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Abstract 

In a changing world, some rely on new technology to help us solve the world’s small or lager 

problems. And how do new technologies emerge?  The birth, growth and maturity of new 

technologies have intrigued scholars and policymakers for a long time.  One way of studying 

new technologies is to use the analytic framework of Technological Innovation Systems (TIS) 

as the one developed by Bergek et al. (2008). 

 

This thesis will focus empirically on the case of carbon capture and storage (CCS) in Norway. 

Carbon capture and storage related to energy from fossil fuels is launched as this Norwegian 

government’s equivalent of the moon landing (Stoltenberg, 2007). Technologies for capturing 

carbon have been around for some years, these technologies are not however commercially 

available.   

 

This essay aims at analysing the Technological Innovation System on carbon capture and 

storage in Norway on three functions; influence on the direction of search, entrepreneurial 

experimentation and market formation, and then assessing the phase of development the TIS 

is in.  

 

I will use methods of literature review, interviews, document analysis and case studies. 
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Introduction 

1.1 The field of study 

The emergence of new technologies has always been seen as a process that involves a high 

degree of uncertainty and many different actors. As argued in the innovation literature, no one 

innovates alone. Although companies are the main component when talking of innovation, 

companies are embedded in a larger system.  The process whereby a specific technology 

emerges, is improved and diffused in society may be studied by using the concept of 

technological innovation systems. Carlsson and Stankiewicz (1991) define technological 

systems as    

     

“…network(s) of agents interacting in a specific economical/industrial area under a 

particular institutional infrastructure or set of infrastructures and involved in the generation, 

diffusion, and utilisation of technology…”  

 

Technological Innovation Systems consists of companies, Research and Development 

infrastructure, Universities and policy making bodies (Carlsson & Jacobsson, 1997).  

Technological Innovation Systems can overlap with other systems like national or regional 

innovation systems, but the TIS takes a technology specific approach. TIS can cut through 

both the geographical and sectoral dimensions (Hekkert et al. 2006). TIS also has more focus 

on emerging than mature systems.  

 

One interesting Technological Innovation System is that of Carbon capture and storage 

(CCS).  CCS includes a set of different technologies used for capturing Co2 from either 

energy production based on fossil fuels or Co2 related to industry production like making of 

cement.  CCS is high on the agenda of many policymakers, companies, researches and NGOs 
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in Norway, the European Union and throughout the world.  Many have high expectations 

towards CCS as one of the instruments in fighting climate change.  However, CCS is still in a 

very early phase both technologically and commercially.  CCS is also very different from the 

other technologies and instruments that shall fight climate change and still resolve the worlds 

future energy needs. CCS is not a new environmental friendly from of energy; it is a mean to 

make energy from fossil fuels more in line with today’s low carbon economy and clean 

energy demands. If we take for granted that companies are motivated by profit, there are few, 

at least short term incentives for companies to invest in CCS technology as the cost is 

relatively high,  with some important possible exceptions; Enhanced Oil Recovery (EOR), 

Co2 tax and customer demands on Co2 content of natural gas.  

 

In this analysis I will focus on CCS related to energy production, both Co2 in natural gas and 

planned gas fired power plants in Norway. I have chosen to focus on this because gas is the 

fossil fuel Norway’s efforts concentrates on when it comes to carbon capture and storage.  

 

1.2 Theoretical Foundation 

Technological Innovation Systems are made up of three main elements; actors, networks and 

institutions. Theories on Technological Innovation Systems are mainly an analytic framework 

or an analytic construct which one can use to analyse a technology, but as I see it is not a 

theory that shall be validated or tested. A Technological Innovation System is dynamic and 

goes through different phases from an industry is formed until it declines.  TIS  is as seen 

related to the concept of Innovation Systems that is defined as all important economic, social, 

political, organisational, institutional, and other factors that influence the development, 

diffusion and use of innovations (Edquist, 2005 p, 182).  
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Joseph Schumpeter was one of the first to focus on the role of innovation in economic and 

social change (Fagerberg, 2005 p, 6). Schumpeter also argued that innovations tends to cluster 

in certain industries and time periods and that this clustering contributed to business cycles 

and long waves in the world economy i.e. that industries are borne, mature and then die.  

 

Much literature discussing the formative phase of technology tends to employ a long term 

perspective (Nygaard, 2008 p, 13) and is history oriented. I want to focus more on the 

formative stage and try to analyse a highly current formation of a Technological Innovation 

System; Carbon capture and storage in Norway.  This means that I will not take a long term 

historic approach, but focus on the status of the present Technological Innovation System on 

CCS in Norway today. I will use the theoretical framework of Technological Innovation 

System (TIS) as developed by Bergek et al. (2008) and look into some of the functions of this 

TIS. I have chosen to look into the three functions; influence on the direction of search, 

entrepreneurial experimentation and market formation. These functions are chosen because 

the TIS I haven chosen is in a very early stage and I think that these functions will be the most 

fruitful to look into. It is also outside the scope of a master thesis to analyse all the functions.  

 

1.2 Empirical Context 

According to the 2007 repport by the Intergovernmental Panel on Climate Change (IPCC), 

most of the observed increase in global average temperatures since the mid-20th century is 

very likely due to the observed increase in anthropogenic greenhouse gas concentrations 

(IPCC, 2007 p, 3). This report has contributed to the notion that climate change derives from 

human action. Before this the Stern review in 2006 concluded that there is still time to avoid 

the worst impacts of climate change if the take strong action now, and that the scientific 

evidence now is overwhelming that climate change is a serious global threat (Stern, 2006).  
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But not only scientists and politicians are concerned with climate change these days. There 

has been an increase in interest from public opinion on these matters in the recent years as 

well.  

 

Even though we are increasingly more environmental aware, the world energy demand 

continues to rise. According to the International Energy Agency (IEA), the world’s primary 

energy needs will according to their scenario analysis grow by 55% between 2005 and 2030 

(IEA a, 2007).  Growing markets and improved standards of living in especially China and 

India are seen as the main new challenges 

 

Carbon dioxide is the most important anthropogenic greenhouse gas. And the primary source 

of the increased atmospheric concentration of Co2 since the pre-industrial period results from 

the use of fossil fuels (IPCC, 2007). Carbon Capture and Storage could be one mean of 

reducing the Co2 in the atmosphere made by human.  

 

I will look especially at the carbon capture part of CCS. This is because I want to have a 

company and technology focus in this thesis. It is on the capture side much on the 

technological development is done today, and transportation and storage in Norway includes 

less actors and these actors are mainly the government, researchers and the larges oil company 

in Norway. I have chosen to focus on Norway as Norway is one of the countries with the most 

“developed” TIS on CCS and because it is outside the scope of a master thesis to analyse a 

world wide system. I will still have the international aspect in mind when analysing the TIS in 

Norway. 
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1.4 Research Question 

What is the status of the Norwegian Technological Innovation System on carbon capture and 

storage regarding the direction of influence of search, entrepreneurial experimentation and 

market formation? In what phase is the Technological Innovation System on carbon capture 

and storage in Norway? 

 

1.5 Thesis outline 

This thesis is organised in four sections. In section 1, chapter 1 I present the scope of the 

thesis and in chapter 2, the technologies for Carbon Capture and Storage.  In section two, 

chapter 3 I present the theoretical framework and in chapter four the research design and 

methods. In section three, chapter 5 I present the empirical analysis divided into Influence on 

the direction of search in chapter 5.1, entrepreneurial experimentation in chapter 5.2 and 

market formation in chapter 5.3.  In the fourth and last section I present the conclusions in 

chapter 6.  

 

 2.0 Carbon Capture technologies 

What is carbon dioxide?  

Carbon dioxide (Co2) is a colour - and odourless gas. Co2 is built of one carbon (C) molecule 

and two oxygen (O) molecules. At “normal” temperature and pressure, Co2 is in its form a 

gas. If temperature or pressure changed drastically, Co2 changes its appearance.  At lower 

than -78.51 degrees, Co2 changes directly through deposition to solid carbon dioxide also 

knows as dry ice.  At pressure higher than 5 bar, Co2 is liquidised. 

 

Carbon dioxide is used by green plants and algae in the photosynthesis where energy form the 

sun is used to transform carbon dioxide (Co2) and water (H2O) into glucose (C6H1206) and 
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oxygen (O2). Co2 is also part on the vital process of respiration by all living organisms. 

Oxygen is inspired into the lungs and Co2 is expired.  

 

Co2 is also generated as a by product when burning fossil fuels like oil, gas and coal. 

Fossil fuels are hydrocarbons found within the top layers of the earths crust. The fossil fuels 

are the fossil remains of dead plants and animals that has been exposed to heat and pressure in 

the Earths crust for millions of years. In daily life Co2 is also used in the food industry like 

for instance in frizzy drinks (Gassnova a, 2008).  

 

As we see Co2 is a natural part of the world’s atmosphere, but ever since the industrial 

revolution humans have affected the Co2 content of the atmosphere with increased burning of 

fossil fuels to make energy (IPCC, 2007). Also in recent years more and more have argued 

that this increase of Co2 in the atmosphere has lead to global warming (Stern, 2006). This is 

however still under some debate, as other scientist say that global warming fluctuates with 

time. 

 

Why Carbon Capture and Storage? 

According to the International Energy Agency (IEA), the most important near term strategy 

for reducing Co2 emissions form fossil fired power plants is energy efficiency. The most 

important near to long term strategy is carbon dioxide capture and storage (CCS), and the IEA 

sees rapid expansion of CCS as important (IEA, 2008). 
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The technologies for carbon capture  

There is a variety of different methods for capturing Co2. I will now describe the three main 

types. 

 

Post combustion technologies 

Post combustion technologies for carbon capture normally use a solvent to capture Co2 from 

the flue gas from a power plant or an industrial activity where Co2 is produced. The solvent 

can be physical, chemical or intermediate, but chemical solvents known as amines, are the 

most common solvent used for post combustion capture. In its chemical appearance, amines 

resemble ammonia (NH3), but one of the hydrogen molecules is replaced by a combination of 

hydrogen and carbon. There are several different amines with different characteristics. 

 

The exhaust from for instance a gas fired power plant is lead through a cooling unit and into 

the absorption tower where the amine capture the CO2. The amine is heated and CO2 is 

boiled out, before the amine is pumped back, cooled down and reinserted to the absorption 

tower. 

 

Amines are less dependent on partial pressure than physical solvents. However, amines 

require more energy (in this case steam) to break the strong chemical link between the amine 

and the Co2 i.e. to regenerate. 

 

Pre combustion capture technologies 

Pre combustion can be used for gas turbine cycles. In this process a fuel is reacted with air or 

oxygen to produce a fuel that contains carbon monoxide (CO) and hydrogen (H2).  This is 

then reacted with steam in a shift reactor to produce a mixture of Co2 and H2. The Co2 is 
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separated and the H2 is used as the fuel in a gas turbine combined cycle for power generation. 

When the primary fuel is coal and the key process is gasification of the coal, it is known as 

integrated gasification combined cycle (IGCC).  

 

Oxy-fuel combustion capture technologies 

Oxy-fuel combustion involves burning fossil fuel by the use of nearly pure oxygen rather than 

air. This produces a nitrogen free flue gas consisting of water steam and Co2. After 

combustion the flue gas is cleaned in several steps to free the gas of other particles and water. 

The cleaned gas is cooled down and the water steam condensates and therefore separates from 

the Co2. The Co2 can then be compressed and stored (IEA b, 2007). 
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Theory and Methodology 

3.0 Theory  

How does new technologies emerge and why do some succeed and others fail? These 

questions have intrigued scholars, politicians and other for a long time. One theoretical 

framework or analytic construct that helps us to look into technological change is the concept 

of Technological Innovation Systems (TIS).  

 

3.1 Innovation Systems 

To better understand the concept of Technological Innovation Systems, I will firstly look into  

the more general concept of Innovation Systems that is linked to the concept of Technological 

Innovation Systems. 

 

Innovation System 

Innovation can be defined in terms of both product innovation and process innovation. 

Product innovations are new or improved material goods as well as new services. Process 

innovations are new ways of producing goods and services (Edquist, 1995, p. 182). 

Innovation is also sometimes described as the first attempt to carry an invention into practice 

(Fagerberg, 2005, p.4). 

 

Rosenberg and Kline explain what innovation is by saying what it is not: Innovation is not a 

linear process where science and research comes first, then development, and finally 

production and marketing. Rosenberg and Kline point out that firstly, companies normally 

innovate because they believe there is a commercial need for it, and the innovation might as 

well start at the end of the process described above. Secondly, the linear innovation model 
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ignores all the loops back and forth between the “stages” in the process (Fagerberg, 2005 p. 8-

9).  

 

A system is generally defined as a group of components (devices, objects or agents) serving a 

common purpose, i.e. working towards a common objective or overall function (Bergek et al., 

2008). 

 

 An Innovation System can be defined the determinants of the innovation process. That is all 

important economic, social, political, organisatorial, institutional, and other factors that 

influence the development, diffusion and use of innovations (Edquist, 2005, p.182). 

Innovation Systems can furthermore be defined on several levels. The most used concepts 

have been national, regional and sectoral innovation systems. The concept of National 

Systems of Innovation is associated with publications from Lundvall 1992 and Nelson 1993 

(Edquist, 2005, p.183).  However, the idea actually goes back at least to Friedrich List's 

conception of "The National System of Political Economy' 1841, which might just as well 

have been called 'The National System of Innovation'. (Freeman, 1995). The national system 

of innovation (NSI) has as the name uncover a national boarder in its approach. Another 

strand of research has developed the approach on Regional Innovation Systems and has been 

used by Cook et al. 1997, Braczyk et al. 1998, Cook 2001 and Asheim and Isaksen 2002. A 

further concept is the Sectoral Innovation System which has been developed by Breschi and 

Malerba 1997 and focus on a group of companies that develop and manufacture the products 

of a specific sector (Edquist, 2005, p.184). All these concepts can be seen as variation of 

innovation systems, but with different boarders for what is included in the system. 
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The systemic approach to innovation is connected to evolutionary economics and the notion 

of systemic failure. In evolutionary economics, the companies will also be motivated by profit 

as in neo classic economics, but they will not be profit maximising over well defined and 

exogenously given choices (Winter&Nelson, 1982, p. 4) i.e. they are not rational actors, but at 

a given time carriers of certain capabilities and decision rules. Systemic failure goes beyond 

market failure; there might be something wrong in the institutional setup itself and the way it 

links systemic needs (Lundvall & Borras, 2005)  

 

3.2 Technological Innovation Systems 

The technological Innovation system is a technology specific innovation system which argues 

that the innovation system is unique to technology fields (Edquist, 2005 p.183). The 

Technological Innovation System is closest linked to sectoral innovation systems. There have 

been different approaches to the sectoral systems as well like Sectoral Innovation Systems 

(Breschi & Malerba, 1997), Technological Systems (Carlsson & Stankiewicz, 1991) and 

Large Technological Systems (Hughes, 1983; Hughes, 1993) and Socio-technical Systems 

(Geels, 2004) 

 

The concept of technological systems seems to be first used by Thomas Hughes (1983) for his 

study of the electrification of the Western society (Carlsson, 1995). Hughes (1993) defines 

technological systems as systems containing messy, complex, problem-solving components. 

And the systems are both socially constructed and society shaping. The components in 

technological systems as defined by Hughes are physical artefacts such as the turbo 

generators and transformers in electric light systems, organisations, such as banks and 

regulatory laws.  
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Thomas Hughes was an historian and wrote in a tradition of historians and sociologists of 

technology.  Hughes focused mainly on the character of the technological system. So 

although Hughes and as we will see Carlsson and Stankiewicz both talk of technological 

systems, they do draw on the same theoretical material and methodological background. 

 

Carlsson and Stankewicz (1991) define Technological Systems as  

“…network(s) of agents interacting in a specific economical/industrial area under a 

particular institutional infrastructure or set of infrastructures and involved in the generation, 

diffusion, and utilisation of technology”. 

 

According to Carlsson and Stankiewicz, technological systems are made up of three main 

elements: 

1. Actors may be companies of various forms like users, suppliers or venture capitalists 

and other organisations.  

2. Networks are important channels for the transfer or both tacit and explicit knowledge. 

These networks may be built around markets and may therefore be of importance for 

identification and solutions of problems that give new technical solutions. The 

networks may also be non-market related and be more oriented around general 

diffusion of information or to have an ability to influence the institutional setup. Being 

strongly integrated in a network increases the resource base of individual actors in 

terms of gaining access to information and knowledge of other actors. Networks may 

also shape public opinion and legitimise the sector.  

3. Institutions stipulate the norms and rules regulating the interactions between actors. 

The roles of institutions vary. Some are connectors in the system, other influence the 

incentive structure and the structure of demand (Bergek et al.,  2008). 
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All these three elements are important to incorporate in an analysis of a technological system 

to not black box part of the system. It is the combined effects of these elements that constitute 

what is known as the Technological Innovation System.  

 

In this thesis I will use the concept of Technological Innovation Systems (TIS) developed by 

Bergek et al. (2008). Carlsson’s technological systems have been embedded and developed 

further in this concept. Technological Innovation Systems do not only contain components 

that are exclusively dedicated to the technology in question, but all components that influence 

the innovation process for that technology (Bergrek et al., 2008).  

 

A useful way to analyse the workings of a technological system is to focus on how a number 

of functions are served in the system (Jacobsson & Bergek, 2004). These functions represent 

an intermediate link between the components and the performance of the Technological 

Innovation System (ibid) and are therefore important.  These functions are interdependent and 

dynamic, and there is no closure in Innovation System theory which functions that shall be 

incorporated in a system analysis 

 

Mapping the functional pattern of the Technological Innovation System 

I will now present the seven functions of the Technological Innovation System as stated in 

Bergek et al. (2008). The functional pattern of a TIS is likely to differ from TIS to TIS and is 

also likely to change over time.  Bergek et al. have done an exhaustive review of different 

systems approaches in the innovation system literature and synthesised these different 

approaches. All the functions they state have been used related to the concept of 
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Technological Innovation System, but not all in one article and system like Bergek et al.. See 

Bergek et al. (2008) for a complete review. 

 

Knowledge development and diffusion 

This function says something about what the knowledgebase of the TIS in question and how it 

evolves. The function captures the breath and depth of the current knowledgebase and how 

the knowledge is diffused and combined in the technological innovation system. The function 

includes different kinds of knowledge like what scientific, technological, production, market, 

logistics and design knowledge is present in the TIS at the present and how has it evolved. 

The function also includes different sources of knowledge development like R&D, learning 

from new applications and imitations.   

 

Influence on the direction of search 

This function is about as the name says what influences on the direction of search there is for 

the actors in the Technological Innovation System. If a Technological Innovation System is to 

develop, new entrants have to choose to enter it. There must be sufficient incentives and or 

pressure for the actors to be induced to do so. This function also covers the influence on the 

direction of search within the TIS in terms of different and competing technologies and 

applications.  

 

Entrepreneurial experimentation 

A Technological Innovation System evolves under considerable uncertainty in terms of 

technologies, applications and markets. One of the main sources of uncertainty reduction is 

entrepreneurial experimentation. Entrepreneurial experimentation can be seen as new entrants 

in the “market” or in the value chain of the technology. A way of measuring entrepreneurial 
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experimentation is to look at the number and different types of applications of the basis 

technology in question. A TIS without vibrant experimentation will stagnate. 

 

Market formation 

For an emerging Technological Innovation System markets may not exist, or be greatly 

underdeveloped.  Market places may not exist, potential customers may not have articulated 

their demand, or have the capability to do so, the price performance ratio of the technology 

may be poor and uncertainties may prevail in many dimensions.  

 

Market formation normally goes through three phases with distinct features. In a very early 

phase of a Technological Innovation System a nursing market has to evolve to open up a 

learning space. The next phase is a bridging market where volumes of the products increase 

and the TIS opens up to more actors. Finally, a mass market will evolve if the TIS is 

successful. 

 

Legitimation 

Legitimacy is a matter of social acceptance and compliance with relevant institutions. The 

new technology and its proponents need to be considered appropriate and desirable by 

relevant actors in order for resources to be mobilised, for demand to form and for actors in the 

new TIS to acquire political strength. The legitimacy for an evolving TIS will in most cases 

be challenged by avocation for the existing related TIS.  
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Resource mobilisation 

As a Technological Innovation System evolves, a range of different resources needs to be 

mobilised. The TIS need to mobilise competence and human capital through education in 

specific fields, financial capital like seed and venture capital; and complimentary assets such 

as complementary products, services, and network infrastructure. 

 

Development of positive externalities 

The systemic nature of innovation and diffusion process suggest that the generation of 

positive external economics is an important process in the formation and growth of a 

Technological Innovation System. Examples of positive external economies are resolution of 

uncertainties, political power, legitimacy, combinatorial opportunities, pooled labour markets, 

specialised intermediates as well as information and knowledge flows. 

 

Concept criticism 

The theory of Innovation Systems in general and therefore also Technological Innovation 

Systems which to a large extent build on the same framework has been criticised for its 

conceptual diffuseness (Edquist, 2005 p.186).  Innovation Systems and Technological 

Innovations Systems can be criticised for trying to theorise a concept that needs to open to 

give meaning. If we could give a “recipe” on Technological Innovation Systems work, it 

would have been possible to create a TIS by introducing the different means, then a TIS 

would perform the way for instance wants to. But Innovation Systems are better seen as 

conceptual or analytic frameworks (Edquist 2005, Bergek et al., 2008) which give us a 

framework to study innovation and technological change. And the frame work is in 

development. Whereas Innovation Systems has been criticised for being too static, TIS aims 

at describing the dynamics in the system (Negro, 2007 p. 27). 
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4.0 Research Design and methods 

This chapter gives account for the research design and methods used in this thesis.  

To analyse some of the functions in a Technological Innovation System, I have chosen the 

contemporary case of carbon capture and Storage in Norway. I have chosen to use a case 

study based research design. Case studies are suitable research strategy when studying a 

contemporary phenomenon (Yin, 2003). There are several choices to be made when deciding 

the focus of the study when it comes to a case on Technological Innovation System (TIS).  As 

Bergek et al. (2008) says the outcome of the choices you make determines what particular TIS 

are captured.  

 

By making these choices I will capture a specific part of the TIS of Carbon Capture and 

Storage. I have chosen to focus on Norwegian effort of making CCS our moon landing project 

with a focus on the companies involved in delivering the technology for carbon capture plant.   

 

I also want to emphasise that this study is an early phase study of a Technological Innovation 

System. There is not even sure that it is possible to talk of a real existing system. But even so, 

it can be fruitful to take use of the conceptual framework even though it is on an abstract 

level. As I have stated earlier, have used a spatial focus of geography, but I will also 

incorporate an international element as a spatially limited part of a TIS can not be understood 

without a global context.  

 

The functions of a Technological Innovation System are interdependent and dynamic. This 

means that what I present in this essay will be a snapshot of the status of the Norwegian 

Technological Innovation System on Carbon Capture and Storage regarding regulation, 

entrepreneurial experimentation and market formation.  
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In have chosen to use the qualitative methods of interviews and document analysis to be able 

to answer my research question. In addition I have used a variety of methods based on Bergek 

et al. (2008) on how to measure the different functions of the Technological Innovation 

Systems. The online survey I have developed is also based on based on Bergek et.at (2008). 

 

Data sources and data collection 

This thesis relies on qualitative data to answer the research question.  The data collection for 

this thesis consists of document review and interviews.  

 

 Qualitative data 

Qualitative data is seen as spoken and written representations and records of human 

experiences. Examples are interview, observation, participant observation and documents 

(Punch, 1998). The interview is one of the main data collection tools in qualitative research. It 

can be used to access people’s perceptions, meaning, and definition of situations and 

constructing of reality. 

 

Who will interviewed and why? 

In order to better the quality of my data I have done an analysis of the interview situation. 

I have interviewed representatives from the main actors in industry, research, government and 

NGO’s that were related to Carbon Capture and Storage. These four “branches” are selected 

because they in total cover actors in the Technological Innovation System on CCS in Norway. 

These actors are also identified as important actors in theory of Technological Innovation 

Systems. I have identified these actors through literature review and through speaking with 

different actors within the CCS cluster. I also got my informants to asses who were the 
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important actors related to CCS both in Norway and Internationally. If I found new names, I 

then contacted them and asked them to answer my survey.  

 

How many will be interviewed and how many times will each person be interviewed? 

I have interviewed 20 actors in total from each of the four identified groups. Each person will 

be interviewed once. I think the number of informants is sufficient to to some extent cover 

different and competing aspects within the groups. This will not mean that all aspects are 

covered. But the way I see it this is not critical as this thesis does not seek to reveal the full 

truth about a case or a technology, rather in which phase the TIS of CCS in Norway is today.  

 

How will each respondent be interviewed? 

I have take use of modern tools for interviewing the respondents.  I have asked the 

respondents to answer a survey online. The pro’s for choosing this method is that it makes me 

access more people, the respondents can answer in their own setting and time, and the 

answers will be easy accessible for me as they are all electronic. I also think that this way of 

feedback mechanism is known to the companies, and most companies and organisations are 

used to communicate with others electronically trough e-mail, online meetings and internet in 

general.  The drawbacks of this method for interviewing is that some of the back and forth 

communication between the interviewer and the respondent will be lost, therefore this type of 

interview makes it important to incorporate all the elements I need the survey in the first 

place. The respondents will not be made anonymous to me in the survey, so I could therefore 

contact the individual respondent if there are any problems with interpretation.  

 

The interviews are conducted to look into how the different actors see their own position 

within the technological innovation system regarding CCS, not to find any objective truth.  
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Informal interviews 

Some of the interviews I have conducted are more informal interviews often related to people 

I have met in CCS conferences and seminars. These interviews are more like talks, but I have 

made it clear to the person I am talking to that I ask questions for my masters thesis. I made 

notes right after the conversation was over. 

 

Document analysis 

The documentary sources used in this thesis consist of various policy documents, strategy 

documents, scientific reports and consulting reports, companies and organisations web pages 

and newspapers.  I have been careful in analysing sources like news papers and reports which 

consists of interpreted information or information that has been published for a specific 

purpose.  But still they provide important information. 
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Empirical Analysis 

 

5.1 Identifying the structural components of the TIS 

I will now try to identify and analyse the structural components of the Technological 

Innovation System on carbon capture in Norway. The structural components I will look at are 

the actors and the networks of the TIS. 

 

5.1.1 Actors 

Based on Carlsson's concept of technological systems (TS), I have come up with these groups 

of actors in the Technological Innovation Systems on carbon capture and storage in Norway. 

This model was developed for TS but Carlsson has later contributed to the theory on TIS. 

 

Academic 

Departments 

and Research 

Institutions 

Technology 

Suppliers 
Technology 

users 

 

Gassnova 

 

Government 

Ministry of Oil and Energy 

Ministry of Environment 

 

The Research 

Council  

Bridging 

Insituions 

Policy and 

Supporting 

Organisations 
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These are the main groups of actors in the Norwegian Technological Innovation System on 

carbon capture and storage. See Appendix 1 for detailed summary where the main actors are 

named. 

 

The different actors influence the Technological Innovation System in different ways. The 

most obvious type of actor may be the companies along the entire value chain for carbon 

capture and storage technologies.  In the model above, the companies are both suppliers and 

users of carbon capture and storage technology. Some will argue that also large independent 

research institutions are companies, but for this purpose research institutes will be treated as a 

separate unit together with the Universities.  

The value chain of carbon capture and storage technologies involve mainly three elements; 

capturing the Co2, transporting it and then storing it. There are some varieties regarding what 

kind of exhaust source one is talking of and where the Co2 shall be stored. In Norway the 

main focus on CCS is capturing Co2 from either natural gas or from gas fired power plants 

and storing the Co2 in off shore geological formations for either storage or Enhances Oil 

Recovery (EOR) where the Co2 injected into the reservoir whereupon it expands and thereby 

pushes additional oil to a production wellbore, and moreover dissolves in the oil to lower its 

viscosity and improves the flow rate of the oil (DOE, 2008). 

Norway have experiences from all parts of the value chain of CCS, but not in the scale that 

would bee needed for a full scale gas fired power plant.  The large oil companies are the ones 

with the most experience and much of Norway’s engineering industry is build up around the 

oil and gas industry.  

Universities and Research Institutes are also important actors in the Technological Innovation 

System on Carbon Capture and Storage in Norway. The research institutes and the 
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universities have done research on carbon capture and storage for a longer time than the 

industrial actors. One of my informants claims that Universities and Research Institutes will 

continue to the main actor on CCS in Norway also in the future as there are so many foreign 

companies involved in the industrial projects that are planned to take place. But he also claims 

that poor financing prevents the universities from building enough long term competence on 

for instance PhD level.  

The policymaking and financing institution, Gassnova’s main task is to manage governmental 

interest and support technology development within the area of carbon capture and storage 

(Gassnova b, 2008).  Gassnova is also responsible for managing the governments interests 

related to two planned CCS projects at Mongstad and Kårstø in Norway. 

Research Councils are also an important actor. In Norway the Research Council of Norway 

together with Gassnova administrates a programme called CLIMIT. The programme is 

designed to promote and fund all phases from research, development and demonstration of 

technologies (CLIMIT, 2008). Both industry and researches are eligible to apply to the 

programme. The programme therefore connects all the different types of actors in my model.  

The Government and the Ministries also have an important role in the Technological 

Innovation System on CCS in Norway. The role of the Government is important as the 

present Government ha called CCS Norway’s equivalent to the moon landing. However, gas 

fired power plants has been widely debated and the Bondevik 2  government demanded a vote 

of confidence over gas fired power plants and lost the vote and resigned.  The present 

Government has invested a lot in CCS. According to one of my informants who work with the 

Ministries says that it is not likely that the next government with alter the plans for the 

planned CCS projects in Norway. 
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5.1.2 Networks 

Almost all the respondents in my survey said that they cooperated with others on CCS and 

most also said they were part of a network on CCS. I will now look into the more orchestrated 

networks Norwegian CCS actors are a part of. 

 

 

Forum for Co2 håndtering. 

Forum for Co2-håndtering is a formally created network by the Government where 

representatives from the industry, research community and NGOs are invited to participate. 

The goal of the forum is to create a meeting space to bring the different groups of actors 

together and secure the stream of information and the different challenges related to the 

Governments CCS projects. The forum was created in January 2007 and was scheduled to 

have four annual meetings, so far there has only been one. 

 

Forum for Co2-håndtering was created shortly after the Government made it clear that the 

Co2 from one of Norway’s planned CCS projects “Test Centre Mongstad” would be emitted 

after is was captured. The Forum might be a way of consolation from the Government to the 

actors as the forum has not been active since its first meeting and  as I see it form the agends, 

the first meeting in large consisted of presentations and left little room for dialogue ( Ministry 

of Petroleum and Energy, 2008).  

 

Co2 alliansen 

The Co2-alliansen is a research based formally created network. The initiative was put  

forward by Hordaland Oil and Gas, which is a coordinating organ for the petroleum activities  
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in Hordaland county.  The Co2-alliansen has 14 member, including 3 of Norway’s four  

Universities and 10 research institutions and Hordaland Oil and Gas as secretary. One of the  

reasons for establishing the Co2 alliansen is that the alliance sees it as important that  

Norwegian research institutions need to participate in the planned CCS  projects at Kårstø and  

Mongstad. 

 

One of the participants in the network said that the most important reason for taking  

part in the Co2-alliansen is to clearly illustrate the research competence that exists in Norway 

on the entire value chain for carbon capture and storage.  All in all they claim that 500 

scientists and specialists are available on this field in Norway today. The Co2-alliansen also 

makes it clear in their information pamphlet that the alliance thinks that Norwegian 

companies or organisations should be present in the technology developments that take place 

in relation to the CCS project Test Centre Mongstad so that the competence building that 

takes place in relation to these projects are not only left to foreign companies.  

 

 

The European Technology Platform for Zero Emission Fossil Fuel Power Plants (ETP-

ZEP) 

One of the respondents argued that the most important networks on CCS for Norwegian 

 actors are based outside Norway.  I will now present the Network that is most important for 

Norwegian actors in the Technological Innovation System on CCS.  

 

 The European Commission, European industry, NGOs, scientists and environmentalists 

united to form the European Technology Platform for Zero Emission Fossil Fuel Power Plants 

(ETP-ZEP) in order to foster cooperation and to design and implement a Strategic Research 
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agenda in the field of carbon capture and storage. The overall goal is to enable fossil fuel 

power plats to have zero emissions by 2020 (ETP-ZEP, 2008). 

 

As I see it Norway is a strong actor in the ETP-ZEP. In the ZEP Advisory Council, which 

steers and monitors the ETP-ZEP, Norway has three of in total 35 members.  

Norway also has representatives from the industry, research organisations and NGOs in all the 

four taskforce groups.  

 

The work on the ETP-ZEP has followed the structure of previous established European 

Technology Platforms. The technology platforms are established to create a framework for 

stakeholders, which are led by the industry to define research and development related to a 

number of strategically important issues for creating competitiveness and innovation in the 

future Europe (Cordis a, 2008).  

The platforms foundation is a vision report called A vision for Zero Emission Fossil Fuel 

Power Plants (EC, 2006 a).  

 

         (ETP-ZEP, 2008) 
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The ETP ZEP, normally just called ZEP has a broad impact area. The Strategic Research 

Agenda (SRA) describes a collaborative programme of technology development for reducing 

costs and risks of deployment. The Strategic Deployment Document (SDD) outlines how to 

accelerate the market for zero emission power production.  These two documents lay the 

foundation of the work of the ETP ZEP. 

The SRA has five over all goals 

1. Urgently implementing 10-12 integrated, large-scale CCS demonstration projects 

Europe-wide 

2. Developing new concepts already identified, but not validated, for demonstration by 2010-

2015 and implementation beyond 2020 

3. Supporting long-term exploratory R&D into advanced, innovative concepts for 

implementation of next-generation technology, e.g. 

4. Maximising cooperation at national, European and international level 

5. Strengthening and accelerating R&D priorities to support the Strategic Deployment 

Document, informed by experience from demonstration projects and parallel R&D 

projects on advanced, innovative concepts. 

(EC, 2006 b) 

 

The SDD has four overall goals 

1. Kick-starting the CO2 value chain with urgent short- and long-term commercial incentives 

2. Establishing a regulatory framework for the geological storage of CO2 

3. Gaining public support via a comprehensive public information campaign 

4. Establishing robust RD&D funding under the FP7 and national programmes 
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As we see the ZEP has quite ambitious goals both on technology development and market 

formation and can therefore be of great importance to the Technological Innovation System 

on CCS in Europe and in Norway.  One of the repeated issues that are communicated from the 

ZEP is that action needs to be taken now and that we shall postpone investments. One of the 

most important factors seems to be demonstration projects as this will increase both the 

technological development and strengthen the initiatives for market formation. The ZEP are 

therefore lobbying for that the  EU Flagship programme on CCS will be a key element of the 

European Strategic Energy Technology (SET) Plan Initiative which is a technology 

development element of the Climate Action package that was represented by the European 

Commission in January 2008. The Flagship Programme is a programme where aims are set to 

build 12 large scale demonstration projects in Europe by 2015. The programme is not 

however a financial programme.  

(EC, 2006 c) 

The climate action package has as three targets: 20 percent less greenhouse gases, 20 percent 

more renewable energy and 20 percent more energy efficient.  The EU Flagship programme 

on CCS lobbies that without CCS, the EUs targets is simply not achievable (ZEP, 2008)  

 

A Joint Technology Initiative (JTI) is the major new element of the EU's 7
th

 Research 

Framework Programme. It is a mean to secure long term financing for an important 

technology area. The JTI provide a way of creating new partnerships between publicly and 

privately-funded organisations involved in research (EC, 2007). Today there are 5 JTIs in the 

EU, but according to one of my informants it is likely that CCS will be the next to achieve JTI 

status.  If so CCS will really move from a strategic phase to an implementing phase on a 

European level. 
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The role of the ETP ZEP for a TIS on CCS shows that the actors in the TIS has established a 

vision and a strategy. And an implementation plan is probably in place in not so long a time 

frame.  This is a positive sign for the development of the TIS on CCS in Europe, and therefore 

in Norway. 

 

My respondents said that they also participated in other networks than the ones analysed here. 

These are The Carbon Capture & Storage Association (CCSA) UK, 

CO2NET, Carbon Sequestration Leadership Forum (CSLF) and Society of Petroleum 

Engineers (SPE)). 

 

Almost all of the respondents answered that participation in network was one of the most 

important factors when acquiring new knowledge to the company or organisation. Networks 

are important to reduce the technological uncertainty (Powell & Grodal, 2007 p.57) in the 

early phase of a Technological Innovation System. Studies have shown that networks provide 

access to more diverse sources of information and capabilities that are available to companies 

lacking such ties and that these ties increase the level of innovation inside companies (ibid).  

 

As one of my informants said 

The objectives for our collaboration projects are 

 “The development of new and better capture technology and implementation of carbon 

capture and storage in the industry. Best possible utilisation of personnel and expert 

knowledge”. 

As we see this informant emphasises that networks help their company to utilize their 

resources better. 
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5.1.3 Conclusions 

This chapter has explored who the main actors and what the main networks are on carbon 

capture and storage in Norway.  First, the analysis of the actors shows that actors are present 

within all the four actors groups that the theory on Technological Innovation Systems sees as 

important.  In Norway industry, universities, research institutions, research support 

institutions, Ministries and specific support organizations are all involved in CCS.  Secondly, 

the analysis has showed that several networks on CCS already exist both in Norway and with 

Norwegian participation abroad. The formal networks that exist in Norway seem to be 

somewhat weak. Both networks have had little formal activity since they where started, but 

possible they have lead to more informal contacts within the networks. This has not been 

investigated here. The EU technology platform ZEP has taken a more active role and 

articulated their common wishes. Norwegian actors are a part of ZEP and can bring 

knowledge and contacts back to the TIS on CCS in Norway. The NGO Bellona already has 

established a “shadow group” in relation to their participation in the ZEP where other 

Norwegian actors can join to get information form the ZEP. It could also be considered by 

Norwegian actors to unite or form a network to align in their international activities beyond 

ZEP. 
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5.2 Influence on the direction of search 

If a Technological Innovation System is to develop, companies and others have to choose to 

enter it. There has to be incentives for the actors to do so. I will now use the planned CCS 

projects at Mongstad and Kårstø to analyse this function. I have chosen to focus on these two 

projects as these projects are the main projects that are planned on CCS in Norway.  I will 

focus most on choice of technology and handle the more market oriented factors of this 

function in the chapter on market formation.  

 

5.2.1 Planned Projects 

Mongstad 

StatoilHydro’s facility at Mongstad now consists of an oil refinery, a natural process plant and 

a crude oil terminal. But there are plans for Mongstad.  

A combined heat and power (CHP) stations is planned at the site to provide process heat and 

electricity for the refinery at Mongstad, the Troll A gas platform in the North Sea and the 

Kollnes processing plant on land. Current costs for energy accounts for about 50 percent of 

the operating costs of the refinery. The new CHP station will be fired by natural gas and the 

energy efficiency will be 70 - 80 percent, and will reduce the costs of energy for the refinery 

(StatoilHydro, 2008). 

 

When StatoilHydro was granted the license from the Government to build the CHP station, 

the Government originally demanded Co2 handling from day one. The Government have 

backed out on this and approves that the CHP station will be finished in 2010 and the carbon 

capture plant will not be in place before 2014. Hence there might be four years of operating 

before the carbon dioxide is captured. 
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The CHP will annually produce 1, 3 million tons of Co2. The CHP station will reduce the 

current emissions from the refinery by 0, 3 million tons, so the net increase of Co2 will be 1 

million tons CO2 annually. The plan is to from 2014 capture 2 million tons Co2 each year, 

one ton from the CHP station and one ton from the refinery. 

 

Test Centre Mongstad 

At Mongstad, there are also plans for at pilot project  called European Test Centre Mongstad 

to further develop capture technologies that later can deployed in large scale. The plan is to 

capture 100.000 million ton Co2.  The Co2 will not be stored. 

 

The project is handled by Gassnova and four Norwegian and International companies. These 

are StatoilHydro, DONG Energy, Shell Norway and Vattenfall. It is planned that two 

technologies will be tested in parallel on two different exhaust sources.  One installation will 

test amine based technologies while the other will test technologies based on chilled ammonia 

also called carbonate. 

 

Gassnova have granted Flour LTD, Aker Clean Carbon and HTC Purenergy Inc. / Bechtel 

Overseas Corporation contracts to do Front End Engineering and Design (FEED) studies on 

the amine line. On the chilled ammonia line, Alstom have already been given the contract. 

Thus both the technologies chosen as test technologies at the Test Centre Mongstad are as 

post combustion technologies.  
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Kårstø 

At Kårstø in Rogaland there has been built a 420 MW gas fired power plant. The plant is 

owned by Naturkraft. The plant was opened in December 2007, and operated for two weeks, 

but has since then been shut down due to high gas prices. 

According to the Soria Moria declaration which is the political foundation of today’s red 

green coalition Government, the gas fired power plant at Kårstø should have full scale 

handling of Co2 in 2009. This time frame has now been changed to 2011/2012.  But this time 

frame is also being questioned as too optimistic.  

 

Gassnova is responsible for building the Co2 capture facility at Kårstø. In July 2008 Aker 

Clean Carbon together with Aker Solution, Flour Daniel Ltd and Mitsubishi Heavy Industries 

LTD was offered and signed contracts on doing FEED studies. In September 2008 also the 

fourth pre qualified bidder the consortia HTC Purenergy INC and the Bechtel Overseas 

Corporation was offered a contract to do FEED studies. The FEED studies shall be finished 

early 2009 and the investment foundation will be presented for the parliament in the fourth 

quarter of 2009. 

 

Discussion on Kårstø and Mongstad 

As I see it the Government’s plans for Mongstad and Kårstø are very important for the 

influence of the direction of search in Norway. By this I do no mean that the Government 

control the direction of search within the Technological Innovation System, but CCS 

technology might differ somewhat from other technologies as the investment costs are so high 

and the invectives for the companies are somewhat low.  This gives the Government a more 

important role. The Government has said that they will be responsible for it to be built a 
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capture facility at Kårstø and a test centre for capture technology at Mongstad. But still there 

are several uncertainties related to the two projects. 

As we see the gas fired power pant at Kårstø has not be in operation more that two weeks 

since it started production in November 2007.  Aker Clean Carbon originally planned to build 

a demonstration plant and invest their own money at Kårstø, but dropped these plans in July 

2008. If Aker Clean Carbon had built the planned demonstration plant, this would have been a 

strong indicator on both entrepreneurial experimentation and market formation. If a 

commercial company with no obligations to do so used their own money to build a 

demonstration plant, this would indicate that they had strong and enough incentives in the 

TIS, and this would have strengthened the Technological Innovation System. But Aker Clean 

Carbon decided to stop the construction of the demonstration plant mainly due to uncertainty 

about steady supply of gas.  The gas fired power plant was meant to provide the exhaust, but 

since the plant has not been in operation since 2007 due to high gas prices, Aker Clean 

Carbon decided to make different priorities. 

Recently there have also been discussions about uninstalling the entire gas fired power plant 

and also to move the planned Co2 capture facility to another region in Norway, Grenland 

(Nordal, 2008).  Stein Lier-Hanse, managing director of Norwegian Industries, is one of the 

spokesmen for re-considering the Co2 capture facility at Kårstø and is supported by the 

Conservative Party’s Erna Solberg.   

But the chair of the Parliaments Energy and Environment Committee and other politicians do 

not want to move the facility as the future for the gas fired power plant is still not settled. If 

electricity prices rises and oil and gas prices fall, power from gas fired power plants can still 

be a viable solution and the Co2 capture facility will be messier (ibid). 
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5.2.2 Competing technologies 

In an emerging Technological Innovation System there will be mechanisms that influence the 

direction of search within the Technological Innovation System.  One of the major factors is 

competing technologies. In relation to carbon capture and storage, there is a special focus on 

competing technologies for capturing Co2. The debates related to transportation and storage is 

more linked to the safety of storing Co2 than technologies, so I will therefore not treat this 

here.  

 

Both Kårstø and Test Centre Mongstad will be of importance when it comes to competing 

technologies because these will be the first projects in Norway that will test carbon capture 

technologies in large scale. At present there are three different types of technologies that are 

the main competitors 

 

Post Combustion 

Post Combustion technologies with the use of amines as solvents are probably the most 

mature of the technologies for capturing Co2.  This is the nearest you come to a proven 

technology for CC as a variant of the technology has been used in both the oil and gas and the 

food industry for years in smaller scale. The chemicals used as absorbents are also well know.  

On the down side post combustion with the use of amines has very high energy consumption 

as the solvents need much energy to regenerate. This will affect the energy efficiency of the 

power plant. There are also challenges related to equipment corrosion and some emission of 

amines into the air as the amines available today evaporate quite quickly (Assadi, 2008). 

Post combustion with the use of chilled ammonia or carbonate will potentially need less 

energy for regenerating. The chilled ammonia is also more stable in a wider range of 

temperatures and Co2 can be captured in lower temperatures than with the use of amines. 
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Chilled ammonia has lower level of degrading during regeneration than amines. However 

ammonia volatility might be a problem and the physical scale of the capture plants is larger 

than with use of amines and may therefore alter plant layout. 

 

Pre Combustion Technologies 

 

Pre combustion technologies are also quite a mature technology, but there are few hydro 

turbines available today. Pre combustion technologies have lower spills of chemicals that post 

combustion technologies. The regenerating facility has high operation regularity. The main 

potential advantage for the pre combustion technology is that is can produce hydrogen as 

well. On the down side the efficiency of the power plant is significantly lower. The process 

and heat integration of this type of technology is more complex than with post combustion 

technologies and the plant is therefore more challenging to operate. In addition the pre 

combustion technologies are integrated in the power plant so that power production stops if 

there is something wrong with the capture facility (Gassnova, 2008 c). 
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Oxy-fuel 

Oxy-fuel technologies will not emit any Co2 at all. The technology is a variant of the pre 

combustion technology. Since there is no use of chemicals, there will be no extra emission 

from the capture process.  Exhaust gas consist mainly of Co2 an H2O, and separation is done 

by condensation. On the downside, production of pure oxygen is very costly and energy 

demanding.  It does not exist any gas turbine technology that can burn natural gas directly 

with oxygen (ibid).  And like the pre combustion technologies, the oxy-fuel technology in an 

integrated process that will stop the energy production if something is wrong with capture 

facility (ibid). 

 

Discussion on choice of technology 

Most of my respondents answered that they worked with multiple carbon capture technologies 

at the same time. Most of the respondents said that they worked with post combustion 

technologies both with the use of amines and chilled ammonia. The second most worked with 

pre combustion technologies, and third came oxy-fuel technologies. 

This also fit well with the believes some of the actors has toward what kinds of technologies 

that will prevail in the future. One of the informants form a company claimed that in the in the 

short run and in the near future post combustion technologies will have a clear advantage in 

the fact that it can be retrofitted and it is the only one that can be used on other emission than 

power plants. In the longer term, both oxy-fuel and pre combustion can be introduced, but 

these are first and foremost interesting only to power plants.  
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My informants were quite clear in their response on if they thought than one specific 

technology would “win” over another. None thought that one technology would be the 

dominant technology. At least not over a longer time span 

 

There are also political aspects related to choice of technologies. One of my informants said 

that there he see no clear direction from the EU in what technologies that are favored 

politically. If one look at Work Programme for Energy under the EU 7
th

 Framework 

Programme, you find that they call for “innovative capture technologies” (Cordis b, 2008) 

which is quite general. At Test Centre Mongstad there has already been made some choices in 

terms of technologies. Both technologies that will be tested at TCM when it starts up are post 

combustion technologies. Still Gassnova answers in my survey that they hope for several 

competing technologies.  But when they have made it so clear that it is only post combustion 

technologies that will be tested, it is reasonable to say that Gassnova has made an influence 

on the direction of search within the Norwegian TIS on CCS. One of my informants also 

claimed that it was the technology with the most support form special interests that will win in 

the short run, but that after some time there would bee room for more technologies. 

5.2.3 Conclusions 

This chapter has explored the influence on the direction of search within the TIS on CCS in 

Norway.  First, the analysis has showed that there Government through Gassnova has planned 

two CCS projects in Norway that in my opinion will influence the direction of search in 

Norway. The projects of Mongstad and Kårstø are incentives for Norwegian actors to enter 

the Technological Innovation System. Secondly, the fact that Aker Clean Carbon planned to 

themselves finance a demonstration plant at Kårstø shows that Aker Clean Carbon at that time 

had strong enough incentives to enter. The cancellation of these plans was influenced by 
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factor prices that will be discussed later in the thesis. Thirdly, the analysis has showed that 

there are competing technologies for carbon capture. At Mongstad both the technologies that 

will be tested are post combustion technologies. This shows that Gassnova influences the 

direction of search within the Technological Innovation System on CCS in Norway. But the 

Gassnova Manager diminish this influence by saying that this is a practical choice as we need 

a technology at Mongstad before 2014, as post combustion technologies are the most mature 

technology. 
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5.3 Entrepreneurial experimentation 

Bergek et al. (2008) claims that from a social perspective the main source of uncertainty 

reduction in a new Technological Innovation System is entrepreneurial experimentation. And 

a Technological Innovation System without a vibrant experimentation stage will stagnate. I 

will now look into what entrepreneurial experimentation that has taken place in Norway on 

CCS. 

5.3.1 Entrepreneurial Experimentation in Norway 

One of the first entrepreneurial experimentations directly related to CCS in Norway is at that 

time the oil company Statoil’s project of separating Co2 form the gas from the Sleipner field 

and storing in the Utsira formation. 

  

In 1990 the gas and condensate field Sleipner west in the Northern Sea was under planning. 

However, tests of the natural gas in the reservoir showed that it contained approximately 9 

percent Co2. This was above the demand of the customer. The concentration of the Co2 

therefore had to be reduced. Statoil developed a technology for separating the Co2 form the 

natural gas. The technology was amine based and therefore not completely new as this had 

been used in small scale in other industries before. What was new was however that the 

scrubbed Co2 was lead trough pipelines and stored in a geological layer of sandstone filled 

with salt water called the Utsira formation.  

 

Still today Co2 is pumped into and stored in the Utsira formation instead of being emitted.  

2.800 tons of Co2 is being stored daily. 
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“The project is a good demonstration of Co2 capture. Sleipner has become a good 

documentation that Co2 storage is viable and safe” , Rolf Håkon Holmboe, HSE at Slepiner, 

says (StatoilHydro, 2008 a) 

 

The next large entrepreneurial activity took place when at that time Hydro, which in 2007 

merged its oil and gas activities with Statoil to form StatoilHydro, launched its Hydrokraft 

project in April 1998. The Hydrokraft project was a new type of gas fired power plant where 

Co2 was to be captured from the natural gas before combustion and then injected to enhance 

oil recovery (EOR) in oil reservoirs.  Hydro planned to use the Co2 to cover the EOR needs 

of the Grane field. Hydro shelved the Hydrokraft technology in 2000 (NOU, 2002).   

 

The next entrepreneurial experimentation was also conducted by Hydro. Hydro participated in 

an EU project called Advanced Zero Emission Power plant (AZEP) which was a concept for 

an oxy-fuel power plant. In contrast to other oxy-fuel power plants, the oxygen production 

was integrated with the combustion process by the help of a ceramic membrane that lied 

within the combustion chamber of the gas turbine.  AZEP became an EU project supported 

under the 5
th

 Framework Programme.  The AZEP project has been granted money from the 

Norwegian Research Council to build a demonstration of an AZEP membrane reactor 

module. The project has finance until 2009 (Forskningsrådet, 2008). 

 

The Zero Emission Norwegian Gas (ZENG) Programme was an initiative developed between 

energy company Lyse Energi AS, engineering company Nebb Engineering AS, 

commercialisation consultants Procom Venture and Co2-Norway. In their own web pages, 

ZENG profiles their technology as Oxy-fuel cycle: The only fossil fuel power generation 

process with 100% CO2 capture capability and zero NOx emission (ZENG, 2008).  The main 
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principle of the ZENG oxy-fuel combustion process cycle involves replacing conventional 

steam boilers and exhaust gas cleaning systems with a gas generator which burns clean 

gaseous oxygen and natural gas at stoichiometric conditions in the presence of clean water 

(ZENG). In May 2006 the parties formed the company ZENG AS in order to formalise further 

development of its zero emission power plant process cycle within a business entity that 

would also enable international commercialisation of the technology and know-how being 

developed in the ZENG programme (ibid).   

 

In 2001 CMR Research, an independent research institution, Prototech, a company within the 

CMR Group and Institute for Energy Technology (IFE) started cooperating on developing 

new technologies related to Co2 neutral production of electricity and hydrogen.  In particular 

they have developed a technology called the ZEG-technology (Zero Emission Gas). The 

technology aims at converting fossil fuels into hydrogen and electricity with high degree of 

efficiency, low costs and integrated capture of Co2 (CMR, 2008). With this technology, Co2 

absorbents are regenerated with the help of the high temperature excess heat from the fuel 

cell. This heat is not wasted, but is recycled when the absorbent connects to the Co2 so that 

the Co2 capture does not reduce the efficiency of the plant. In the autumn 2008 a facility 

called Risavika Gas Centre (RGC) was opened. The purpose of the centre is testing new 

technology and products for sustainable production (RGS, 2008).  The ZEG technology will 

be tested there in a laboratory system.  

In 2003, the Norwegian carbon capture technology company Sargas was established. 

According to Sargas, the carbon capture technology they have developed may be fuelled by 

natural gas, heavy fuel oil or coal. 
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The Sargas technology is a Pressurized Fluidized Bed Combustion (PFBC) installation.  

Different from other post combustion technologies, here the exhaust gas is under high 

pressure. This decreased the volume and the partial differential pressure for Co2 is higher.  

Sargas uses potassic hydroxide which converts into potassium carbonate when it reacts with 

Co2. The potassium carbonate is then regenerated by heat and pure Co2 (Sargas, 2008) 

Sargas completed their testing of their technology in Sweden together with Simens, Kungliga 

Tekniska Høgskolan in June 2008. IFE has also verified their methodology. According to 

Sargas, they have Co2 capture technology commercially ready today. However, the 

technology has been received with come scepticism on whether the technology will function 

optimally outside the laboratory due to that the technology needs quite specific pre conditions 

to function. 

Sargas has cooperation plans with Hammerfest Energy on capture of Co2 on Hammerfest 

Energy’s planned gas power plant. The power plant did not, however, receive emission 

permits from NVE and the plans are now on hold until the appeal of the decision is settled. 

Sargas is also working together with the industry companies Tinfos, Sørdal and Eramet on a 

possible 400 MW coal fired power plant at Husnes in Hordaland County in Norway. 

 

In 2007 Aker ASA and Aker Solutions established Aker Clean Carbon to accelerate 

commercialization of CO2 capture technology. Aker Solutions has developed technology on 

Carbon Capture since 1991. Aker Clean Carbon is at this point the only Norwegian 

technology supplier that is competing on delivering capture technology to the planned 

facilities at Kårstø and Mongstad, and I will therefore give a more detail presentation of their 

technologies. 
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Aker Clean Carbon focuses on a carbon capture technology that consists of chemical post 

combustion plant where amines absorb CO2. The technology, called Just Catch, is based on 

well known post combustion technology. 

 

 

Just Catch Bio  

Aker Clean Carbon has also presented a technology which aims at reducing the energy needs 

for the capture facility from the power plants. While Just Catch deplete energy form the steam 

loop in a combined power plant to heat the amine while capturing of CO2, the Just Catch Bio 

Plant use a saw dust burner to generate its own steam. This makes the CO2 capture plant 

completely separated from the gas power plant and both plants can run without affecting one 

another. The Just Catch Bio Plant will not steal power from the gas power plant either. A 

plant would normally demand 12% of the total energy production from the gas power plant. 

The core of Just Catch Bio is that the heated exhaust from the gas turbine contains large 

quantities of air that is used for cooling of the gas turbine it self. The exhaust from the gas 

plant to the Just Catch Bio plant therefore contains 14% of oxygen. This is enough oxygen to 

use the exhaust as air to the combustion in the bio kettle.  This gives an increased amount of 

co2 in the exhaust that is going to be cleaned and the amine cleansing process manages to 

clean all the co2 from the gas plant. In addition it cleans all the co2 from the Bio plant, so the 

total percentage of cleaned co2 related to the emission from the gas pant is 116%.  

Just Catch Bio can be assembled on existing power plants. The goal is to use Just Catch on 

gas, coal, bio energy, refineries and in the cement industry. (SINTEF, 2007)   
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However, when the Norwegian Water Resources and Energy Directorate (NVE) released a 

report on the technical, economic and scheduling aspect of the Co2 Capture and Storage 

facility at Kårstø in 2007, the report said this about Aker Kværner’s technology: 

  “On the basis of the study performed, the AKET process appears to be less mature than 

those of MHI and Fluor” (Svendsen, 2007). 

 

Things seems to have changed since this report was written as Aker Clean Carbon is now part 

of a consortia together with Scottish Power that is pre qualified to bid on the UKs first Co2 

capture plant. Scottish power has chosen Aker Clean Carbon as their technology provider.   

An Aker Clean Carbon, the research organization SINTEF and The Norwegian University of 

Science and Technology has created a project called SOLVIT where they aim at developing 

new more cost efficient capture technology with new amines. The plan is also build a pilot 

plant in Trondheim. The project has received finance from Gassnova. This project shows that 

there is important entrepreneurial experimentation taking place in the TIS on CCS in Norway 

 

One of the latest large entrepreneurial experimentation that has taken place on CCS in 

Norway is the Snøhvit field which is a natural gas field in the Barents Sea.  The field was 

discovered in 1981. In 2002 the Norwegian parliament gave approved the development of the 

Snøhvit field. StaoilHydro, at that time Statoil, was and is the operator of the field 

(Norwegian Parliament, 2002).  When the Norwegian Pollution Control Authority (SFT) 

issued their emission permit, there was no claim for Co2 treatment except that Statoil had to 

arrange for Co2 handling, both capture and storage (SFT, 2003). 
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Discussion 

These are the entrepreneurial experimentations that have taken or are place in Norway directly 

related to carbon capture and storage. Entrepreneurial experimentation is important both for 

proving technologies and market preparation. A Technological Innovation System evolves 

under considerable uncertainty in terms of technology, applications and markets (Bergek et 

al., 2008 p.415). This uncertainty will always be present in a dynamic TIS, but is especially 

true in an emerging phase. Demonstration projects will play an important role in reducing the 

uncertainty. At present no demonstration plants has been built in Norway in large scale. As 

we saw, Aker Clean Carbon had plans to do so, but left the plans to pursue other business 

activities. Now they have plans to build a pilot plant together with SINTEF and NTNU at 

Tiller instead. Demonstration plants take the Technological Innovation System from the 

laboratory phase into early or niche markets. There are several laboratories CCS projects 

either up and running or planned in Norway.   

 

However, the planned demonstrations plants at Kårstø and Mongstad and the pilot plant at 

Tiller are not yet built. They are still in planning. On the other side, the projects involve the 

main actors on CCS in Norway which is important for legitimising the experimentation and 

help bridge into a possible market formation. 

 

As we see there have been several new entrants to the Technological Innovation System on 

Carbon Capture and Storage in Norway since the early 1990s. The main new entrants have 

been companies related to different capture technologies. The new entrants have been oil and 

gas companies who have acted as both technology providers and technology buyers, and 
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engineering companies that has been technology providers.  On the storage side this has 

mainly been the work of the oil and gas companies in cooperation with the Government.  

 

The application of carbon capture technologies has been quite concentrated on capturing Co2 

from natural gas in the off shore oil and gas industry. In the years to come the applications 

will also include land based facilities like natural gas power plants, and facilities that capture 

Co2 from land based industry like cement producers.  If Norwegian technology providers like 

Aker Clean Carbon and Sargas wants to export their technology, the application of the 

technology will also be on combustion of fossil fuels like coal.  

 

5.3.2 Conclusions 

This chapter has explored the entrepreneurial experimentation that has taken place on carbon 

capture and storage in Norway by Norwegian companies. First, the analysis shows that 

Norway had one of the first large scale CCS projects in the world, and Norway therefore 

Norway can draw on practical knowledge and experience in CCS. Secondly, this analysis 

shows that there is a variety of actors involved in the entrepreneurial experimentation. Not 

only oil companies, but new commercial technology companies has been formed to enter the 

Technological Innovation System on CCS in Norway.  Third, the analysis shows that there are 

no demonstration plants built in Norway yet. Even though there are plans for demonstration 

projects, this means that entrepreneurial experimentation in the Technological Innovation 

System on CCS in Norway still is in the laboratory phase.  
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5.4 Market formation 

For emerging Technological Innovation Systems, markets may not exist or they are 

underdeveloped. To understand market formation, we need to analyse the both actual market 

formation and what drives market formation (Bergek et al., 2008). 

 

5.4.1 Actual market formation 

In 2007 nearly 45 million ton Co2 equivalents was emitted in Norway.  This was an increase 

of 1.6 million tons from 2006 and an increase of 29 percent since 1990 level. The oil and gas 

industry stood for 29 percent of these emissions (Statistics Norway, 2008). This increase is 

connected to the increased use of fossil fuels related to oil and gas production as well as 

transport. In the same year 921 018 ton Co2 was stored in the Utsira formation (SatoilHydro,  

2008 b). Some of this increase can be directly linked to start up trouble of the land terminal 

Melkøya which handles gas from the Snøhvit field. 

 

Today, there a two installations that captures and stores Co2 in Norway and therefore make 

up the “market” for CCS in Norway. These are the Sleipner field and the Snøhvit field. These 

projects are quite similar, as both projects are operated by StatoilHydro and co owned by 

other foreign companies.  Both the projects are related to the well stream of the gas extraction 

from the two gas fields the projects are related to.  

 

When the Sleipner field was in planning in 1991, tests of the gas stream from the fields 

showed that the gas from Sleipner contained approximately 9 percent Co2.  This percent was 

too high for the customer specification on 2.5 %, and Statoil had to find ways to reduce the 

Co2 content of the gas.   
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And in 1991 Norwegian authorities imposed a Co2 tax to reduce the emissions at sea. Statoil 

now had two strong incentives to develop the world’s first plant of its kind where Co2 is 

captured and stored under the sea.  1 million ton Co2 is captured every year at the Sleipner 

platform. Since 1996 10 million tons of Co2 has been injected in the Utsira formation 

(StatoilHydro, 2008 b).  

 

The other project where Co2 is captured and stored in Norway is the Snøhvit project. Snøhvit 

is also a natural gas field where the gas contained 5-8 percent Co2. The Co2 in the gas from 

the Snøhvit field is transported to the Melkøya land plant where the Co2 from the well stream 

is captured and injected back and stored in the Tubås formation.  

If the Snøhvit filed operates at its full capacity 0.7 million tons of Co2 will be stored annually.  

Oil and Gas companies are as we see the main customer group for carbon capture and storage 

technology in Norway. In these two cased the oil company have themselves developed the 

needed technology for capturing the Co2 from the well stream and storing it. These kinds of 

technology is however somewhat different from the ones that are needed for Co2 capture 

from the exhaust from power plants. At Snøhvit and Sleipner the Co2 is scrubbed out from 

the well stream, whereas on the power plants the Co2 will the captured from the exhaust that 

is produced when the fossil fuel is burned to generate power. But the techniques resemble 

post combustion technologies that use chemical solvents to catch the Co2. The transport and 

storage part will be the same.  

In Norway, the oil and gas companies will be the main customer group for CCS technologies 

in the future as well as SSB has estimated a new top in the oil and gas production in 
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2011/2012 (SSB, 2008).  This is related to many of the new projects that are planned to start 

in the following years. 

This thesis focuses mainly on gas as this is Norway’s most important fossil fuel related to 

CCS. Much of the rest of the world focuses on coal as the main fossil fuel for CCS. Norway 

only has one small coal fired power plant located in Longyearbyen at Svalbard. But as we saw 

earlier, there are propositions for developing a coal fired power plants in Norway related to 

energy intensive industry.  There are also debates on coal fired power plant in Norway on a 

more general level. Norway has considerable deposits of coal at Svalbard. In addition there 

are large deposits on the Norwegian continental shelf.  There has not been executed any 

reliable calculations on the extent of these resources. OED does not expect profitable mining 

of coal in Norway in the foreseeable future (Norwegian Petroleum Directorate, 2007).   

On the other hand, according to the World Energy Council, coal is again in 2007 the fastest 

growing fuel on global basis (WEC, 2007) and coal is the most carbon intensive of the fossil 

fuels, most of the rest of the world seems to have a larger focus on carbon capture and storage 

of Co2 from coal whereas as we see, the Norwegian carbon capture and storage projects, with 

the expectance of two are relate to natural gas which is the fossil fuel with lowest content of 

carbon.  

The markets for carbon capture and storage are global, but as we see for the Norwegian 

companies working with CCS the Norwegian home “market” is important. StatoilHydro have 

developed CCS technology related to two Norwegian projects, both with strong incentives 

from Co2 tax and customer demands. StatoilHydro have also started carbon capture and 

storage at a gas field in Algeria called In Salah. The field is operated by StatoilHydro, BP and 

Sonatrach.  Annually 1.2 million tons Co2 is captured and stored.  StatoilHydro still claims 

that the experience gained from the Sleipner project is the basis for StatoilHydro’s position in 
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CCS (StatoilHydro, 2007). StatoilHydro have used their own “market” to test new concepts 

and to learn and obtain early revenues.   

Believes in market formation and growth 

Visions, expectations and beliefs in growth potential are interesting factor when it come the 

function of market formation in a Technological Innovation System. 

  

I asked the industry, researchers, governments and NGOs on what their visions for their 

products related to CCS. Many of the industry companies have similar visions for their 

products. In their visions the industry and the companies articulate both the environment and 

innovation of new technology as important. The researcher, including both research institutes 

and universities, had visions to both create technology for at better society and to educate 

candidates who will serve the growing need for CCS competence in Norway.  The NGOs has 

a vision that their product which they see as information and knowledge will play an 

important role in CCS in the future. 

The Government, in this case Gassnova have visions that 

  

“CCS will be seen as necessary to reduce the Co2 in the atmosphere, and that this is 

internationally rooted. Norway and Europe will be lead countries/regions.  CCS will take its 

part in the climate work and become commercially viable”.  

 

All of the different actors have visions for their products in the future. 

 

There are however disagreements on how the respondents think the market for CCS will 

develop in the 5 to 10 years to come. 
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One of the industry managers said that 

 “It still takes time to develop a large market for CCS, but in 10 years there is at least 

allowed to hope that some 10 capture plants in Europe, and that a full infrastructure for CCS 

from large sources are under development”. 

 

A different employee in an oil company said this regarding Co2 storage: 

 “Personally, I believe that the development of the market is very dependent on the 

government’s clarifications regarding set of rules for Co2 storage, and that the price on Co2 

quotas establishes itself on more than € 30 a ton. If these conditions are in place, there will be 

a commercial market for Co2 storage. This can take 5 years”.  

 

Others are not that positive. One research manager said that 

 “Probably little or none of the “adopted” projects will be built”. 

 

As we see there are some variations in how the actors in the Technological System 

themselves asses the future market for their products. All the four identified groups of actors 

were overall quite optimistic about the future of the market for CCS in the years to come.  But 

there was a but involved in most of the answers. This shows that there is uncertainty amongst 

all of the different types of actors.  The uncertainties mention was related to regulations 

especially of carbon storage, prices on quotas and demonstration plants.  

 

5.4.1.1 Conclusions: 

This paragraph has explored the actual market formation and the visions for market formation 

in the Technological Innovation System on CCS in Norway. First, the analysis has shown that 
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nearly one million ton Co2 was captured and stored in Norway in 2007. In total 10 million ton 

has been captured and stored. This means that there is market activity on CCS in Norway 

although not in any large scale. Second, it shows that the market formation on CCS in 

Norway is planned to form around gas. This is because Norway does not produce electricity 

from coal. The technology companies will still work on technologies that can be used on coal 

as well.  Third, the analysis show that actors are quite optimistic in their visions on market 

potential, however, there are uncertainties.   

 

 

5.4.2 Driving and blocking mechanisms of market formation 

Factor prices 

Factor prices influence market formation in a Technological Innovation System. Some factor 

prices will be of great importance to whether a market is formed and whether the market 

grows. The two most important factor prices that influence CCS, as I see it, it cap and trade 

mechanisms on Co2 and energy prices are of great importance. 

 

 

Co2 quotas 

Co2 quotas are not the same as the Co2 tax that the Norwegian government imposed in 1991.  

A quota is the term used on freely transferable permits to emit greenhouse gases.  There are 

different types of systems, but they all have the same regulation that one quota corresponds 1 

ton Co2. This kind of buying and selling of quotas is normally referred to as cap and trade. First 

a cap is set on how much one can emit, then the actors can trade with their permits. 
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One of my respondents is a consultant company that provides reports and research on the Co2 

trading market. He says that he believes the interest for CCS will continue to rise within the 5-

10 next years, but probably not hit the roof as the market for trading Co2 still will be quite 

limited.  

 

The Norwegian Co2 quota system is connected to the EU quota system.  From 2008 the quota 

system includes emissions from all fossil fuels that are used in businesses that are included in 

the quota system, including those who are covered by the Co2 tax. The Co2 tax for off shore 

petroleum activity will be reduced accordingly so that the total cost of emission will be more or 

less the same as before the quota system at least in the first years to come (SFT, 2008). 

 

Many Norwegian companies are incorporated in the quota system. According to SFT, as of 

1.1.2008 111 companies and 40% of Norway’s greenhouse emission are covered by the quota 

system.  Norwegian land based industry are given free quotas equal to 87 percent of average 

annual emissions from energy use 1998 - 2001 and process industry is given quotas equal to 

100 percent. 

This means that as long as the companies do not emit any more that this average, they do not 

have to pay for extra quotas. The plan from the government is to cut back on these free quotas 

after 2012 so that the “burden” will be put on the emitter.  

 

Norway and the EFTA Surveillance Authority (ESA) which has as its main task to ensure that 

EEA rules are properly enacted and applied by the EFTA States are currently in discussions 

on Norway’s policy on how to dismantle the quotas.  Norway has for instance wanted to set 

aside quotas for future power plants with carbon capture and storage facilities, whereas other 

companies established after 31.12.2001 does not receive free quotas (ESA, 2008). This can be 
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seen as twist of competition between old and new industry, and in addition some actors are 

given free quotas anyway. 

 

What influence the Co2 quotas will have on CCS in Norway is in large decided by future 

policy on carbon emission like the new climate treaty that is planned to be passed in 

Copenhagen in 2009 and will replace the Kyoto protocol. The European trading scheme for 

Co2 quotas is called European Union Allowances (EUA).  Today, the price on one quota is 

approximately € 25. This is quite low and one of my informant’s claims that the price on Co2 

has to stabilise on more than € 30 per ton. Another informant claims that the price needs to be 

a high price less than € 60 per ton. According to a report presented by McKinsey&Company 

(2008) CCS costs for new coal fired power plants could come down to around € 30-45 per ton 

of Co2 captured in 2030. Early demonstration projects will typically have significant higher 

costs of €60-90 per ton. As we see the claims form my informants are in line with the findings 

of this rapport, which means that the price on Co2 today is too low. 

The expected costs for CCS is on the one hand related to what the believed costs on Co2 

quotas will be in the future and on the other side the assessment on what the prices of 

alternative energy sources (MandagMorgen,  2008).   

 

Energy 

Energy prices will also influence the market formation in the Technological Innovation 

System on CCS. In Norway where CCS is mainly related to gas fired power plants, the energy 

prices has a direct effect. 

 

As we saw was the gas fired power plant at Kårstø only in operation for two weeks after its 
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opening before it shut down. The main reason for shutting down was the high price on gas in 

contrast to the low price on electricity from hydro power.  

In Norway 99% of all energy production is based on hydropower. In a normal year 120 TWh 

is produced from hydro power. All in all in a normal year Norway produces 121 TWh. 

The prices on electricity in Norway are simply explained based on the supply and demand of 

energy at the Nordic power exchange Nord Pool. And electricity is a part of the EEA 

agreement and Norway is therefore also subject to EU regulations and the internal market. 

This means that Norwegian energy prices also is linked to the European energy market which 

in larger scale is dependent on the prices of coal and gas.  

 

Regulations  

There are several regulations that act as driving and blocking mechanisms for market 

formation. Here I will discuss taxation, Directive on geological storage of Co2, state subsidies 

and codes and standards. 

 

Direct tax on Co2 emissions 

The Co2 tax was introduced by the Norwegian government in 1991 and has since then been 

an active instrument in Norway’s environment policies.  The Co2 tax was aimed at offshore 

emissions from the oil and gas industry. Per Terje Vold in OLF The Norwegian Oil Industry 

Association says that the industry was not pleased when this tax was introduced, but that it 

has lead to innovations within CCS (Kongsnes, 2008). On January 1 2008 the tax for one ton 

Co2 emitted Co2 from natural gas 192 NOK (about € 24). As we saw Norway’s first CCS 

project at Sleipner was directly connected to the Co2 tax. StatoilHydro’s natural gas at the 

Sleipner field contained too high percentage of Co2 and they had to reduce the Co2 content.  



63 

 

 

As the tax had been imposed, Statoil would have to pay a relatively high tax on their emission 

and instead used their Research and Development efforts to find a way to capture and store 

excess Co2. The result was Sleipner, the world first off shore facility with CCS technology.  

 

Regulations seem to, from the eyes of the actors, to be both one of the main driving and 

blocking mechanism for a functioning Technological Innovation System on carbon capture 

and storage in Norway. Many of my respondents answered that this was of vital importance to 

whether a market for CCS would form or not. On the question of what role the company saw 

for government in the commercialisation process of CCS technology, one on the consultant 

companies answered 

  

“The Government has to define the juridical, environmental and regulatory framework 

conditions. They have to contribute to reduce the risk for the commercial actors including (in 

part) financing the first projects. They have to take an active role in developing a forward 

looking common infrastructure”. 

 

The government and regulation is not given any part by the actors in deciding on capture 

technologies, but more on the transport and storage side.  

 

The European Commission has in January 2008 put forward a proposal for a Directive on the 

geological storage of carbon dioxide Directive on the geological storage of carbon dioxide 

(EC 2008). This directive is now being treated in the European Parliament. The directive will 

lay the juridical foundation for Co2 storage in Europe and will be implemented in the EEA 
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agreement and therefore of importance to the Norwegian actors in the Technological 

Innovation System on carbon capture and storage.  

 

Another important regulatory issue for the TSI on CCS in Norway is that ESA, in July 2008 

concluded that the state aid that is granted to Test Centre Mongstad is compatible with the 

state aid rules of the EEA Agreement as it pursues an objective of EEA interest, which is the 

development of carbon capture technologies (ESA b, 2008). This means that the Government 

is allowed to finance 80 percent of the Test Centre Mongstad, which could have been seen as 

problematic in relation to EUs rules of free competition. 

 

Codes and Standards seem to have a somewhat more diffuse role for the actors in the 

Technological Innovation System on CCS in Norway. The government organisations said 

those standards are needed on some areas related to pipelines and transportation. Another 

actor claimed that the development of technology and processes would be so fragmented that 

standards do not need to be of international character. One area there seems to bee a need for 

international standards in the Co2 quota system. The EU has come a long way, but will the 

system have the wished for effect if countries like USA, China and India is not included in the 

system or operate in a system of their own. Today the international negotiations on reduction 

of greenhouse gasses and quotas are lead by the United Nations and are based on consensus 

agreements which have to be ratified in each country.  

 

 

 

 

 



65 

 

 

5.4.2.1 Conclusions 

In this section I have explored some driving and blocking mechanisms of market formation in 

the Technological Innovation System on TIS in Norway. First, the analysis has shown that the 

factor prices of Co2 quotas and energy prices have both been a driving and blocking 

mechanism for market formation. Co2 quotas has the potential to become a strong driver of 

market formation, and high prices on gas in Norway can be a blocking mechanism as it is not 

profitable to operate the gas fired power plants if the price on gas is so high that the difference 

of the price of electricity made by hydropower will be too high. Secondly, the analysis 

showed that that Co2 tax was a direct driver for Norway’s first CCS project.  Thirdly, the 

analysis has shown that regulations like clarifications of state subsidy rules made the Test 

Centre Mongstad (TCM). TCM will affect market formation. The analysis has shown that 

there are European regulations in planning for Co2 storage but that codes and standards seems 

to not bee developed yet.  
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6.0 Conclusions 

I will now go back to my research question: What is the status of the Norwegian 

Technological Innovation System on carbon capture and storage regarding the direction of 

influence of search, entrepreneurial experimentation and market formation? What phase is the 

Technological Innovation System on carbon capture and storage in? 

I have through out the three chapters on influence on the direction of search, entrepreneurial 

experimentation and market formation analysed and discussed the status of the Norwegian 

Technological Innovation System on carbon capture and storage and showed this status in the 

conclusions after each chapter.  To sum up, is the staus  of influence on the direction of search 

quite strong from the Norwegian Government as they are responsible for the two planned 

CCS projects in Norway and Gassnova has chosen to only test Post Combustion technologies. 

Also the planned pilot facility at Tiller is on post combustion technologies. Regarding 

entrepreneurial experimentation there has been and is quite a lot activity within the 

Norwegian TIS. I will now focus on market formation, as market formation is a function in 

the TIS, but is also strongly related to the second part of my research question; what phase are 

we in? 

Assessment of the phase of the market for CCS in Norway 

The different phases of market formation have quite distinct features.  In a very early phase a 

nursing market needs to evolve so that a learning space is opened up, in which the 

Technological Innovation System can form.  The analysis I have carried out shows that the 

market in the TIS on CCS in Norway is still in a nursing phase. There has to some extent been 

alignment of actors as we see that networks have been established and institutions have been 

set up to deal with CCS. But still there is a greatly underdeveloped, if any at all market for 

CCS in Norway. The technologies are still tested in laboratories and there are no up and 

running demonstration plants. The technology buyers have to some extent articulated some of 
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their demands, but still there is large technological uncertainty and there is definitely no 

closure on what technologies that will prevail in the future. There has not been developed any 

standards yet. I would say that the time span for CCS has not been very long. Especially for 

CCS related to the oil and gas industry. There has been 12 years since the first off shore CCS 

project in the world was carried out. But the discussion on climate change has speeded up the 

process. Now the evolution of the Technological Innovation System is almost interlinked with 

the 2020 goals on reduction of greenhouse gasses and the goal of not increased temperatures. 

The market for CCS is in large a created market as there is no large economical incentives for 

CCS without policy regulations because of the climate change debate. Sleipner’s and 

Snøhvit’s scrubbing of Co2 is in large based on the fact that StatoilHydro could not sell the 

gas unless they lowered the Co2 content, and the emission tax made it too expensive to emit. 

For coal and gas fired power plants we do not have the same customer demands and 

regulations yet, so there needs to be different incentives for the companies to invest in CCS 

technology. We need to find the place where the price on CCS meets the price of not 

investing in CCS technology. Several factors will influence where this meeting point is. As 

we saw are the factor prices of Co2 quotas and energy prices important. If the price of 

emitting is relatively high to the one of CCS, there will be incentives for investing. The cost 

of CCS is also likely to go down if demonstration plants are built to validate different 

technologies. Demonstration plants could have international effects, which may be important 

towards countries like China and India where economic growth will lead to increased 

emission as their main energy source is coal.   

 

 But there are plans. The implementation speed on these plans will decide on how long time 

the marked needs to go from a nursing market to a bridging market where more actors enters 

the TIS on CCS on commercial level. On European Level the ETP-ZEP will be of great 
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importance, and the outcomes of the ZEP will also have international impact as climate 

change and emission of greenhouse gases are of global character. If the ETP-ZEP moves from 

a strategic to an implementation phase, this will have an impact on the market formation on 

CCS. This especially true if the financial package and the regulatory package are coordinated 

well. On Norwegian level the market formation will, besides the ZEP, be dependent on what 

happens with the planned capture facilities at Kårstø and Mongstad.  The government said 

that they are not backing out from their commitments, but there is however elections in 

Norway next year which might lead to a different constellation in Government. But probably 

too much is already invested in the projects for much to change.  

 

There is also an x factor in the international economy these days. Will investments to prevent 

climate change still be prioritised if the world’s economy is going into recession? This was 

probably one of the factors that killed that last environmental wave in the late 1980s.  On the 

other side, public investments will create growth in the economies around Kårstø and 

Mongstad. And can the ambitious 2020 goals undermine CCS technology? Opponents of the 

technology says that it will be too expensive to implement CCS by 2020, and that the 

technology will be available too late to make the impact needed. So money should rather be 

invested in renewable energy rather than cleaning up fossil energy. 

 

How does my finding relate the existing knowledge field of TIS’. 

How does my findings on these functions of the Technological Innovation System on CCS in 

Norway compare to the findings in for instance Bergek et al. on their case on wind turbines in 

Germany which is used as example in Bergek et al. (2008)? 



69 

 

 

On the function Influence on the direction of search the companies in Berek’s studies were in 

recession in their existing markets, and at the same time there was a windmill boom in other 

parts of the world which lead the German companies to the TIS on windmills in Germany. 

The TIS on CCS in Norway is somewhat different. The companies, both the technology users 

and suppliers has within their existing market experienced all time high thus not having the 

same incentives as the German to enter the market on CCS. But still Norwegian companies 

has entered. There are however similarities the influence of search from a government 

perspective in terms of federal support for research and development and promised 

demonstration projects. One difference is that where the government in Germany supported 

several different technologies, Norway put their effort into one to speed up development of 

one. On the function of entrepreneurial experimentation a large number of different 

companies and research organisations entered the TIS. The TIS on CCS in Norway is 

probably in an even earlier stage, and Norway is a small country compared to Germany which 

makes it hard to compare, but it seems like the dynamics from going from testing and then 

establishing companies are the same.  The function of market formation also has some 

common features with the example of the Swedish mobile data TIS used in Berkek et al. , but 

it is to soon to tell in the case of carbon capture and storage in Norway. But knowledge can 

been drawn from the case. The market formation on the TIS of Swedish mobile data suffered 

because the government and the system moved too slow and the actors were too unclear their  

directions. There is a window of opportunity for CCS in Norway these days, but if the system 

moves in the same speed as the TIS on Swedish mobile data did, the opportunity might pass 

by and the stream of actors that are needed to create a mature TIS might seek their future 

elsewhere. 
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Appendix 1 

Overview on the main actors in the Norwegian Technological Innovation System on carbon 

capture and storage as my respondents assessed it. In addition there are several companies 

like energy companies and sub contractors. 

Industry, both 

technology users and 

suppliers 

Research 

Organisations and 

universities 

Government NGOs 

StatoilHydro SINTEF The red green coalition 

government 

Bellona 

Aker Clean Carbon Norwegian University 

of Science and 

Technology (NTNU) 

Gassnova Zero 

Sargas Institutt for 

Energiteknikk 

Ministry of Oil and 

Energy 

Greenpeace 

RWE Norge CMR Ministry of 

Environment 

 

Aker Solutions University of 

Stavanger 

Petroleum Safety 

Authority 

 

GassTek GassTek   

In addition these international actors effect the Norwegian TIS on CCS 

Alstom  EU Commission  

Vattenfall  UK Authorities  

Cansolve  US Authorities  

Flour Daniel    

Mitsubishi Heavy 

Industries 
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Appendix 2 

The online survey 

 

  Technological Innovation Systems on Carbon Capture and Storage  

 

  

 
 

 

1) Name of your company 

 

 

2) Where are your head quarters? 

 

 

3) How many employees? 

0-1 

1-10 

10-100 

100-250 

Over 250 

 

4) What is your organisations main product? 

 

 

5) What is your organisations main product related to CCS? 
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6) Does your organisation own any patents or licences on CCS components? If so, could you name 
them? 

 

 

7) Which CCS technologies do you work on? 

Pre combustion  

Post combustion with use of amines  

Post combustion with use of chilled ammonia  

Post combustion with use of other absorbents  

Oxy-fuel  

Membrane based technologies teknologi  

Co2 transport  

Co2 lagring  

Annet, spesifiser her  

 

8) How important are these factors when acquiring new knowledge? 

  
Not 

important1 2 3 4 5 6 

7 Very 
importan

t 

 

Hireing people form 
universities        

         

 

Hire people form the 
industry        

         

 

Journals 
       

         

 

Conferences and 
seminars        

         

 

Cooperation with 
universities        

         

 

Cooperation with 
companies        

         

 

Participate in 
Networks        
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9) Do you cooperate with other in your CCS work? Other research centers, companies, universities 

Yes 

No 

 
This box is shown in preview only.. 

The following criteria must be fulfilled for this question to be shown: 

Do you cooperate with other in your CCS work? Other research centres, companies, universities - Yes 

10) With whom do you cooperate and on what? 

 

 

11) Are you part on any networks on CCS, like Forum for CO2-håndtering, Co2-alliansen, ETP ZEP 

Ja 

Nei 

 
This box is shown in preview only.. 

The following criteria must be fulfilled for this question to be shown: 

Are you part on any networks on CCS, like Forum for CO2-håndtering, Co2-alliansen, ETP ZEP - Ja 

12) What networks are you a part of? 

Co2 alliansen  

ETP ZEP (EUs technology platform)  

Forum for Co2 håndtering  

Annet, spesifiser her  

 

13) Are you part of any other more uformal networks, or can you name any you know of? 
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14) If relevant, what are your expectations for the networks you are part of? 

  

Not 
important 

1 2 3 4 5 6 

Very 
importan

t 7 

 

Source of 
technological 
knowledge        

         

 

Source of contacts 
and new relations        

         

 

Source of market 
information        

         

 

Influence 
policymakers        

         

 

Reputation and image 
       

         

 

Privileged access to 
information early        

         

 

Early access to 
finance        

         

 

Develop codes and 
stadards        

         

 

 

15) Can you name who you see as the most important actors in the CCS industry for Norway 
(companies, research centres, government agencies, NGOs) 

 

 

16) What are your visions for your product related to CCS? 
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17) How do you think this market will develop within the 5-10 next years 

 

 

18) Do you see standards and codes as important for a market to develop? 

 

 

19) What, in your opinion, are the most important factors for a market on CCS technologies to 
develop? 

 

 

20) Do you think that one CC technology will "win" on the basis of others? 

 

 

21) What are the roles, in your opinion, of the government for a market for CCS to develop? 
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22) Do you have any suggestions on what polices that need to be in place for a market in CCS to 
develop? 

 

 

23) Anything you want to ad? 

 
 
 
 

 
  

100 % completed    
 

 


