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Abstract:  

As the climate crisis becomes more severe, carbon capture and storage (CCS) is increasingly seen as a 
viable option to help mitigate climate change. However, one risk with regard to CCS is that it locks us 
into the use of carbon-based energy sources and industry, creating a carbon lock-in. Looking at the 
German-Norwegian partnership to store German CO2 in Norway and to provide hydrogen in return, 
this thesis investigates how this partnership creates a carbon lock-in in Germany. The results of the 
qualitative content analysis and semi-structured interviews show that the CCS partnership and its 
concrete projects unfold both infrastructural and technological, as well as institutional carbon lock-in 
mechanisms. Thus, CCS is problematic as it upholds the status quo of fossil-based energy sources and 
industry, inhibiting real change towards a fossil-free and zero-emission world, while at the same time 
being promoted as a necessary technology to reach Germany’s climate goals. 
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 1 Introduction  

“Better put CO2 into the ground than into the atmosphere” (Bellona Europe, 2023).  

With this sentence, the German Federal Minister for Economic Affairs and Climate Action Robert 

Habeck justified the new German-Norwegian carbon capture and storage (CCS) deal included in the 

countries’ Partnership on Climate, Renewable Energy, and Green Industry. On 5 January 2023, 

Germany and Norway issued a Joint Declaration and a Joint Statement, which include plans for 

Norway to store German CO2 at storage sites in the North Sea, while at the same time, Norway shall 

send blue hydrogen to Germany, produced with fossil gas and CCS (Office of the Prime Minister & 

Ministry of Petroleum and Energy, 2023; Office of the Prime Minister & Ministry of Trade, Industry 

and Fisheries, 2023).  

As the global average temperature keeps rising, CCS is often referred to as a necessary technology to 

reach the 1.5°C target as set out in the Paris Agreement (International Energy Agency, 2021). 

Furthermore,  the Intergovernmental Panel on Climate Change (IPCC) includes CCS as an important 

option to reduce carbon emissions (IPCC, 2005, 2022). According to the newest IPCC report, “CCS is 

an option to reduce emissions from large-scale fossil-based energy and industry sources” (IPCC, 

2022, p. 28). Mostly, CCS is considered necessary to reach national and global climate targets as it is 

set out to reduce process-related emissions from so-called hard-to-abate sectors, notably the steel, 

cement, or chemical industry (Martin-Roberts et al., 2021). Yet, although CCS is featured prominently 

in climate models by the IPCC and the International Energy Agency, “global rates of CCS deployment 

are far below those in modeled pathways limiting global warming to 1.5°C or 2°C” (IPCC, 2022, p. 28).  

One major critique of CCS is that it could lead to or reinforce a carbon lock-in, which means for 

society to be locked in a system of fossil-based energy sources and production processes that inhibit 

a fast and effective energy transformation (Asayama, 2021; Janipour et al., 2021; Markusson & 

Haszeldine, 2009; Sandberg & Krook-Riekkola, 2022; Seto et al., 2016; Shackley & Thompson, 2012; 

Unruh, 2000; Vergragt, 2012; Vergragt et al., 2011). The main criticism in Germany concerning CCS 

and carbon lock-in has been that CCS was planned to prolong the lifetime of coal power plants 

(Erickson et al., 2015; Scott & Geden, 2018), but with the phase-out of coal in Germany this critique 

does not hold anymore. However, instead of making the discussion on carbon lock-in and CCS 

redundant, I see a new necessity to discuss the danger of carbon lock-in through CCS. The focus 

within the lock-in scholarship has moved on to focus on the field of geoengineering and carbon 

dioxide removal (CDR) techniques, such as bioenergy with CCS (BECCS) or direct air capture with CCS 

(DACCS) (Cairns, 2014; Carton et al., 2020; Parson & Buck, 2020). However, as new partnerships 

around CCS emerge, such as the one between Germany and Norway, the danger of carbon lock-in 
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must be evaluated anew, particularly as the field of application has moved away from coal power 

plants to industrial emissions, gas power plants, and hydrogen production. This new momentum for 

CCS creates the need to critically analyze the technology, and concrete projects and partnerships 

provide a new opportunity to discuss CCS in light of real-life examples instead of climate models. 

I, therefore, want to fill this research gap and contribute to the CCS and carbon lock-in literature by 

investigating the risk of lock-in with regard to the new partnership between Germany and Norway.  

Concretely, my research question is as follows:  

How does the Norwegian-German cooperation on CCS and hydrogen create a carbon lock-in in 

Germany?  

To answer this research question, I will analyze different pillars of carbon lock-in to evaluate how it 

might manifest in Germany through the German-Norwegian (GER-NOR) cooperation. To this end, I 

will answer the following sub-research questions:  

1. What are concrete CCS and hydrogen projects between Germany and Norway?   

2. What investments, infrastructure, laws, and institutions are in place and will be needed to 

make this cooperation a reality? 

3. In what way do the fossil industry and policymakers work together to realize CCS projects?  

In the following, I will position this thesis in the field of sustainability science, provide background 

information on CCS in general, and shortly describe the CCS deal between Norway and Germany. I 

will then elaborate on the theoretical framework of carbon lock-in and explain my research 

methodology before analyzing my results and discussing them.   

2 Background  

2.1 Positioning in sustainability science 

Sustainability science “seeks to understand the fundamental character of interactions between 

nature and society.” (Kates et al., 2001). As questions about climate change and climate change 

mitigation are inseparable from interactions between nature and society, they are at the core of 

sustainability science. The GER-NOR partnership on CCS and hydrogen is depicted as an important 

means to mitigate climate change and as such, an analysis of it contributes to the sustainability 

science literature. Analyzing CCS in particular, raises new questions about nature-society interactions 

as it opens a new dimension of real or theoretical control over the environment. The option to put 

CO2 back in the ground supports the idea of technological solutions to anthropogenic climate change 

and can weaken the urgency and need for drastic changes in the climate change mitigation discourse.  
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2.2 Development and status quo of carbon capture and storage  

In its 2005 special report on carbon capture and storage, the Intergovernmental Panel on Climate 

Change (IPCC) defined CCS as “a process consisting of the separation of CO2 from industrial and 

energy-related sources, transport to a storage location and long-term isolation from the 

atmosphere” (IPCC, 2005, p. 3). Hence, CCS can be applied either to emissions from power plants or 

to emissions resulting from industrial processes, such as in the cement or steel industry. 

The technology for CCS originates in the fossil fuel and chemical industry and has been applied for 

enhanced oil recovery (EOR) since the 1960s – a process where companies inject CO2 into depleted 

oil fields to extract more oil than previously possible (Anderson & Newell, 2004; Ma et al., 2022). 

Until today, EOR is still the primary use of CCS (Bui et al., 2018; Sekera & Lichtenberger, 2020) and as 

Bäckstrand et al. (2011) put it, CCS could thus “be seen as a continuation of the existing technological 

trajectory” (p. 276).  A milestone in the history of CCS was the Sleipner project in Norway which 

entered into force in 1996, as it was the first large-scale CCS project that aimed at storing CO2 

permanently underground (OECD, 2016).  

Since the 2005 IPCC report on CCS, the technology has gained support from governments and 

organizations, framing it as a bridging technology (Bäckstrand et al., 2011). However, as Lefvert et al. 

(2022) describe, public support and investments shrank again after the 2009 Copenhagen COP. 

Furthermore,  EU plans to build at least twelve commercial CCS plants by 2015 failed drastically 

(Scott & Geden, 2018). In general, although the technology exists already for several decades, CCS 

projects at a commercial scale are scarce and it is therefore still considered an emerging technology 

(Buck, 2021). While coal power plants were long regarded as one major field of application for CCS in 

Germany, industry and policymakers moved away from coal and instead imagine CCS to be mainly 

applied to reduce emissions in so-called hard-to-abate industries that emit CO2 through their 

production process, such as the cement, steel, and iron industries (Martin-Roberts et al., 2021). In 

2021, only 26 large-scale CCS facilities were in operation worldwide (Martin-Roberts et al., 2021).  

2.3 The German-Norwegian CCS deal   

On 5 January 2023, Germany and Norway published a Joint Declaration about their Partnership on 

Climate, Renewable Energy, and Green Industry. This partnership includes seven different fields of 

application, amongst which “Negative emissions / CCS” is one. It comprises the exploration of 

possible capture, transport, and storage of CO2 at the Norwegian continental shelf (NCS) and the 

options for transporting CO2 from Germany to Norway, e.g. via pipeline (Office of the Prime Minister 

& Ministry of Trade, Industry and Fisheries, 2023).  
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Another aspect of the partnership revolves around hydrogen and is specified in the Joint Statement 

on hydrogen which was published alongside the Joint Declaration on 5 January. Here the idea is to 

explore a “large-scale supply of hydrogen with the necessary infrastructure from Norway to Germany 

by 2030” (Office of the Prime Minister & Ministry of Petroleum and Energy, 2023). As part of this, 

Norway and Germany commissioned a joint feasibility study to assess both the transport of hydrogen 

from Norway to Germany as well as the transport of CO2 from Germany to Norway. The study is 

carried out by DENA, the German Energy Agency, on the German side, and Gassco from the 

Norwegian side and will be presented in the summer of 2023.  

3 Theory  

As one main risk of CCS, the following chapter introduces the concept of carbon lock-in, which will be 

used as the theoretical framework in this thesis.  

3.1 Concept of carbon lock-in 

The concept of carbon lock-in has been coined by Unruh (2000) who analyzed that “industrial 

economies have become locked into fossil fuel-based technological systems through a path-

dependent process driven by technological and institutional increasing returns to scale” (p. 817).  

Overall, locked-in systems create systemic barriers to change by upholding the status quo. Path 

dependency and the process of increasing returns are described by Pierson (2000) as “the probability 

of further steps along the same path increases with each move down that path. This is because the 

relative benefits of the current activity compared with other possible options increase over time” (p. 

252). Thus, increasing returns processes can also be described as “positive feedback processes” 

(Pierson, 2000, p. 252). 

Applying path dependency to socio-technical lock-in means that one technology has been developed 

at one point in time, often through mere chance, and over time becomes the “dominant design” 

(Unruh, 2000, p. 820), posing systemic barriers to adopting alternative technologies, even though 

they might be superior to the dominant one. In the case of carbon lock-in concretely, this means 

being locked in a system of fossil-based energy sources and production processes, despite its 

negative consequences for the environment and people, that impedes the transition to alternative 

low-carbon or zero-carbon energy sources and products. 

There have been several studies developing criteria for assessing the existence of a carbon lock-in 

(Cairns, 2014; Erickson et al., 2015; Goldstein et al., 2023; Shackley & Thompson, 2012; Trencher et 

al., 2020; Unruh, 2000; Vergragt et al., 2011; Vergragt, 2012). The conceptualization used in this 

https://www.zotero.org/google-docs/?L9Fluc
https://www.zotero.org/google-docs/?qprwaV
https://www.zotero.org/google-docs/?vd3hwS
https://www.zotero.org/google-docs/?vd3hwS
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paper stems from Seto et al. (2016) who did a comprehensive review of the carbon lock-in literature 

and carved out three main types of lock-in mechanisms: technological & infrastructural, institutional, 

and behavioral lock-in. On top of these three types of lock-in mechanisms, Buschmann & Oels (2019) 

emphasize that there is another, often overlooked type: discursive lock-in. They argue that discursive 

lock-in underlies the other forms of lock-in. 

In this paper, I will only analyze technological and infrastructural, as well as institutional lock-in 

mechanisms. I leave out behavioral lock-in as most of the projects are not yet up and running, so new 

behavior cannot be observed yet. Discursive lock-in is beyond the scope of this thesis as it would 

require a whole new set of methods and as space is limited.  

In the following, I will explain infrastructural and technological, as well as institutional lock-in in more 

detail, drawing mainly on explanations by Seto et al. (2016). I will then shortly outline the difference 

between high- and low-carbon lock-in.  

3.1.1 Technological & infrastructural lock-in 

The most intuitive type of lock-in relates to the long life and long lead time of technology and 

infrastructure. This means that not only the long lifetime of physical infrastructure is important but 

also the fact that large investments are taken, whose returns are expected at a much later point in 

time. With regards to fossil infrastructure, the basic infrastructure includes for example coal and gas 

power plants and oil refineries but extends well beyond that. Some more indirect lock-in mechanisms 

relate to the supporting infrastructure, i.e., pipelines, refineries, gas stations, etc. as they are 

dependent on the continued use of fossil resources, since otherwise they turn superfluous (Seto et 

al., 2016). One important concept that Seto et al. (2016) mention here is the idea of “asset 

specificity” (p. 428), meaning that some infrastructure is unique to one particular usage and cannot 

be used or retrofitted for alternative purposes. Seto et al. (2016) explain that while fossil power 

plants already have a long lifetime, what locks in our current fossil-based energy system even more, 

and what has an even longer lifetime, is energy-demanding infrastructure, i.e., buildings or 

transportation infrastructure. Another important concept relating to infrastructural lock-in is 

network externalities (Unruh, 2000), which lead to increasing returns to scale. This means that 

infrastructure becomes more valuable once it forms a network, e.g. a network of roads makes each 

road more useful, or a network of telephone numbers makes it more useful for each user to be part 

of that telecommunication network (Unruh, 2000). Similarly, an existing network of gas pipelines 

makes the addition of just one more pipeline to another destination easier, less costly, and more 

profitable than it is to create a whole new transportation system. 

https://www.zotero.org/google-docs/?I949a5
https://www.zotero.org/google-docs/?iPwpYv
https://www.zotero.org/google-docs/?SqeyF0
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When it comes to capital and capital investment, low-carbon energy technology is not an 

economically viable option as long as fossil options are incentivized and cheaper for industry and 

fossil fuel companies. Seto et al. (2016) argue that an important lever for change would be climate 

policies that incentivize the adoption of low-carbon technologies. However, transitioning away from 

the locked-in fossil infrastructure can create the problem of stranded assets. As Unruh (2019) 

explains, a stranded asset “is a financial accounting term describing an economic resource that has 

become non-performing before the end of its useful life” (p. 399). This means that phasing out fossil 

fuels has huge economic consequences for those that invested in them (Bos & Gupta, 2019). What 

increases the infrastructural lock-in as described by Bos & Gupta (2019) is that stranded assets from 

fossil phase-out could have long-term “cascade effects” (p. 4) as they are tied to a deeply 

interconnected financial network across different carbon-intensive sectors. Hence, infrastructural 

and technological lock-in is further increased through powerful actors that want to protect their 

investment in fossil fuels, technology, and infrastructure. 

3.1.2 Institutional lock-in 

Unruh (2000) differentiates between private and governmental institutions, out of which I will focus 

on public institutions, following Seto et al.’s (2016) conceptualization of institutional lock-in.  

When it comes to public institutions, Seto et al. (2016) firstly point out that lock-in lies within the 

very design of institutions as they drive to create stability. This differentiates it from technological 

and infrastructural lock-in, as the initial choice of one technology over another is often the product of 

chance. This is reiterated by Unruh (2000) who states that public institutions play an important role 

because they tend to persist for a long time and because they can override market forces, thus 

influencing the “rules of the game” (p. 824). In institutions, incumbent actors “engage in intentional 

and coordinated efforts to structure institutional rules, norms, and constraints to promote their goals 

and interests in ways that would not arise otherwise” (Seto et al., 2016, p. 433). This means that 

institutional lock-in is automatically beneficial to powerful incumbent actors and that institutions do 

not necessarily lead to an optimum from a welfare point of view. As institutions strengthen the 

interests of powerful actors, Seto et al. (2016) explicitly state that institutions act in favor of the fossil 

industry as “the networks that arise among policymakers, institutional bureaucracies, and powerful 

energy interests further reinforce and stabilize carbon-intensive systems” (p. 434). Put differently, 

“[i]nstitutional lock-in exists as institutions strongly discourage and impede change once they are 

established, and institutions get defended by (a powerful network of) beneficiaries” (Brauers et al., 

2021, p. 4). These networks “raise powerful barriers to efforts to get national political institutions to 

adopt policies that would foster a transition to a lower-carbon trajectory” (Seto et al., 2016, p. 434). 

https://www.zotero.org/google-docs/?uNMBHv
https://www.zotero.org/google-docs/?4dc6cd
https://www.zotero.org/google-docs/?ZgwWMp
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Thus, it is difficult to overcome institutional lock-in from within and Seto et al. (2016) argue that it 

requires exogenous shocks that open a window of opportunity for new rules and regulations to be 

developed that favor the interests of different actors.  

3.2 Lock-in Mechanisms: Summary 

Table 1 summarizes the different mechanisms that determine the risk of technological and 

infrastructural, as well as institutional carbon lock-in.  

Table 1. Summary of technological & infrastructural, and institutional lock-in mechanisms. Own illustration. 
(Bos & Gupta, 2019; Brauers et al., 2021; Seto et al., 2016; Unruh, 2000, 2019) 

Technological and infrastructural Lock-in 
Mechanisms 

Institutional Lock-in Mechanisms 

Life and lead time of new and existing infrastructure 
What is the lead time of new infrastructure, i.e. how long 
does it take to realize the plans? What is the lifetime of both 
old and new infrastructure? 
 

Public institutions, norms, and regulation 
Which new institutions need to be formed and which new 
norms and regulations must come into place to enable the 
CCS plans? 
 

Asset specificity 
Can both old and new infrastructure only be used fossil 
resources or could they be retrofitted for different 
purposes? 

Policy-industry network 
In what way do industry actors and policymakers form a 
network defending institutions, norms, and regulations 
that promote CCS? 
 

Network effects 
Does the planned and existing infrastructure form a 
network and can thus capitalize on scaling effects? 
 

 

Stranded assets 
Who are the investors in both old and new infrastructure 
and technology and who risks stranded assets? 
 

 

 

3.3 The problem with CCS and carbon lock-in: High and low carbon lock-in 

After showing how a carbon lock-in can unfold, it is important to understand why carbon lock-in is so 

problematic and to look at it particularly with regard to CCS. As explained in chapter 3.1., one 

inherent problem about lock-in is that it leads to inertia to change, so even though a transition away 

from carbon-based industry and energy sources plus CCS might appear as a better option to reaching 

our climate goals, the hurdles to change will have become too high. Yet, one central argument of CCS 

promoters is that we need CCS to reach Germany’s climate targets and that emissions in some hard-

to-abate sectors are unavoidable. If that were true, it might be in fact necessary to use CCS despite 

the lock-in mechanisms it unfolds. One could argue that if CCS works the way it is envisioned, i.e., all 

emissions are effectively stored, then the carbon lock-in is not that problematic, as the CO2 is not 

released.  
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Shackley & Thompson (2012) outline two types of lock-in risks related to CCS: A high-carbon fossil 

fuel lock-in and a low-carbon fossil fuel lock-in. The high carbon lock-in means that new fossil power 

plants are built with the promise of CCS abating its emissions, but the CSS is never implemented, 

leading to unabated emissions. A low carbon lock-in means that CCS is implemented, and the 

emissions are abated, but it still inhibits the use and implementation of alternative energy sources. It 

is important to reiterate that even if the CCS plans between Germany and Norway work out the way 

they are designed, and the CO2 is captured and stored, and not emitted, the lock-in still poses 

barriers to change. Thus, even a low-emission carbon lock-in as laid out by Shackley and Thompson is 

problematic. However, the even bigger problem would be a high-carbon lock-in, leaving us with 

unabated CO2 emissions. Shackley & Thompson (2012) argue that the risk of high-carbon lock-in is 

highest when building CCS-ready power plants – a fossil power plant with installations that could, at 

some point in the future, capture its CO2. As Asayama (2021) points out, drawing on Markusson & 

Haszeldine (2009), “the only safe way to make sure to avoid this risk of unabated carbon lock-in is to 

not build new fossil plants in the first place.” (Asayama, 2021, p. 4). 

In addition, there are more ways in which CCS can lead to a high-carbon lock-in, i.e., a lock-in 

situation in which not all emissions are abated as promised or planned. As Sekera and Lichtenberger 

(2020) point out, CCS does not necessarily result in a net-zero emission balance as the whole life 

cycle process of CCS produces emissions as well. Lastly, even if emissions are successfully captured 

without producing additional CO2, the risk of leakage remains. And although sites have been 

monitored for several years already (e.g. at the Sleipner project for over 20 years), nobody knows 

what will happen with the CO2, 100 or 200 years from now. 

4 Methodology  

In this thesis, I applied a critical realist approach. The assumption underlying this epistemology is that 

the real or objective world cannot be directly observed and that there are unobservable structures 

that shape the reality that can be perceived. Therefore, studying the context of an observed 

phenomenon is important as it reveals these structures (Bryman, 2012). Studying some of the 

technological and infrastructural lock-in mechanisms focuses less on underlying structures and more 

on directly observable realities, like the chemical properties of different gases and how a pipeline to 

transport these must be built. This applies mostly to life and lead time, asset specificity, and network 

effect of physical infrastructure. However, when studying the risk of stranded assets and the 

institutional lock-in mechanisms, applying a critical realist lens is important as underlying power 

structures, such as networks between industry and policymakers, might not be directly observable.  
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Thus, the lock-in mechanisms are studied qualitatively, using two qualitative research methods: A 

qualitative content analysis of documents, as well as complementary semi-structured interviews 

(Bryman, 2012). The document analysis is not restricted to any specific type of document but 

comprises all publicly available sources, both from state actors, as well as industry and private actors. 

I analyze publicly available material of any kind in English and German. The reason for using 

documents as data sources is that the GER-NOR partnership is yet to be materialized and thus 

gathering data from state and industry sources provides important insights into different plans for 

future CCS- & hydrogen developments. A qualitative content analysis “comprises a searching-out of 

underlying themes in the materials being analyzed” (Bryman, 2012, p. 557). I draw the themes for my 

analysis from the theory on carbon lock-in, restricting my analysis to technological and 

infrastructural, and institutional lock-in. The themes are already explained in the theory chapter and 

are illustrated in Table 1.  

Before diving into the content analysis, I conducted a mapping of the different CCS-related projects 

between Germany and Norway as they form the subject of my analysis and answer my first sub-

research question. The mapping aimed at getting an overview of the most prominent projects 

including the most powerful actors. I identified those by looking for projects that involve big 

companies or that were directly mentioned in articles or other documents that discuss the GER-NOR 

partnership. 

In addition to the document analysis, I chose to conduct semi-structured interviews with the most 

relevant actors from both government and industry. As I am looking at a topic that mostly consists of 

plans for the future that are not materialized yet, the publicly available information is limited. 

Furthermore, as I am applying a critical realist lens, I hoped to gain further insights into underlying 

networks, relations, or other structures that cannot be deducted from the documents. Thus, the goal 

behind the interviews was to firstly verify some of the information I found in the documents, and 

secondly, to get additional information and clarify some questions or inconsistencies with regards to 

the partnership. My outreach and correspondence with the different actors are summarized in Table 

2.  

Concerning the unit of analysis, this thesis follows a “cross-sectional design with case study 

elements” (Bryman, 2012). It is cross-sectional as it points to the risk of carbon lock-in through CCS 

and particularly through CCS-related international partnerships. These are not unique to Germany 

and Norway and some of the results can bear important learnings for other countries. The case study 

elements include that in some instances, the uniqueness of Germany in this regard is outlined, e.g., 
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when looking at the specific political and legal context or when discussing some implications of a 

carbon lock-in. 

Table 2. Summary of outreach to and correspondence with actors. Source and illustration: author.  

Company / Organization Relevance Correspondence 

The German Federal 
Ministry for Economic 
Affairs and Climate Action 
(BMWK) 

German government body and signatory to the 
political partnership with Norway. 

One background dialogue and 
one interview: Interview BMWK 
(2023) 

Equinor Norwegian fossil fuel major with CCS- and hydrogen 
partnership with RWE, Wintershall Dea, and OGE. 

Interview with one 
representative: Interview Equinor 
(2023) 

RWE German fossil fuel major in CCS- and hydrogen 
partnership with Equinor.  

Email correspondence, but no 
interview 

OGE (Open Grid Europe) Largest gas transmission operator in Germany with 
CCS- and hydrogen projects planned. 

Interview with one 
representative: Interview OGE 
(2023) 

Wintershall Dea Major fossil gas and crude oil producer 
internationally. CCS – and hydrogen projects with 
RWE and several other actors. 

No answer to interview request 

German-Norwegian 
Chamber of Commerce 
(AHK) 

Industry association between Germany and Norway 
seemingly playing a role in facilitating the 
conclusion of the partnership. 

Written answer to interview 
questions: Answers AHK (2023) 

DENA (German Energy 
Agency) 

Assigned to conduct the feasibility study for the 
GER-NOR partnership for the German side. 

Answer that they cannot provide 
information before the 
publication of the feasibility 
study 

Gassco Assigned to conduct the feasibility study for the 
GER-NOR partnership for the Norwegian side. 

No answer to interview request 

5 Analysis 

The analysis is structured into a chapter identifying relevant CCS- and hydrogen projects between 

Germany and Norway to then in the next section look at the different themes of the qualitative 

content analysis, covering the two lock-in mechanisms of infrastructural & technological and 

institutional lock-in. The goal is to answer the question in what way the GER-NOR partnership creates 

or reinforces carbon lock-in mechanisms in Germany, with the three sub-research questions being 

answered along the way.  
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5.1 Concrete CCS-related projects and plans between Germany and Norway  

The Joint Declaration on the GER-NOR Partnership on Climate, Renewable Energy and Green Industry 

from 5 January 2023 outlines the broad political agreement between the two countries on CCS: They 

agree for Germany to transport CO2 to Norway, for it to be stored at the NCS. For this to be 

developed further, it says that the parties “will discuss various options for CO2 infrastructure value 

chains, including a CO2 pipeline from Germany and Norway.” (Office of the Prime Minister & Ministry 

of Trade, Industry and Fisheries, 2023, p. 3). Furthermore, their Joint Statement on Hydrogen is 

relevant to the topic of CCS as the plan foresees to, “for a transition period”, supply Germany with 

blue hydrogen from Norway, i.e., hydrogen produced from fossil gas with CCS (Office of the Prime 

Minister & Ministry of Petroleum and Energy, 2023, p. 2). Thus, as CCS is at the basis of the 

production of blue hydrogen, any hydrogen project that touches upon the use of blue hydrogen will 

be considered in this paper as well, in addition to CO2 capture, transportation, and storage projects.  

The political cooperation between Germany and Norway with regard to CCS and hydrogen already 

started before January 2023. German Chancellor Olaf Scholz visited Oslo already in August 2022 to 

discuss the future of the GER-NOR energy relations and new challenges in the face of Russia’s war 

against Ukraine. Amongst other things, they declared they would “further deepen their energy and 

climate cooperation across the board, including offshore wind power, solar energy, hydrogen, and 

carbon capture and storage” (Wehrmann, 2022). 

However, neither press releases from the summer of 2022 nor the two documents – the Joint 

Statement and the Joint Declaration – provide insights into the practicalities of the partnership, i.e., 

what is going to be built, when by whom, etc. Thus, in order to understand which concrete projects 

are being planned, it is necessary to turn to industry actors. In the following, I will list the most 

prominent concrete industry partnerships that connect Germany and Norway and contain either CCS 

or blue hydrogen plans.  

5.1.1 Equinor & RWE – Blue hydrogen 

The first industry partnership that is closely connected to the political partnership declared on 5 

January 2023 is the one between Equinor and RWE, as they signed an agreement “to jointly develop 

large-scale energy value chains, building on the partnership between Norway and Germany” 

(Equinor, 2023). Equinor and RWE signed the agreement on 5 January, in the presence of German 

minister for economic affairs and climate action Robert Habeck and Norwegian Prime Minister Jonas 

Gahr Støre. Equinor is a Norwegian state-owned energy company, extracting oil and gas for over 50 

years and RWE is a major German energy company founded in 1898 and operating internationally.   
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Their deal from 5 January states that they want to build hydrogen-ready new gas power plants in 

Germany, “which will be initially fueled with natural gas and then gradually use hydrogen when 

volumes and technology are available” (Equinor, 2023). To that end, they want to build facilities in 

Norway to produce blue hydrogen from fossil gas using CCS and storing the CO2 offshore Norway. 

The hydrogen should then be transported from Norway to Germany via pipeline. Further, the plan 

includes the development of offshore wind farms in order to provide for the production of green 

hydrogen in the future (Equinor, 2023). The project is illustrated in Appendix A. 

5.1.2 Equinor & Wintershall Dea – CCS  

Another project which Equinor is involved in is a CCS project with Wintershall Dea. Wintershall Dea is 

a major fossil gas and crude oil producer and operates worldwide in oil and gas production.  

They plan to build a large-scale CCS infrastructure to transport, inject, and store German CO2 

emissions in Norway (Equinor, 2022). The goal is to build a 900-kilometer-long pipeline connecting a 

German collection hub and Norwegian storage sites before 2032. They expect to transport 20 to 40 

million tons of CO2 per year by 2037. The CO2 that will be transported is supposed to stem from 

“carbon-intensive industries that need safe and large-scale underground CO2 storage to abate 

unavoidable emissions from their processes” (Equinor, 2022) (see Appendix B).  

5.1.3 Wintershall Dea & NWO – Blue hydrogen 

Wintershall Dea further signed an agreement with German pipeline operator Nord-West Oelleitung 

(NWO) for the BlueHyNow hydrogen production plant in Wilhelmshaven. The goal is to produce blue 

hydrogen in Germany with fossil gas from Norway and to store the CO2 in storage sites in both 

Norway and Denmark (Pekic, 2022).  

5.1.4 OGE (Open Grid Europe) – CO2 value chain  

OGE (Open Grid Europe) operates Germany’s largest fossil gas pipeline network and is one of the 

leading European gas transmission system operators.  

OGE plans to build a CO2 grid across Germany, with a 964-kilometer-long starter grid and a 

transportation capacity of 18.8 million tons of CO2. As CO2 sources, they mainly consider so-called 

hard-to-abate sectors. i.e., the cement, steel, and chemical industries. But they also include biological 

sources, CO2 from DACCS, or from gas-fired power plants. Their goal is not only to store the CO2 but 

to use it as well, so-called carbon capture and use (CCU). The CO2 can be used as an energy carrier, 

as material (e.g., in chemicals, solvents, etc.), or physically (e.g., in sparkling beverages or fire 

extinguishers). They aim to create a circular economy with CO2 through carbon capture use and 

storage (CCUS) (see Appendix C) (OGE, 2023b). The project description does not mention where the 
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CO2 will be stored, but one interviewee said that they are flexible as to where the CO2 will be stored. 

They merely transport it to possible export stations, e.g., in Wilhelmshaven, and do not have any 

priority as to the location of storage (Interview OGE, 2023). However, as one major partner to store 

German CO2 is Norway, it is not unlikely to assume that at least parts of the CO2 transported by OGE 

will end up in Norway.  

5.1.5 OGE & Equinor – Blue hydrogen 

OGE and Equinor further plan several hydrogen projects in Germany, with the H2morrow project 

having concrete ties to Norway. The project’s plan is for Norway to transport fossil gas to Germany, 

where it should be reformed to blue hydrogen, with the CO2 being transported back for storage to 

Norway. OGE claims that already this decade industry and other end users in North Rhine-Westphalia 

should be supplied with 8.6 terawatt hours of blue hydrogen. The H2morrow project is described by 

OGE as to “provide the impetus for a large-scale, diversified hydrogen market across all sectors in 

Germany” (OGE, 2023a).  

5.1.6 Summary table: Concrete CCS- and hydrogen projects 

Table 3. Summary of the most important CCS- and hydrogen projects between Germany and Norway. 
Illustration: author. 

Companies / Organizations Project description 

Equinor & RWE 
• Build new hydrogen-ready gas power plants in Germany  
• Produce blue hydrogen in Norway to be transported to Germany via pipeline  
• Provide the new power plants with fossil gas first, then with blue hydrogen, and 

eventually phase in green hydrogen if available 

(Equinor, 2023)  

Equinor & Wintershall Dea 
• Large-scale CCS infrastructure to transport, inject, and store German CO2 

emissions in Norway  
• 900-kilometer-long pipeline between Germany and Norway 
• For “unavoidable” emissions from carbon-intensive industries  

(Equinor, 2022) 

Wintershall Dea & NWO 
• BlueHyNow hydrogen production plant in Germany 
• Produce blue hydrogen in Germany with fossil gas from Norway 
• Transport and store CO2 from hydrogen production in Norway & Denmark 

(Pekic, 2022) 

OGE (Open Grid Europe) 
• CO2 grid across Germany   
• Circular economy with CO2 with CCUS 
• Primarily industry emissions but possible sources also e.g., gas-fired power plants 

(OGE, 2023b) 

OGE & Equinor 
• H2morrow project: transportation of fossil gas from Norway to Germany 
• Reformation to blue hydrogen in Germany 
• Transport back CO2 to Norway for storage  

(OGE, 2023a) 
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5.2 What are CCS and hydrogen being used for? 

To properly analyze how a carbon lock-in is created it is important to know which emissions CCS and 

CCUS are planned to be used for. The same goes for the hydrogen projects. It is important to 

understand how the hydrogen will be produced and what it will be used for. 

For CCS, it became clear that the German government is focusing on the so-called unavoidable 

emissions from hard-to-abate industries, i.e., cement, steel, and waste incineration (Interview 

BMWK, 2023). However, while OGE’s plans for a CO2 grid also focus on industry emissions, they do 

not exclude emissions from fossil energy sources (Interview OGE, 2023; OGE, 2023b). When 

confronting my interview partner at the BMWK with the question of whether they can imagine CCS 

also being used for fossil energy production, they said that the plan is to start with hard-to-abate 

industries. However, once the infrastructure is there and everything starts to work properly, they 

said that using it also for the energy sector is present in the back of their minds when creating the 

Carbon Management Strategy and while it not being the focus, they did not clearly exclude this 

option (Interview BMWK, 2023). Furthermore, both OGE and the BMWK are planning to employ 

carbon capture use and storage (CCUS) (Interview BMWK 2023; OGE, 2023b), which opens yet other 

important questions of carbon lock-in and the secure sequestration and storage of CO2.  

When it comes to hydrogen, all major industry players included in this thesis plan to first employ blue 

hydrogen, without concrete plans to phase in green hydrogen soon (Equinor, 2023; OGE, 2023a; 

Pekic, 2022). While the Joint Statement from Germany and Norway claims that “[g]reen hydrogen 

can subsequently be phased in into the common transport infrastructure” (Office of the Prime 

Minister & Ministry of Petroleum and Energy, 2023), they don’t provide any specific timeline for 

when they are aiming to do so. Furthermore, RWE and Equinor plan to build new hydrogen-ready gas 

power plants, which will first run on fossil gas (Equinor, 2023). 

It thus becomes clear that there is a risk for carbon lock-in through CCS in different ways:  

• locking in industrial processes that produce CO2 instead of switching to alternative products; 

• locking in fossil-based energy sources through CCS; 

• locking in CO2 and CCS through a CCUS cycle that is difficult to break up once established; 

• and locking in the use of fossil gas and fossil gas power plants through the production of blue 

hydrogen and the promise of hydrogen-ready power plants.  

The next two chapters will dive deeper into the question of how exactly infrastructural and 

technological, as well as institutional lock-in mechanisms are created through these projects.  
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5.3 Infrastructural & technological lock-in  

To analyze how the German-Norwegian Partnership creates an infrastructural & technological carbon 

lock-in in Germany, this chapter will examine the abovementioned CCS- and hydrogen projects 

according to the four themes identified in the lock-in literature: Life and lead time of new and 

existing infrastructure, asset specificity, network effects, and stranded assets. 

5.3.1 Life and lead time of existing and new infrastructure 

Both life and lead time of fossil infrastructure, as well as supporting infrastructure, are important 

factors with regard to carbon lock-in. As explained in the theory chapter, lead time refers to the time 

from the investment decision to the fulfillment of an infrastructure project. The longer both life and 

lead time, the higher the risk of carbon lock-in.  

There is different infrastructure that needs to be built or repurposed in order to realize the different 

projects. There are on the one hand the new hydrogen-ready gas power plants and hydrogen 

reformers as direct infrastructure, but most prominently the supporting infrastructure in the form of 

pipelines and storage hubs in Germany. It is unclear whether the different projects are going to use 

the same pipeline or different pipelines to transport CO2 from Germany to Norway or to transport 

hydrogen to Germany, but as Equinor will most likely be involved in all of these pipeline projects in 

one way or another, the interview with a representative from Equinor provides the most useful 

insights into their pipeline plans. 

When it comes to the lead time of these pipelines it is firstly important to know that Equinor is 

considering repurposing one of the three existing pipelines that currently connect Norway and 

Germany. However, they were not certain yet, whether they will repurpose an existing pipeline or 

build a new one. When asked when the pipeline would be ready, either repurposed or new, my 

interview partner responded that the goal is to have them in operation by 2030. However, they 

mentioned that there are uncertainties as to the potential finishing date as many different things 

need to be in place: the design, the engineering, the steel production, the shipping, etc. Therefore, 

they were rather vague in their answer of when the pipeline can be expected to be operated and 

could not settle on a certain date. When it comes to the lifetime of a pipeline, the picture was rather 

clear: they referred to how the oldest gas pipeline from Norway to Germany, Norpipe, has been 

operating since 1977, and that the pipelines have a lifetime far beyond the resources in the oil and 

gas fields. In terms of CCS, they argued that the issue won’t be the pipelines but rather the storage 

sites that fill up over time, although they were confident that there are enough possible storage sites 

available for a long time. They said that to do an investment decision they expect the facilities to be 

operated for at least 20 years (Interview Equinor, 2023). This means that taken together, lead and 
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lifetime of one pipeline only would have to take until 2050 in order to be profitable for Equinor, with 

an expected lifetime of the pipelines to far exceed 2050.  

When it comes to the project between RWE and Equinor to build H2-ready gas-fired power plants, 

my interview partner at Equinor stated that they were only in the early days of this cooperation and 

could thus not provide any timeframe, neither by when they are planning to have built the power 

plants, nor when the blue hydrogen should be phased in. Thus, they also do not have any date in 

mind when it comes to phasing in green hydrogen. They also mentioned that to this day the 

production of gas turbines that can burn 100% hydrogen is still in the making (Interview Equinor, 

2023). In their project illustration (Appendix A), they create the image that the plants should be up 

and running by 2030. Throughout the interview, it became clear however that they do not have a 

clear timeline with regard to when they want to replace fossil gas with blue hydrogen or green 

hydrogen. Thus, what this project consists of is the construction of new gas-fired power plants in 

Germany, with no clear plan as to when they should stop being fueled with fossil gas or blue 

hydrogen.  

In addition to the pipelines, new storage sites need to be explored and storage facilities built. My 

interview partner at Equinor said that they got licenses for new storage sites in Norway that do not 

belong to the Northern Lights CCS project (Interview Equinor, 2023). This means that on top of the 

pipeline construction, all necessary plants at the new storage sites need to be built as well.  

In general, what struck me particularly during my interview with Equinor was how the projects were 

referred to as still being at the very start with many open questions to be decided upon. My 

interview partner at the BWMK confirmed this, saying that they are still doing the feasibility study 

and that even when they decide to support a pipeline project, there follows a lead time of several 

years. They also said explicitly that CCS in Germany for emissions from industry is planned to be a 

long-term endeavor, planned at least until 2045-2050 (Interview BMWK, 2023). Furthermore, when 

looking at the project between Equinor and Wintershall Dea, they state on the one hand that they 

want to connect Germany and Norway with a CO2 pipeline before 2032, but on the other hand 

mention a pipeline capacity of 20 to 40 million tons CO2 per year by 2037 (Equinor, 2022). It is thus 

also unclear by when they plan to have CO2 running through their pipelines.  

Overall, it can be summarized that none of the projects will be operational before 2030, that they are 

all built with the idea to be operated long-term, and that the use of a CO2 pipeline for less than 20 

years would not be economical for the companies involved. 
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5.3.2 Asset specificity 

On top of life and lead time of the infrastructure, it is important to look at its asset specificity, i.e., 

whether it could be retrofitted or repurposed or whether it is tied to one use or product.  

When it comes to pipelines, it is generally possible to repurpose fossil gas pipelines to hydrogen or 

CO2 pipelines. Jayanti (2022) even calls it the “most promising approach […] for moving hydrogen” 

(p. 815). Some technical challenges are that fossil gas compressors need to be replaced with 

hydrogen-specific compressors and that due to their different densities, fossil gas and hydrogen need 

to be pressurized to different levels if they ought to be transported via the same pipeline (Jayanti, 

2022). When it comes to pipelines specifically built to transport hydrogen, it does not matter 

whether they transport green or blue hydrogen, as, once produced, hydrogen is hydrogen (Interview 

Equinor, 2023). However, while the pipelines can in principle be repurposed without major new 

investments, the production of hydrogen differs from blue to green. Whereas the production of blue 

hydrogen requires a steam reformer to reform the fossil gas into hydrogen, a completely different 

plant is required for green hydrogen. In that process, an electrolyzer is used to create hydrogen from 

water (see illustration in Appendix D) (Iberdrola, 2023). Thus, the reformers are specific to producing 

blue hydrogen and cannot be used to produce green hydrogen. 

All in all, while the possibility to repurpose pipelines exists, some adjustments would need to be 

made for pipelines to transport something else than fossil gas. Mostly, however, to switch to green 

hydrogen, new production devices need to be built. Furthermore, the CO2 capture and storage sites 

that are being explored and built now have the sole purpose of storing CO2 and would become 

completely redundant if we phased out CCS again.  

5.3.3 Network effects 

Lock-in effects are further enhanced if the infrastructure, both old and newly built, creates a network 

and can thus capitalize on the economies of scale. 

In the case of repurposing existing fossil gas pipelines, it is clear that the CCS and hydrogen projects 

make use of an already existing network. The best illustration of network formation is the CO2 grid 

project by OGE: They are planning to connect not only the different CO2 pipelines with a collection 

hub in Germany but also to connect the grid to the different capture and use sites for CCU (OGE, 

2023b). This grid will be mostly built from scratch as they plan to transport CO2 in liquid form, which 

requires new pipelines (Interview OGE, 2023). However, the hydrogen infrastructure will mainly 

repurpose old fossil gas pipelines, so they can also make use of an existing network of fossil pipelines 

(Interview OGE, 2023). As the CO2 capture sites will be CO2-producing industry actors, such as 
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cement or steel production plants, they will profit from the network as well. Given that OGE plans to 

create a CO2 circular economy with carbon capture use and storage, they heavily rely on building a 

network that will be difficult to break up again as it would ruin the entire cycle. Connecting both CO2 

emitters and CO2 users in a cycle makes it easier and cheaper to connect an additional customer and 

thus incentivizes the CO2 network to grow. 

Thus, one can conclude that already the first CO2 and hydrogen transportation projects can make 

use of an existing infrastructure of pipelines. The network effects will unfold properly once the first 

pipelines are built as it will then be very easy to connect a new industry or power plant to the 

network at low costs. 

5.3.4 Stranded assets  

When looking at the risk of stranded assets, one must look at the lifetime of existing and planned 

infrastructure or resources. It became clear during the interview with Equinor that they only used 

around 50% of their fossil gas resources available (Interview Equinor, 2023). This means that phasing 

out fossil gas creates stranded assets from their point of view as they would leave around 50% of 

their assets unused. My interview partner at Equinor clearly expressed that as long as they have a 

“CO2 solution” through CCS, they do not see why they would need to leave the rest of their reserves 

untouched, as the problem was not the fossil gas but the CO2. So, once they found a CO2 solution, 

they see no problem in using up the rest of their reserves (Interview Equinor, 2023).  

Furthermore, the long life and lead time of the CCS- and hydrogen infrastructure create the risk of 

stranded assets. If companies, and the German state, take the investment decision today to invest in 

CCS- and hydrogen, changing these plans would create stranded assets for everybody involved. This 

leads us to a path where, unless we operate the CCS- and hydrogen infrastructure until at least 

around 2050, stranded assets are created. 

Furthermore, the topic of stranded assets opens up the whole discussion about so-called “hard-to-

abate” sectors and “unavoidable” emissions, as is often referred to when talking about the steel or 

cement industry. Without CCS these industries risk stranded assets as the other option to reducing 

emissions from these industries is to phase them out altogether.  

5.4 Institutional lock-in  

This section will analyze in what way the CCS- and hydrogen projects create institutional lock-in by 

looking into the two factors identified in the theory: Public institutions, norms, and regulation, and 

policy-industry network.  
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5.4.1 Public institutions, norms, and regulation 

As described in the theory chapter, once created, institutions, norms, and regulations create lock-in 

effects as institutions purposefully create inertia to change.  

Although there is much geological potential for storage sites, CCS is currently de facto not possible in 

Germany. The sequestration of CO2 is regulated in the Bundesemissionsschutzgesetz (BimSchG), a 

law protecting against harmful effects on the environment caused by air pollution. In addition, the 

Kohlendioxid-Speicherungsgesetz (KSpG) that entered into force in 2012 regulates the transport and 

storage of CO2. Since 2012, the KSpG allows research, testing, and demonstration of CCS in a limited 

manner (Umweltbundesamt, 2022). Furthermore, it is within the jurisdiction of the Bundesländer in 

Germany to evaluate in which areas demonstration projects should be allowed. Most Bundesländer 

however have been strictly against allowing CCS on their territory (dpa, 2012). According to the 

KSpG, in order to store CO2 in Germany, requests for storage sites needed to be issued by the end of 

2016. Since no request has been issued until the deadline, it is currently impossible for any storage 

site to be explored. There has been one test area for CCS in Germany, in Ketzin. From 2004-2017, 

70.000 tons CO2 were stored at the site and the final report evaluated the test as successful and the 

storage as safe (Deutsches GeoForschungsZentrum, 2018; Vallentin, 2022). 

The KSpG must be reevaluated every four years and the recent evaluation in December 2022 includes 

some important developments. While emphasizing that to meet Germany’s climate goals, emission 

reduction and avoidance plus increased efficiency are the number one priority, the report states that 

CCS will also be necessary to reach climate neutrality by 2045 (Bundesministerium für Wirtschaft und 

Klimaschutz, 2022b). Therefore, the report suggests adapting the German legal landscape to enable 

CO2 transport and its necessary infrastructure. To that end, the German government is currently 

working on a Carbon Management Strategy which is supposed to answer questions regarding areas 

of application of CCS, transport, and infrastructure (Bundesministerium für Wirtschaft und 

Klimaschutz, 2022a). During my interview with the BMWK, it became clear that the goal of the 

Carbon Management Strategy is to on the one hand determine the necessity of CCS for Germany, 

including capture sites, transportation, and storage potential in Germany, but also to then create the 

necessary regulatory frameworks and norms to enable CCS (Interview BWMK, 2023). The written 

answers to my questions by the German-Norwegian Chamber of Commerce affirmed this by writing 

that a “legal framework that allows for German exports of CO2 is expected to be the single most 

important change in the legislation” (Answers AHK, 2023). Thus, it can be expected that a CCS- and 

potentially blue hydrogen-enabling regulatory framework will become a reality in Germany soon. 
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However, to realize the transboundary projects with Norway, international transportation must be 

possible. Therefore, another important law is the London Protocol, which entered into force in 2006 

and aims at reducing marine pollution. Article 6 of the protocol prohibits “the export of wastes or 

other matter to other countries for dumping or incineration at sea” (London Protocol, 2006). As 

carbon dioxide is considered waste in that agreement, the international transport of CO2, e.g., via 

pipeline for the purpose of CCS is currently not allowed. Therefore, an amendment to Article 6 has 

been made that creates an exception for CO2 and allows for international CO2 transfer and storage. 

However, my interview partner at the BMWK stated that they are currently discussing the ratification 

of the London protocol and other legal options to make CO2 transportation possible, for example via 

bilateral contracts (Interview BWMK, 2023).  

To conclude, Germany is currently producing a Carbon Management Strategy to remove the 

regulatory barriers to CO2 transportation and infrastructure in Germany and is also considering the 

ratification of the amendment to the London protocol to allow for transnational transportation of 

CO2.   

5.4.2 Policy-industry network  

As explained in the theory chapter, institutional lock-in is further intensified and further serves 

incumbent actors’ interests when a network of powerful public and private actors is formed that 

supports the carbon-prolonging institutions. Thus, this chapter will analyze the existence of these 

networks and how policy and industry interact in the field of CCS and hydrogen.  

The Joint Statement on hydrogen states that there will be a feasibility study carried out by Gassco 

and DENA, including many industrial partners, to assess both the supply of hydrogen from Norway to 

Germany, as well as the transport and storage of CO2 from Germany to Norway (Office of the Prime 

Minister & Ministry of Petroleum and Energy, 2023). Although it should have been published in 

spring 2023, the study is not available yet. I tried to contact both DENA on the German side as well as 

Gassco on the Norwegian side and only got an answer by email from DENA saying that until the study 

is finished in the summer, they are not authorized to provide me with any information about the 

content or process of the study (DENA, 2023). It is however interesting to look at both DENA and 

Gassco and other actors involved in these sorts of feasibility studies. Gassco is a Norwegian operator 

of natural gas pipelines and can thus be considered an integral part of the Norwegian fossil industry. 

DENA, a German service company with the purpose to promote and shape German policy goals in 

terms of climate protection and energy transition, already published a study in October 2021 about 

how to reach climate neutrality in Germany (Deutsche Energie-Agentur GmbH, 2021). An interim 

report about the study, as well as the final study, have been criticized as one-sided and financed 
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mostly by companies from the oil and gas industry (LobbyControl, 2021). As it already says in the 

Joint Statement, “a large number of industrial partners” will be involved in this new study, so it will 

be interesting to see if the same criticism will hold true for the new study as well (Office of the Prime 

Minister & Ministry of Petroleum and Energy, 2023). 

However, it is not only feasibility studies where oil and gas companies and other industry actors play 

an important role. Within the German-Norwegian Chamber of Commerce (AHK), industry and 

government representatives come together to discuss CCS and hydrogen-related issues, for example 

in the format of the German-Norwegian Energy Dialogue, organized by the AHK (AHK, 2022). Their 

role is to facilitate dialogue between political decision-makers and industry, and they can mobilize 

senior politicians. This year in January for example, they hosted a round table discussion between 

Robert Habeck, the German Minister for Economic Affairs and Climate Action, Jan Christian Vestre, 

the Norwegian Minister of Trade and Industry, and several German and Norwegian business 

representatives (Answers AHK, 2023). It can thus be said that the AHK provides structures for 

industry and the public sector to form a network and come together to discuss important issues, 

such as the development of CCS and hydrogen.  

In addition, industry representatives are also part of the new Carbon Management Strategy that is 

created by the German government at the moment. My interview partner at OGE said that while it 

was predominantly associations and NGOs to take part in the discussions, the government is inviting 

industry players as a next step. Although I cannot say for sure who was invited to these discussions 

after all, I can say that OGE was hoping to get invited (Interview OGE, 2023). It also became clear 

during my interview with the BMWK that they see a need to talk to industry actors as these will be 

the ones to ultimately implement the political plans and ambitions (Interview BWMK, 2023). 

Therefore, there exists a reciprocal relationship between industry and state: The state needs the 

industry to turn its plans into action, and the industry needs the state to provide the regulatory 

framework to enable them to do so. As my interview partner at Equinor described it, the role of a 

political agreement such as the one on 5 January between Norway and Germany is to de-risk 

decisions and investments for the industry by showing the direction in which the political landscape 

is moving (Interview Equinor, 2023).  

It can thus be summarized that there exists a strong network between powerful industry actors and 

state actors when it comes to CCS and hydrogen. This is already becoming obvious when looking at 

the list of companies that are now considering CCS and hydrogen projects as they are all major oil 

and gas companies.  
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5.5 Summary lock-in mechanisms  

The analysis has shown which concrete CCS and hydrogen projects are planned between Germany 

and Norway and for which purposes. In terms of the concrete lock-in mechanisms, the results reveal 

that the CCS and hydrogen plans will create both infrastructural and technological, as well as 

institutional lock-in effects.  

The infrastructural and technological lock-in effects mainly unfold through the long life and lead time 

of, and high investments in the infrastructure. These investments create the risk of stranded assets. 

Furthermore, it became clear that for example, Equinor wants to use blue hydrogen to make further 

use of their fossil gas assets. In addition, the infrastructure can capitalize on network effects which 

further increases scaling effects. When it comes to asset specificity, the lock-in risk is not that high as 

theoretically both CO2 and hydrogen pipelines can be used for green hydrogen at some point. 

However, some infrastructure is specific to fossil gas, such as blue hydrogen steam reformers. 

The institutional lock-in effects result from the planned change in legal infrastructure enabling 

international CO2 transportation and are enhanced through a strong policy-industry network 

supporting CCS and hydrogen plans and projects. 

6 Discussion 

In the following chapter, I will discuss my results in light of four themes: high and low carbon lock-in, 

so-called unavoidable emissions, mitigation deterrence, and negative externalities from fossil fuel 

use. 

6.1 High and low carbon lock-in  

The results show how the different CCS- and hydrogen-related projects between Germany and 

Norway create a carbon lock-in. However, as described in Chapter 3.3, Shackley & Thompson (2012) 

further differentiate between a high and a low carbon lock-in. They state that the risk for high carbon 

lock-in is highest when CCS-ready power plants are built. While my thesis does not include any CCS-

ready power plant projects, it does include the hydrogen-ready power plants planned by RWE and 

Equinor. I argue that the danger of high carbon lock-in exists just as much for hydrogen-ready power 

plants as for CCS-ready power plants, as ultimately, we don’t know for certain if and when and to 

what extent the fossil gas will be replaced by hydrogen. The success of these power plants to run on 

blue or green hydrogen is not guaranteed at the point when the plants are built. This could perhaps 

be alleviated if RWE and Equinor at least had a clear timeline in mind for when and how they are 

phasing in hydrogen, but as my results have shown, this is not the case. Therefore, the project 
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between RWE and Equinor clearly risks a high carbon lock-in, i.e., a lock-in situation with unabated 

emissions.  

Another way to end up in a high carbon lock-in, as described in Chapter 3.3, is when not all emissions 

are captured and stored as planned. One situation in which leakages occur is already the gas 

extraction. When the fossil gas is derived from fracking, leakages already occur at the extraction site.  

When applying CCS, the question about capturing and binding CO2 forever is particularly relevant 

when talking about CCU or CCUS (referred to as CCU(S) in this chapter). When CO2 is captured and 

used in products, it can easily be released again when these products are thrown away and are not 

included in a closed CO2 cycle. Securing that CO2 does not escape this cycle and is not ultimately 

released into the atmosphere is even more difficult with CCU(S) than with CCS as it would require a 

closed cycle where all the products included are monitored and recycled. This would in practice 

mean that we need to install carbon capture equipment at all waste incineration plants or use CDR 

technologies to remove remaining CO2 from the atmosphere. My interviewee at OGE pointed out 

that holes in a CO2 cycle should be compensated by either using biogenic CO2 or through direct air 

capture (Interview OGE, 2023). This shows how the risk of leakages is recognized, but instead of 

considering not to do CCU(S), yet another patch is planned to be used – this time in the form of CDR 

technologies that are supposed to suck the escaped CO2 from the atmosphere.  

My interviewee at the BMWK pointed out that it will be important to ensure that CO2 is permanently 

or long-term bound in a product. However, they also said that the government will not dictate the 

industry, which products they are allowed to integrate in a CCU(S) cycle. They explained that they 

expect this regulation to happen indirectly through financing or recognition of certificates so that 

companies would have an economic incentive to aim for long-term CO2-binding products (Interview 

BMWK, 2023). This goes to show that although political decision-makers are aware of the risk for 

CCU(S) to only store CO2 in the short term, the regulation of this problem is left to the market. 

Currently, there is no plan for consistent regulation of CCU(S) from the German government. Thus, I 

see a high risk for CCU(S) to result in a high carbon lock-in, with emissions bound in products to be 

released again. This would merely shift the problem of unabated emissions to the future and other 

sectors, such as the waste sector, while we need urgent and drastic CO2 reductions now.  

6.2 Hard-to-abate sectors, unavoidable emissions, and the need for CCS in Germany 

Another crucial discussion point is that CCS in Germany is envisioned mainly for so-called hard-to-

abate industries. While the expression “hard-to-abate” only denotes that emission reduction will be 

difficult, it is often used interchangeably with the expression “unavoidable emissions”, which 

expresses with certainty that emission reductions will not be possible.  Paltsev et al. (2021) describe 
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that an industry is hard-to-abate when a shift to low-carbon energy inputs can reduce the energy-

related emission but not the process emissions. The most prominent ones are the steel, cement, and 

chemical industries.  

When it comes to steel production, the idea that it produces unavoidable emissions is not true. 

Recent studies conclude that steel production can be fossil-free with hydrogen direct reduction (HDI) 

(Lopez et al., 2023; Müller et al., 2021; Öhman et al., 2022; Otto et al., 2017; Pimm et al., 2021; Vogl 

et al., 2018). Through HDI, almost 100% of CO2 emissions from the steel industry are avoidable and a 

fossil-free production of steel can even be commercially competitive if the CO2 price is high enough 

(Vogl et al., 2018). 

In the cement industry, process emissions arise from the calcination of limestone, which is why the 

only way of producing cement emission-free is by capturing the CO2 emissions (Rumayor et al., 

2022). However, while it might be true that emissions from cement production are unavoidable, the 

question arises whether the production of cement is unavoidable too. Cement is mainly used to 

create concrete, the second most used material or resource after water globally (Vijayan et al., 

2020). There exists a lot of research on substitute materials (Qureshi et al., 2022), and replacing 

cement with other materials was also picked up by my interview partner at the BMWK, who said that 

“of course we can decide that we don’t want to have concrete anymore, that we build roads out of 

something else and replace cement with something else, that’s currently not foreseeable at all and 

extremely unlikely”. (Interview BMWK, 2023, translated with DeepL). This goes to show that what is 

often referred to as “unavoidable” is rather based on economic and political decision making than 

objective facts. The quote by my interviewee shows an awareness that we could theoretically move 

away from using cement to reduce emissions, but that there is either no political or economic will to 

do so.  

A last look at the chemical industry paints a similar picture. Isella & Manca (2022) identify the 

chemical and petrochemical industry as the top emitter among all industry sectors. The products 

include “fertilizers, pesticides, pharmaceuticals, plastics, resins, refrigerants, paints, solvents, soaps, 

perfumes, and synthetic fibers, as well as chemicals derived from oil refining” (Isella & Manca, 2022, 

p. 4). I want to raise a similar question as with regards to cement: Is there a way to replace and 

recycle these chemical products altogether instead of trying to decarbonize their production through 

CCS? As my results show, OGE wants to create a huge carbon cycle to keep up the production in so-

called hard-to-abate industries. However, instead of creating a huge carbon cycle, where CO2 is 

captured and then introduced as a resource to produce new chemicals, could we not try instead to 

produce less altogether?  
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Calling emissions from the steel, cement, and chemical industry hard-to-abate and unavoidable 

emissions creates a discursive lock-in (Buschmann & Oels, 2019) and hides other options to reduce 

these emissions, i.e. by shifting to different materials or reducing overall consumption and 

production. Drawing the picture that these emissions are unavoidable depoliticizes the issue, leaving 

only one option to abate the emissions: CCS.  

On top of that, the RESCUE study from 2019 by the German Environment Agency concludes that CCS 

is not necessary for Germany to abate the residual emissions from the cement, lime, and glass 

industry. A prerequisite, however, is that Germany manages to strengthen its natural carbon sinks. 

They write that “[w]ith the renunciation of the energetic use of forest residues, with the land 

released by not cultivating biomass for energy use, with the agricultural land released by reducing 

the number of livestock, the natural carbon sink is strengthened in addition to a strengthened forest 

management” (Purr et al., 2019, p. 32, translation by the author). In the course of the report, they 

explicitly say that CCS is not needed: “Thus, achieving national greenhouse gas neutrality does not 

require CCS, but rather the strengthening of natural sinks. At the same time, synergies can be 

developed with other environmental challenges, such as biodiversity protection” (Purr et al., 2019, p. 

32, translation by the author). It becomes clear that to strengthen natural sinks, societal change is 

required. One example is that their scenario only works if Germany reduces its livestock production, 

i.e., if Germans reduce their meat consumption.  

This goes to show that firstly, not all emissions in so-called hard-to-abate sectors are unavoidable, 

and secondly, that even if there remain some residual emissions from the industry, using CCS is not 

unavoidable either, if we are ready to change production, consumption, and land-use patterns.  

6.3 Carbon lock-in and mitigation deterrence 

Another important question to discuss is how carbon lock-in relates to the problem of mitigation 

deterrence. The concept of mitigation deterrence is mostly studied in connection with carbon dioxide 

removal (CDR) techniques (McLaren, 2016, 2020). While CCS at fossil power plants or industrial 

plants is not a CDR technique, I think that it has the potential to lead to mitigation deterrence as well. 

Furthermore, while I think that the concepts of mitigation deterrence and carbon lock-in are closely 

interlinked, they are seldom discussed together in the scientific literature.  

One definition for mitigation deterrence is the following: “Mitigation deterrence can be defined as 

the prospect of reduced or delayed at-source reductions resulting from the introduction or 

consideration of another climate intervention” (McLaren, 2020, pp. 2412–2413). Reduced or delayed 

at-source emission reductions are mentioned multiple times in my results. Firstly, I want to point out 

again that RWE and Equinor plan to build new fossil gas power plants, with the prospects of the fossil 

https://www.zotero.org/google-docs/?GP3pdQ
https://www.zotero.org/google-docs/?qppbBo
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gas being replaced by hydrogen sometime in the future. This clearly deters climate change 

mitigation, as the investments in this infrastructure could have also been made into infrastructure for 

renewables. When asking my interviewee at Equinor how much of their total investments go into 

renewable energy compared to CCS- and blue hydrogen projects, they said that they have one 

combined pot of money for their renewable and low carbon ambition (Interview Equinor, 2023). This 

shows that they treat renewable and so-called decarbonized fossil energy sources as substitutes. 

Hence, the higher their investments in decarbonizing fossil energy sources, the lower their 

investments in renewables. Further, as shown in chapter 5.3.4 Equinor is clearly using CCS to get the 

most out of their remaining fossil assets.  

In Germany, the situation is different as there are no gas or oil fields, and as the phase-out of coal is 

decided. Nevertheless, as shown in Chapter 5.2, my interviewee at the BMWK did not exclude the 

application of CCS at fossil power plants in Germany. Although it is not the priority now, it is in the 

back of their minds when creating the CCS infrastructure. In addition, the promise for green 

hydrogen to replace blue hydrogen in the future seems empty or at least holds the risk of being 

broken. As my results show, neither the German government nor the companies that run concrete 

hydrogen projects provide any timeline for the phase-in of green hydrogen.  

Overall, my results show how CCS and blue hydrogen lead to a carbon lock-in and thus create 

systemic barriers to decarbonization. As just explained, this leads to the risk of mitigation deterrence, 

because reliable climate change mitigation, i.e., reducing greenhouse gas emissions, is partly 

replaced by so-called carbon management. Thus, I believe that mitigation deterrence is a natural and 

unavoidable outcome of carbon lock-in.  

6.4 Negative externalities of fossil fuel use  

Opening the door for continued fossil power generation or for producing blue hydrogen in Germany 

further creates negative externalities tied to the use of fossil fuels. Through the coal phase-out, 

Germany does not have its own fossil resources anymore, which is why continuous fossil fuel use is 

inextricably tied to questions of energy imports and energy dependence. Norway is not the only 

country that exports fossil gas to Germany. Particularly through the new liquified natural gas (LNG) 

infrastructure in Germany, fossil gas is imported from other countries, such as the U.S.A. (Sabin, 

2023). A major problem with LNG imports from the U.S.A. is that they practice fracking, a procedure 

that releases emissions and causes severe environmental damage (Hesselin & Lerch, 2023; Heynen, 

2022). One of the companies that signed a contract for gas imports with the U.S.A. is RWE – the same 

company that is planning to build new fossil gas-fired power plants in Germany (Sabin, 2023). 
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Fracking is forbidden in Germany, but through imports, fracked gas finds a loophole into the German 

energy mix.  

Other partners for LNG imports in Germany are Algeria, Nigeria, the Arab Emirates, and Oman (Sabin, 

2023). This raises questions about energy dependence and human rights. Through the Russian war 

against Ukraine, Germany had to learn the hard way that being dependent on energy imports from 

authoritarian states is risky. Furthermore, on top of ethical considerations when importing fossil fuels 

from authoritarian regimes, the situation with Russia also showed how this can lead to severe 

problems with regard to energy security. Thus, a lock-in in fossil infrastructure is particularly 

problematic in Germany, not only in terms of environmental protection but also in terms of energy 

security.  

All these problems with regard to fossil fuel use are being ignored as we reduce the issue of fossil 

fuel use to questions about emissions. Additional problems when using fossil resources are made 

invisible as CCS labels fossil fuels “carbon-neutral” and creates the image of “clean” fossil fuels. As 

my results show, Equinor is following this exact narrative, with my interviewee saying that once they 

have a CO2 solution, they don’t see any reason for stopping to use fossil resources.  

7 Conclusion   

In this thesis, I set out to answer in what way the German-Norwegian CCS- and hydrogen cooperation 

creates a carbon lock-in in Germany. As shown in my results chapter, the cooperation and specific 

projects related to it create infrastructural and technological, as well as institutional lock-in 

mechanisms. The technological and infrastructural lock-in manifests itself through the long life- and 

lead time of new and existing infrastructure, through its partial asset specificity, through 

infrastructural network effects, and through the risk of stranded assets due to the high investments 

in that infrastructure. The institutional lock-in comes about as Germany is revisiting its regulatory and 

legal framework with regard to CCS, working on a carbon management strategy that is expected to 

facilitate the transportation and storage of CO2 in Germany. Further, institutional lock-in is 

intensified through the network of powerful incumbent actors, involving both political decision-

makers, as well as representatives from the fossil industry.  

Based on this thesis, some options for further research come up. Firstly, an analysis of discursive 

lock-in mechanisms could be particularly interesting with regard to the theme of hard-to-abate 

sectors, as outlined above. Hence, future research could analyze the German-Norwegian partnership, 

with discourse as an important, and perhaps underlying, pillar of the lock-in mechanisms identified in 

this thesis. Secondly, the thesis is written before the publication of both the new German Carbon 
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Management Strategy, as well as the feasibility study by DENA and Gassco. Future research could 

thus complement this thesis by analyzing both documents once published. Thirdly, it would be very 

interesting to look at how public opinion on CCS in Germany might have changed over the past 

decade. Since public resistance was often mentioned as an important blocker to CCS policies and 

projects in Germany in the past, one can assume that public opinion might be important to 

determine the success of the new projects presented in this thesis. As this thesis analyzed concrete 

plans and policies with regard to CCS, I did not collect much material from organizations or people 

that are critical of CCS. Also, for my interviews, I only talked to those who are already involved with 

CCS and thus promote the technology. It would therefore be interesting to also study the other side 

of the coin, i.e., actors in Germany that are trying not to build their production on CCS and blue 

hydrogen but who are trying to find other solutions to reduce emissions and escape a carbon lock-in.   

Finally, this thesis shows how the fight against climate change is still competing with the powerful 

interests of incumbent actors, notably the fossil industry. CCS is a solution to climate change for 

those who are trying to uphold an unsustainable status quo and who fear the solutions that tackle 

the roots of the problem. Therefore, CCS and other technological solutions to climate change must 

always be considered with care, and underlying political and economic interests and power 

structures must be identified. To conclude, I do not disagree when Minister Robert Habeck says, 

“better to put CO2 in the ground than in the atmosphere”. But this statement is misleading and 

disregards a third option: Leave fossil resources in the ground in the first place.  
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9 Appendix  

Appendix A: Illustration of the partnership between Equinor and RWE 

Illustration of the partnership between Equinor and RWE on a hydrogen value chain between 

Germany and Norway (Equinor, 2023). 

 

Appendix B: Illustration of the partnership between Equinor and Wintershall Dea 

Illustration of the partnership between Equinor and Wintershall Dea on a CO2 pipeline from 

Germany to Norway (Equinor, 2022). 
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Appendix C: Illustration of OGE’s CO2 circular economy 

Illustration of OGE's CO2 circular economy (OGE, 2023b). 

 

Appendix D: Different processes of green and blue hydrogen production  

Illustration of the different processes of green and blue hydrogen production (Iberdrola, 2023). 

 


