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Abstract  

This thesis aims to increase the understanding of the formative phase of an evolving 

technological innovation system (TIS) related to second generation (2G) biofuels in Norway. 

Large uncertainties and high risks are associated with the development and introduction of 

new environmental technology. The confrontation between technological opportunities and 

the market takes place in an environment largely determined by actors, the relationship 

between them and institutions. The co-evolution of technology, market and institutions does 

not happen automatically, but is set in motion by strategic actions of firms, governments, 

research institutes and other organisations. In order to increase the understanding of the 

innovation process related to 2G biofuels, I have applied the analytical framework of 

technological innovation systems and some chosen literature from transition management. 

The concept of stabilisation mechanisms is used, and amongst them, three have been selected 

and analysed as having an impact on the formative phase of the evolving TIS. This study 

focuses on what kind of knowledge search strategies firms conduct in order to reduce 

technological uncertainties. Further, how political networks are organised and their influence 

on institutions and market formation is examined. Finally, I look into how demonstration 

projects influence development of technology and market formation in this early phase.  
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1. Introduction 

The objective of this thesis is to increase the understanding of the formative phase of an 

evolving technological innovation system (TIS)1 related to second generation (2G) biofuels in 

Norway. Biofuel is fuel or gas made from different types of renewable raw materials such as 

corn, grain, sugar canes, waste or wood. As there are many different raw materials, there are 

also many different technologies which can be used in the conversion of biomass to biofuels. 

However, a rough distinction can be made between first generation (1G) and second 

generation (2G) biofuels (Suurs & Hekkert, 2007). While 1G biofuels are based on 

technologies mainly employed by farmers, 2G biofuels originate from more science based 

technologies, which are yet to be commercialised.  

Traditionally the major objectives of innovation and innovation policy have been 

economic growth and international competitiveness. However, policymaking has increasingly 

been based upon the idea that innovation can provide solutions to major societal challenges. 

The innovation process is complex and characterised by high uncertainties, especially in 

proportion to new environmental technology (Jacobsson & Lauber, 2004). The confrontation 

between technological opportunities and the market takes place in an environment largely 

determined by actors, the relationship between them and institutions.2 This co-evolution of 

technology, actors and institutions does not happen automatically, but is set in motion by 

strategic actions of different actors. One of the largest policy challenges is to encourage the 

technological change to become self-reliant, and market forces to drive the change (Jacobsson 

& Bergek, 2004), in order to promote this it is necessary to know something about; what 

drives the evolution of a technological innovation system in its formative phase? 

                                                 
1 The TIS is a social network, constituted by actors and institutions that are to be constructed around a specific technology (Suurs et al. 
2007). 
2 Institutions refer to regulations, rules and norms, and are further explained in chapter 3.   
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1.1. Empirical context 

During the last few decades issues concerning global warming, energy supply and high oil 

prices have experienced increased focus. Global warming related to high consumption of 

fossil energy is one of the greatest challenges faced by our civilisation.3 In 2007 the greatest 

contributors of greenhouse gas (GHG) emissions in Norway were the oil and gas industry, 

manufacturing and road transport.4 Road transport alone accounted for 19 per cent of total 

GHG emissions.5 If no incentives are put into action it is expected that GHG emissions from 

road traffic will become the largest source of GHG emissions by 2020.6 Currently no single 

technology can completely replace fossil fuels in this sector, thus several renewable energy 

technologies must be used (Bergek et al., 2006). Research initiated by the Research Council 

of Norway (RCN) indicates that biofuels can replace 30 per cent of the fossil fuel 

consumption in the transport sector in Norway by 2027 (RCN, 2007).  

Wicken (2007) argues that Norwegian industry is strongly historical and resource path 

dependent.7 According to several reports (Econ, 2007) experience from traditionally strong 

industries such as the oil and gas, pulp and paper industries, forestry and the agriculture sector 

can be developed to new opportunities, such as the development and production of biofuels. 

Several projects related to the development of technology8 and production of 2G biofuels are 

already in progress. In order to increase the understanding of the innovation process related to 

2G biofuels, 18 interviews with actors representing the industry, the authorities, universities, 

research institutes and other organisations have been conducted. 

 
                                                 
3 The fourth report presented by the Intergovernmental Panel on Climate Change (IPCC) states that temperatures rise between 2.0-2.4° C 
indicates that CO2 emissions in 2050 have to be 50-85 per cent below the emission level in 2000. 
4 Statistics Norway (SSB) (Accessed 22.04.08) http://www.ssb.no/english/subjects/01/klima_luft_en/ 
5 In 2007 10.4 million tons CO2 equivalents were emitted from this source, three per cent increase from the previous year. SSB (Accessed 
22.04.08) http://www.ssb.no/english/subjects/01/klima_luft_en/ 
6 Norwegian Pollution Control Authority (Dated 29.5.2008) http://www.sft.no/nyheter/brev/biodrivstoff_forslag280508.pdf 
7 Path dependent processes refer to when the former traditional industries and a country’s knowledgebase form future’s opportunities, 
innovation and development. 
8 In line with Bergek and colleagues (2007) the concept of technology in this thesis incorporates two interrelated meanings. It refers to 
material and immaterial objects- both hardware (i.e. products, tools and machines) and software (i.e. procedures/processes and digital 
protocols)-that can be used to solve real-world technical problems. It also refers to technical knowledge, either in general terms or in terms of 
knowledge embodied in the physical artefact.  
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1.2. Theoretical foundation               

In order to obtain an understanding of the innovation process related to 2G biofuels, I have 

applied the analytical framework of innovation systems9 (IS), the technological innovation 

system (TIS) approach and some chosen literature from transition management. Although the 

focus is on actors located in Norway, the TIS is international and must be seen in relation to 

the global context and influenced by other IS.10 The early phase of a new industry is known as 

complex, involving uncertainties and high risks. By using the TIS framework an insight into 

the activities in an evolving industry or the TIS in its formative stage can be gained. Since 

firms are key actors in the innovation process, the actions of firms in order to reduce 

uncertainties and create stability are investigated by using the concept of stabilisation 

mechanisms. Stabilisation mechanisms refer to the actions and activities made by actors in 

order to reduce risks related to the introduction of new technology. Three mechanisms11 

stabilisations mechanisms have been selected and analysed as having an impact on the 

technology, institutions and market in the formative phase of the evolving 2G biofuels 

innovation system (2BIS). 

1.3. Research questions 

In order to increase the understanding of what kind of activities actors do in order to reduce 

risks and create stability in the evolving 2BIS, the following overall research questions (RQ) 

are asked: 

What kind of stabilisation mechanisms are at play in the early phase of a technological 

innovation system?  

And furthermore,  

                                                 
9 An innovation system is primarily an analytical construct, a tool used to better illustrate and understand system dynamics and performance 
(Bergek et al., 2007).  
10 A system is a group of components (devices, objects or agents) serving a common purpose for instance working towards a common 
objective or overall function (Bergek et al., 2007). 
11 There are several stabilisation mechanisms at play in this phase; in this thesis three have been chosen.  
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What kind of strategies do firms use in order to reduce uncertainties related to technology, 

market and institutions? 

1.4. Thesis outline 

This thesis aims to answer the RQs stated above. From the introduction in chapter one, 

chapter two gives an account of the history related to biofuels, sustainability, the technology 

and the biofuels value chain. Furthermore, chapter two gives a brief presentation of the most 

relevant actors in Norway, followed by an outline of the main barriers related to the 

development and introduction of 2G biofuels.  

Chapter three presents the theoretical concepts of innovation, innovation systems, 

technological innovation system, and the three selected stabilisation mechanisms.  

Furthermore, chapter four gives an account of research design, methods and the 

validity and reliability of the research.  

In chapter five I present the empirical findings gained during interviews and from 

analysis of documents.  

Chapter six provides a brief summary of the empirical findings in the light of 

innovation theory and the chosen literature from transition management. Furthermore, based 

on the empirical findings and theory discussion I present some key policy issues related to the 

development and implementation of 2G biofuels. Finally some requirements for future 

research are presented. 
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2. Biofuels, technology, actors and barriers 

2.1. “No project is an island” 

This is stated by Engwall in the sense that everything occurs within a certain context and 

history (Raven, 2007). This chapter gives a brief introduction to the different aspects of 

biofuels, the 2G biofuel development process, and a presentation of the most relevant actors 

involved in the work related to 2G biofuels. Finally, a presentation of the main barriers related 

to the development and introduction of the technology are explained.  

2.1.1. History  

Using biomass for fuel is not a new invention. Over the years biofuels have been used in 

periods with little supply of fossil fuels. Before World War II, and during wartime biofuels 

were valued as a strategic alternative to imported oil. Furthermore, in periods of oil shortages 

many new energy innovations were made, such as mixing gasoline with alcohol fermented 

from potatoes. 

Decline in the agricultural sector in Europe during the early 1990s, caused a 

resurgence in interest of biofuels. European trade protectionism during the past decades had 

contributed to massive production surpluses and an unacceptable budgetary burden (NRC, 

1991, Suurs & Hekkert, 2007). In order to help the agriculture sector out of this situation, 

alternative usage of the surpluses were considered. Biofuels became an important product, 

especially in France and Germany where the agriculture sector traditionally has been strong. 

Thus, biofuels were first presented as a way out of the impasse, and with the production of 

non-food crops, the sector could be aligned with a new market and new opportunities (Suurs 

& Hekkert, 2007).  

In Norway biofuels have until recently, gained little attention. However, increasing oil 

prices and a fast growing transport sector contributing to large GHG emissions have increased 
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the interest for new environmental technologies and fuels. Consequently, the amount of 

biodiesel sold in 2006 increased from 7.1 million litres to 3912 million litres in 2007, 

nevertheless it only accounted for 1.6 per cent of the total amount of diesel used in road 

transport. Even though the use of bioethanol doubled from 2006 to 2007, it only accounted for 

around 0.2 per cent of gasoline sold.13 Currently, there are several competing low carbon 

technologies, but due to their weaknesses; biofuel14 is seen as one of the best short-term 

options.15  

2.1.2. Sustainability                         

Biofuels are based on different types of renewable raw materials. The most common biofuels 

are bioethanol and biodiesel.16 While bioethanol is mainly made from sugarcane, corn or 

grain, biodiesel is made of oil from rapeseed, soy or palms.17 Renewable raw materials do not 

contribute the same amount of GHG emissions as fossil fuels do. The CO2 liberated through 

combustion of biological materials is part of nature’s own carbon circulation.18 However, the 

amount of GHG emission each bioenergy type reduces varies. It is dependent upon the 

amount of non-renewable energy being used in the harvesting, distribution, refining and 

production process.19  

As mentioned in the introduction, biofuels can roughly be separated into two distinct 

technological groups, first generation (1G) and second generation (2G) biofuels (Suurs & 

Hekkert, 2008). The technological groups are connected to different knowledge bases and 

separate sectoral backgrounds. While 1G biofuels are based on conventional technologies, 

                                                 
12 9 per cent was sold as clean biodiesel; the rest consisted of up to 5 per cent mix. (Published 9.4.2008) 
http://www.ssb.no/vis/emner/01/03/10/energiregn/main.html 

13 The increase is related to the governments’ aim of increasing the amount of sold biofuels. Statistics Norway (Published 9.4.2008) 
http://www.ssb.no/vis/emner/01/03/10/energiregn/main.html 

14 Currently, biofuel is the only renewable energy carrier which can replace fossil fuel for long trips (more than 150 km) and transport 
besides railroad. Source: Fra biomasse til biodrivstoff- et veikart til Norges fremtidige løsninger 
15 Report: Fra biomasse til biodrivstoff- et veikart til Norges fremtidige løsninger 
16 There is also biogas, usually used in buses, because of the storage capacity.  
17 While the most common biofuel in Brazil and the US is bioethanol, the most common in Europe is biodiesel. 
18 Report: Fra biomasse til biodrivstoff- et veikart til Norges fremtidige løsninger  
19 In addition, the harvesting of biomass from soil has a negative effect on the N2O emissions 
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mainly employed by farmers, 2G biofuels originate from more science based technologies 

(chemical and biotechnological), which are mostly advocated by research institutes, oil 

companies, biotechnology industries and some dedicated entrepreneurs (Suurs & Hekkert, 

2008). Biofuels present in the market today are based on 1G technology, as 2G technologies 

are yet to be commercialised.20 Lately some of the 1G biofuels from raw materials such as 

grain, sugarcanes and corn has met a lot of resistance (UN, 2007). Since some of the raw 

materials need areas of arable land, worries have been expressed about the inevitable 

competition with food production21, which further contributes to deforestation and increased 

food prices. Thus, biofuels produced with other inedible raw materials which do not need 

large land areas are seen as better solutions. 

2.2. The hope of second generation biofuels  

During the last two years, several foresight reports have presented the hope and opportunities 

of the next generations of biofuels (Econ, 2007). 2G biofuel can be made from inedible 

materials, such as wood, waste and algae using advanced technical processes (UN, 2007). 

Currently several firms are looking into the possibility of producing 2G biofuels. In the US, 

Canada, Germany and Sweden pilot plants are already in production.  

In line with the Norwegian climate policy (St.meld.nr. 34, 2006-2007) and Norwegian 

bioenergy strategy (OED, 2008), stating; “the government wants to take an initiative for a 

strategy to increase research and development (R&D) related to second generation biofuels, 

and assess support to some demonstration projects,”22 several demonstration projects (DP) 

are planned within a short time period. There are significant environmental benefits with 

synthetic diesel/cellulosic ethanol. The potential for GHG reduction being up to 100 per cent 

                                                 
20 Website Forskning.no  http://www.forskning.no/Artikler/2007/august/1187696452.18 (Published August, 2007) 
21 These consequences will not be debated further in the thesis.  
22 In the Climate conciliation dated 17. January 2008 between the largest political parties in Norway, 2G biofuels are listed as one of several 
means in the strategy to become carbon neutral.  
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compared to fossil fuels and the damage to local environments is substantially reduced (SFT, 

2008).  

There is a large global potential for producing 2G biofuels. In Norway researchers at 

the Norwegian Forest and Landscape Institute have estimated the potential of unused raw 

materials from forest in future biofuel production to be 20 TWh a year.23 In addition other 

sources such as waste24 and algae can give important contributions. If done in a responsible 

manner, such production could deliver a significant contribution to the required CO2 

reductions needed to stabilise the rise in global temperature.  

2.2.1. Explaining the technology 

An illustration of the complicated production process related to 2G biofuels is presented 

below. 

Figure 1. A principal sketch of the 2G biofuels production process   

 

 

Source: Based on a Figure 3 presented in “Fra biomasse til biodrivstoff” from Choren Industries.    

There are several pathways to convert biomass into liquid transport fuels (UN, 2007). The two 

most common pathways are through enzyme-enhanced fermentation to convert crop residues, 

                                                 
23 One TWh corresponds with one billion kilowatt-hours (kWh). The energy supply in one decilitre diesel is around 1 kWh. The amount of 
energy is less in ethanol (Fra biomasse til biodrivstoff, 2007) 
24 Unused potential being 2.4 TWh (Fra biomasse til biodrivstoff, 2007)  
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perennial gasses, and other cellulose material into ethanol or using gasification CO and 

Fischer-Tropsch25 synthesis, or biomass to liquids, (BtL) to convert biomass into synthetic 

biodiesel. The technology makes gas CO and H2, from biomass, which then reacts in a 

Fischer-Tropsch reactor producing several hydrocarbons including diesel. Both paths can use 

inedible crops, reducing potential competition between food and fuel, and convert the whole 

plant material into usable fuel, thus making their efficiency higher than today’s plant oil or 

starch-based 1G biofuels. Other pathways to advanced biofuels are also being researched, for 

example HTU (Hydro Thermal Upgrading) diesel, which make use of moist biomass, and 

biomethane from biogas and gasified wood. Materials currently being investigated as regards 

to their potential to produce biofuels are algae26, waste from the agriculture sector and wet 

organically waste and waste disposal gas (Vessia, 2005). In order to demonstrate the many 

pathways, an illustration is presented below.  

Figure 2: Biofuel conversion routes 

 

Source: Based on figure presented by Vessia, Øyvind, (2005) NTNU, Biofuels from lignocellulosic material.  
                                                 
25 FT-diesel, the process was developed in the 1920s in order to make fuels from coal by Franz Fisher and Hans Tropsch. The process was 
used during World War II. (Accessed 25.09.2008)  http://www.zero.no/klima/johannes-fjell-hojem.pdf  
26 Algae can be grown in ponds or photo reactors.  
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2.3. The Norwegian second generation biofuels innovation system (2BIS)  

Experience, knowledge and resources related to the traditionally strong industries such as the 

pulp and paper industry, oil and gas industry27, agriculture sector and forestry can be 

developed into new products and processes. Furthermore, as there are large global 

opportunities to produce biofuels, development of 2G technology may give large returns in 

export of technology.28  Several of the main actors working in the development of 2G biofuels 

are related to the aforementioned sectors.29  

2.3.1. The value chain  

The 2G biofuel value chain30 is long and complicated. A firm rarely does all work related to a 

product, from the gathering of biomass to the final product, the fuel. The actors are part of a 

wider value network; usually there is a specialisation of the organisations role. A simplified 

model of the value chain is illustrated in figure 2.  

Figure 3: Simplified version of the 2G biofuels value chain.                  

                 

                           Upstream                                 Downstream 

Source: Based on information gained during interviews 2008 

                                                 
27 Norwegian industry holds strong competence in petro-chemistry and process industry, which can be important in the development of new 
technology related to biofuels production (Fra biomasse til biodrivstoff, 2007).  
28 Fra biomasse til biodrivstoff (2007). 
29 Firms in a sector have some commonalities and at the same time are heterogeneous. A sector is a set of activities that are unified by some 
linked product groups for a given or emerging demand and which share some common knowledge (Johnson et al., 2005). 
30 The value chain describes the activities within and around an organisation which together create a product or service (Johnson et al., 2005). 
The concept of value chain was developed by Michael Porter (Johnson et al., 2005). It is rare for a single organisation to undertake in- house 
all of the value activities from the gathering of materials, the product design through to the delivery of the final product or service to the final 
consumer.   

Market 
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The upstream part of the value chain is dependent on logistics expertise related to biomass, 

feedstock and industrial expertise in biomass fundamentals (biology, chemistry and physics). 

This part of the value chain is often closely linked to research institutes and universities 

working with R&D in related to different raw materials. Furthermore, large-scale biomass 

processing expertise, bioenergy production for internal steam and power production are 

important.31 Finally, large-scale production of biomass to biofuels, and further to end use, 

through distribution channels like oil and gas companies. The next section gives a brief 

presentation of the actors, industry, SMEs, universities, research institutes and authorities, 

crucial in the development and production of 2G biofuels in Norway.  

2.3.2. Industry and firms 

2.3.2.1. Large corporations  

StatoilHydro, Borregaard and Norske Skog/Xynergo AS work on the development of future 

biofuels. While StatoilHydro primarily is related to the oil and gas industry, Borregaard and 

Norske Skog work with cellulose and wood based pulp and paper production.  

StatoilHydro, the largest oil and gas company in Norway has several years of experience and 

covers large parts of the infrastructure needed in the development and production of biofuels. 

Currently they produce biofuel based on imported rapeseed oil at their refinery at Mongstad in 

Bergen. They also own a biodiesel production plant in Lithuania and are part owner in a 

biodiesel production plant in South-Africa. They also perform extended R&D effort related to 

several types of biomasses and technologies.  

Xynergo AS32 was established in close proximity to Norske Skog33, Follum in May 

2008. The establishment was an outcome of a joint research project in 2006 between Norske 

                                                 
31 Official Website Xynergo AS (Accessed 15.08.2008) http://www.xynergo.no  
32 Website Xynergo AS (Accessed 16.08.2008) http://www.xynergo.no/   
33 Xynergo AS is established by Norske Skogindustrier AS, Viken Skog BA, Allskog BA, Mjøsen BA and Statskog SF. 
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Skog and StatoilHydro.34 Xynergo aims to become a front runner in providing sustainable fuel 

on a large scale. They plan to build a prototype plant producing synthetic diesel from woody 

biomass, operating from 2010. A full scale plant will probably be operative by 2013 (Egde-

Nissen, 2008). According to Norske Skog/Xynergo, they hold industrial expertise in biomass 

fundamentals, logistics expertise, large-scale biomass processing expertise, bioenergy 

production, and the integration potential for bioenergy applications with existing paper 

production. They also have access to global biomass supplier networks.35  

Borregaard36 located in Sarpsborg, is an international company with strong global 

positions within wood chemistry and other organic chemistry. The company develops and 

delivers products to various fields within special chemistry, ingredients and energy. They 

have more then twenty production units and own sales offices in Europe, America, Asia and 

Africa. Borregaard produces ethanol from timber; which for instance is used by buses in the 

Oslo region. 

 2.3.1.2. Small and medium enterprises (SMEs) 

Weyland AS37, a small spin-off company from Bergen University College, has after twenty 

years of experimenting, patented a process of making ethanol from cellulose based on 

concentrated acid technology.38 Weyland AS has been supported by Innovation Norway (IN, 

earlier Distriktsutviklingsfondet) and the Research Council of Norway (RCN) through the 

program RENERGI. Supported by the RCN, Weyland AS is building a pilot production plant 

                                                 
34 StatoilHydro is not involved in the establishment Xynergo AS 
35 In addition to the CO2 reduction potential, there is another large upside; the CO2 resulting from the production comes in a separate stream 
and can easily be compressed and deposited or otherwise taken care of, making the whole process carbonnegative, i.e. taking CO2 out of the 
atmosphere. According to their Website Xynergo AS will base their production of wood-mass from forests certified by one of the two global 
certification schemes; the Forest Stewardship Council, FSC, or the Program for Endorsement of Forest Certifications, PEFC.  

36 Website Borregaard (Accessed 16.08.2008) 
http://www.borregaard.no/eway/default.aspx?pid=243&trg=MainPage_8570&MainPage_8570=8593:0:&LeftPage_11515=3004:25720::0:1
1516:1:::0:0  
37 Website Weyland AS (Accessed 16.08.2008) http://www.weyland.no/   
38 Weyland AS see large potentials in this technology as the process is capable of converting virtually any cellulose containing feedstock into 
ethanol. 
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in the second half of 2008. They are supported by Fana Stein & Gjenvinning, a renovating 

company, both financially to build a small test plant, and with the supply of raw materials.  

Another company working with the production of synthetic biodiesel is GLØR iks.39 GLØR is 

a renovation company owned by three municipalities Lillehammer, Øyer and Gausdal. Their 

goal is to be the region’s model for questions related to waste and recycling. GLØR has 

together with the environmental organisation ZERO, initiated a project to produce synthetic 

biodiesel based on technology imported from the company Aviosol based in Sweden. A 

production plant for synthetic biodiesel, based on gas from the waste disposal is planned 

opened during 2010.  

 
Table 1: Interviewed firms by main product, location, establishment year and place in the value chain. 
2008 

Firm Main products Location Establishment 
year 

Place in the 
value chain 

StatoilHydro 
AS 

Oil and gas Oslo, Stavanger, Trondheim, 
and 40 other countries 

1972 Covers 
several parts 
of the value 
chain, 
downstream 

Norske Skog Newsprint and 
magazine paper 

Oslo, in addition 18 business 
units (paper mills) located in 14 
countries, 44 sales offices 
worldwide  

1962 Covers 
several parts 
of the value 
chain, 
upstream 

Xynergo AS Synthetic 
biodiesel 

Follum, Hønefoss 2008 Covers 
several parts 
of the value 
chain 

Borregaard Earlier wood an 
paper, production 
of chemicals  

Sarpsborg40, 20 production units 
are located in other countries 

1889 Upstream 

Weyland AS Bioethanol from 
celluloses 

Bergen 2001 Upstream, 
R&D 

Glør Iks Renovation 
company 

Lillehammer 1983 Downstream 

                                                 
39 Website GLØR iks (Accessed 15.08.2008) http://www.glor.no/eway/  
40 Website Borregaard (Accessed 3.8.2008)    
http://www.borregaard.no/eway/default.aspx?pid=243&trg=MainPage_8570&MainPage_8570=8711:0: 
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2.3.3. The government and authorities 

The government41and the authorities provide framework conditions such as regulation, codes 

and standards (RCS). During the last few years bioenergy and biofuels have become an 

important part of the government’s energy strategy. Official documents regarding Norwegian 

climate policy (St.meld.nr. 34, 2006-2007) and bioenergy strategy (OED, 2007) focuses on 

increasing consumption and further development of bioenergy and biofuels.  

The most important governmental organisations to promote R&D and innovation are 

the Research Council of Norway (RCN) and Innovation Norway (IN), as they govern R&D 

(RCN) promote and help entrepreneurs and newly founded SMEs (IN). There is also SIVA 

(Industrial Development Corporation of Norway), a public enterprise set up to improve the 

national infrastructure for innovation42 (NIFUSTEP, 2008). Relevant research programs are 

RENERGI (RCN), and TRE (wood) based innovation program, administrated by IN. Further, 

the Bioenergy program43 provides investment help to firms in order to develop and produce 

biofuels. Finally, there is FORNY44, a joint program between IN and RCN which supports the 

commercialisation of research results and SKATTEfunn45, which reduces taxes for firms 

performing R&D. 

2.3.4. Universities and research institutes  

Several universities and research institutes can be linked to the different parts of the biofuels 

value chain. Universities such as the Norwegian University of Life Sciences (UMB), The 

Norwegian University of Science and Technology (NTNU), The University of Bergen (UiB) 

and Bergen University College (HiB) are important R&D contributors. UMB has over 150 

years of experience from bioscience which is important in the upstream part of the value 

                                                 
41 Include the government and ministries. 
42 In practice this means that the institution owns and maintains premises that are leased out to newly established firms, entrepreneurial 
research spin- offs, etc. 
43 Website Innovation Norway (Accessed 15.08.2008) 
http://www.innovasjonnorge.no/Satsinger/Landbruk/Bioenergiprogrammet/Biodrivstoff/    
44 Website RCN (Accessed 16.08.2008) 
http://www.forskningsradet.no/servlet/Satellite?cid=1088789229233&pagename=forny%2FPage%2FHovedSide&site=forny  
45 Official website: http://www.skattefunn.no  
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chain.46 NTNU is also related to biofuels the dominant university working with the industry 

(Fagerberg, 2007). Furthermore, important research institutes are SINTEF, the Norwegian 

Forest and Landscape Institute, Bioforsk, The Paper and Fibre Research Institute (PFI)47, The 

Institute of Transport Economics (TØI), Vestlandsforskning48 and Østfoldforskning AS.49  

2.3.5. NGOs, environmental and special interest organisations 

Several environmental organisations and Non Governmental Organisations (NGOs) engage in 

issues concerning biofuels. NGOs are neither governmental nor industrial based, working 

with issues concerning society. In this thesis NGOs are referred to as environmental related 

NGOs like Nature & Youth, Friends of the Earth Norway, ZERO, Bellona, Greenpeace and 

WWF. Special interest organisations are industry associations such as The Norwegian 

Petroleum Industry Association (NP) and NoBio, representing the agriculture and bioenergy 

producers. Another important organisation is the Norwegian Automobile Association 

(NAF).50  

2.4. Biofuels barriers and blocking mechanisms  

A number of barriers are related to the development and implementation of new 

environmental technology. As with all new technologies in the developmental phase, 2G 

biofuels have challenges that must be solved before it can have a real impact on the market. In 

order for firms to make strategies for a successful introduction of the technology, they have to 

know the key factors slowing down development and the diffusion of the technology. There 

are particular technological and market related barriers relevant to all kinds of biofuels and 

some are unique to each type. The main barriers are cost, reliability, durability, framework 

conditions and infrastructure. The next section outlines some of the main barriers.  

                                                 
46 They work on a program called Biomotive, together with Planteforsk and Skogforsk and the University of Minnesota. 
47 PFI is a centre of expertise on fiber, pulp and paper, wood fiber composites and sustainable wood based biofuels, currently they are 
coordinating two research projects.  
48 Website VESTLANDSFORSKNING (Accessed 9.8.2008)  http://www.vestforsk.no/www/show.do?page=10&articleid=1901  
49 Website Østfoldforskning AS, cooperation with Borregaard. (Accessed 9.8.2008) http://www.sto.no/?ArtID=118  
50 NAF promotes interests on behalf of more than 500.000 members. 



16 
 

2.4.1. Bottlenecks related to technology and infrastructure 

Currently all parts of the value chain are subjects of R&D. The development from prototype 

to mass product can be a long and risky process. Some of the challenges are to find the 

combination of the optimal raw material and technology to convert biomass to fuel. The 

introduction of new technologies will require infrastructure adaptation related to the gathering 

and processing of biomass and the distribution of biofuels. Furthermore, some adaptations of 

vehicles are also required (SFT, 2008). In order for 2G biofuels to become cost-efficient large 

scale production plants are probably needed, this provides a challenge related to the gathering 

of biomass.51 This also requires public support and investors willing to invest in the 

production plants. Another barrier related to the supply of biomass is the demand for wood, as 

there are many industries which use this kind of raw material. With respect to utilisation in 

vehicles52, biofuels used in their pure form need significant changes, however for blends, only 

minor changes are needed. The only exception is the Fischer-Tropsch, synthetic diesel, which 

can be applied in regular diesel engines (Suurs & Hekkert, 2007). As the availability of both 

low mix gasoline E5 (5 per cent ethanol) and high mix gasoline E85, (85 per cent ethanol) is 

currently limited in Norway, adoption of infrastructure is necessary (SFT, 2008). 

Furthermore, in the early development phase new technologies usually do not meet market 

demand and are expensive because of low-scale production.  

2.4.2. Government policy and framework conditions  

Government policy may be a barrier. “Even though governments are committed to 

environmental protection and other social goals, they are often not putting out a clear 

message that there is a need for specific new technologies” (Kemp et al., 1998). As argued by 

several scholars, signals from the governments are often contradictory. New technologies can 

be stimulated by R&D subsidies, even though it is not clear which role they shall play in the 

                                                 
51 Fra biomasse til biodrivstoff (2007). 
52 Some of the fuels have challenges related to cold climate. 
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future transportation system. As firms take huge risks investing in new technology they need 

clear framework conditions and long-term regulations and incentives. Thus, the manufacturers 

remain uncertain about market development, and are reluctant to invest in risky alternatives. 

Furthermore, the framework adapted to the existing fossil fuel regime53, or the lack of 

regulatory framework may form a barrier. The development and adoptions of RCS can be 

difficult, partly because some actors may oppose them. Additionally, in order to secure a 

sustainable biofuel industry54 international standards and a certification system must be 

developed and implemented (Econ, 2007). Since the Norwegian produced 2G biofuels aim to 

be sustainable, maybe the requirements related to sustainability contribute to increase demand 

for Norwegian produced biofuels? 

Moreover, in Econ (2007) it is stated that there so far has been rather little trade with 

biofuels. However, demand in industrialised countries is expected to rise, thus trade will be a 

critical factor for a sustainable biofuels industry. Trading of biofuels meets several barriers 

such as taxes and subsidies.55 Both the EU countries and the US have bilateral agreements 

with different producer countries which gives market entry only upon meeting certain 

conditions. The trade with crops to production is currently regulated by the WTOs The 

Agreement of Agriculture (AoA), and it is still not decided whether biofuels are defined as an 

agriculture or an industry good (Econ, 2007). If biofuels are defined as industry goods, trade 

and the domestic subsidy will be regulated by the GATT agreement. However, if biofuels are 

defined as agricultural produce their trade will be regulated by WTO and AoA. There may be 

a problem with the distinction between the crop for food and crops for energy. Thus, clear 

international framework is called upon.  

                                                 
53 Technological regime was introduced by Nelson and Winter (1982), referring to the learning and knowledge development in which firms 
operate. A specific technological regime defines the nature of the problem firms have to solve in their innovative activities, affects the model 
form of technological learning, shapes the incentives and constraints to particular behaviour and organisation, and influences the basic 
processes of variety generation and selection (Fagerberg et al., 2005).   
54 A certification system is needed to identify from what and where the biofuels are produced. 
55 In April 2008 the Norwegian biofuel producers BV Energy had to close down on account of high competition from strong subsidised 
biofuels from the US. Website NRK (Published 13.02.2008) http://www.nrk.no/nyheter/distrikt/ostafjells/buskerud/1.4808239  
Website BV Energi (Accessed 02.09.2008) http://www.bvenergi.no/index.php?n=1&task=vis&id=15  
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2.4.3. Barriers related to demand and market formation 

Market formation related to environmental technology is normally a barrier as it does not 

exist or is underdeveloped (Bergek et al., 2008). Customers may not have articulated their 

demand, or have the capability to do so and the price/performance of the new technology may 

be poor (Kempt et al., 1998). The formation of institutions, RCS are crucial in order to 

develop a market. Moreover the “food vs. fuel” debate may contribute to psychological 

barriers related to biofuel demand, and further influence market formation. Moreover, new 

technologies may be able to solve problems, but they may also introduce new undesirable 

social and environmental effects which are yet to be discovered (for instance the use of not 

certified forest).  

Additionally, consumers demand related to expectations from new technologies might 

be a barrier. These insecurities and aversions of the consumers are sufficient reasons for the 

manufacturers not to market new technologies. The manufacturers often believe that 

consumer demands cannot be changed, and they argue that they cannot manufacture products 

for which there is no clearly articulated consumer demand (Kemp et al., 1998). Moreover, as 

car manufacturers, consumers and car salesmen have ideas of what a car is and should be able 

to do and since values such as flexibility and freedom are associated with the possession and 

use of a car, many consumers are sceptical in trying out different fuels. The unfamiliarity with 

new technologies often leads to scepticism, as actors often judge new technology on the basis 

of the characteristics of the dominant technology (Kemp et al., 1998). By presenting some of 

the barriers related to the introduction of new environmental technology some of the 

uncertainties firms meet are highlighted.  
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3. Analytical framework  

This chapter outlines the analytical framework applied to the study of the evolving 2BIS in 

Norway. The chapter is divided in three parts: the first part gives an understanding of the 

theoretical concepts of innovation, the different understandings of innovation as linear or 

interactive. While the second part gives a presentation of the IS and TIS framework, the third 

part contributes to an understanding of the activities at play in the evolving TIS. By using 

chosen literature from transition management, an insight into what kind of stabilisation 

mechanisms at play in an evolving TIS is gained.  

3.1. The concept of innovation  

There is no single, simple explanation for innovation, innovation is complex (Fagerberg et al., 

2005). It can be a new product or a process. Joseph Schumpeter (1883-1950) goes beyond the 

mere invention of a new product or a process as he adds three additional types of innovation; 

new sources of supply, the exploitation of new markets and new ways to organise business 

(Fagerberg et al., 2005). Innovations may be incremental or radical.56 Usually, there is a 

combination of the two (Freeman & Perez, 1988). In line with Fagerberg (2005) it can be said 

that invention is the first occurrence of an idea for a new product or a process, while 

innovation can be the first attempt to carry it out in practice. During this phase the social 

construction of technology becomes clear. In order to understand innovation and provide a 

more secure basis for policy formulation, there have been several attempts to impose some 

sort of conceptual order on the innovation process. Two main approaches have evolved, 

separating between a linear and an interactive understanding of innovation.  

                                                 
56 While radical innovations are discontinuous events and in recent times the result of a deliberate R&D activity, incremental innovations are 
small and can occur more or less continuously in any industry or service activity. 
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3.1.1. Linear model of innovation 

The generally accepted model of innovation since World War II has been the “the linear 

model”, widely associated with Vannevar Bush who argued for expanded public funding to 

basic research, as an important contributor to economic growth (Mowery & Sampat, 2005). 

The linear model is based upon the assumption that innovation is invented in the science 

laboratory, transformed into technology and further introduced to the market (Kline and 

Rosenberg, 1986). It is linear because there is a well-defined set of stages that innovations are 

assumed to go through. As presented in the figure below, innovation is easy to understand as 

research (basic science) comes first, then development, production and finally, marketing. 

This model sees innovation as the result of a research, science and a technology “push”.  

Figure 4. The linear model of innovation  

 

 

 

 

Source: Kline and Rosenberg, 1986:286. 

 

As research comes first, it is easy to think of this as the critical part (Fagerberg, 2005), but 

there are several problems with this model. The model generalises a chain of causation that 

only holds for few innovations. Even though some important innovations, such as the atom 

bomb and radar evolve from scientific breakthroughs, this is normally not the case 

(Fagerberg, 2005). Models which approach innovation as a smooth and well-behaved linear 

process “badly mis-specify the nature and direction of the causal factors at work” (Kline & 

Rosenberg, 1986). Normally firms innovate because they believe there is a commercial need 

for it, thus they start by reviewing and combining existing knowledge. As argued by Kline & 

Rosenberg (1986), it is only if this does not work, that firms consider investing in research. A 

Research Development Production Marketing 
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strong weakness with this model is that there are no feedback paths within the development 

process. Feedback is inherent in the development process. It is crucial to the evaluation of 

performance, the formulation of the next steps forward, and the assessment of competitive 

position. Yet, the linear model is still valid, and Kline and Rosenberg (1986) are also open to 

this possibility as they argue “for new science does sometimes make possible radical 

innovations.”57 There are also theories which see demand as the most important source to 

innovation (market-pull). This approach neglects to explain how innovations are created and 

fails to take into account radical innovations (Dosi, 1982).  

3.1.2. Interactive model of innovation  

A more recent understanding of the innovation process is the interactive or systemic 

approach, including both “science and technology push” and “market pull”. This conceives 

innovation as a more complex spiral activity, a process taking place through interactions 

amongst several actors and institutions involved and affected. In line with Hård’s (1993) 

argues it can be a process of struggle as well as a technical problem solving process, 

involving interest articulation as well as learning processes (Williams & Edge, 1996). 

Williams and Edges (1996) argues that earlier work highlighted the close interplay between 

the technical and the social in a “seamless web” (Hughes, 1983) that lacked clear boundaries. 

Today a consensus is emerging acknowledging that the distinction between the socio-

economic and the technical is increasingly hard to sustain. As argued by Fagerberg (2005) 

“innovation is by very nature a systemic phenomenon, since it results from continuing 

interaction between different actors and organisations”. Furthermore, the innovation process 

has often been seen as a “closed truth” or a “black box”58, in the sense that the distinction 

between the content and the context disappears when the black box has been closed (Latour, 

                                                 
57 They further argue that “These occurrences are rare, but often mark major changes that create whole new industries, and they should 
therefore not be left without consideration. Recent examples include semiconductors, lasers, atom bombs, and genetic engineering” (Kline & 
Rosenberg, 1986)  
58 The word black box is used by cyberneticians whenever a piece of machinery or a set of commands is too complex. In its place they draw a 
little box about which they need to know nothing but its input and output (Latour, 1987) 



22 
 

1987). The innovation context refers to “the wider developments in relevant regimes and 

socio-technical landscape” (Fagerberg, 2007). An innovation is usually the result of a long 

process involving many interrelated innovations. As this approach focus on the interaction 

and linkages between the different actors (such as suppliers and consumers), and the close and 

reciprocal interactions between the different stages in the innovation process, it is easier to 

focus on several innovations rather than just one innovation (Williams & Edge, 1996). The 

importance of interaction is to avoid a “lock in” to established solutions. Furthermore, it 

focuses on the economic and social context which creates selection environments and patterns 

a series of innovation (Dosi, 1982). Often the invention and innovation are closely linked and 

difficult to distinguish from one another, in other cases there can be a considerable time lag59 

(Rogers, 1995; Fagerberg et al., 2005). During the development of the invention into an 

innovation, the invention embodies economic, political, and social characteristics which it 

needs for survival (Hughes, 1993). Innovation and new technologies often develop 

cumulatively in the sense that innovations are erected upon the knowledge base, social and 

technical infrastructure of existing technologies, usually along specific trajectories60 

(Williams & Edge, 1996). According to Pavitt, patterns of innovation are cumulative; 

therefore its technological trajectories are largely determined by the past. These different 

trajectories can be explained by sectoral differences (Pavitt, 1984, Castellaci, 2007).  

3.2. The concept of innovation systems 

3.2.1. Main activities and structural elements  

An innovation system can be defined as “the elements and relationships, which interact in the 

production, diffusion and use of new and economically useful knowledge”.  

                      (Lundvall, 1992) 
                                                 
59 The time lag can be several decades or more between these two. Often inventions never become innovations and enter the market at all. 
60 Malerba argues that high cumulativeness means that today’s innovative firms are more likely to innovate in the future in specific 
technologies and along specific trajectories than non-innovative firms (Fagerberg et al., 2005). 
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During the last decades, institutional theories combined with evolutionary theories have led to 

the Innovation System (IS) approach (Hekkert et al., 2007). The central idea behind this 

approach is that innovation and diffusion of technology is both an individual and a collective 

act (Jacobsson & Bergek, 2004). The approach encompasses individual firm dynamics as well 

as particular technology and adoption mechanisms (Hekkert et al., 2007)61. There are three 

main elements in the IS, the role of actors, networks and institutions. According to this 

approach innovation occurs as a result of cooperation between heterogeneous actors.   

3.2.2. Evolutionary economics and economic development 

ISs can be linked back to Schumpeter, who was a key figure in the study of the dynamics of 

industry and the economy. He had a perspective on industries as moving from birth through 

maturity and death using concepts such as creative destruction62 and business cycles to 

describe important development mechanisms (Schumpeter, 1943; Nygaard, 2008). He argued 

that due to the interaction between multiple set of actors engaged in technological 

development and the creation of regulation and standards industries change over time, 

providing new products and replace old ones (Nygaard, 2008). In contrast to traditional 

economics which focused on capital accumulation, Schumpeter focused on innovation in 

firms. He saw innovation as the driving force behind economic growth63 and argued that 

innovation was “new combinations” of existing knowledge, whether drawn from science, 

engineering, market research, organisational experience, or other sources, but with a view 

toward commercial application. This combinatory activity he labelled “the entrepreneurial 

function” (Fagerberg, 2005). Building on Schumpeter’s ideas about business cycles, 

researchers in evolutionary economics perceive evolution as a process of qualitative change 

and recognise the important role played by technology and institutions in the evolutionary 

                                                 
61 Determinants of technological change are not only to be found within the individual firm, but also within the IS.  
62 Creative destruction is the “creation of new modes of productive transformation destroyed existing modes that had themselves been the 
result of innovative enterprise in the past.” (Fagerberg et al., 2005: 32) 
63 Innovative firms are assumed to benefit economically due to the temporary monopoly they get from the innovations they make (Fagerberg, 
2002: 86). 
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process characterising the economy. Learning and knowledge are key elements in the change 

of the economic system (Malerba, 2005). “Bounded rational” agents act, learn, and search in 

uncertain and changing environments.  

3.2.2.1. Variety and selection 

Variety and selection are important concepts in the evolutionary approach, explaining the 

dynamics and transformation in the economy (Carlsson & Stankiewicz, 1991). They are 

crucial in order to understand how new IS and industries evolve. While variety refers to how 

new products and technologies develop, selection reduces variety. The relationship between 

variety and selection is reciprocal, variety drives selection, while feedback processes leads to 

selection shaping variety (Metcalfe, 1994). It occurs when firms focus on a particular design, 

or when the market as a socially constituted selective environment favours the survival of 

particular types of technology (Walsh, 1993; Williams & Edge, 1996) or from 

standardisation. In order to become available to consumers, variety must be reduced to 

standardised products (Metcalfe & Miles, 1994; Nygaard, 2008).  

3.2.3. Different approaches to innovation systems 

During the last few decades different approaches to IS have emerged, focusing on systemic 

relationships between actors in relation to national or regional level, and in terms of sector or 

technology. The process where by a specific new technology emerges, is improved and 

diffused in society may be studied using the concept of a technological system, which is a 

technology specific IS (Jacobsson et al., 2004). Since the focus of this thesis is the evolution 

of an IS related to the development of 2G biofuels in Norway, the TIS approach has been 

preferred. The TIS does not only contain components exclusively dedicated to the technology, 

but all components that influence the innovation process for that technology (Bergek et al., 

2007).  
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3.3. The evolution of a Technological Innovation System  

A technological innovation system (TIS) can be defined as  

“network (s) of agents interacting in a specific technology area under a particular 

institutional infrastructure for the purpose of generating, diffusing, and utilising technology” 

                    (Carlsson & Stankiewitcz, 1991) 

According to Hughes (1993), who is said to have been the first to introduce the concept of 

technological systems, technological systems solve problems identified or constructed by the 

system. The concept of technological systems is in many ways similar to Dahmèns concept of 

“development blocks” (Dahmèn, 1989). Both are disaggregated, dynamic, and there are 

several development blocks/technological systems in each country, evolving over time in the 

number of actors, institutions and the relationship between them (Carlsson et al., 2002). 

Technological systems are socially constructed, society shaping and continually changing 

(Hughes, 1993). Some change slowly and more or less predictably, others dramatically and 

unpredictably. Usually they are strongly path-dependent upon the existing technology base, 

actors, and networks. Knowledge in each field places important requirements upon the entire 

system and its components, on the relationship among various actors, and on the institutions 

which influence their interaction. Thus, as argued by Carlsson (1997), “the traditional role 

and specialisation of the main actors and the culture of which they are a part constitute 

important features which shape, and are shaped by, the system.”  

3.3.1. The roles of various actors 

The IS includes firms covering all parts of the value chain, government bodies, universities, 

research institutes, industry associations, NGOs, bridging and special interest organisations 

and64 (Carlsson, 2002). The entrepreneurs or firms are key actors in a TIS, engaged in 

innovation, production, adoption, use of new technologies, learning processes and knowledge 

                                                 
64 A TIS can be composed of a mix of incumbents from existing industries or new firms such as spin-offs from universities, research 
institutes or industry (Carlsson, 2002). 
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accumulation (Fagerberg et al., 2005). They turn the potential of new knowledge, networks 

and markets into concrete actions and to generate new business opportunities (Jacobsson & 

Lauber, 2004). In many ways they drive the evolution of the TIS. In order to create new 

knowledge firms search through a wide range of sources. This search process is the source of 

variety in the economy and of evolution. In line with Nelson and Winter (1982) it can be 

argued that search is the micro-foundation of evolutionary theory as it deals with the creation 

and generation of new knowledge in firms, which are later selected in the market.  

The “prime mover” (Hughes, 1983), is one or several actors which are technically, 

financially or politically so powerful that it can influence the development and diffusion of 

the technology (Jacobsson & Bergek, 2004). When firms perceive that there are advantages to 

gain from entering the field before other firms, they can produce first mover advantages.65 

The decision a firm makes to be a first or a late mover into a new TIS influences the evolution 

of the TIS (Jacobsson & Lauber, 2004). As new entrants bring knowledge, capital and other 

resources into the industry, their entry is crucial to the transformation of a TIS (Jacobsson & 

Lauber, 2004).66  

Furthermore, government and policymakers develop framework conditions, support 

R&D and help the technology to market deployment. Their’ role is to stimulate markets, 

provide infrastructure, education and give companies incentives to invest in innovation. As 

they can intervene, regulate and mediate in emerging markets, e.g. decide ownership in 

markets such as privatisation where they are important in creating stability (Jacobsson & 

Lauber, 2004).  

Other important actors are universities, research institutes, bridging organisations, 

environmental organisations, NGOs and special interest organisation. These organisations 

                                                 
65 First mover advantages- a firm manages to create entry barriers for other firms, they are able to maintain control of a large share of the 
market and make it difficult for the competitors to catch up (Porter, 1980).  
66 Jacobsson  and Lauber (2004).argue that new firms experiment with new combinations, fill “gaps” (e.g. becomes a special supplier) or 
meet novel demands (e.g. develop new applications) . 
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may act as mediators or translators connecting people or actors to negotiate interpretations, 

ideas and solutions.   

3.3.2. The role of networks 

As argued by Carlsson and colleagues (2002) “Relationships involve market as well as non-

market links. Feedback (interaction) is what makes systems dynamic; without such feedback, 

the system is static”. The essential function of networks is the exchange of information 

(Carlsson & Stankiewicz, 1991). Thus, some of the most important activities in a TIS are 

networking, both formal and informal67 (Bergek et al., 2007). The advantages of 

heterogeneous groups of contacts are affirmed both in social theory and network analysis. It is 

confirmed that there are informational, status, and resource advantages by creating broad and 

diverse social circles (Fagerberg et al., 2005). Technological systems involve three types of 

networks, buyer-supplier relations, problem solving networks and informal networks 

(Carlsson et al., 2002). There can be considerable overlap between these networks, but “it is 

the problem-solving network which really defines both the nature and the boundaries of the 

system”.  

Some of the networks most important tasks involve technology transfer or acquisition 

(Carlsson et al., 2002). Relationships can lead to various benefits such as learning, 

information diffusion, resource and cost sharing and access to specialised assets (Powell & 

Grodal, 2005). To be integrated into a network increases the resource base of individual actors 

(Jacobsson & Bergek, 2004). Of particular importance are the so-called vertical linkages, the 

set of relationships and interactions innovative firms in different sectors possess (Castellaci, 

2007). According to Porter’s home market hypothesis, the strength of interactions between 

suppliers, producers and users of advanced technologies and the existence of an established 

and well functioning set of vertical linkages represents one major factor of competitive 

                                                 
67 Formal networks are often easily recognised, whereas the identification of informal networks may require discussion with industry experts 
or other actors or analysis of co-patenting, co-publishing or collaboration (Bergek et al., 2007). 
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advantage (Porter, 1990; Lundvall, 1992). Networks of actors are particularly essential to the 

success of new technology during the formative phase when niche68 market supports a 

transition from the old socio-technical regime to a new one (Harborne et al., 2007). This 

thesis focuses on learning and political networks. 

3.3.2.1. Learning networks  

In fields where knowledge and technological progress is developing rapidly, no firm has all 

the necessary skills to stay on top of all areas and bring significant innovations to market 

(Powell & Brantley 1992; Powell, Koput & Smith Doerr 1996; Hagedoorn & Duysters, 2002). 

As knowledge is crucial to improve competitive position, networks can become the locus of 

innovation (Powell & Grodal, 2005). Knowledge can be separated into two main categories, 

tacit and explicit. While explicit knowledge is codified, tacit knowledge69 is hard to codify 

and communicate; often acquired through experience (Ernst & Kim, 2002). The growth of 

knowledge intensive industries has increased the importance of networks in R&D as well as 

in product development and distribution (Powell & Grodal, 2005). Furthermore, networks 

also influence the perception of what is desirable and possible, for instance shaping the 

actors’ images of the future, which then guide the specific decisions of firms and other 

organisations (Fagerberg et al., 2005).  

3.3.2.2. Political networks  

Political networks coordinate the actions of different actors to influence policy makers and 

other decision makers to support the TIS. As policymaking is not a “rational” technocratic 

process, but seems to be based on visions and values, the relative strengths of various pressure 

groups, perhaps on beliefs of “how things work” and on deeper historical and cultural 

                                                 
68 Niche is referd to as a protected space, such as when technology is tested in a protected space before it enters the market. A further outline 
of niches is presented in in part 3.3.7.3. 
69 Tacit knowledge origins from Polanyi`s (1956) argument that we frequently know more than we can express verbally. While explicit 
knowledge is highly codified, i.e. blueprints, recipes etc. tacit knowledge lack such extensive codification (Nonaka and Takeuchi, 1995, 
Fagerberg et al., 2005). 
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influences increases the importance of political networks (Jacobsson & Lauber, 2004). The 

role of political networks is further explained in section 3.3.7.2. 

3.3.3. Institutions 

In the innovation literature the term institution is used in different senses. Sometimes it is 

referred to as organisational actors70 (Nelson & Rosenberg, 1993; Edquist, 2005), as well as 

institutional rules (Coriat & Weinstein, 2002). In line with North (1990) the last interpretation 

is used, referring to institutions as the “rules of the game in society”71. This includes the legal 

system, rules, habits and customs that shape human interaction and define patterns of 

behavior (Coriat & Weinstein, 2002) and the value base (as it influences demand patterns), 

market regulations and tax policies (Jacobsson & Lauber, 2004). They come in various forms 

and influence the TIS in many ways (Bergek et al., 2008).  

There are different ways to categorise institutions, of note is the hierarchy distinction 

set forward by Edquist and Johnson (1997) which makes a clear distinction between basic and 

supporting institutions. Basic institutions are constitutional rules, e.g. regulations concerning 

economic processes and property rights. Supporting rules refer to certain aspects of the basic 

rules, like restrictions on the use of the private property in specific situations. Coriat and 

Weinstein (2002) use more or less the same approach, but make a distinction by the criteria of 

authority and enforcement posed on all actors (Type 1) versus more “private” collective 

agreements between groups of actors (Type 2).  

Radical technologies often face a miss-match with the established socio-institutional 

framework72, since these are aligned to the existing technology. In order for new technology 

to gain acceptance, this framework must be changed and adapted (Freeman & Perez, 1988).73 

                                                 
70 Organisational actors refer to various bodies which are involved in the production, the diffusion and the management of scientific and 
technical knowledge, often to public organisation, and organisations other than firms (Coriat & Weinstein, 2002). 
71 As Norths argues “if institutions are seen as the rules of the game, the organisations are the players”(Coriat & Weinstein, 2002). 
72 Socio institutional framework refers to regulations, infrastructure, user practices and maintenance networks. 
73 There are differences in what kind of institutions that are included, while some, like the national system of innovation approach often focus 
on a limited group of institutions: those that are directly involved in the production and diffusion of scientific and technological knowledge, 
while other go further and take into consideration the whole economic structure, as Lundvall (Coriat & Weinstein, 2002). 
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When measuring the performance of a TIS it is sometimes the very lack of institutions that is 

of interest. According to Bergek and colleagues (2007) the lack of standardisation may lead to 

fragmented markets and poor incentives for firms to innovate. 

3.3.4. The formative phase of an evolving TIS 

Some key conditions are essential to understand in the formative stage of a TIS, such as the 

institutional changes, market formation, the formation of political networks, and the entry of 

actors (Jacobsson & Lauber, 2004). The history of evolving or expanding systems can be 

presented in the following phases: invention, development, innovation, transfer, growth, 

competition, and consolidation. As argued by Hughes (1993) the phases are not sequential, 

they overlap and backtrack. In the ideal case, the TIS will develop and expand its influence, 

and further push the technology towards market diffusion. The process of diffusion of a 

specific new technology is reflected in the formation and evolution of the TIS (Jacobsson & 

Bergek, 2004). The road to this point can be long and insecure. Usually there are several 

blocking mechanisms along the way. Hughes presents these blocking mechanisms or 

problems in the concept of “reverse salients” (Bijker et al., 1987). Several scholars separate 

between the endogenous and exogenous forces of blocking mechanisms or barriers (Geels, 

2002; Bergek et al., 2006). The endogenous refers to issues concerning, for example, 

technological development. Geels (2002) conceptualises this as he presents the endogenous 

issues concerning technology-specific elements as niche internal processes, while the 

exogenous mechanisms refers to the more general elements as “regimes” or “landscapes”. 

According to Bergek, Hekkert and Jacobsson (2006) this view builds upon Myrdal’s (1957) 

who suggested that the main scientific task is “to analyse the causal interrelations within the 

system itself as it moves under the influence of outside pushes and pulls and the momentum of 

it own internal processes”. Furthermore, they present a view with a less visible distinction 

between the exogenous and the endogenous. They define the borders by analysing what 
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promotes or hinders the development of the TIS, in the sense that the mechanisms may be 

technology specific, but may influence several technological systems simultaneously. Thus, 

the driving forces or blocking mechanism to development are both endogenous (technology 

specific) and exogenous (general) (Bergek et al., 2006). 

 TIS can be approached from different levels. While a new TIS is built “from the 

bottom” by entrepreneurial initiatives, developing new technology and bringing it to the 

market, it is dependent upon the formation of a supporting system (Van de Ven, 1993; Bergek 

et al., 2006). As argued by Jacobsson and Bergek (2004) the role of policy is to enable the 

TIS to “simultaneously weave towards a phase where growth is self-reinforcing”. Market 

formation is crucial in an evolving TIS, scholars have defined three phases related to market 

formation, the early phase is the nursing market in which “learning spaces” are opened, here 

the TIS can find a place to form (Kemp et al., 1998). Furthermore, this nursing market leads 

to a “bridging market”, which gives way to several actors in the TIS (Bergek et al., 2008). At 

last, often several decades after the formation of the initial market, in a successful TIS a mass 

market may evolve (Bergek et al., 2008). As the TIS grows and matures it is expected to 

move from a formative phase to a growth phase, followed by a mature phase (Abernathy & 

Utterback, 1978). 

3.3.5. Activities and functions in a TIS  

The overall objective of this thesis is to obtain an understanding of what drives or determines 

early phases of the evolution of a TIS, and what kind of stabilisation mechanisms at play to 

create stability in this phase. As this does not happen automatically, human actors and actions 

are called upon to turn technological opportunities into business opportunities.  

Several attempts have been made in order to analyse the activities in an IS. However, 

the IS approach have been criticised for not providing practical enough guidelines for policy-

makers (Edquist, 2004; Klein Woolthuis et al., 2005; Bergek et al., 2007). The concept of 
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functions has been used, providing a tool in order to gain insight into the dynamics of IS, to 

define system borders and diagnose the present state of the system. The framework has made 

it possible to assess system performance uncoupling actors from what happens in the system 

(Johnson, A. 2001), and separate the structure from key processes at the functional level 

(Bergek et al., 2006). Of note is that the approach does not say anything about the desirability 

of a particular technology, but assumes that such a decision has already been taken, either by 

an entrepreneur or by policy-makers (Bergek et al., 2006). To assess TIS performance in a 

formative stage seven functions have been defined (Alkemade et al., 2007).74 The functions 

refer to entrepreneurial activities, knowledge development, knowledge diffusion through 

networks, guidance of search, market formation, resource mobilisation and the creation of 

legitimacy/counter action with respect to resistance to change (Alkemade et al,. 2007). It is 

expected that when actors, institutions and networks are brought together to fulfill these 

functions, the TIS will develop and expand its influence. Thereby the technology will be 

pushed towards market diffusion (Suurs & Hekkert, 2007). To evaluate the performance of 

the emerging TIS, a mapping of how well each of these functions is fulfilled can be done.75 A 

demonstration of the TIS and the functions is illustrated on the next page.  

 

 

 

 

                                                 
74 A full overview of the work related to the activities is presented in Bergek et al., 2007. 
75 The seven system functions have to be realised simultaneously, as they need to mutually complement each other. A TIS may collapse due 
to the absence of a single function (Suurs et al., 2006).  
 



33 
 

Figure 5. Functions in innovation systems as intermediate factors between TIS-structure and TIS 

performance   

       

   FUNCTIONS/KEY PROCESSES IN TIS 

     Knowledge development and diffusion 

     Influence on the direction of search 

      Entrepreneurial experimentation/activities                          Performance 

      Market formation                   of system 

      Resource mobilisation 

      Legitimating 

      Development of positive externalities 

 

TIS-structure  

Source: Bergek et al., 2006, Figure 1   

 

3.3.6. The concept of stabilisation mechanisms 

Based on the IS literature and the function framework I examined what happens in an early 

phase of a TIS by using the concept of a stabilisation mechanism. A stabilisation mechanism 

is understood as “an action performed by an actor or a network to create a change in one 

dimension of the TIS” (Nygaard, 2008). It has the effect of reducing uncertainty in terms of 

technology, market and institutions.  

Coriat and Weinstein (2002) criticises the IS approach for treating the firm as a 

passive, “black box”, and that firms actions are seen as the result of the institutional 

framework than by intentional actions. Furthermore, the function framework approach has 

been criticised for imposing a systemic perspective on actors strongly influenced and 

determined by institutions. By using the concept of stabilisation mechanisms, a more actor-

focused analysis of the formative phase is applied. It gives the opportunity to explore what 
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happens in this early formative phase. Even in an early phase, with little activity going on, it 

is possible to identify how these mechanisms can drive each other.76 As the sequence 

continues, it can diverge, eventually resulting in a growth pattern and if various stabilisation 

mechanisms are involved in a more complete development process. Any action that disturbs 

the status quo in any dimension “can trigger a set of actions and reactions that propel the 

system forward” (Carlsson, 2002). 

3.3.7. The chosen stabilisation mechanisms 

This thesis focuses primarily on the actions77 of firms. However, the actions of other actors 

are also vital as they affect the development of the technology and firms’ strategies in the 

evolving TIS. Amongst all the stabilisation mechanisms,78 three appropriate mechanisms have 

been selected and analysed as having an impact on the co-evolution of the market, technology 

and institutions in the evolving 2BIS. This study focuses first on what kind of knowledge 

search strategies firms conduct in order to reduce technological uncertainties. Second, how 

political networks are organized and how they influence institutions and market formation is 

explored. Third, what kind of role demonstration projects play in order to increase the 

maturity of technology and how they influence market formation in this early phase are 

investigated.  

3.3.7.1. Knowledge search 

Key literature: Nelson & Winter (1982), Freeman (1991), Gulati (1998), Rosenkopf & Nerkar (2001) 
 
Firms gain knowledge in several ways, through internal search such as in-house R&D, and by 

screening the external environment, collaborating with other firms, research institutes, 

                                                 
76 The successful realisation of a research project may result in high expectations and increased guidance activities among policy makers, 
which may, subsequently, trigger the start-up of a subsidy programme, to support even more research activities. This way interaction can 
result in the unfolding of a pattern of cumulative causation; events drive other events that, subsequently, set in motion new events (Suurs & 
Hekkert, 2006). 
77 As there are many activities going on in the early phase of a TIS, it is not possible to focus on all activities, some of the activities must be 
chosen.  
78 There are several stabilisation mechanisms at play in this early phase, due to time and space limit, three were chosen.  
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universities and other organisations. Knowledge is more or less cumulative.79 It does not 

diffuse automatically and freely among firms, and has to be absorbed (Malerba, 2005). 

Firms80  have different strategies related to their interpretation of economic opportunities, 

constraints and how they are organised; “different firms are good at different things” (Nelson 

& Winter, 1982). Since there are many global technological opportunities; firms must decide 

whether to focus on obtaining information through licensing or creating new technologies 

(Carlsson et al., 2002). Firms’ ability to make use of new knowledge, to scan and monitor 

relevant technological, economic information and skills needed to develop technologies is 

called absorptive capacity (Carlsson et al., 2002). Traditionally R&D is seen as the most 

common way to gain knowledge and promote innovation, and it is often referred to as crucial 

in the development of radical technologies.81 Cohen & Levinthal, (1990) argues that in-house 

R&D can increase the firm’s absorptive capacity and a competitive edge is gained through the 

effective combination of specialised and often tacit knowledge across functional boundaries, 

within the firm.82 However, according to Freeman (1991) external networks are just as 

important for firms doing in-house R&D as for those who do not.  

3.3.7.2. Political networks 

Key literature: Jacobsson & Lauber (2004) 

The formation of political networks is necessary to support and legitimate new technologies 

to influence policy-makers (Jacobsson & Lauber, 2004). In this thesis political network refers 

to technology specific advocacy coalitions.83 A political network may include many types of 

actors and organisations, such as universities, industry associations, firms, NGOs, media, 

                                                 
79 According to Malerba three different sources of cumulativeness can be identified. 1) Cognitive, learning processes and past knowledge 
constrain current research, but also generate new questions and new knowledge. 2) The firm and its organisational capabilities which are 
firms specific and generate knowledge which is highly path-dependent. 3) Feedbacks from the market like “success- breeds- success” in the 
sense that innovative success yields profits that can be reinvested in R&D, increasing the probability to innovate again (Malerba, 2005) 
80 According to Freeman (1990) research a “progressive” firm is characterised by “multiple sources of information and pluralistic patterns of 
collaborations”. 
81 As argued by Kline and Rosenberg (1982), new science does sometimes make possible radical innovation. 
82 As there can be difficulties in writing a contract for an activity whose output is uncertain and idiosyncratic, integration of R&D within the 
firm can reflect the important operating advantages (Pavitt in Fagerberg et al., 2005). 
83 Further in this thesis the concept of political networks is used referring to technology- specific advocacy coalitions. 
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research institutes and authorities (Feldman & Schreuder, 1996; Porter, 1998; Jacobsson & 

Bergek, 2004). After decades of experimentation environmental technologies are usually 

available in an early form, but their impact on the energy system is marginal (Jacobsson & 

Bergek, 2004). Thus, powerful government legislation must promote further development and 

diffusion. For this to happen political networks needs to be “formed and to engage themselves 

in wider political debates in order to gain influence over institutions and secure institutional 

alignment” (Jacobsson & Bergek, 2004). Legitimacy is not given, but is formed through 

conscious actions by various actors with the objective of helping the new TIS to overcome its 

“liability of newness” (Bergek et al., 2008). The purpose of conducting lobby activities is to 

influence framework conditions such as RCS, taxes and subsidies. Often these networks or 

actors act as catalysts.84   

Early entrants or “prime movers” can strengthen the “power” of political networks and 

provide an enlarged opportunity to influence the institutional set-up (Jacobsson & Bergek, 

2004). Firms legitimise new fields and improve access to markets and resources (Lieberman 

& Montgomery, 1988; Jacobsson & Lauber, 2004). Furthermore, firms compete not only in 

the market for goods and services but also in order to influence the institutional framework 

(Vand de Ven & Garud, 1989; Jacobsson & Bergek, 2004).  

3.3.7.3. Demonstration projects  

Key literature; Kemp, Schot & Hoogma (1998), Geels (2002) Harborne, Hendry & Brown (2007) 

In order to reduce uncertainties related to the implementation of radical technologies, actors 

initiate demonstration projects (DP). DPs are coordinated actions, usually by industry and/or 

authorities85 to test and validate the technology. They are key mechanisms as they move the 

technology from the R&D phase to a pre-commercial phase, a protected space, preparing the 

technology for market introduction. This phase tests the technology in terms of reliability, 
                                                 
84A catalyst can be defined as substance that speeds up a chemical reaction without itself changing” and “personal thing that causes a 
change”. 
85 Public subsidies can be crucial for providing the necessary resources for the protected niches.  
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durability and assessment of learning effects. Several scholars argue that DPs can help reduce 

technological uncertainties by testing and learning about the drivers and barriers the new 

technology will face (Harborne et al., 2007). Furthermore, these projects allow the actors to 

coordinate technological development with institutions and activities in political networks and 

technology platforms.86 DPs are sometimes used synonymously with niches (Geels 2002), and 

sometimes referred to in the sense of technology, in relation to markets or innovation. In this 

thesis it will be used in the context of technological niches, which relate to a specific 

technology (Geels, 2002), and to protected spaces (Kemp et al,. 1998). As niches bring the 

knowledge and expertise of users into the technology development processes, it is a key 

concept in transition management, used to explain important dynamics in an emerging TIS 

(Nygaard, 2008). As new radical technologies have relatively low technical performance, and 

are often cumbersome and expensive (Geels, 2002) they need technological niches acting as 

incubation rooms, protected from market selection.  

Apart from demonstrating the viability of new technology and providing financial 

means for further development, niches help to build constituency behind new technology. As 

new technologies are developed within the old frameworks (Freeman & Perez, 1998) niches 

are crucial for technological transition because they provide the seeds for change (Geels, 

2002). Kemp and colleagues (1998) argue that technical change is locked into dominant 

technological regimes. By the use of strategic niche management one can change the regime 

into a new regime (e.g. change the fossil fuel regime into a sustainable one).  

 

                                                 
86 There is no market demand that fits with the current performance of the technology; technology demonstration projects are supported, 
however because their leaning effects can make the technology competitive in markets.  
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4. Research design and methods 

This chapter gives an account of the research design and methods of data collection, chosen 

variables and population sample, adopted in order to answer the RQs. Details from the 

research analysis, the validity and the reliability of the study are also discussed.  

4.1. Research design 

The research design links the data to the initial questions of study (Yin, 2003). In order to 

answer the RQs and conduct an actor oriented analyses of the stabilisation mechanisms, a 

case study approach has been applied. Yin (2003) introduces five components of a research 

design especially important for case studies: (I) RQs, (II) research propositions, (III) unit of 

analysis, (IV) the logic linking the data to the propositions and (V) the criteria for interpreting 

the findings.  

4.1.1. A case study based research design  

When studying a complex social process and contemporary phenomenon such as the evolving 

2BIS, and how particular stabilisation mechanisms work in concrete empirical situations, case 

studies are a suitable research strategy87 (Yin, 2003). Case studies lay considerable emphasis 

on situational and often structural contexts,88 and allow investigators to retain the holistic and 

meaningful characteristics of real life processes (Yin, 2003).  

4.2. Population and sample 

An objective of the case study is to develop propositions (I) about a specific phenomenon 

which can be tested later in similar situations (Yin, 2003). The results of this study are related 

to the emerging 2BIS but the propositions developed can be tested, for instance in relation to 

other new radical (environmental) technologies, thus leading to generalisation and theory 

                                                 
87 Quantitative data can be multivariate but often weak on context (Strauss, 1987). 
88 Case studies are used in many situations to contribute to knowledge of an individual, group, and organisational, social, political, or related 
phenomena. 
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development. As focus is on firms and other actors conduct in the early phase of a TIS, it may 

be possible to draw some implications for firm strategy related to other renewable energy 

technologies. While the primary unit of analyses (III) is the early phase of an evolving TIS, 

the level of analysis is the firm level.  

In order to find the key actors in the field, the case studies were strategically selected. 

To identify relevant actors I started with the actors involved in the project related to the report 

“Fra biomasse til biodrivstoff”.89 I also used surveys of actors, or snowballing sample 

(Carlsson et al., 2002) as this method can be used independently of the level of analyses 

applied.90 Given the uncertainties in each method I combined them.91 In order to gain a 

broader understanding of the activities in the evolving 2BIS, I decided to interview different 

kinds of actors such as firms, authorities, universities, research institutes, NGOs and other 

organisations. The large number of actors contributed to a large amount of data to be coded 

and interpreted, due to the short time limit this was a large challenge.   

The following actors92 were approached and interviewed93:  

Companies/SMEs: 

StatoilHydro ASA, Norske Skog/ Xynergo AS, Borregaard, Weyland AS, GLØR iks 

Research institutes/Universities: 

The Paper and Fibre Research Institute (PFI), The Institute of Transport Economics (TØI), Norwegian 

University of Life Sciences (UMB)  

Government and authorities: 

Ministry of Agriculture and Food, Norwegian Pollution Control Authority (SFT), The Research Council of 

Norway (RCN) 

Special interest organisations, NGOs, and consultant agencies: 

                                                 
89 Fra biomasse til biodrivstoff (2007)  
90 Starting from either a technology or a product base, one starts with some initial population and then asks questions about additional 
members. 
91 A problem is that the number of actors may expand and exceed the practical limitation of the study.  
92 An extended overview of the interviewees is presented in the last part of the thesis.  

93 A couple of other research institutes and firms were contacted, but for different reasons it was not possible to get an interview. Their 
importance in the study declined during the research period as information was gained from other actors.  
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The Norwegian Petroleum Industry Association (NP), Norwegian Automobile Association (NAF), Norwegian 

Bioenergy Association (Nobio), Zero Emission Resource Organization (ZERO), Greenpeace, Friends of the 

earth Norway and KanEnergy AS. 

4.3. Operationalisation of the research questions into variables  

To answer the RQs, they were operationalised into variables. The stabilisation mechanisms 

were defined as the activities, means, actions and tools actors and networks use to promote 

stabilisation in 2BIS. The mechanisms, knowledge search, political networks, and DP were 

analysed as independent variables affecting technology, institutions and market (dependent 

variables) in the evolving 2BIS (unit of analysis). 

4.4. Data sources and collection 

Sources of evidence have different strengths and weaknesses, thus the use of multiple sources 

enforces the evidence (Yin, 2003). As recommended by several scholars when studying 

activities in a TIS, the data was collected in several ways (Bergek et al., 2006). Thus, the 

evidence was triangulated (Yin, 2003). The empirical material was mainly gathered through 

interviews and text analysis of documents. In addition information was gained during climate 

conferences such as NORKLIMA94 user forum, SINTEF research seminar on renewable 

energy, and a seminar initiated by RCN and CICERO95 on sustainable energy technology. A 

case study becomes more convincing and accurate if it is based on several different sources of 

information (Yin, 2003). The use of multiple sources of evidence was used to avoid 

researcher bias, and to increase the validity of the research.96  

4.4.1. Documentary sources 

The literature review was an important part of the research planning and development of the 

interview guideline. After reading relevant literature on climate issues, foresight reports, 

                                                 
94 NORKLIMA, a program focusing on climate changes and consequences, initiated by the Research Council of Norway (RCN) 
95 Website CICERO, (Accessed 30.08.2008) http://www.cicero.uio.no/home/  
96 Study of patents could have been done, but as the development of 2G biofuels involves different kinds of sectors and several patent 
applications were in process, this was not seen as lucrative. 
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governmental strategy documents, annual reports, websites, administrative documents and 

newspaper articles information about the technology, actors and the controversies and barriers 

related to biofuel were obtained.97 These sources also provided supporting evidence as to the 

empirical discoveries.  

4.4.2. Interviews 

In total 18 persons were interviewed. The majority of the interviews were done face to face. 

Actors located further away from Oslo, were interviewed by telephone. The interviews lasted 

between half an hour and two hours and were mainly executed during May and June of 

2008.98 Additionally, I had one field trip to GLØR, located in Lillehammer. The interviewees 

were selected on the basis of their extensive knowledge about the organisation and the 

technology.99 During the interviews a guideline (ref. appendix II) was partly used, but new 

information along the way resulted in new questions. Strauss (1987) argues that data 

collection never entirely ceases because coding and memoing continue to raise fresh 

questions. Thus, the interviews were focused, but open-ended, the respondents were asked 

about the facts of a matter, as well as their opinions about events. In line with Yins (2003) 

recommendations, some of the respondents were asked to propose own insights into certain 

occurrences. Their propositions were used in further inquiries. The information gained during 

interviews and presented in this thesis has been clarified with the respondents. Due to 

strategic reasons not all information about the actors’ contacts and networks can be revealed.   

4.5. Research Quality 

Important in the social science methods are the construction of validity, internal validity, 

external validity and reliability. 

                                                 
97 Important contributions to the debate related to the production and use of biofuels are central in several analyses and reports like Econ 
2007, OECD, 2007, World Watch institute, 2007, Fra biomasse til biodrivstoff, 2007. 
98 After agreement with the respondents, the interviews conducted face to face were recorded on a Minidisk.  
99 Prior to the interviews with the industry, the interview guide was e-mailed to the respondents. In this way the respondents could prepare 

for the interview and collect additional information from other colleagues if necessary.  
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4.5.1. Validity 

Construct validity is establishing correct operational measures for the concepts being studied. 

People who are critical to the use of case studies often argue that a case study investigator 

fails to develop a sufficiently operational set of measures and that “subjective” judgments are 

used to collect the data (Yin, 2003). To meet these challenges three tactics were used; several 

sources of evidence, a chain of evidence, and parts of the thesis were sent to key informants 

for feedback.  

Internal validity is establishing a causal relationship. For case study analysis, one of 

the most desirable techniques is using a pattern-matching logic. This kind of logic compares 

an empirically based pattern with a predicted one. If the patterns coincide, the results can help 

a case study to strengthen its internal validity. If the case study is an explanatory one, the 

patterns may be related to the dependent or the independent variables of study (or both) (Yin, 

2003).  

To what extent can the results from the study be generalised beyond that particular 

study? Even though a study has good internal validity, its value is limited if the findings only 

apply to that particular research. The most common threat is to generalise from a study with 

the use of unrepresentative samples (de Vaus, 2001). The external validity of the case studies 

in this thesis is enhanced by the strategic selection of cases. The generalisation of the research 

can be statistical or theoretical. Case study designs are theoretical, generalising from a study 

to a theory, designed to help develop, refine and test theories. They use the logic of 

replication (de Vaus, 2001).100 Although the results can not be generalised, they give some 

indication of the complexity of the early stage in a TIS, especially related to new radical 

environmental technology. It may give information about the barriers firms meet when 

introducing new technology to the market. Moreover an impression of how to manage similar 

                                                 
100 Case study designs cannot provide a basis for making statistically valid generalisations beyond. However, case studies do not strive for 
this type of external validity.  
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kinds of barriers related to new radical technologies and policy development can be gained. A 

theory must be tested by replicating the findings in a second or third analysis. Case studies 

rely on analytical generalisation. 

4.5.2. Reliability  

Reliability means that the indicator consistently comes up with the same measurement. If the 

results fluctuate wildly depending on when the test is taken, then it would be unreliable (de 

Vaus, 2001). The opportunity to make a separate, secondary analysis of the raw data, 

independent of the thesis increases the reliability of the study (Yin, 2003). To overcome these 

challenges, an outline of the thesis, time schedule, case study protocol and questionnaire were 

established in an early phase, prior to data collection.  

4.6. Data codification and analysis  

As the results are interpreted, the coding of data and analysis (V) is an essential part during 

the research. Coding is the general term for conceptualising data and analysis is synonymous 

with the interpretation of data (Strauss, 1987). Grounded theory is an approach to the 

qualitative analysis of data because of its emphasis on the generation of theory and the data in 

which that theory is grounded. It is a detailed grounding by systematically and intensively 

analysing data, often sentence by sentence, or phrase by phrase of the field note, interview, 

and other documents. The data has been collected and coded by constant comparison. The 

focus of analysis has not been merely on collecting or ordering “a mass of data, but 

organising many ideas which have emerged from analysis of the data” (Strauss, 1987)101. 

 

                                                 
101 The use of theoretical orientation guiding the case study analysis helps to focus attention on certain data and ignore other data (Yin, 2003).  
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5. Empirical findings and analysis 

This chapter outlines the empirical findings gained during interviews and through analysis of 

documents. The chapter is divided in three sections, related to how the three stabilisation 

mechanisms influence the development of technology, institutions and market formation. 

Amongst several stabilisation mechanisms knowledge search, demonstration projects and 

political networks were selected and analysed as having an impact on the formative phase of 

2BIS. Furthermore, some sub RQs were asked;  

1. What kind of knowledge search strategies do firms conduct in order to reduce 

technological uncertainties? 

2. How are the political networks organised? How do they influence institutions? Which role 

do they play in market formation? 

3. What kind of role do demonstration projects play in order to reduce uncertainties related to 

technology? What kind of role do they play in market formation? 

 

5.1. Technology development and validation 

There are major challenges related to the development and implementation of new 

sustainable, energy technologies like 2G biofuels. In order to reduce these uncertainties 

(create stability) and overcome blocking mechanisms, firms use different kinds of knowledge 

search strategies. This section outlines the empirical findings related to the first sub RQ 

presented above.  
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5.1.1. Knowledge search to reduce technological insecurity 

5.1.1.1. Knowledge search tools 

In order to increase their knowledge base firms use different “tools”. “Tools” presented 

during the interviews102 were: 

• Patent analyses 

• Cooperation agreement 

• Conferences 

• Research reports 

• Scientific magazines  

• R&D 

Although their grade of importance varied, the respondents replied that all tools were relevant 

in order to obtain knowledge of the technology. By studying patents, firms gain knowledge 

and trace other firms working with relevant technology. Thus, as firms increase their 

knowledge base, patent analysis becomes less important. The interest for studying patents 

increases however again if the firm considers mergers and acquisitions (M&A). So far in this 

formative phase there have been few M&As, but M&As are expected to increase as the TIS 

matures. When asking the respondents about the importance of scientific magazines and 

research reports, they replied that the information these publications offer is often well 

known.   

 Furthermore, firms consider conferences to be of some importance. Even though these 

meeting places not are crucial to obtain in-depth knowledge103 about the technology, it serves 

as an arena for meeting other actors and to establish networks.104 Present at these conferences 

are not just employees representing different parts of the industry and the authorities, but also 

researchers and staff from universities and research institutes. The importance of these kinds 

of meeting places declines as networks are established. Hence, firms use this setting more as a 

                                                 
102 An overview is given in the interview guide.  
103 The information gained during conferences is not crucial as firms not really reveal their latest discoveries and strategies. 
104 Related to the governments increased focus on bioenergy, several conferences focusing on new environmental technology, bioenergy and 
biofuels have been organized during the last years. 
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way to present and legitimise own technology and themselves as a firm. Being some of the 

largest industrial actors in Norway, StatoilHydro, Norske Skog and Borregaard have, during 

many years of existence and cooperation with other actors, obtained wide networks. The 

corporations often experience SMEs contacting them with the objective of cooperating. 

Besides when entering new fields, they often screen the market searching for actors working 

with relevant issues, both national and international; thus the importance of conferences is 

reduced. Screening provides information not only about other companies and available 

technologies, but also a company’s financial situation. As there are large technological and 

economical risks related to the development and introduction of new technology, firms seek 

partners which are financially strong. In short, firms use several sources in order to increase 

knowledge; however, the approached firms reported that in-house R&D is one of the most 

important ways to gain knowledge.  

5.1.1.2. Inhouse R&D 

“The importance of practice is reflected in the continuing dominance in industrial R&D 

laboratories of development activities-the design, building and testing of specific artefacts” 

                                          (Pavitt, 2005)  

The corporations emphasise in-house R&D as one of the most important sources for 

knowledge and innovation. Hence, they invest considerable amounts of resources in R&D. 

StatoilHydro has a bioenergy department working with several parts of the value chain such 

as different raw materials and production processes, biofuel trading and surveillance of the 

biofuel market. As they expect demand for biofuels to increase in the near future, as argued 

by Anna Nord Bjercke:  

“We do not have time to wait for the development and commercialisation of second 

generation biofuels. We work with second generation biofuels, but we also work with some 
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chosen first generation biofuels and a biofuel we call “one and a half generation biofuel”, 

which is a premium quality biodiesel allowing for higher biodiesel blends in fossil diesel. Our 

focus in 1-1,5G biofuels is on feedstock types that we consider sustainable, such as sugar 

cane for ethanol, and jathropa (1) for biodiesel”.  

It is expected that the commercialisation of 2G biofuel can take several years. Therefore they 

are testing the opportunities to make biodiesel through hydrogenation with 1.5 G105 

technology from different raw materials like rapeseeds, soy, deep-fried fat and jathropa.106 At 

their research center in Trondheim researchers also work with the possibilities of making 

biofuels with 1G technology from sugar cane, and its’ waste to produce 2G biofuel.107 

The ability to evaluate and utilise outside knowledge is to a large extent a function of the level 

of prior related knowledge. In order to internalise external knowledge and stay abreast of 

science and technological development, the respondents reply that in-house R&D is vital. By 

doing in-house R&D firms increase their knowledge base, and become more interesting as an 

alliance or partner for other actors. Furthermore, cooperation and alliances related to R&D are 

important. Thus, for competitive reasons, the most sensitive strategically important areas of 

R&D remain in-house in this early phase. As mentioned by Peter Graversen at Borregaard; “It 

is first when firms agree upon formal cooperation and a collaboration agreement is signed, 

that they reveal more of their knowledge”. Performing in-house R&D is important, but in 

order to avoid a “lock in” situation, contact and collaboration with other actors is crucial.  

5.1.1.3. Cooperation in order to reduce uncertainties  

As firms consider innovation to be a process involving interactions between different actors, 

the respondents reckon networking as an important part of their activities. The interviewees 
                                                 
105 1.5 G biodiesel is ”hydrogenated vegetable oils”, it gives the end product, the biodiesel much larger quality than todays 1G biodiesel 
which is estifishated. The technologies are used on the same raw materials.   
106 Jathropa is an inedible plant, which does not need a lot of chemical intermediate inputs and can be grown in areas with little vegetation 
and water (Econ, 2007). It is a rather new plant related to biofuel production, and it may take many years before it can be cultivated with the 
same efficiency as sugarcane, soya or corn.  
107 Currently they have two patent applications in process. Based on information gained during interview with Anna Nord Bjercke, 19.6.2008 
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replied that the most frequent reasons for performing networking activities are technological, 

and one of the most important types of relations is the buyer-supplier relationship. This link, 

acquires information about new equipment and provides access to specific expertise and 

feedback on existing technologies, which is crucial in the innovation process. Thus, it 

contributes with the development of new products and processes. Because the value chain is 

long, specialised, and involves several sectors, firms emphasise cooperation with other actors, 

suppliers and buyers covering different parts of the chain (vertical links). Still, even though 

cooperation with firms is important, “cooperation with other firms is of less importance in 

this early phase, but becomes more important later, during the development phase”. Peter 

Graversen at Borregaard states further that “as this new industry grows, cooperation across 

the whole value chain is important. At the moment several companies work with issues related 

to second generation biofuels, which are not yet ready to cooperate”.  

In this formative phase contact between firms is to a large extent informal. It is 

expected that formalised collaboration agreements and alliances will increase and strengthen 

as the 2BIS matures. Due to the risks firms take when entering cooperation agreements, they 

are not quite ready to initiate formal cooperation. Additionally, it is expected as the TIS 

matures that new actors will enter the field. Thus, it may be crucial to wait when considering 

entering formal collaboration.  

At this stage it seems as if the SMEs compared to the large industrial actors are more 

dependent upon close contact with other actors. This is mainly because of their size, financial 

situation and place within the value chain. Normally SMEs cover a specialised or small part in 

the value chain. Hence, as they take large economic risk in proportion to their size they are 

more dependent upon public funds and support than the large industrial actors.  
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Norske Skog, StatoilHydro and Borregaard participate in a newly formalised network, 

the Nordic Climate Cluster (NoCC).108 NoCC was launched in April 2008 and has an 

objective of building powerful networks for the development of effective and climate friendly 

energy solutions and to promote commercial projects. The network consists of strong actors in 

Sweden and Norway; membership requires actors wanting to be a part of, and contribution to 

a dynamic region within new and renewable energy.109 Bioenergy and biofuels are two of 

several focus areas.110 This indicates the increasing importance of networks and collaboration 

in order to stay competitive. According to Fagerberg (2007) surveys indicate that previous 

collaboration was motivated by concerns with market access, while recently collaborations 

are more focused on the development of new technologies. The importance of R&D 

collaboration is expressed in the relationship between research institutes, universities and 

firms.  

5.1.1.4. The role of universities and research institutes  

During the 1980s formal research cooperation between firms and higher educational 

institutions increased in the OECD countries, including Norway (Fagerberg, 2007). Studies 

indicate that innovation activities in Norwegian firms are often orientated towards 

cooperation, and research institutes and universities are important sources of information 

(Fagerberg, 2007). This is also confirmed by the actors in the formative phase of the 2BIS. As 

stated in section 2.2-2.4, there are large challenges related to the development of technology 

and raw materials. Thus, firms have extended contact with both national and international 

research institutes and universities. The contact and cooperation with commercial 

international actors is also strengthened as the industrial actors have divisions all over the 

world. Countries such as Germany, Sweden, China, Canada and the US have large 

                                                 
108 Website Nordic Climate Cluster (Accessed 4.8.2008) http://www.nordicclimatecluster.com/  
109 NoCCs vision is to establish a “Global Centre of Excellence”,a long-term, industrial and scientific cooperation within environmental 
technology including the whole value chain from education, R&D to production and to the market. 
110 As the involved countries have a complementary resource base, several advantages can be gained in promoting a Nordic cluster. 
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technological knowledge bases related to biotechnology, agriculture and biomass which are 

relevant in the development of 2G biofuels. In order to keep abreast of current science, the 

industry cooperates to a large extent with both universities and research institutes. As research 

institutes do applied research and universities basic research they often draw advantages of 

each other and collaborate to an extended degree.111 However as stated by one of the 

respondents from the industry;  

“We generally prefer working with research institutes to universities as the research institutes 

usually are more determined or businesslike than the universities. Quality differs largely 

between the different institutes and universities, and when entering a long period of 

cooperation, quality is of great importance.”  

Research institutes give important contributions to firms in their search for information and 

knowledge. Collaboration in order to solve multi disciplinary R&D tasks e.g. the development 

of 2G biofuels is a new trend amongst the research institutes.112 In addition to provide 

research results and research based services, they shape valuable networks around and 

between firms. Additionally they create contacts with other actors in the knowledge system. 

Research institutes initiate projects and cooperation with the industry, build networks and 

contribute to increase the common knowledge base, which again contributes to further 

cooperation and accumulation of knowledge.      

The research institutes participate and manage research projects benefiting both the 

industry and other actors. Additionally, they have contacts covering the whole value chain. 

Currently PFI113 coordinate two research projects114, one national project supported by 

RENERGI. This project investigates the possibility of using celluloses from wood to produce 

biooil with help from pyrolisis. Biooil can be refined to form biofuel components and other 

                                                 
111 Fra biomasse til biodrivstoff, (2007) 
112 Fra biomasse til biodrivstoff, (2007) 
113 The Paper and Fibre Research Institute 
114 Information gained during interview 28.4.2008 with Karin Øyaas, Research manager at PFI.  
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chemicals.115 The project involves several actors from the industry, universities and R&D 

institutions such as StatoilHydro and UiB.116 The other project related to cellulose and 

bioethanol supported by the industry involves all the Nordic countries. These projects are 

crucial in order to promote cooperation, knowledge sharing and innovation. They also give 

actors the opportunity to share cost related to technical information, pilot plants and prototype 

development which can be very expensive. PFI has also together with ZERO, TØI and NoBio 

been an important catalyst in the development of the report “Fra biomasse til biodrivstoff”.117 

A project which provided an overview of issues, potentials, relevant projects, and actors 

working with issues related to biofuels in Norway. As the most relevant actors from industry, 

authorities, research institutes and special interest organisations related to biofuels were 

involved in the project, the actors also had an opportunity to expand their network. The 

project was partly financed by RENERGI and actors such as Borregaard, StatoilHydro and 

Norske Skog, which also worked as a reference group, providing expert knowledge during the 

project.  

In short, research institutes and universities fulfill many activities in the evolving 

2BIS.118 Additionally interpersonal mobility from university and research institutes to 

industry increases the firms’ knowledge base and their absorptive capacity.119 Thus, tacit 

knowledge can be difficult to communicate, the movement of people can be crucial in order to 

promote effective transfer of knowledge. During the last few years several key persons with 

knowledge relevant to the development of biofuels have been hired by the industry from 

research institutes and universities (or other firms) in order to work with the development of 

                                                 
115 This kind of technology can make bioethanol from celluloses and hemicelluloses more profitable. 
116 University of Bergen. Fra Biomasse til biodrivstoff  (2007). 
117 Report: Fra biomasse til biodrivstoff 
118 Norske Skog contacted several research institutes and universities such as SINTEF and NTNU, to gain information and feedback on 
issues related to the production of synthetic biodiesel from biomass in Norway before they founded Xynergo AS. They have also contact (not 
formalised cooperation) with other large industrial players as Borregaard.  
119 Absorptive capacity refers to the ability to assimilate and integrate new technological knowledge. 
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2G biofuels.120 The movement of people is important to knowledge transfer, which is crucial 

in the case of 2G biofuels as knowledge and resources from different knowledge-bases or 

sectors are combined in order to create new products.  

5.1.2. The demonstration projects ability to reduce technological uncertainties 

Demonstration projects (DPs) can be key mechanisms in order to reduce some of the 

uncertainty related to the development of 2G biofuels. These projects are used by actors as a 

mean to reduce risks related to the preparation of the technology from the R&D laboratory 

stage to market introduction. This thesis differentiates between two types of DPs; the pilot 

plant which is a pre-commercial production plant where the technology can be tested on a 

larger scale than in the R&D laboratory. The other refers to a niche where the technology is 

tested in the market but protected from market demand, for instance when the technology or 

the fuel is tested in vehicles like a bus fleet.  

Since building a large-scale production plant involves great investment, testing the 

technology in a smaller pre-commercial pilot plant121 before it is introduced to the market can 

be a cost-efficient alternative. A successful DP may validate and legitimise the technology. 

Currently several DPs testing 2G technologies are operating in Germany, the US and Sweden. 

In Norway several DPs are planned. Xynergo AS, Weyland AS and GLØR plan to build pilot 

plants during the second half of 2008. An outline of some of the planned DPs is presented 

below. 

5.1.2.1. Planned demonstration projects 

GLØR122 plans to produce synthetic biodiesel with the use of Fisher-Tropsch technology 

based on gas from their waste disposal. The project was initiated by ZERO123 and is 

                                                 
120 Tommy Nesbakk was hired by GLØR from NTNU and Per Nygård was hired from PFI to Hydro, Klaus Schoffel was hired from Hydro to 
Norske Skog, he is now the manager of Xynergo AS. 
121 Test plant also involves risks and investments, Rikheim representing the NRC argues that pilot plants can cost 100 million NOK  
122 Website ZERO (Accessed 4.8.2008) http://www.zero.no/transport/bio/glor-undertegner-kontrakt-med-aviosol/  
123 Zero Emission Resource Organization 
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financially supported by the RCN. The technology124 is imported from a Swedish technology 

company, called Aviosol AB.125 While Aviosol has tested the technology using woody 

biomass, GLØR is going to use biogas from household waste. The plant is estimated to 

produce at least 500.000 litres of biodiesel a year. Primarily this biodiesel will be tested by the 

company’s vehicle fleet (garbage trucks). As the building of the pilot plant costs 17 million 

NOK126 public support from the RCN is essential. The plant is partly self-financed, as this is a 

premise in order to receive support from the RCN. It is expected that the plant will be ready 

for production in 2010. If successful, GLØR will look into the possibilities of building a 

larger production plant. 

 Weyland127 has been supported by IN and Fana Stein & Gjenvinning, a renovation 

company with the building of a small-scale test pilot plant. Supported by RENERGI (RCN) 

and SkatteFUNN128 they are now in the process of building a pilot production plant.129 A 

venture company, Sarsia Seed Fund130 spin-off from the University of Bergen131 is new on the 

owner side.132  

Xynergo AS133 plans to build a pilot plant located at Norske Skogs paper production 

plant in Follum.134 They are going to produce synthetic biodiesel (BtL-diesel) from woody 

biomass (waste from the forest) which reduces the CO2 emissions with 90 per cent compared 

to a comparative fossil fuel. Production is set to start in 2010. Furthermore, they are planning 

large scale commercial production from 2013. In the original plan the plant was to be 

completed in 2015, but due to their contract with Choren industries135 in Germany it will 

                                                 
124 The contract lasts 15 years. 
125 Website Aviosol AB (Accessed 4.8.2008) http://www.aviosol.com/index.php?sida=startsida&sprak=svenska  
126 The support is received over a period of three years. 
127 They see large potentials in this technology as the process is capable of converting virtually any cellulose containing feedstock into 
ethanol. 
128 Total support from the RCN and SkatteFUNN 5 million NOK. Website Skattefunn http://www.skattefunn.no/  
129 The plant is estimated to cost 12 millions NOK. 
130 Website Sarsia Seed (Accessed 31.08.2008) http://www.sarsiaseed.com/category.php?categoryID=190  
131 Investors focusing on life science and energy start-ups in Norway. 
132 Weylands aim has been to sell the technology, they are not interested in own production, their knowledge and interest lies in the 
technology. The information is gained during interview 6.3.2008 with Karl Ragnar Weydahl, R&D manager at Weyland As 
133 Website Xynergo AS (Accessed 16.8.2008) http://www.xynergos.no/  
134 Website Xynergo AS (Accessed 3.8.2008) http://www.xynergo.no/  
135 Website ZERO (Published 29.9.2008) http://www.zero.no/transport/bio/spennende-samarbeid-mellom-norske-skog-xynergo-og-choren/  



54 
 

probably be ready earlier (Egde-Nissen, 2008). After several decades of paper and pulp 

production Norske Skog136 has acquired extensive knowledge of wood processing. As they 

see no large future expansion potential in paper production, some of this experience, acquired 

knowledge and resources can be converted into the development and production of synthetic 

biodiesel. According to Klaus Schöffel137 the process of converting woody biomass to 

synthetic biodiesel is complicated, thus the technology is not yet commercialised.138 The pilot 

plant is estimated to produce ten million litres a year.139 Furthermore, the large scale 

production plant is estimated to replace around 15 per cent of today’s consumption of 

biodiesel in road transport.  

By presenting some of the planned DPs the importance of creating temporary 

protected spaces to test the technology, reduce risk and bottle necks related to the technology 

before it enters the market is emphasised. As feedback is essential during the innovation 

process, these projects give actors fast and efficient feedback during the process on a larger 

scale than in the laboratory. DPs also give the opportunity to include more actors representing 

other sectors than what is feasible in the R&D laboratory setting. They also provide space to 

build social networks which support innovation, like supply chains and user-producer 

relationships. Furthermore, they work as local breeding spaces for new technologies, in which 

they get a chance to develop and grow and as argued by senior researcher at SINTEF, Lars 

Sørum “In order for the technology to become cost efficient it is important to test it at a 

larger scale” (Egde-Nissen, 2008). Furthermore, DPs involve a number of iterative loops as 

actors can apply an in-depth comprehension from earlier models to improve the product. The 

importance of testing new technology is crucial in order to manage the transition from one 

                                                 
136 Information gained during interview with Norske Skog. The process will contribute to large amounts of heat, which can be used as 
electricity, and save a lot of expenses. 
137 Klaus Schöffel was hired by Norske Skog to develop their bioenergy department. The last 15 years Schöffel has been working with the 
development of Hydrogen at Hydro’s R&D department. 
138 At the time of the interview, May 2008, one week before the new company Xynergo AS was established, Norske Skog worked with three 
different types of technologies, with different grades of own development. 
139 Website Ringblad, (Published 23.09.2008) http://www.ringblad.no/nyheter/article3802383.ece 
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technology to another. DPs can indicate the maturity of the technology and reduce uncertainty 

felt among investors and legislators, further contributing to forming a network of actors to 

drive technology and influence policy change and institutions. As investors normally do not 

invest for the purpose of charity, some kind of indicator or guarantee for the technology’s 

potential to become successful is appreciated. DPs can also reduce institutional barriers and 

contribute to the development of RCS. Finally, by presenting these DPs the importance of 

public support is highlighted. Governments and policymakers play an important role in 

promoting DPs, involving potential users and making the results freely available to all 

stockholders.  

5.1.3. Conclusions related to technology 

Firms use multiple sources to obtain information and knowledge to develop the best 

technology and discover the most suitable raw material for 2G biofuels production. The large 

industrial actors emphasise in-house R&D as crucial to increase their knowledge-base and 

promote innovation. However, R&D collaboration with research institutes and universities is 

highly valued in this formative phase. Although collaboration with firms is important, firms 

doing in-house R&D emphasise research institutes and universities as the most important 

partners in this early phase. This is not only due to their extended knowledge about the 

technology, but also their ability to build efficient networks between actors with similar 

interests.  

When the 2BIS matures, firms expect collaboration with other firms to increase. 

Building on accumulated knowledge, firms from different sectors cooperate to increase their 

knowledge base and promote innovation. Vertical contact between sectors is important to 

increase knowledge about other parts of the value chain, and in order to gain a perspective of 

the different actors positions in the chain.  
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As the formative phase of a new industry is known to be insecure, DPs reduce risks related to 

the dilemmas firms face on whether and how to innovate in a turbulent competitive 

environment. DPs help minimise the gap between the R&D and commercialisation of the 

technology. Consequently a DP can be important in order to test the technology and the raw 

materials on a larger scale by continually receiving feedback. In addition, DPs increase the 

validity and legitimise new technologies by promoting the technology to relevant actors.  

5.2. Actors influence on institutions 

Widely acknowledged in organisation theory, legitimacy is a prerequisite for the formation of 

new industries (Bergek, 2008). Since institutions140 like RCS are adapted to old technologies, 

new technologies need support in order to gain acceptance.141 Due to the high risks and 

uncertainties involved firms do not expected that new environmental technology will expand 

and diffuse by itself. The importance of governmental support and incentives can be 

exemplified by using the case of Sweden. In order to promote consumption of biofuels in 

Sweden, several incentives, both on the demand and the supply side have been implemented 

during the last ten years. Thus, current consumption of biofuels is far higher in Sweden than 

in Norway. Some of the respondents argued that due to the strong position the oil and gas 

industry has in Norway, hydrogen and fuels cells have gained more focus than biofuels. 

Furthermore, biofuels have been more natural related to their knowledgebase as Sweden has 

traditionally had a strong forestry and agriculture sector. 

In order for firms to promote diffusion of new environmental technology they lobby to 

influence framework conditions and to legitimise technology. The process of legitimising 

technology is explained in terms of actions made by NGOs, special interest organisations and 

industry associations, all of which are key actors in lobbying for regulation and public 

                                                 
140 As argued in chapter 3, institutions refers to RCS, framework conditions etc. not to organisations.  
141 The importance of framework conditions, RCS and certifications is related to the long-term conditions which attract investors and help 
guaranty a market. 
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support. To examine what kind of role the political networks have in creating stability in the 

formative phase of 2BIS the following sub RQs were asked; how are the political networks 

organised? How do they influence institutions?  

5.2.1. The political networks influence on institutions 

The objective of shaping the institutional set-up is an inherent part of the formative stage of a 

TIS. The importance of building support and consistency with regards the technology 

involves the “entry” of actors other than firms. NGOs, industry associations and other special 

interest organisations142 can create powerful political forces and lobby on behalf of a given 

technological system.  

5.2.1.1. The organisation of the political networks  

Currently, in this formative phase, the political networks are not formally organised in a 

network or platform solely related to biofuels.143 The political network loosely consist of 

environmental organisations, NGOs such as WWF, Nature and Youth, ZERO, Rainforest 

Foundation Norway144, Bellona and Friends of the Earth Norway, and organisations such as 

NoBio, NAF along with industry associations. The networks can be described as fragmented, 

contact between the organisations are loose and irregular. As stated by Johannes Fjell Hojem 

at ZERO; “Our cooperation is related to specific problems and special cases”. In the 

meaning that they cooperate in relation to e.g. lobbying activities, writing feature articles or 

for instance related to joint replies/papers in political consultative rounds. An example of a 

joint project145 between ZERO, Nature and Youth, Rainforest Foundation Norway and 

Friends of the Earth Norway was when they pointed at the need for regulations related to 

                                                 
142 It may also involve research institutes, universities, and elements of state bureaucracy (Feldman & Schreuder, 1996; Porter, 1998; 
Jacobsson & Bergek, 2004). 
 L In Norway Hydrogen has attained more focus and support than biofuels, there is for instance established a Hydrogen forum. Website 
Norwegian Hydrogen Forum (Accessed 31.8.2008) http://www.hydrogen.no/  
144Friends of the earth Norway, Nature and Youth, The Future in our hands (FIOH) and Eco- agents (children) are a part of Rainforeste 
Foundation Norway. 
145 Website ZERO (Published 28.3.2007) http://www.zero.no/transport/bio/kronikk-sats-pa-miljovennlig-
drivstoff/?searchterm=føringer%20for%20importert%20biodrivstoff  
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import of biofuels. As previously mentioned none of the NGOs146 work solely regards 

biofuels, generally they are involved in work related to different climate issues. Moreover, the 

organisations have individuals specialised in specific fields/areas such as biofuels or 

hydrogen. Only one organisation works solely with the promotion of bioenergy and fuels, 

NoBio.147  

Interviews with the organisations revealed the important role framework conditions 

have for a successful commercialisation of 2G biofuels. All the interviewed actors emphasise 

the lack of framework conditions as one of the largest barriers related to biofuels. They all 

acknowledged the importance of developing a biofuels certification and reporting system, 

with clear environmental demands on sustainability.  

5.2.1.2. The circulation directive  

Due to the EU biofuels directive implemented in 2001 the use of biofuels in European 

countries has increased during recent years. EU had an aim of substituting 5.75 volume per 

cent148 of the circulated fossil fuel in road transport with biofuels by 2010 (10 per cent by 

2020). In January 2008149, the EU announced that due to negative environmental and social 

consequences they would have to modificate these aims.150  

In November 2007 the Norwegian government represented by the Norwegian 

Pollution Control Authorities (SFT) initiated a consultative round151 with a proposal of 

substituting two volume per cent of fossil fuels with biofuels in 2008 and five per cent mix of 

biofuels before by 2009 (SFT, 2008).  

                                                 
146 In this thesis the NGOs refers to the environmental NGOs. 
147 NoBio- special interest organisation related to firms working with bioenergy where individuals also can become members and support 
their work.Website NoBio (Accessed 25.08.2008) http://www.nobio.no/index.php?option=com_bransje&Itemid=114  
148 Further in thesis per cent related to the circulation directive refers to volume per cent.  
149 Website BBC news (published 14.02.2008) http://news.bbc.co.uk/2/hi/europe/7186380.stm  
150 Website EU (Published 11.0.2008) http://www.europarl.europa.eu/news/expert/infopress_page/064-36659-254-09-37-911-
20080909IPR36658-10-09-2008-2008-false/default_en.htm  
151 With time limit February 2008. 
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The majority of the 33 organisations, including governmental bodies, industry 

associations and other organisations (amongst them NoBio152 and ZERO153)  were positive 

and supported SFTs154 proposal with some additional comments. They saw the incentive as 

crucial in order to increase the consumption of biofuel. However, as the consequences of 

harvesting and production of some biofuels are uncertain, the organisations highlighted the 

importance of developing and implementing a certification, reporting system for the fuels’ 

sustainability. Some of the organisations (amongst them WWF, Friends of the earth Norway, 

Rainforest Foundation Norway)155 replied that there must be a clear demand for the fuels’ 

ability to reduce GHG emissions and the fuels’ sustainability related to production and 

harvesting of biomass. This has to be secured through an international certification system 

and reporting on sustainability (SFT, 2008).156 Some of the organisations argued that these 

demands should be absolute, and that the aim should be postponed until the certification 

system is developed, while others argued that this work has must prioritised, perhaps by 

implementing parts of the model implemented in the UK. The EU is currently working with 

the development of a reporting system. Several argue that one should wait with the 

implementation until this system is ready in the EU.  

Some of the respondents (amongst them NP) answered that five per cent would be 

difficult to achieve with the current allowed low mix of biofuels (five per cent) in regular 

fuels by 2009. Their main arguments were the consumers’ availability to E5, (five per cent 

                                                 
152 Website Habiol, Nobio submission to the Norwegian Pollution Control Authority dated 21.2.2008. (Accessed 5.8.2008) 
http://www.habiol.no/index.html?72558  
153 NoBio and ZERO made a common paper related to the biofuels consultative round, the same did Friends of the earth Norway, WWF and 
Rainforest Foundation Norway. Nobio argues that there are enough sustainable biofuel to achieve the goal of 5 per cent, ZERO support this; 
they have also been in contact with several partys in order to lobby this aim. (Publised 1.10.2008) http://www.zero.no/transport/bio/venter-
utalmoldig-pa-et-omsetningspabud/ 
154A summary the organisations views related to the proposal (Dated 28.5.2008) 
http://www.sft.no/nyheter/brev/biodrivstoff_forslag280508.pdf  
155  These three organisation made a common paper (Dated 21.02.2008) 
http://assets.wwf.no/downloads/microsoft_word___080221_innspill_rf_wwf_gp_rapportering_biodrivstoff_1.pdf  
156 According to SFT 2008 the reporting can be done after the biofuel has circulated, and includes the possibility to trace the sustainability in 
the value chain. 
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mix of ethanol).157 It may take 18-24 months to provide the necessary infrastructure for E5 in 

the Norwegian market. Furthermore, NP focused on the difficulties with five per cent mix of 

biodiesel in regular diesel due to the cold winter climate158 (SFT, 2008). Furthermore, they 

argued that in order to achieve these short-term goals it is necessary to build a market for 

clean or high mix biofuels. This may take considerable time as the availability of gasoline 

with 85 per cent biofuels (E85)159 currently is limited. In addition the demand for high mix 

biofuels is dependent on the number of vehicles which can use this kind of fuel. Thus, it is 

difficult to achieve a goal of five per cent mix of biofuels in fossil fuels by 2009.  

Finally, SFT reconsidered the proposal and changed the goal to cover two per cent mix 

of biofuels by 2009.160 Although the incentive for increasing the consumption of biofuels was 

altered, the need for RCS and framework conditions in order for the industry to develop and 

secure a sustainable production was highlighted.  

5.2.1.3. The role of the NGOs  

The environmental movement is not a homogeneous group of organisations, there are 

variations in how they are organised and how they approach different cases. Some of the 

organisations, such as ZERO and Bellona are foundations, while others are member 

organisations. Generally the NGOs are positive to the development and diffusion of new 

environmental technology; however they differ on their views upon to what extent they 

consider new technology as a solution to climate issues. While some of the NGOs primarily 

focus on new technology, others are more focused on behavioral changes, infrastructure and 

the improvement of public transport. Over the years the NGOs have been regarded as more or 

less in opposition to the industry. This role seems to have changed as some of the NGOs now 

                                                 
157 According to NP and VD to be able to reach the goal of 5 per cent mix, the oil industry is dependent upon gasoline with 5 per cent mix of 
bioethanol (SFT, 2008).  
158 It is difficult with 5 per cent blend of biofuels during wintertime in the vehicles (SFT, 2008). 
159 The supply of E85 is today limited at Norwegian gasoline stations.  
160 In 2007 the amount of biofuel was 1.6 volume per cent. 



61 
 

collaborate with the industry in order to develop, improve and promote environmental 

technology.  

5.2.1.4. The NGO  industry link 

Traditionally the NGOs have been seen as marginal contributors in the process of 

technological change and innovation. Nonetheless, research done during the last decade 

reveals the increasing role some of the NGOs like Bellona161 have in contributing with 

technical knowledge (Kristiansen, 2001). The NGOs have mainly acted as mediators between 

industry, society and authorities in relation to technological knowledge as well as conducting 

lobbying activities.  

Almost all the firms interviewed have some kind of contact, formal or informal with 

NGOs. GLØR has with assistance from ZERO, obtained contact with the technology 

developer Aviosol AB in Sweden. ZERO did not just act as a mediator, but also as a catalyst 

helping GLØR by initiating the project. During this phase ZERO contributed with technical 

skills, assisting GLØR on field trips and participating in meetings and discussions related to 

the technology.162 Furthermore, Borregaard has recently initiated a three year collaboration 

agreement with Bellona in order to evaluate environmental and industrial solutions for bio-

based products and energy solutions.163 According to Peter Graversen at Borregaard; 

“Cooperation with NGOs can inspire to innovation, new thinking and contribute to a better 

use of resources in a more sustainable manner.” Bellona and Borregaard collaborate to 

develop and contribute with knowledge in order to manage and use resources in a sustainable 

way. Their objective is to promote correct uses of biomass, without putting pressure on food 

production. In addition to a wide contact network within politics, resource management and 

                                                 
161 Bellona has done extended work related to Hydrogen 
162 ZERO also work on a biofuel project in Kenya, assisting Church Aid with issues related to technology.  
163 Website Borregaard, (Accessed 16.8.2008) 
http://www.borregaard.com/eway/default.aspx?pid=227&trg=LeftPage_6052&MainPage_5913=6052:0:&LeftPage_6052=3004:25827::0:60
53:3:::0:0  
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industry, Bellona164 has expertise in renewable energy and climate problems which can be 

useful to Borregaard. Borregaard has a large knowledge-base and important partners within 

both research and industry which can naturally be brought into the technical work.165 

Moreover cooperation may also put them in a stronger position to influence framework 

conditions. Since industry seeks other actors in order to find new solutions and opportunities, 

they try to think non-traditionally, and to avoid being locked into traditional ways of thinking. 

Thus, some of the NGOs are considered valuable creative forces to inspiration as well as new 

knowledge. StatoilHydro and Norske Skog also have contact with the environmental 

movement. In June 2008 StatoilHydro arranged a meeting with the NGOs in order to 

exchange knowledge and experience related to biofuels. Doing this, firms may perceive an 

impression of the resistance to biofuels in the market. Thus, as there are high technological 

risks related to the development of radical environmental technologies, the industry does not 

want to introduce new technologies which will meet large resistance in the market. In brief, 

contact with the environmental movement may be useful to identify and reduce resistance to 

the technology.  

5.2.1.5. The changing role of the environmental movement 

Even though there are differences amongst the NGOs, one can generally see a change in the 

way they act and are organised. While the environmental movement more or less has been 

around in most industrialised countries since the late 1960s, it is only in the last fifteen years 

that they have been taken seriously (Jamison et al., 1990). From the anti-imperialist and 

student movements in the 1960s to the feminist and environmentalist movement in the 1970s 

and 1980s emerged a range of alternative ideas about knowledge which have given rise to 

                                                 
164 Bellona also collaborate with SAS, KLM and Air France to develop biofuels from algae in aeroplanes (Published 1.10.2008)  
http://www.mentoronline.se/iuware.aspx?pageid=3172&ssoid=88156  
165 According to Borregaards website they wish to share their knowledge with Bellona. This collaboration is important in order to be able to 
make professionally well-founded recommendations in the very debate about using bio-resources to reduce greenhouse gas emissions. 
Website Borregaard (Accessed 16.8.2008) 
http://www.borregaard.com/eway/default.aspx?pid=227&trg=LeftPage_6052&MainPage_5913=6052:0:&LeftPage_6052=3004:25827::0:60
53:3:::0:0  
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new scientific and technological programs (Jamison et al., 1990). During the 1970s, after the 

energy debates, environmental concerns grew more incorporated into the established political 

structures.166 Thus, as Norway has a strong democratic tradition, the NGOs and other 

organisations strongly influence policymaking. Today the NGOs are more established, they 

have offices, an administration and experts with relevant education and experience.167 As we 

live in an increasingly complicated, knowledge based society, the NGOs have also increased 

their knowledge-base becoming more specialised and professionalised. The NGOs and 

industry also collaborate to influence framework conditions in order to aid the technology 

gain acceptance and legitimacy.  

Some of the NGOs and interest organisations (ZERO and NAF168) have been 

important catalysts in the establishment of Transnova. Transnova will be governed by the 

Ministry of Transport and Communication and has the objective of reducing GHG emissions 

from the transport sector by promoting use of new environmental technology. Transnova is 

not yet established (2009), but a reference group representing the authorities, NGOs and other 

organisations held their first meeting in June 2008.169 The intention is that Transnova will 

serve as a political means in the same way as Enova does.170 Enova was established in 2001 in 

order to promote the change from fossil fuel in stationary energy to more sustainable energy.  

5.2.2. Conclusions related to institutions  

Political networks are crucial in changing and adapting institutions. To be able to gain a 

foothold among older and more stable technologies in a strong fossil fuel regime the 

technology is dependent on promotion to be developed and diffused. In order to boost use and 

market formation this kind of radical technology usually needs some incentives. To get an 

                                                 
166 The Norwegian ministry of Environment was founded in 1972. This can be one of the reasons why the green political parties (Jamison et 
al., 1990) has not had a major influence in Norway compared to many other countries. 
167 When asking during the interviews what kind of competence the NGOs seeks, they emphasise technological and political skills, and if 
possible experience from industry or governmental work. 
168 Norwegian Automobile Association Website http://www.naf.no  
169 Based on information gained during the interview with  Friends of the Earth Norway  
170 Enova SF is a public enterprise owned by the Royal Norwegian Ministry of Petroleum and Energy. Website Enova SF  
(Accessed 19.08.2008) www.enova.no  
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impression of the resistance in the market and gain information about climate issues firms 

appreciates contact with other organsiations such as NGOs.  

5.3. Market formation 

Norway can be compared with the Netherlands (Suurs & Hekkert, 2007), far behind its 

neighboring countries and countries such as Brazil and the US in the consumption of 

biofuels.171 Despite some incentives to increase demand during the last ten years172, it is only 

the last two years that have seen the price difference between fossil fuel (due to increased oil 

prices) and biofuel become so large that the oil companies have started to increase their sales 

of biofuels.173 Still, its contribution to the volume of biofuel is marginal compared to total 

amount of consumed fuel (1.6 per cent biofuel in 2007).  

According to Klaus Schöffel, managing director at the newly established Xynergo AS; “It 

may not be so easy for everybody to fully understand the important differences between first 

and second generation biofuels. It is not beneficial to see these two kinds of biofuels in 

contrast to each other”. Even though 2G biofuels are made out of inedible raw materials the 

negative consequences related to some 1G biofuels might have a negative psychological 

impact on market formation. Government policy plays an important role in market formation 

related to the changing and adaptation of institutions to stimulate demand. This section 

focuses on what kind of role the two stabilisation mechanisms of political networks and DP 

plays with regards to market formation. 

5.3.1. The role of political networks in market formation 

Institutional change is often required to generate markets for new technology, accordingly 

political networks or lobbying activities are vital to market formation. As discussed by Suurs 

                                                 
171 Website Forskning.no (published 2.10.2006) http://www.forskning.no/Artikler/2006/september/biodrivstoff 
172 Since 1999 biodiesel B5 (5 per cent mix of biological diesel in regular diesel) has been relieved for the mineraloiltax (3.02 NOK per liter) 
and CO2 tax (0.54 per liter). 
173 E85 (Ethanol 85 per cent ethanol and 15 per cent gasoline) have had relief both for gasoline tax (4.17 NOK per/litre) and CO2 tax (0.80 
NOK per/litre) (RCN, 2008). 
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and Hekkert (2007) regarding the introduction of biofuels in the Netherlands and EU during 

the early 1990s, ten years with R&D investments trying to boost consumption of biofuels did 

not have a large impact on demand. When the EU decided to implement a biofuel directive, 

demanding its member countries substitute one per cent of sold transport fuels with biofuels, 

there was a slow increase in demand. This indicates that an incentive such as a circulation 

directive can be vital in order to boost development and demand of new environmental 

technology. Political networks can be crucial in market formation as they lobby for the 

implementation of regulations and incentives such as taxes (relief) and subsidies.  

5.3.1.1. Early entrants  

 Early entrants or “prime movers” can strengthen the “power” of political networks and 

provide an enlarged opportunity to influence institutional set-up, thus influencing market 

formation. Norske Skog/Xynergo AS and StatoilHydro are large corporations with clear 

advantages in regards to size, infrastructure, knowledge, experience and contact networks. 

Since StatoilHydro is the largest oil and gas company in Norway and with the aim of being 

the largest supplier of biofuels in Norway, they give important contributions to market 

formation. StatoilHdyro can be said to be a prime mover.174 Since StatoilHydro decided not to 

join Norske Skog in the further development of biofuels after their joint foresight study on 

biofuels in 2006, many thought StatoilHydro were not interested in producing and offering 

biofuels. However, StatoilHydro sent out contradictory signals in May 2008 when they 

bought 42 biofuel tank installations after the liquidation of BV Energi.175  

Traditionally, the Norwegian wood, pulp and paper based industry has been strong, 

employing many people, especially in rural areas. After a decrease in the pulp and paper 

industry during the last decade, political debates and conflicts ensued.  The establishment of 

                                                 
174 At the moment they offer 1G offer E85 based on sugarcane imported from Brazil. Website Hegnar Online (Published 11.8.2008) 
http://www.hegnar.no/motor/article302865.ece  
175 BV Energi was liquidated after loads of subsidised American biofuels entered the market in Europe. Website VG nett (Published 
22.05.2008) http://www1.vg.no/bil-og-motor/artikkel.php?artid=533056  
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Xynergo in May 2008 may contribute new opportunities to this sector. A highly skilled 

workforce with knowledge and experience can be used in the production of biofuels. As 

argued by Klaus Schöffel; “This knowledge and infrastructure can give a synergy effect to the 

production of synthetic biodiesel”.176 As much of the knowledge is tacit, integrated in the 

structure and routines of organisations, the possibility to combine this in different ways can 

give new opportunities. Xynergo may be seen as a pilot project for the production of synthetic 

biodiesel, testing raw materials and production processes in order to transfer the knowledge 

further to other factories both in Norway and abroad. Both Norske Skog/Xynergo and 

StatoilHydro can be seen as prime movers. The entry of Xynergo177 strengthened the 

influence of the political network related to the development of 2G biofuels. 

5.3.2. How can demonstration projects influence market formation? 

DPs can be key mechanisms in preparing technology for market introduction. New 

environmental technologies are known as being insecure, thus people are sceptical to new 

technology. However, DPs can contribute to increase customer awareness. By testing the 

technology in a “normal” or authentic setting like a niche, strong signals can be sent to the 

market about the validity of the technology. GLØR can be said to consist of two projects, one 

pilot plant for the production of synthetic biodiesel and a niche for trying out the fuel in 

vehicles. When the pilot plant has produced the biodiesel, the fuel is tested in the vehicle 

fleet, in a niche protected from market demand. According to Tommy Nesbakk at GLØR; 

“after the fuel has successfully been tested in the vehicles, employees and others are given the 

opportunity to buy the fuel”. The DP provides location and possibilities for learning 

processes, learning by doing, using and interacting. By testing the biodiesel in vehicles, key 

factors such as complexity, compatibility and whether it offers advantages over existing 

products can be judged, constantly getting feedback from users, which is crucial in the 
                                                 
176 Website Ringblad, (Published 23.09.2008) http://www.ringblad.no/nyheter/article3802383.ece  
177 Official governmental website, Norske Skogs presentation of Xynergo AS to the Norwegian government (Published 27.5.2008) 
http://www.regjeringen.no/nb/dep/lmd/aktuelt/nyheter/2008/mai-08/skog-biodrivstoff.html?id=513744  
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innovation process. Furthermore, small scale projects like GLØR, testing technology in niches 

can improve the technology and contribute to market introduction.  Experiments can be a way 

to stimulate articulation processes necessary for the new technology to become socially 

embedded.  

5.3.2.1. Signal effect  

Like Edison when he installed electric lights in a Wall St. company office as a visible and 

public demonstration of his technology (Harbourne et al. 2007), the GLØR vehicles can be 

observed in several municipalities, contributing important signal effects. The signal effect 

obtained by a DP can reduce the uncertainty felt by potential customers, investors and 

legislators. The market and the policy-makers, crucial for the development of institutions and 

promotion of demand, can get an impression of the product, rather than just “an idea on 

paper”. Moreover investors gain a better understanding of the technology and its applications 

which is important in order to draw the interest of investors, thus removing one of the 

“bottlenecks” that impede the funding of radical innovation. In addition, the positive effect 

gained from inhabitants feeling that they are able to advance to a better environment by 

“recycling” their garbage into biodiesel can influence market formation. If the technology is 

successful, other actors may consider investing in similar projects.178 Furthermore, Tommy 

Nesbakk at GLØR argues; “I hope this project can promote a spill-over effect to other actors, 

and that we can contribute this technology transfer.” The production of biodiesel also 

contributes to economic advantages as GLØR saves fuel expenses by substituting fossil fuel 

with own produced fuel. DPs may also stimulate competition with incumbents further 

developing existing technology.  

                                                 
178 The employees at GLØR want to assist others doing similar projects with knowledge and experience attained through this project. 
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Moreover, several local municipalities have initiated DPs. Borregaard179 delivers bioethanol 

to several buses in the Oslo area, through Unibuss.180 Borregaard has entered a contract with 

Kemetyl181 for the supply of biofuel containing bioethanol from Borregaard.182 This biofuel 

reduces the CO2 emission by 80 per cent. In addition to the environmental effects, these 

projects are organised to reduce uncertainties involved in the development of technologies.  

5.3.3. Conclusions related to market formation 

Although some incentives have been introduced in order to boost the demand for biofuels, 

these have not had a powerful impact on the market.183 Market formation must not be shoved 

into the future, waiting for the next generations of biofuels to be developed. Political networks 

and DPs are important to market formation, both influencing the formation of RCS and 

framework conditions which can help technologies to reach the mass market.  

 

 
 

 

 
 
 
 

                                                 
179 Website Orkla ASA (Accessed 3.8.2008) 
http://www.orkla.no/eway/default.aspx?pid=241&trg=Content_7335&Content_7335=7436:41703::0:7393:2:::0:0 
180 This is a company which runs buses for Ruter AS. Ruter has an environmental policy focusing on environmental friendly bus travel. 
181 The Kemetyl Group is Europe's leading supplier of car, home and leisure products to the consumer market. Borregaard has been working 
with them for many years, supplying ethanol for a range of applications. Now, for the first time, Kemetyl is supplying biofuels in Norway. 
182 Website Borregaard (Accessed 16.8.2008) 
http://www.borregaard.com/eway/default.aspx?pid=227&trg=LeftPage_5988&LeftPage_5988=3004:25817::0:10018:1:::0:0  
183 Sweden has several incentives on the demand side, like tax reduction related to the use of biodiesel and ethanol and related to buying new 
environmental cars. In addition biofuels are more available in Sweden, they have many more places to by clean biofuel.   
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6. Towards some conclusions  

6.1. A brief account of the study  

Several approaches can be applied to increase the understanding of the development and 

diffusion of innovations. Since this thesis focus on 2G biofuels, which involves experience, 

knowledge and resources from different sectors, I decided to use the TIS approach. In order to 

gain an insight in the complex innovation process related to sustainable innovation and how 

firms and actors reduce uncertainties, the concept of stabilisation mechanisms was applied. 

This concept was preferred as it can be said to provide a more actor-focused approach than 

the function framework, advocated by Hekkert and colleagues (2006). Furthermore, to be able 

to answer the overall RQs related to what kind of stabilisation mechanisms at play in an early 

formative phase of 2BIS in Norway, the co-evolution of technology, market and institutions 

was explored. The combination of the empirical findings and the theory contributed to the 

identification, selection and analysis of three stabilisations mechanism. The main discoveries 

related to these mechanisms are presented and discussed in beneath. 

6.2. Main discoveries  

What kind of knowledge search strategies do firms conduct in order to reduce technological 

uncertainties?  

As this research has acknowledged, firms use various strategies to handle the many barriers 

related to the development of 2G biofuels. Thus, the development of 2G biofuels involves 

scientific knowledge; in-house R&D is highly appreciated amongst firms, and is crucial in 

order to increase firms’ absorptive capacity (Cohen & Levinthal, 1990). However, this does 

not indicate that external linkages not are important to firms doing R&D. The research 

acknowledged Freemans (1991) arguments about external networks, which seems to be just as 

important for firms doing in-house R&D, as for those who do not. Firms highly appreciate 
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collaboration with research institutes and universities, and the many important roles of 

research institutes were highlighted. They are not just crucial as R&D collaborations for 

firms; they also act as catalysts related to projects and do extended networking activities. The 

study confirmed Fagerbergs (2007) statements about the important link between universities, 

research institutes and firms. These actors give important contributions to firms in their search 

for knowledge, and in the creation of stability in an evolving TIS (empirical findings 

presented in section 5.1).  

How are the political networks organised, and how do they influence institutions? 

Which role do they play in market formation? 

Institutional adaption is crucial in order to promote diffusion and marked demand related to 

new environmental technology (Bergek et al., 2007). As argued in the literature, the lack of 

standardisation might lead to fragmented markets and poor incentives for firms to innovate, 

this was exemplified by presenting the lack of a reporting system related to the biofuels’ 

sustainability (empirical findings are further outlined in 5.3).  

In order for the technology to gain foothold and diffuse, one of the most important 

activities in an evolving TIS is to create legitimation for the technology (Bergek et al., 2008). 

The importance of creating legitimation and influence institutions indicate the vital role 

played by political networks to support and lobby on behalf of a given technology (Jacobsson 

& Lauber, 2006). In line with Bergek and colleagues (2007), it seems as the early phase of 

2BIS contains fragmented, informal and underdeveloped networks. Still, although the 

political networks are not formally organised in any network or platform solely related to 

biofuels, their actions are important to reduce resistance and legitimate technology (part 5.2).  

Moreover, this research revealed the important role some of the NGOs have in 

lobbying for the technology to gain legitimacy and change current institutions. These NGOs 

do not only act as mediators, they also act as catalysts by initiating projects, and contribute 
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with knowledge to firms and other actors. As argued by Jacobsson and Bergek (2004), the 

empirical findings confirmed the important role played by individual firms and some industry 

associations in this early phase. Large industrial actors such as StatoilHydro and Norske 

Skog/Xynergo which are economically and politically strong seem to have some influence on 

policymakers and for the further development of technology. Thus, they can be important 

contributors and legitimacy creators in the evolving BIS.  

What kind of role do demonstration projects play in order to reduce uncertainties 

related to technology and what kind of role do they play in market formation? 

In the strategic niche (Kemp et al. 1998, Harborne et al., 2007) and transition management 

literature (Geels) DPs are important tools with the purpose of testing the technology in a 

protected space where the actors can learn and validate the technology before it enters the 

market. As stated by Kemp and colleagues (1998) “without the presence of a niche, system 

builders would get nowhere”. DPs are key mechanism in the co-evolution of technology, 

market and institutions. Apart from providing interactive learning processes and building 

consistency behind the technology, they demonstrate the viability of new technologies. 

Moreover, they can provide financial means to further development and influence institutional 

adaption; essential to the wider development and diffusion of new technologies. The 

presentation of the planned projects indicates the importance public support has to create 

variety. As previously mentioned the introduction of this kind of technology involves high 

economic risks and are largely dependent upon public support and adaption of RCS in order 

to develop and diffuse. The study confirms the view firms have on testing new concepts and 

products in familiar environments for the purpose of learning and obtaining early revenues 

(Bergek et al., 2008). However, it is to early to tell the outcome of the DPs influence on 

market formation. Thus, it is assumed that they are important tools, sending signals to 

consumers, investors, legislators and other entrepreneurs, which can lead to further 
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experimentation and knowledge creation (Bergek, et al., 2006). Even though these 

technologies may never reach the market, it is important to build on the experience obtained 

from these projects.  

6.3. The actors in the innovation process 

The innovation literature does to a great extent value the business, academic, and 

governmental actors as significant for innovation. According to Schumpeter (Schumpeter, 

1943; Fagerberg, 2005), Lundvall (1992) and other adherents advocating the IS approach the 

entrepreneurs (individuals, firms and industry) are strong value makers in society. They are 

seen as key actors, contributing to innovation and variety, driving the evolution of, and 

propelling the system forward to a more mature stage to reach market diffusion. However, 

this research also acknowledged the influence other actors than the more “established” actors 

have on the innovation process. By initiating projects, collaborating with the industry and 

lobbying to influence development of framework conditions, NGOs give important 

contributions in both the creation and reduction (selection) of variety in the evolving 2BIS. 

The creation of variety and the selection mechanisms are as noted in the theory chapter crucial 

in an emerging industry. The process of selection and variety drives the technology further to 

a bridging market and towards market diffusion. 

Public support is essential for firms to overcome the many barriers during the 

introducing of new environmental technology. On one side, the policy-makers and their 

incentives are essential in order to promote and support the development of variety related to 

for instance technology by supporting R&D. Many technologies would never have reached 

the market without the support of public R&D. On the other side policymakers are crucial in 

reducing variety, by developing RCS, which is vital for the technology in order to be 

standardised, diffuse and reach the mass market. This acknowledges the view upon TIS as 
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developed “from the bottom” by entrepreneurial activities and from “above” by the 

development of institutions.  

The success of environmental technology is as noted strongly dependent upon the 

construction of a suited policy. By identifying the barriers and blocking mechanisms, and 

study what kind of activities firms do to create stability in an evolving TIS, some key policy 

issues related to the development of 2G biofuels were discovered. 

6.4. Key policy issues 

The empirical findings discovered during this work supported earlier studies related to the 

development and implementation of new environmental technology, the case of Norwegian 

Carbon dioxide, Capture and Storage (CCS) 184 in Norway (Van Ruijven, Jochem, 2007). He 

argues that a successfully introduction of new environmental technology is dependent upon 

both short-term and long-term goals and framework conditions. During the last few years 

several goals have been defined with the objective of reducing GHG emissions from road 

transport and promoting environmental technology, such as biofuels (e.g. the bioenergy 

strategy). However, although several political goals have been made, it seems like it is 

difficult to introduce means and incentives which can boost development and diffusion of 

biofuels. In line with recommendations from Kan Energi (2005) the need for clear framework 

conditions, RCS and transparency about the government’s policy was also advocated by all 

the interviewed actors in this study.  

Furthermore, this investigation of the 2BIS identified several impeding mechanisms 

both related to the supply and the demand side. The Norwegian biofuels policy slowly 

becomes visible through the investment in R&D. Thus, while Sweden invested 100 million 

NOK in biofuels R&D in 2007, Norway invested one tenth of this amount.185 As the 

                                                 
184 Referring to the study undertaken by Van Ruijven related to the Norwegian Carbon dioxide, Capture and Storage (CCS) Innovation 
System.  
185 Fra biomasse til biodrivstoff (2007). 
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development and implementation of 2G biofuels involves huge investments, the importance 

of supporting and promoting DPs, common research projects, cooperation between the 

different parts of the value chain, and knowledge sharing are essential in order to reduce risks 

and increase stability.  

Investing and stimulating R&D makes contributions to the upstream part of the value 

chain. However, as argued by Suurs and Hekkert (2007) this “linear thinking” as they call a 

“tragedy” show that the downstream part of the system is neglected and the crucial feedbacks 

between the production and the demand side of the TIS cannot come in effect. The 

stimulation to increase demand for biofuels has not until lately gained much attention from 

the Norwegian authorities, and as stated by Lars Sørum, researcher at SINTEF;  

“in order to introduce biofuels to the market, pull-effects from the government is probably 

needed”                   (Egde-Nissen, 2008)  

In summary, a comprehensive thinking related to the promotion of new sustainable 

innovations must be advocated in order to successfully develop and diffuse new 

environmental technology. As stated by Harbourne (2007); “Governments should initiate 

policies affecting both supply-push and demand-pull to influence a long term consistent 

market for the emerging technology”.  

6.5. Further research 

During the writing of this thesis several interesting topics for further research were identified. 

In order to increase the understanding of how to innovate and promote new environmental 

technology in a turbulent environment, future studies related to early phases of other new 

similar technologies in the light of innovation theory would be of interest. This might increase 

the understanding of the co-evolution of technology, markets, and institutions, and about the 

drivers and barriers firms experience during the introduction of new sustainable technologies. 

Additionally, studies related to what kind of role different actors’ play in the innovation 
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process would be interesting. Especially related to the NGOs, as it so far has been rather few 

studies related to what kind of role they play in an innovation system. Regarding future 

research on biofuels, an extended analysis of the biofuels innovation system in a European 

perspective could give important contributions regarding insight in how institutions influences 

development and diffusion of a technology. What kind of influence will the currently 

developed reporting system on sustainability have on future development, diffusion and 

consumption of biofuels?  
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Appendix I: List of interviewees 
Name Organisation Title Date Place 

Industry and SMEs 

Peter Graversen Borregaard Vice President - Business 

Development, M&A 

07/05/2008 Oslo 

Klaus Schöffel Norske Skog/ 

Xynergo AS 

Dr. Vice President 

Energy, Strategy. 

Xynergo - Managing 

director 

15/05/2008 Oksnøen, Oslo 

Anna Nord Bjercke StatoilHydro ASA Head of Bioenergy, New 

Solutions 

19/06/2008 Vækerø, Oslo 

Tommy Nesbakk GLØR iks Process engineer 13/05/2008 Lillehammer 

Karl Ragnar 
Weydahl 

Bergen University 

college/  

Weyland AS 

Senior Advisor/ 

Director Research & 

Development in Weyland 

06/03/2008 Oslo 

Inger- Lise Melbye 
Nøstvik 

The Norwegian 

Petroleum 

Industry Association  

Secretary-general 10/07/2008 Oslo 

Research institutes and Universities 

Karin Øyaas Paper and Fibre 

Research Institute186 

Research Manager 28/04/2008 Trondheim 

Rolf Hagman The Institute of 
Transport 
Economics187 

Senior Research Engineer 

 

17/04/2008 Oslo 

Vincent Eijsink Norwegian University 

of life sciences (UMB) 

188 

Professor, Head of the 

Protein Engineering and 

Proteomics- group 

24/04/2008 Ås 

Government and authorities 
Arne Sandnes Ministry of 

Agriculture and Food 

Adviser 06/06/2008 Oslo 

Roar Gammelsæter Norwegian Pollution 

Control Authority  

Senior Adviser 05/06/2008 Oslo 

Harald Rikheim The Research Council 

of Norway(RCN) 

Adviser 06/05/2008 Oslo 

Peter Bernhard KanEnergi AS Dipl.ing, Partner, Senior 

consultant 

06/05/2008 Oslo 

                                                 
186 PFIs official website (Accessed 14.05.2008): http://www.pfi.no/index.htm 
187 TØIs official website (Accessed 14.05.008): http://www.toi.no/article18459-26.html 
188 UMBs official website (Accessed 14.05.2008): http://www.umb.no/?avd=30 
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Other organisations/Non Governmental Organisations (NGOs)/ Environmental organisations 
Johannes Fjell 
Hojem 

Zero Head of bioenergy 05/08/2008 Tromsø 

Bente Myhre Haast 
 

Greenpeace Acting manager 12/06/2008 Oslo 

Andreas Bratland NoBio Adviser Biofuels May 2008 Oslo 

Holger Schlaupitz Friends of the earth 

Norway 

Coordinator on climate, 

energy and transport 

18/06/2008 Oslo 

Christina Bu Norwegian 

Automobile 

Association (NAF) 

Environmental Adviser 17/06/2008 Oslo 
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Appendix II: Interview guidelines  
Interview questionnaire for ESST- Master Thesis  
1. Basic data: 

- Background of respondent 

1.1. Name, Title 

1.2. Education 

1.3. Work experience 

The organisation 

1.4. Name:   

1.5. Firm size, number of employees: 

1.6. Headquarters and localisation: 

1.7. Organisations main business area/ products: 

2. The technology and access to knowledge (questions to firms) 

2.1. Do you have any patent on the technology?  

2.2. Do you have any special license agreement on the technology?  

2.3. How do you get access to relevant/new knowledge? 

2.4. How important are the following ways to explore new technology?  

Range from: *1 (not important) - *2 (neutral) - *3(important) * 4(very important) 

• Patent analyses 

• Research reports 

• Scientific magazines  

• Cooperation agreements  

• Conferences  

• R&D 

 2.5. How important are following sources for your company to acquire knowledge and competences?  

Range from: *1 (not important) *2 (neutral) *3(important) * 4(very important) 

• Employment from university 

• Employment from industry  

• Through journals/ conferences  

• Cooperation with universities  

• Cooperation with firms 

• Acquisitions of licenses  

• Firms acquisitions  

• Participation in networks/ platforms  

3. Collaborators 

3.1. What kind of collaborators do you have?  

3.2. Who are the most important collaborators/ actors?  

• Firms 
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• Universities 

• Research organisations 

• NGOs  

3.3. What kind of sectors do these actors represent? 

3.4. Are they national/international actors?  

4. Financing/Support  

4.1. Do you get any support/financial support related to the development of biofuels, e.g. from Innovation 

Norway/The Norwegian Research Council/Siva?  

• From who? 

• Through what kind of program? 

• What kind of support? 

- If financial support, how much? 

4.2. Firms meet many challenges, account for the challenges you have had/believe the firm will have with:  

• The technology development process  

• Financing 

• Marketing 

• Distribution 

5. Networks and platforms  

5.1. Does the firm participate in any kind of specific network, scientific communities or technology platforms?  

If yes, what do you expect from participating in these networks?  

6. Market development 

6.1. When do you expect 2G biofuels to be commercialised and ready for the market introduction?  

6.2. How do you expect the market for 2G biofuels to develop?  

6.3. What are the most critical barriers for the development of the market?  

6.4. What is the role of policy makers in the commercialisation process?  

6.5. What kind of policy/ means do you see as necessary for the market to develop?  

6.6. Who do you think are the most important actors in the market related to the development of 2G biofuels? Do 

you have contact/ collaborate with them? 

6.7. What kind of strategy does the firm have related to development and commercialisation?  

6.8. What role does C&S play in order for the market to develop? 

 

 

 

 

 


