cottbus, 1.31 % of employees subjected to social
insurance contributions work in the energy sector, this is almost twice as much as the German
average. At the same time, the share of firms in the energy sector is only half as much as the

German average, as shown in Table 26.
Table 26: Number of firms 2018

number of firms 2018 number of firms in the sharein %
(WZ2008-sectors B-N energy sector 2018 (D)

and P-S)

Germany 3764,671 77,101 2.05%
Lusatia 48,811 555 1.14%
Bautzen, Landkreis 12,645 112 0.89%
Cottbus 4,278 41 0.96%
Dahme-Spreewald, Landkreis 8,205 85 1.04%
Elbe-Elster, Landkreis 4,386 68 1.55%
Gorlitz, Landkreis 10,460 121 1.16%
Oberspreewald-Lausitz, 41,64 68 1.63%
Landkreis

Spree-NeiRe, Landkreis 4,673 60 1.28%

Source: Statistisches Bundesamt (Destatis)

Those two data sets imply that there are presumably few firms in the region that have a large
number of employees. There are complementing data on size of firms in the energy sector, at
least for Brandenburg (Table 27). For Saxonia, no data were available.

Here we can see that there are only very few firms with more than 50 employees and only
three firms with over 250 employees. For example, in Cottbus there were 600 employees in
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2018. With 3 firms that have over 50 employees and one firm with over 250 employees, more
than 500 of the employees worked in 4 firms.

In addition to data provided by the federal and statistical offices, there are databases offered
by private firms that cover information about companies. One of them is the “Markus”
database, it contains information on companies with entry into the national trade register
(Bureau van Dijk 2018). A database excerpt for Lusatia that was provided in 2018 lists 256
companies that are operating in the energy industry in total. Table 28 summarises the number
of companies and the number of employees according to the different WZ 2008 codes.
These data have to be taken with a grain of salt, as they differ from the data given by the
statistical offices. Not all firms are listed in the database and the criteria were not transparent
when the dataset was acquired. While the Markus database has registered half as much firms
in the energy sector as the records of the statistical offices, the numbers of employees are
similar to those given by the federal agency for work. If lignite mining is not considered, there
are 4882 employees in the energy sector according to the database. More than half of these
are employed in 54 firms that operate in electricity generation subcontracted for distribution.
The data presented in the Markus database thus confirm the assumption that there is a small
number of firms in the region that are dominant in terms of size.

Sectoral and industry focus are often seen as the potential of a region, as they include a
specialized labour pool, an industry-specific infrastructure, the proximity to upstream and
downstream value-added stages and intra-industrial knowledge spill overs (Farhauer et al
2014, 126). Such focal points are usually determined empirically using localization coefficients.
These are defined as an industry's share of the added value or the number of employees
subjected to social security contributions in the sub-region to be examined in relation to the
corresponding ratio of a reference region. If these localization coefficients are significantly
greater than 1, this is taken as an indication of a corresponding specialisation and potential
(Nagel and Zundel 2020, 4).

A study analysing the German coal and lignite regions calculated a localization coefficient of
2.34 for Lusatia in 2016 (Frondel et al. 2018, 78). The highest localization coefficients were
found in the districts Oberspreewald-Lausitz (4.03) and Spree-NeiRe (10.35) (Frondel et al.
2018, 78). A study by Nagel and Zundel analysed those localization coefficients for Lusatia’s
cities in 2018 and found particular high coefficients for the cities of Spremberg (42.57),
Senftenberg (15.69), Mittenwalde (4.25), Cottbus (2.47), Finsterwalde (2.22), WeilRwasser
(2.19), and Niesky (2.20). They conclude that the area between Senftenberg, Cottbus,
Spremberg and Boxberg is the focus of the Lusatian energy industry. (Nagel and Zundel 2020,
23).

This is partly due to the locations of LEAG. The firm is currently responsible for lignite mining
and generation in Lusatia. With over 7,000 employees and over 3,300 partner companies, it is
the largest energy company in eastern Germany and one of the most important private-sector
employers in Lusatia (LEAG 2022).

LEAG produces lignite energy in Janschwalde, Schwarze Pumpe, Boxberg and Lippendorf with
a total capacity of 8000 MW and they also own tow gas turbines in Thyrow und Ahrensfelde
(LEAG 2022). In the 2000s, LEAG was researching and testing Carbon Capture and Storage
(CCS) technologies, mainly in Schwarze Pumpe (LEAG 2022). This can be seen as an attempt to
continue with lignite generation against the backdrop of decarbonisation of energy
production. Nowadays, the company is investing in renewable energy projects in Lusatia.
There are solar pv parks in Welzow and Zschornewitz, plus solar pv rooftop panels in Libbenau
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and in Cottbus with a total of 209.5 MW. LEAG is breaking new ground and has built a battery
storage facility with a usable capacity of 53 MWh at the Schwarze Pumpe power plant and
industrial site.

However, LEAG is not the only company that is involved in renewable energy projects in the
region. According to a recent study by the I0W (Institute fiir Okologische
Wirtschaftsforschung) that analysed the potential for renewable energy in Lusatia, in 2018
there were currently 37 firms that either produce power plants and components (4 firms) or
provide services (37 firms) for wind energy, solar energy or biomass (Hirschl et al. 2022, 149).
A total of 940 jobs was estimated for the employees at the identified companies. In relation
to the total number of employees in Lusatia in 2018, this corresponds to a share of around 0.2
percent. Around 75 percent are employed by manufacturers and just under 25 percent by
service providers in connection with the planning, installation, operation and maintenance of
plants. (Hirschl et al. 2022, 150-151). For the year 2040, the study projects the regional value
creation by renewable energy systems at 184.5 million euros for a current-policies-scenario
and 433.3 million euros for a climate-neutrality-by-2045 scenario, which corresponds to a
total of 1632 employees and 3556 employees respectively (Hirsch et al. 2022, 162).

4.3.5 Recent energy innovation trends in Lusatia

In order to gain more insight into future potentials of cooperation and innovation in energy-
related fields, the establishment of research institutes, projects and networks in these fields
are also important. They are a starting point for more interactions in the region, a stronger
cooperation between public and private research and potentially attract more firms and
professionals.

The state programs for structural change in Lusatia from both Brandenburg and Saxonia that
are based on the "Structural Strengthening Act for Coal Regions" (StStG) address the
continuity of Lusatia as an energy region. The “Lausitzprogramm 2038” names strategic goals
and mission statement for the structural development, one of them is that Lusatia shall be a
“modern and sustainable energy region (Staatskanzlei 2020, 12). In addition, the
“Handlungsprogramm zur Umsetzung des Strukturstarkungsgesetzes Kohleregionen des
Bundes in den sachsischen Braunkohlerevieren” in Saxonia formulates its own goals for
Lusatia. Goal 4 is that Lusatia shall be a “modern and sustainable energy region [...], making
Lusatia a central part of the sustainable energy industry in Germany through new and
innovative concepts for energy production and supply” (Staatsministerium fir
Regionalentwicklung Freistaat Sachsen 2020, 17) which is in accordance to Brandenburg’s
goals. Saxonia’s strategic paper also names recommendations for action: “(1) promotion of
approaches to innovative energy generation, supply and storage, (2) promotion of knowledge
and know-how transfer in the field of energy management, (3) creation and use of application
clusters for innovative energy concepts, (4) projects to reuse old power plant sites for
innovative energy concepts, (5) creation of infrastructure for Power-To-X applications”
(Staatsministerium fir Regionalentwicklung Freistaat Sachsen 2020, 17-19).

As mentioned above, Lusatia’s HEl are very active in energy research. The BTU Cottbus-
Senftenberg alone has planned some cooperative research projects covering different aspects
of the energy transition and decarbonisation. For example, there are CHESCO (Center for
Hybrid Electric Systems Cottbus), EIZ (energy innovation center), Innovationscampus
Elektronik und Mikrosensorik Cottbus, ismartC, SpreeTec next, T-CELL (Brandenburgische
Technische Universitat Cottbus-Senftenberg2022). Moreover, there will also be new
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Fraunhofer institutes, for example the Fraunhofer Hydrogen Lab Gorlitz, which focuses on
hydrogen fuell cells and hydrogen value chains and is funded with over 42 million Euro
(Fraunhofer-Gesellschaft 2021). “PtX-Lab Lusatia” is another institute focusing on hydrogen,
it was opened in 2021 (Zukunft — Umwelt — Gesellschaft (ZUG) gGmbH 2021). Hydrogen is
supposedly a field with great potentials in Lusatia. In addition to existing networks such as
Hypos, EnergySaxony and the HZwo cluster, the first local associations and networks for
researching and establishing hydrogen technologies, for sector coupling and for structural
change have been formed (Kratsch et al. 2020, 11). The hydrogen network Lusatia
“Durchatmen” was founded in 2019 and currently has more than 100 members and
supporters from business, science and politics from East Saxony and southern Brandenburg
(Han 2020). WALEMOBase, an initiative of Lusatian companies and research institutions, aims
to establish a cluster for closely linked projects in the Zittau/Gorlitz area focusing on hydrogen-
based drives and autonomous driving (Sdchsisches Staatsministerium fiir Regionalentwicklung
2021). At the Industriepark Schwarze Pumpe, there will be a new power plant called
,Referenzkraftwerk Lusatia” (RefLau). The aim is to map energy supply based on renewable
energy sources and hydrogen, including storage. The project partners plan to identify
potential purchases for hydrogen in the region as a precautionary measure in order to be able
to supply the first customers by the time the plant is commissioned in 2025 and to use
synergies in the establishment of a hydrogen economy (Hydrogentle 2021). In addition,
renewable energy projects by LEAG are currently planned and will be completed within the
next years, as shown in Table 29.

4.3.6 Energy as a focus in Lusatia in the wider Smart Specialisation context and
policy implications
Besides the current and future developments in the energy sector, the S2 structure in
Germany and in Lusatia is also relevant, as it is builds the strategical foundation. In Germany,
S2 isimplemented at the federal state level, in Berlin and Brandenburg there is a joint strategy
based on innoBB (European Commission and Prognos 2020, 35). This also forms the
overarching framework for Lusatia. The federal states pursue different strategies and also
have different priorities (European Commission 2020). With regard to strategic orientation,
there are some elementary differences between the federal states in terms of their
overarching orientation. In addition to Berlin-Brandenburg, some federal states have a clear
focus on scientific excellence, such as Baden-Wiirttemberg, Bavaria, North Rhine-Westphalia,
while the other states tend to follow a more general capacity-building approach (European
Commission and Prognos 2020, 107). The RIS3 strategies that contain regionalisation
approaches are those of Baden-Wirttemberg, Berlin-Brandenburg and Lower Saxony
(European Commission and Prognos 2020, 109). All federal states except Saarland have energy
in the narrower or broader sense (e.g. renewables, energy technology, sustainable energy,
etc.) in the portfolio of their S2 priorities (European Commission and Prognos 2020, 134-136).
Lusatia as an energy region would be in accordance with the “innoBB”, the joint innovation
strategy of Berlin and Brandenburg, where five future trend areas were identified. These are
health, energy, mobility/ logistics, information technologies/media/creative industries and
optics (European Commission and Prognos 2020, 35). Here, we can already identify an
entrepreneurial discovery process. In addition, the regionalised approach of the Smart
Specialisation strategy takes Brandenburg’s heterogeneity into account. The stakeholders
among the different clusters develop the main topics of each cluster in a cooperative advisory
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process (European Commission and Prognos 2020, 38). Accordingly, energy was identified as
one of the “hot topics” in the “Entwicklungsstrategie Lausitz 2050”, which also included the
ideas and perspectives of regional stakeholders (WRL 2020). This is appealing, as it fits to
Lusatia’s history - the idea of Lusatia as an energy region would be retained, but the old path
dependency on lignite would be replace with new, carbon-free energy production systems.
For new technologies such as hydrogen, market opportunities and new value chains could be
created.

4.4 Discussion and outlook

The aim of this paper was to give an overview of Lusatia RIS and reveal if energy-related
industry and research actually play a major role in the region. Some key findings of the data
presented in chapter 3 are as follows. The RIS of Lusatia can be described as thin, there is not
a lot of significant innovation input and output regarding standard indicators such as private
R&D and patents. Nonetheless, funding programs aimed at SME such as ZIM are well received.
In order to strengthen the RIS as a whole, an investment in viable industries, sectors or topics
can be a promising approach and would be in accordance with the EU Smart Specialisation
strategy. The question is if energy is such a viable industry and if there are enough endogenous
potentials.
From a S2 perspective, the issue of energy is made bigger than it currently is in terms of
innovativeness and research. The data on companies and employees in the region at least
partially indicate a focus on energy. But they also show that there are in principle rather few
large companies in the field of mining and generation, in particular LEAG, which is a result of
the history of the region. Few large companies presumably are an indicator for mono
structures, path dependency, the danger of technological lock-in and a lack of innovation
potential. As there is no critical mass of actors yet, knowledge spill-overs are rather unlikely.
Furthermore, the lignite mining and generation sector covers only a part of Lusatia.
Although there are above-average location coefficients in Lusatia, due to the fact that the high
level of employment in some areas is mainly due to LEAG, this focus is not reflected in an
above-average amount of research in Lusatia. Research projects in the field of energy are not
outstanding in comparison to the whole of Germany and also not in comparison to Baden-
Wirttemberg. The activities of public research institutions partially compensate for private
research, as it is the case for many east German regions. It is doubtful whether this is
expedient in the long term, since strong RIS are characterized by excellent private-sector
research. Also, it doesn't necessarily indicate potentials for smart specialisation when only
regional HEI excel in energy research.
However, the use of structural funds suggests that the current situation could change.
Promoting the “energy region Lusatia” is at least partially justified from an innovation policy
perspective. Admittedly, the region is in competition with practically all other German regions
as far as energy is concerned, also and especially in comparison with the three other coal
regions. In the Rhineland region for example, energy was also identified as one of three topics
for S2 as a study from 2013 concludes (Regionomica 2013, 51). But with the attraction of new
firms and the formation of many research projects, critical mass for cooperation and
innovation is achievable, at least in Cottbus. There are already signs that a dynamic will
develop in the energy sector. This is visible, for example, through the activities of Skeleton
Technologies, the activities of the Lusatia hydrogen network and through other new
settlements of institutes and projects. New technologies that are aimed at the
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decarbonisation of not only the energy sector but a whole string of sectors and industries
seems promising and necessary in the context of carbon neutrality. Such new technologies
can be a real market opportunity, despite the competition with other regions.

Three conditions are necessary for the success of a S2 in the field of energy. Firstly, the newly
founded projects and institutes must manage to attract new knowledge, workforce and
businesses to the region. This is due to the fact that endogenous potentials are still too low.
Secondly, they must be self-sustaining enough to remain in the region even after the subsidies
expire. Thirdly, the absorption capacity of the existing regional actors must be increased and
an actual exchange between "old" and "new" actors must take place. Successful path creation
in new industries is often based on the existence of assets, resources or competencies rooted
in the area, such as an excellent scientific base (Martin and Sunley 2006, see Asheim 2018,
14). Furthermore, from a policy perspective it is important to monitor to what extent the
innovative capacity and competitiveness of the region is developing.

Last but not least, from a research point of view, Lusatia is an exciting special case. The
developments in the coming years should be researched from different perspectives of
different disciplines. By doing so, emerging problems and undesirable developments can be
identified at an early stage. Especially measuring the effects of recruitment and settlement of
skilled workers, the participation of regional companies in new business fields and increase of
innovation outputs will be a challenge for academics.
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4.6 Appendix

Table 27: Firm branches in the energy sector 2018

firm branches in the energy sector 2018

total 0-9 10-49 50 - 249 over 250
employees employees employees employees
Germany 77,101 - - - -
Lusatia 555 - - - -
Bautzen 121 - - - -
Cottbus 41 34 3 3 1
Dahme-Spreewald 85 79 5 1 0
Elbe-Elster 68 66 0 2 0
Gorlitz 112 - - - -
Oberspreewald-Lausitz 68 63 3 2 0
Spree-NeiRe 60 49 6 3 2

Source: Amt fiir Statistik Berlin-Brandenburg
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Table 28: Number of employees per WZ code

WZ 2008 Code WZ 2008 Code description Number of firms Number of
employees (if
recorded)

B05200 Mining of lignite 1 4837

D35110 Production of electricity 28 23

D35111 Production of electricity without 17 33

distribution

D35140 Trade of electricity 5 198

D35120 Transmission of electricity 5 90

D35100 Electric power generation, transmission 3 109

and distribution

D35130 Distribution of electricity 13 618

B09900 Support activities for other mining and 2 96

quarrying

D35112 Production of electricity incl. purchases 54 2733

from other suppliers for distribution

D35113 Production of electricity excl. purchases 93 165

from other suppliers for distribution

D35210 Manufacture of gas 3 4

D35212 Manufacture of gas incl. purchases from 3 111

other suppliers for
distribution

D35213 Manufacture of gas excl. purchases from 11 6

other suppliers for
distribution

D35200 Manufacture of gas; distribution of 2 21

gaseous fuels through mains

D35220 Distribution of gaseous fuels through 1 2

mains

D35300 Steam and air conditioning supply 15 273

Total 256 9319
Source: Bureau van Dijk 2018
Table 29: LEAG renewable energy projects

Name Type capacity

Windpark Cottbus-Ost on-shore wind 24 MW

Windenergieprojekt Forst-Briesnig Il on-shore wind 102 MW

Floating PV Cottbusser Ostsee solar pv 21 MW

Energiepark Bohrau solar pv 400 MW

Deponie Janschwalde | solar pv 31 MW

Solarpark Kraftwerk Boxberg solar pv 24 MW

Solarpark IAA Bohlen solar pv 17 MW

Solarpark Hirschfelde solar pv 20 MW

Solarpark Dissen-Striesow solar pv 200 MW

Solarpark Hithnerwasser und Wolkenberg solar pv 300 MW

Total 1,139 MW

Source: LEAG
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5 Conclusion and recommendations

Even though structural change is a major challenge for the region, the many funds, projects
and new research institutes are a unique opportunity for Lusatia. The aim of this dissertation
was to contribute to the discussion on whether the structural change funds can achieve their
objectives in Lusatia by addressing the question of how Lusatia's RIS can be strengthened and
a green industrial path development in the energy sector can be realised.

In conclusion, from the perspective of the RIS framework, what can be said about the potential
for structural change in Lusatia and the achievement of the objectives of the Structural Funds?
Two important conclusions can be drawn from the studies carried out in this dissertation.
Firstly, Chapter 2 demonstrates that more interaction between stakeholders may indeed
contribute to a strengthening of Lusatia’s RIS in the long term. New research institutes and
increased funding for regional universities are likely to increase such interaction with both
regional and external actors. Secondly, Chapter 3 and Chapter 4 show that the RIS of Lusatia
is rather weak and therefore offers poorer framework conditions for new industrial path
development, especially in comparison with the other mining regions, and that - at least in the
past - the potential for S2 in Lusatia as an energy region was rather weak as well. However,
developments following the phase-out decision have already created an opportunity to
change this. In particular, the regional lignite industry is finally moving towards green energy
production, and new projects focusing on renewable energy research and energy system
transformation offer the potential for true smart specialisation.

As this is only a first positive development and it is not a foregone conclusion that it will
continue, it isimportant to ensure that it continues in the future. Care must be taken to ensure
that the investments produce certain results. Based on the results of the studies in this
dissertation, three recommendations for such outcomes are presented.

Recommendation 1: If the momentum of structural change and the funding provided is to be
used to strengthen the RIS, a necessary result of the funded R&D projects and newly
established research institutes is that more cooperation between science and industry
develops in the long term. This is a particular challenge in Lusatia, where the RIS is
organisationally thin. The region's endogenous potential was not sufficient for an increase in
research cooperation, so it isimportant that a) the regional research institutions seek regional
and extra-regional cooperation and b) that the newly created projects and branches of
institutes, technology parks etc. become attractive for companies from outside the region. On
the one hand, extra-regional cooperation also plays an important role in innovation processes.
According to the findings of Chapter 2, it is even more important for a strong RIS than regional
cooperation, especially in high-tech sectors such as energy. A lack of critical mass for more
regional research cooperation is therefore not necessarily a problem. On the other hand, a
certain density of cooperative research institutions, which is currently being created, offers an
incentive for innovative companies to settle in Lusatia, as geographical proximity is still one
important factor for knowledge flows (Todtling & Trippl, 2016, p. 142). The success of the new
institutes, institute branches and large research projects should therefore be measured by
whether they attract companies and whether they achieve a measurable increase in research
collaborations.

Recommendation 2: Now that the lignite industry is undergoing a change of course and
develops new alternative green paths due to the decision to phase out lignite, efforts should
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also be made to involve energy supply companies more closely in the RIS currently being
developed. The many energy research projects are a good starting point. But chapter 3 has
also shown that the RIS alone may not be enough to further push green path development.
Therefore, both the regulatory framework and market conditions must make the
development and use of new green technologies even more profitable and necessary. Only
then will new green industrial paths become viable alternatives to existing ones. The existing
regional industry has already adapted to renewable energies, while at the same time a large
number of new or newly established companies are working with renewable energies. Such
efforts need further support. A good example is hydrogen - although the technology is
available, the hydrogen innovation system is still in its formative phase (Asna Ashari et al.,
2023, p. 10). While there are some efforts to produce green hydrogen in the region, there is
no real hydrogen market or infrastructure yet.

Recommendation 3: The “energy region Lusatia” is one of the three important narratives
identified in the context of structural change (Haas, 2020, p. 163) and the development of a
green energy region is currently becoming increasingly visible. However, there are always
setbacks, e.g. the closing of the VESTAS wind blade construction plant (Mumme et al., 2021)
and the recent cancellation of the SVolt battery plant (rbb, 2024). Care must be taken to
ensure that the S2 approach continues to be pursued beyond the end of the current large-
scale research projects and that the region remains attractive for new business settlements
as mentioned above. Further excellence research at universities and university spin-offs from
such energy-related research projects must be promoted so that the expiry of current funding
does not mean the end of R&D. The high level of funding has given the region a head start in
the energy transition, but this will not be enough. After all, Lusatia is competing with just about
every other region in Germany, as the issue of renewable energy and energy system
transformation can be found in almost every S2 regional development strategy (European
Commission. Directorate General for Regional and Urban Policy. & Prognos., 2020). The region
must therefore be particularly attractive to companies, precisely because of the attractiveness
of regional research and support for industry mentioned in Recommendation 2. This is the
only way to achieve greater critical mass in the energy sector for a green energy region that
lives up to its name.

A number of recommendations for the development of Lusatia have already been made in the
context of structural change. However, it should be emphasised that the uniqueness of this
dissertation is that it provides the theoretical and empirical background, directly based on the
RIS framework, to explain why these recommendations are useful and why achieving such
goals will actually support innovation and economic development in Lusatia in the long term.
In addition, the results of the work contained in this dissertation are not only applicable to
Lusatia, but could also be useful for innovation policy in other regions. This applies first of all
to the other German lignite mining regions, even if the starting conditions there are slightly
different. What's more, other regions will also be affected by the transformation of the energy
system. The question is, of course, whether there is the need and opportunity to provide large
sums of money similar to the funds for structural change.
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