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Abstract  

There is a broad scientific consensus that our current mobility system, characterized by 

automobility and the use of fossil fuels, is unsustainable. In cities around the world, 

sustainable mobility initiatives are experimented with and implemented; especially is zero-

emission bus technology a prevalent initiative. The socio-technical transitions view and its 

much-used frameworks, the multi-level perspective and transition pathways, has proven 

useful in investigating national, bottom-up sustainability initiatives. However, it pays little 

attention to space and scale. Other frameworks are better fit for investigating sustainability 

experiments in urban contexts. Therefore, I will use the theory of sustainability experiments 

and institutional theory to grasp the aspects of a transition not taken into account by the most 

prominent socio-technical approaches.    

Based on in-depth interviews with actors in Oslo`s public bus system, qualitative content 

analysis and observation, this thesis will provide new understandings of how a sustainable 

mobility initiative evolves in an urban context. I investigate the rationale behind the zero-

emission bus experiments, who the initiative emerged, and what institutional barriers and 

enabling factors the experiments are exposed to. These barriers and enabling factors are 

important to map out before a potential full-scale implementation, as it is assumable that the 

barriers will remain in a full-scale implementation, if not lowered now.    

I have found that the greatest barriers associated with the zero-emission bus experiments do 

not derive from technical aspects. The associated charging infrastructure, a new element in 

Oslo`s bus system, function as a barrier in many domains. Despite many barriers, I have 

found several enabling factors for ZEBs. Also, the actors of Oslo`s bus system are showing 

contours of altering institutions that are important if a zero-emission bus implementation will 

be successful. By organizing zero-emission experiments, the novel technology can be 

protected from the normal selection environment, it accumulates important ZEB knowledge 

and it allows for a gradual up-scaling of technology. Based on my, and previous findings, I 

have crafted a tripartite conceptual framework of important institutional innovation activities 

that are important for a full-scale implementation of ZEBs.     
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1  Introduction  

In the following chapter I will introduce the research area at hand and my research topic. I 

will elaborate on the relevance of studying public transportation, focusing on the public bus 

service, in a sustainable mobility perspective. In addition, I will explain why the urban context 

of Oslo is a suitable and appropriate scenery for such a research project, and how public 

transport is organized in Oslo.  

1.1  Research area and research topic  

My research area lies within the substantial research tradition of socio-technical transitions. 

In the socio-technical research tradition, several sectors such as the transport sector are 

conceptualized as socio-technical systems (Berkhout, Smith, & Stirling, 2004; Geels, 2004; 

Hodson, Geels, & McMeekin, 2017; Markard, Raven, & Truffer, 2012; Smith, Stirling, & 

Berkhout, 2005). The general assumption is that these systems consist of actors, technology 

and institutions that interact and together fulfill a specific societal function (Geels, 2004; 

Markard et al., 2012). The components of the socio-technical system are highly interrelated 

and interdependent, but they may inherently have different interests and goals (ibid.). Many of 

these socio-technical systems are believed to be unsustainable. The common assumption is 

that such unsustainable systems need socio-technical sustainability transitions (Markard et al., 

2012, p. 956). A socio-technical transition involves changes, not only in technology, but in 

institutional structures and user practices. Such a transition implies fundamental shift in socio-

technical systems.  

My research topic concerns one of these socio-technical systems; the mobility system. It is a 

broad scientific consensus that the current mobility system is unsustainable in terms of the use 

of fossil fuels, CO2 and NOx emissions (Bakker & Konings, 2017; Hoogma, Kemp, Schot, & 

Truffer, 2002; Urry, 2004). Also, the current mobility system is characterized by automobility 

- private car ownership and use (Hoogma et al., 2002; Urry, 2004), which results in car traffic 

and it is a major contributor to greenhouse gas emission (SSB, 2017; Urry, 2004). One of the 

most prominent questions within transition studies is how socio-technical systems can be 

brought from an unsustainable state to a more sustainable one (Bulkeley & Castán Broto, 

2013; Smith et al., 2005). At the heart of this question lies the governance of socio-technical 

systems research tradition, occupied with how, if it is possible, socio-technical systems may 

be governed and steered in a sustainable direction (Newig, Voß, & Monstadt, 2008; Smith et 
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al., 2005; Verheul, 2002). It is proposed several strategic governance tools. One such 

governance tool is sustainability experimentation (Bulkeley & Castán Broto, 2013; Sengers, 

Wieczorek, & Raven, 2016). Sustainability experiments are time-limited interventions where 

novel technology is tested. The assumption is that experimenting with new technology may 

facilitate a wider transition (ibid.) The other question regards who should be responsible for 

this governance. It has been evident in the literature that local actors in cities, i.e. 

municipalities, often are found in the forefront of sustainable initiatives and experimentation 

with sustainable mobility options (Bulkeley, Castán Broto, & Edwards, 2015). So is Oslo, that 

currently experiments with zero-emission bus (ZEB) technology with the overarching goal of 

a full-scale implementation. Based on my research area and research topic I want to answer 

two research questions in this thesis;  

RQ1: What are the perceived effects of experimentation as a means to a full-scale 

implementation of ZEBs in Oslo? 

And  

RQ2: Which institutional barriers and enabling factors are associated with the ZEB 

experimentation in Oslo? 

1.2   Sustainable mobility - What, how and by whom?  

Eliminating most or all of transports negative impacts could represent a threat to 

transport as we know it. Therefore, it is difficult to create a comfortable match 

between transport and sustainable development (Holden, 2007, p. 1).  

Since the development of the term sustainable development in the UN rapport “Our Common 

Future” (1987), commonly known as the Brundtland Rapport, it has widely been debated how 

the world can be steered in a sustainable direction. The terminology sustainable development 

is used in many contexts, from defeating poverty to mitigating climate change (World 

commission on environment and development, 1987).  

In this thesis sustainability will be used in the context of initiatives aimed at mitigating or 

adapting to climate change. Since Our Common Future, the UN have developed several 

strategies and goals to obtain sustainable development. The first legally binding agreement 

between all 195 UN member-countries, the COP21, took place in Paris in 2015 

(Miljødirektoratet, 2017). The overarching goal is for countries to strive to hinder global 
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temperature to exceed 1,5 degrees, and to stay far below 2 degrees (Ibid.). To reach this goal, 

structural changes are required across a range of sectors, the mobility sectors amongst these 

(Geels, 2005; Hodson, Geels, & McMeekin, 2017; Markard et al., 2012).   

There is a broad scientific consensus regarding the unsustainability of our current mobility 

system (Bakker & Konings, 2017; Holden, 2007). In Norway, the mobility sector is 

accountable for 31 per cent of total GHG-emissions, larger than any other sector. From 1990 

to 2016, emissions from the transport sector increased by 24 per cent (Miljødirektoratet, 

2018). In Oslo, the capital of Norway, the number is even higher. The transport sector is 

responsible for 61 per cent of GHG-emission originating from Oslo, and the largest 

contributor is private car use (Oslo Kommune, 2016a, p. 10).  

Figure 1. Emission levels per sector in Oslo (1991-2013), measured in CO2 -equivalents, derived from: Oslo 

Kommune Statistikkbanken (2016)   

                   

Transportation can be defined as “all activity where the main purpose is to move or relocate 

people and/or goods from one location to another1” (TØI, 2014, p.18). Means of 

transportation involve bus, tram, private cars, metro, train, taxi (and other commercial 

vehicles), cargo ships, airplanes, but also non-motorized forms such as walking and biking. 

Recent years, the term mobility has largely replaced the term transportation. Mobility can be 

seen as a widened concept of transportation, concerning both the artefact or means of 

transport (i.e. private car), and the total distance travelled (Holden, 2007, p. 8). Mobility 

involves how people choose to travel, and to what degree people can move freely. Sustainable 

                                                           
1 My translation  
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mobility includes both what ways the transportation system can be improved, with a focus on 

new “green” technology, and the possible effects of promoting alternative energy and/or 

technology systems (ibid.).  

The current mobility system is characterized by the use of fossil fuels, and it is highly 

decentralized (Urry, 2004). By decentralized I mean that the mobility system is based on 

automobility, people owning their own car(s). This is evident in the number of private cars 

currently roaming the roads of Norway. The total use of private cars grew by 21 per cent from 

1995-2014 (Pilskog, 2017). In 2014 Norway was the second largest car-user nation in Europe, 

only beaten by France with one single per cent (ibid.). A transition in our current mobility 

system involves deep changes not only in terms of technology, but in user-practices and 

institutions as well.   

It has been widely contested who should be responsible for socio-technical transitions and 

transformation, how transitions should be steered (Bulkeley, Castán Broto, & Edwards, 2015; 

Newig, Voß, & Monstadt, 2008). Climate governance is one research tradition discussing this. 

The climate governance literature believe that transformations and transitions indeed can be 

steered through a set of strategic tools (Bulkeley et al., 2015; Newig et al., 2008; Scoones, 

Newell, & Leach, 2015). One of the highlighted tools that are argued to help bring a system 

from an unsustainable state to a more sustainable state is sustainability experimentation (also 

referred to as climate experiments in some parts of the literature (ibid.).  

In terms of who should take responsibility for sustainability initiatives, cities are recognized 

as important innovation hubs for creating sustainable futures (Hodson, Geels, & McMeekin, 

2017, p. 1). Ever since the UNCED conference in Rio de Janeiro in 1992, local organizations, 

such as municipalities, have been regarded as highly important in responding to climate 

change – both in terms of climate change mitigation and climate change adaption (Bulkeley, 

Castán Broto, & Edwards, 2015; Bulkeley & Castán Broto, 2013; Raven et al., 2017; Raven, 

Schot, & Berkhout, 2012; UNCED, 1992). Local authorities are considered especially 

important for mitigation climate change for two reasons. First, local authority is often 

responsible for public services, i.e. public transport, and can therefore to a larger degree steer 

the development (Madsen & Hansen, 2018). Second, local authority is the level of governance 

closest to the people, and is therefore able to influence behavior change to a larger degree than 

national authority (UNCED, 1992). Often, local authority within an urban context is believed 

to exert more successful policies than national governments or global actors (Madsen & 
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Hansen, 2018). Not only are local agencies closer in proximity to specific issues, local 

authority is often responsible for public transport, waste management and other public 

services, and have an inherent authority advantage (ibid.). 

The public bus service is the focal unit of analysis in this thesis, however, a centralized, 

collective mobility is by no means the only path to follow to move the mobility system in a 

sustainable direction.   

Figure 2. Four possible pathways for mobility system development                                                                                                     

 

 

 

  

                                     

                                                                                                                                                                     

 

I have crafted four possible pathways for mobility. As the figure shows, only two of these 

represent sustainable alternatives. If no change occurs, the business as usual path – status quo- 

will remain. Technological fixes are discussed in many corners of the transition literature 

(Hoogma et al., 2002). In relation to socio-technical transitions, the most interesting aspect of 

these paths is the dimension “extent of disruption of incumbent system”. As stated, our 

current mobility system is characterized by using fossil fuels, such as gasoline and diesel. If 

the only desired effect of a more sustainable mobility is to reduce the use of fossil fuels, 

electric vehicles (EVs) for all is a good solution. However, unarguably, it is more sustainable 

to transport several individuals at once, as with public transport. Not only can increased 

public transport decrease CO2 emission levels, it will also reduce car-traffic, NOx emission 

and noise levels in urban contexts (Klima- og miljødepartementet, 2016; Oslo Kommune, 

2016a). This requires more alterations to the current, decentralized mobility system – it 

requires a centralization of the system. One, even better option is to make the public transport 

sustainable, since fossil fuels in public transport are considered unsustainable (Bakker & 

Konings, 2017, p. 1).  
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Several cities around the world are currently experimenting with sustainable mobility 

initiatives. One current trend in cities is experimenting with zero-emission technology in 

public transport, especially within the public bus sector (Bakker & Konings, 2017; Ruter, 

2018). Cities such as London, Amsterdam, Copenhagen and Oslo have zero-emission buses as 

a step for both greener mobility and as a part of emission reduction targets (Ruter, 2018).     

1.3  Sustainable mobility in Oslo  

I find Oslo, the capital of Norway2, to be a suitable context for my study of sustainable public 

transport. Oslo municipality is acknowledged as a local agency with ambitious climate 

mitigating initiatives (European Commission, 2017). Oslo has recently been recognized with 

the title “climate capital of Europe 2019” awarded by the European Commission (European 

Commission, 2017).  

Oslo`s overarching goals are to reduce GHG-emission rates by 50 per cent by 2020, and by 95 

per cent within 2030. How and where these emission rates shall happen is formalized in the 

official Climate and Energy Strategy (2016-2020) stated by the Oslo city council. Since over 

60 per cent of the current emission in Oslo stems from transportation, this is considered the 

sector which requires most change in terms of emission-reduction (Oslo Kommune 

(Municipality of Oslo), 2016, p. 9).   

In the climate and energy strategy (2016-2020) 16 focus areas for climate change initiatives 

are underlined. Especially three of these targets are relevant for the mobility sector (Oslo 

Kommune, 2016, p. 10).  

1. To reach the goal of reducing all car traffic by 20 per cent during the council 

period, and one-third by 2030, the proportion of passenger transport covered by 

public transport, cycling and walking must be increased considerably while 

demand for transport must be reduced. These considerations shall be cornerstones 

for land use planning, transport planning and infrastructure investments. 

2. Public transport shall only use renewable fuels by 2020 (this goal is adjusted 

upwards – now all public transport shall use zero-emission technology by 2028. 

(The latter is not included in the strategy since the goal was revised after 

publishing).  

                                                           
2 Oslo has a little over 670 000 inhabitants (SSB, 2018) 
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3. The percentage of daily travels by bike shall be increased to 16 per cent by 2020 

and 25 per cent by 2025. 

In these objectives, reduced car traffic is a priority, and that the goal is a negative growth, 

while biking, walking and public transport shall cover most of the travels in Oslo. Evidently, 

Oslo wants to move its mobility in a decentralized direction. At the same time, Oslo is the 

electric vehicle (EV) capital of the world, with the highest number of EVs per capita 

(Haugneland & Kvisle, 2015). This technological shift is facilitated by EV-positive policies 

implemented by Oslo municipality. These policies include; no value added taxes, free parking 

in city center (about to be changed) and free toll road passing (will be phased out). In 

addition, over one thousand public charging points were established by the end of 2015 

(Portvik, 2015). This is exactly what makes Oslo such an interesting context to study 

sustainable mobility. Oso is home to several emerging paths for sustainable development, and 

the city is implementing several policies for sustainable mobility; in favor of both EVs, ZEBs, 

biking and walking.  

In 2016, the Oslo region experienced a milestone in terms of public transport travels. For the 

first time, more people travelled by public transport than by private car. Public transport in 

Oslo experienced a growth of 4,1 %, and most of the public transport travels were conducted 

by bus (Mordt, 2017).  

While walking and biking are the most sustainable modes of transportation in terms of 

emission rates, public transport is unarguably important for the city. Public transportation 

allows to transport several individuals at once, and it is considerably more sustainable than 

private car-use. However, the use of fossil fuels in public transport is not sustainable in terms 

of CO2 and NOx emission (Bakker & Konings, 2017). In Oslo, there are several modes of 

public transportation; metro, tram, train, ferry and bus. The first three are electricity-driven, 

therefore, buses and ferries are where the shoe pitches in terms of emission reduction (Ruter, 

2017a). As most people travel by bus (Mordt, 2017), I have chosen the public bus system as 

my focal area of interest. Also, Oslo is in the middle of experimenting with ZEB technology, 

preparing the system for a full-scale implementation. Therefore, I want to investigate how this 

is done.  
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1.4  Public bus transportation in the Oslo region  

Since 2008, Ruter AS has been responsible for the planning, marketing, coordinating and 

procurement of public transport in Oslo (Ruter, 2018). Ruter was formed after fusion between 

SL Akershus (Stor-Oslo Lokaltrafikk) and Oslo Sporveier, the former organizers of public 

transport in Oslo and Akershus, Oslo’s closest county (Bråten, 2008). SL Akershus was state-

owned, while Oslo Sporveier was owned by the local government. The main reason for the 

fusion was that a significant number of people commute between Akershus and Oslo. The 

fusion would allow for transfer tickets. Also, since many bus lines crossed the county 

boarders back and forth several times a day, the fusion could make the planning of public 

transport easier, both for the administrative company, and for users (ibid.).  

Ruter AS is responsible for the planning, ordering, coordination and marketing of all public 

transport in the Oslo region3. This includes tram, metro, ferries and buses. Ruter does not own 

the bus material themselves (except for five hydrogen buses, I will return to this), but 

purchases public transport services from operating companies through public procurement. 

With metro and tram Ruter has a set long-term operating contract with Oslo Sporveier, while 

the bus service is partitioned in different concession areas divided between operators. The 

tender winner will obtain the exclusive right to operate in a specific concession area 

throughout the length of the contract, which usually varies from 6 to 10 years (option years 

may occur that prolong the contract) (Oslo Economics, 2017). The operating companies own 

bus material, bus depots, and are responsible for chauffeurs and bus maintenance. The 

operators purchase buses from bus manufacturers through tendering processes. The chain 

from manufacturer to user is therefore quite lengthily.  

What makes Ruter AS quite unique in a global context is how it is organized. It is owned by 

two municipal agencies; Oslo municipality (60 %) and Akershus county council (40 %). 

Despite different ownership percentages, the corporate governance is at an equilibrium, 

equally divided. Ruter is owned by two municipal agencies, but they are organized as a 

limited company. Thus, they have a board who approves plans and strategies. This business 

model provides Ruter with large amounts of autonomy in how they execute their strategies, 

                                                           
3 The Oslo region implies both Oslo and Akershus. This thesis is mainly about Oslo`s initiatives, but since Ruter 

is also owned by Akershus county council, they will be mentioned.  
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and how to prioritize action for goal achievement. Albeit, Oslo municipality and Akershus 

city council are the sources of funding and possess power over Ruters decisions.    

The bus sector in Oslo is characterized by a few, large actors. Currently four operators, and 

their subsidiaries, are responsible for the 63 bus lines in Oslo, many in Akershus, and 

additional bus services such as service buses and school buses (Ruter, n.d.-b). There is a total 

of 23 concession areas (Ruter, 2018, p. 9). The four currently contracted operators are Nobina 

AS, Unibuss AS, Norgesbuss AS and Nettbuss AS.  

For all the operators in Oslo, concession contracts with municipality’s and counties are their 

most important source of income. Each year, Ruter procures goods and services worth 

approximately 6,7 billion NOK (Ruter, 2016b, p. 52). Winning operation rights in concession 

areas is associated with large financial income for operators. To illustrate, when the inner city 

contract was put out to tender in 2016, it was estimated to generate approximately 260 million 

NOK per year (Oslo Economics, 2017, p. 55).  

1.4.1  Project fossil free 2020  

Ruters emission reduction initiatives and zero-emission experimentation are governed by the 

overarching objectives sketched out in project fossil free 2020 (FF20). The idea for FF20 

began in 2012/2013, after Oslo municipality gave clear signals that they wanted to 

decarbonize the public transport system in the Oslo region. As one of the owners of Ruter, 

Oslo municipality is highly influential in Ruters plans and strategies. As the name of the 

project implies, the initial goal was to transform the bus fleet fossil free by the end of 2020, 

i.e. biogas. In 2013, the goal of a fossil free bus fleet was highly ambitious. FF20 was 

approved as a project by Ruters board and set to life in 2014. The initial timespan of the 

project was from 2014 to 2020 (Ruter, 2017a).  

Ruter was also given another important goal from Oslo municipality; to make the public 

transport service in the Oslo region so attractive that it could contribute to a negative growth 

of automobility in Oslo (Oslo Kommune, 2016a, p. 10). In May 2017, Oslo municipality 

challenged Ruter to raise the ambition level of FF20 – to electrify all public transport in Oslo 

(Ruter, 2018). The City Department of Transport asked Ruter to;  

“investigate action potential, challenges and consequences of an escalation of the 

ambition level of Fossil free 2020 through a faster release of completely emissions 

free public transport. We ask Ruter to strive for solutions that give the greatest 
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possible reduction of greenhouse gas emissions, and solutions that will in the long 

term be cost effective. Based on this, we ask Ruter to prepare proposals for revised 

target image for the company's environmental strategy, including estimates for 

conversion costs and possibly sustained increased operating costs” (Ruter, 2018, p. 2)4 

Thus, the ambition levels were increased, and Ruter formulated a new, zero-emission goal for 

public transport. Despite one experiment with fuel cell buses that started in 2012, it was not 

until late 2017 that a formalized zero-emission objective was formed. The technology has 

matured enormously the past years, which has made possible to operationalize a goal to only 

use zero-emission technology in the public transport service in Oslo by 2028.  

In order to reach the overarching objective, Ruter is conducting several ZEB experiments. 

What separates the experiments from normal conditions is that they are excepted from the 

normal tendering processes in the public bus system. In December 2017, the battery electric 

bus (BEV) experiment was set to life, marking the first step on the way to a zero-emission 

based bus fleet. Ruter is also about to start a new fuel cell experiment, that is not yet set to 

life. In 2019, Ruter will gradually scale up the use of battery electric buses. Thus, Ruter is 

currently conducting several ZEB experiments. I will use the terminology in the urban 

experimentation literature and call the pilots experiments.  

1.4.2 What is zero-emission bus technology?   

Fossil fuels, such as diesel, is currently the incumbent fuel type in the mobility sector. 50 per 

cent of the world`s oil production goes to the mobility sector (Qvale & Taraldsen, 2015). The 

use of fossil fuels is of course not considered sustainable (Hagman, Amundsen, Ranta, & 

Nylund, 2017). Luckily, other, more sustainable, forms of transportation fuels exist. 

Normally, these are divided into two categories; fossil free fuels and zero-emission 

technology.  

Fossil free fuels, such as biogas and biodiesel, can be mined from biological matter, i.e. 

forestry residues, waste, plant residuals and different cooking oil residuals (HVO). How 

sustainable it is considered depends on its origin (Hagman et al., 2017). Biofuels deriving 

from palm oil is considered highly unsustainable, while biofuels from forestry residues 

normally are considered sustainable. Despite fossil free fuels recognition as more sustainable 

                                                           
4 My translation 
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than fossil fuels, it is still associated with some GHG emissions, and fossil fuels are not 

categorized as zero-emission technology (Hagman et al., 2017 pp. 5-6).  

Zero-emission vehicles are defined as vehicles where all available energy from propulsion is 

stored as electrical energy in chargeable batteries (Hagman et al., 2017, p. 9). In terms of 

emissions from the tailpipe, zero-emission buses have no GHG emissions at all. Today, two 

types of zero-emission vehicles exist; battery electric vehicles and fuel cell hydrogen vehicles. 

The battery electric buses can be charged two ways; either at the bus depot or by pantographs 

located along the bus line (normally at end-stops). A recent financial analysis by TØI found 

that battery electric buses is believed to be the most cost efficient technology in the future 

(Hagman et al., 2017). In Oslo, both depot charged buses and pantograph charged buses will 

be deployed (Ruter, 2018).   

1.4.3 The hydrogen project CHIC 

In 2012, Ruter joined the EU hydrogen project CHIC (Clean Hydrogen in European Cities) 

(Ruter, 2017c). The objective of the project has been to test fuel cell technology and the 

appurtenant infrastructure (e.g. hydrogen filling station). The CHIC project involved 56 fuel 

cell buses in eight cities around the world, including London, Milano, Bolzano, Aargau, Oslo, 

Hamburg, Köln, and Whistler. The project, funded by EU, Transnova (former governmental 

funding agency under the ministry of transport, now a part of Enova), the municipality of 

Oslo, and Akershus City Council lasted for five years, until 2016 (ibid, p. 2). Five hydrogen 

buses were procured from the Dutch bus manufacturer Van Hool, and a hydrogen fueling 

station was set up at Rosenholm, located just outside the southside of Oslo (ibid. p. 2). The 

main objective of the project was to develop and mature the technology, help commercialize 

fuel cell buses and to learn as much as possible about the technology.   

The hydrogen project showed to be a bumpy road mere technically. The first, obvious reason, 

is that Van Hool, the bus manufacturer is located in Belgium. When one of the fuel cell buses 

in Oslo had an oil leak, it had to be shipped to Australia for maintenance. The specific bus did 

not return to normal operation until a year after it was shipped to Australia. Four out of five 

buses experienced oil leaks, which resulted in between six months and one year out of normal 

operation (Ruter, 2017c). Despite this, the buses are still in operation.  
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1.4.4 The hydrogen project JIVE 2 

Ruter is soon staring a new hydrogen fuel cell bus project as they have joined the JIVE 2 

project. The project is part of the EU Horizon 2020 framework. JIVE 2 will start in 2018 and 

continue for five years until 2023 (FCH JU, 2017). The objective of the project is twofold; 

regions with fuel cell experience are supposed to scale up the use of hydrogen buses, those 

unfamiliar with the technology are supposed to build competence and knowledge. The project 

involves 152 buses in 14 cities across seven countries, and it is the most ambitious fuel cell 

project in Europe at this point (FCH JU, 2017).  

1.4.5 Battery electric bus experimentation 

Ruter has after much ado introduced battery electric buses. As of December 2017, six battery 

buses are part of an experiment in Oslo5 (Ruter, 2017a). Three operators are involved in the 

test, they are each responsible for two buses each. The buses were immediately put out in 

normal traffic to test if the technology would function in a real-world setting. The six buses 

are divided between three bus lines (two in each); line 74 between Vika and Mortensrud, line 

60 between Vippetangen and Tonsenhagen, and Oslo’s heaviest bus line, line 31 between 

Snarøya and Grorud (ibid.).  

1.4.6 Scaling up battery electric buses  

In April 2018, Ruter announced that they are gradually scaling up battery buses in Oslo. 

Through 2019, 70 new battery buses will be set in operation (Bugge, 2018). The rationale 

behind the gradual upscaling is twofold; Ruter wants to test a larger volume of buses in 

normal operation to investigate how they function in a real-world setting (ibid.). The second 

rationale is related to the awarding of Oslo as the environmental capital of Europe for 2019 

(European Commission, 2017). Battery buses are physical signs of the effect of Oslo`s 

sustainability initiatives, so are the related pantographs in the cityscape. Therefore, they are 

important in relation to winning as Europe`s environmental capital 2019.     

The 70 upcoming battery buses will be divided between 13 bus lines in Oslo. Two bus lines, 

line 60 and 74 will be fully electric (Bugge, 2018). Three operators are involved in this 

upscaling, the same ones as in the first battery test. Nobina, Norgesbuss and Unibuss, the 

operators, are involved in the upscaling. They have full autonomy in what bus supplier they 

                                                           
5 Ruter is referring to the ZEB experiment as systems test and pilots, I will use the terminology “experiment” in 

consistence with my analytical framework, except in direct quotation.  
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choose and have been heavily involved in what bus lines are suitable for battery buses. This 

upscaling will result in 76 active ZEBs in Oslo, making it the largest zero-emission bus fleet 

in Europe (Bugge, 2018).  

Figure 3. Timeline of Ruters main sustainability events. Based on information and numbers from the rapport: 

Utslippsfri kollektivtransport i Oslo og Akershus (Ruter, 2018).  

                      

 

1.5  Contents of the thesis  

In the previous chapter, chapter 1, I have introduced my research area and research topic. 

Namely socio-technical transitions and experimentation for the implementation of zero-

emission technology in the bus system. I have discussed why there is a need to change the 

current mobility system to more sustainable one, and I have explained why Oslo is a suitable 

context to research zero-emission bus technology experimentation. I have shown how the 

public bus service is organized in Oslo, and I have described former and current zero-

emission experiments.   

In chapter 2, I will elaborate the academic traditions and literature relevant for this thesis. I 

will introduce the shortcomings of the current incumbent part of the literature on socio-

technical transitions and argue why there is a need for spatial delimited case-studies and a 

focus on institutions, a subject often ignored in transition studies. 

In chapter 3, I will elaborate on my analytical framework; sustainability experiments and 

institutional theory. This thesis is meant as a contribution to the transition studies tradition, 

but the analytical frameworks will provide me with an analytical lens suitable for my case not 

considered by the most prominent transition frameworks.   



 
 

14 

 

In chapter 4 I will explain my methodological choices for the thesis. I will discuss why a 

qualitative approach is suitable and discuss various ethical considerations. I will explain what 

analytical choices have been done.  

In chapter 5 I will present my empirical material based on in-depth interviews with relevant 

actors from the public bus system. I will present my findings as they have emerged from my 

data material.  

In chapter 6 I will discuss my empirical material in relation to my analytical framework. I 

will use the framework as a lens of which to study and make sense of the empirical material. 

In this section I will answer my research questions. In addition, I have crafted a tripartite 

model consistent of three institutional innovative activities important for ZEB 

implementation. These are based on the barriers and enabling factors associated with the 

experimentation phase this study has identified.   

In chapter 7 I will conclude this thesis. I will briefly summarize this thesis and present my 

main findings for research question one and research question two.    
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2  Literature review and research gaps  

In this section I will present the research field of transition studies. I will begin by introducing 

the concept of socio-technical transitions, and some of the most prominent frameworks in this 

research tradition. Further, I will present some of the research gaps highlighted in det the 

literature. I will finish this chapter by explaining how these research gaps became the starting 

points for my research questions.    

2.1  Socio-technical transitions  

Within the socio-technical research tradition, sectors such as mobility and energy supply are 

considered socio-technical systems (Geels, 2004; Markard et al., 2012). What characterize 

socio-technical systems is that they fulfill a societal function (Geels, 2004, p. 898). The 

mobility systems primary function is to transport individuals from A to B, but mobility also 

relates to how people move and to what degree people are able to move freely. These socio-

technical systems consist of a range of actors, institutions (rules, regulations, cognitive 

schemas) material artifacts (technology) and knowledge (Markard et al., 2012, p. 956). The 

different components of the system interact, and through this interaction the systems fulfill 

their inherent societal function (Berkhout et al., 2004; Geels, 2004; Geels, 2011; Markard et 

al., 2012). 

The issue with these socio-technical systems is that they face structural problems, often 

manifesting themselves in an unsustainable way (Geels, Elzen, & Green, 2004, p. 1). The 

mobility system is currently associated with congestion, air pollution, fossil energy use, noise, 

traffic, and CO2 emissions (Geels et al., 2004; Kemp & Rotmans, 2004). According to the 

transition research tradition, these unsustainable socio-technical systems are in the need of 

deep, structural changes – what is known as socio-technical transitions (Geels et al., 2004; 

Geels, 2004; Markard et al., 2012; Smith et al., 2005).  

The term transition has been used widely particularly since the late 1990`s, but it was first 

used by Kinsley Davis in 1945. It was then used to describe demographic changes during the 

industrial revolution in Europe (Davis, 1945, p. 1). Decades later, evolutionary economists 

developed a theoretical framework enabling the scientific research on transitions (Dosi, 1982; 

Nelson & Winter, 1977). The evolutionary economic approach to transition differs from those 

we know today in that the primary focus lies on the development and change of specific 

technologies, with little consideration of social, cultural and institutional factors.  
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The approach is influenced by early studies within science and technology studies (STS), 

contributing to a more complex understanding of transitions. Especially, Hughes notion of 

“Large Technological Systems”. In his work, Hughes wrote about energy systems, especially 

electricity in Europe and America. Here, he included not only the technology in itself, but also 

how market forces, organizations, laws and regulations shape development (Hughes, 1983). 

This work, among others, led to the growing understanding of the “interaction of men, ideas, 

and institutions, both technical and nontechnical, led to the development of a supersystem – a 

sociotechnical one – with mass movement and direction” (Hughes, 1983, p. 140).  

Today, the socio-technological transition research tradition is based on these assumptions. 

Technologies do not exist in a social vacuum, but are maintained, molded and developed by a 

range of actors, institutions, user-practices and policies (Coenen & Díaz López, 2010; 

Markard et al., 2012; Smith et al., 2005). Therefore, a socio-technical transition inherently 

will imply changes on all these dimensions (ibid.).    

The focal unit of this thesis is to investigate how local authority can steer a green 

transformation of a part of the mobility sector; the public bus service. Within the socio-

technical view, it is not enough to change technology – user practices, institutions and actors 

will have to change as well, for structural change to happen within a socio-technical system. I 

will also add that electrifying the public bus system is only one piece in the puzzle to change 

the current automobility regime.   

Within transition studies, researchers seek to understand how to introduce, promote and 

govern sustainable transitions (Markard et al., 2012; Normann, 2015). The focal unit of 

analysis has been to understand sustainable change within regimes (e.g. Geels et al., 2011; 

Jacobsson & Bergek, 2004; Markard et al., 2012; Smith, Stirling, & Berkhout, 2005).  

A general assumption within transitions studies is that new technology coevolves with the 

regimes predetermined function (Smith et al., 2005). Coevolution in this context involves that 

new technologies evolves alongside the function they serve, so technology evolve along with 

the technological trajectories the regime decides that will serve the function best (Smith et al., 

2005). Socio-technical regimes and existing sectors are often found to be path-dependence 

and experience lock-ins regarding technological change (e.g. Åhman & Nilsson, 2008; Unruh, 

2000). Path dependency and lock-ins are phenomena observed in the academic work on 

innovation in firms (Fagerberg, 2005). Especially relevant here is Schumpeter (1942) 

emphasis on uncertainty. Innovations usually consist of large levels of uncertainty because it 
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is seldom one organization is familiar with the best sources or most relevant options to pursue 

an innovation (Fagerberg, 2005). When an organization chooses one path to pursue an 

innovation, it might find it difficult to break free from that path on a later point. Path 

dependency and lock-ins have been observed within a many sectors and organizations. Unruh 

(2000) found that carbon lock-ins in various industries (e.g. from using whale oil to gas to 

electric lighting) was caused by various systemic processes that led to the lock-out of 

alternatives technologies. In situations of high levels of uncertainty, it is almost always 

difficult to break out of path dependency and to alter technological trajectories (Fagerberg, 

2005). 

However, transitions do happen, and it is assumed that governance and guidance is highly 

crucial (Markard et al., 2012; Newig et al., 2008; Smith et al., 2005). Often, policy makers 

implement long-term goals in order to steer the technological development. In these cases, the 

tradition is planned and intended (Markard et al., 2012; Meadowcroft, 2009, 2011).  

Several theoretical frameworks have been developed within the socio-technical transition 

view. Among the most prominent ones are technological innovation systems (TIS) (Bergek, 

Jacobsson, Carlsson, Lindmark, & Rickne, 2008; Jacobsson & Bergek, 2004), the multi-level 

perspective (Geels, 2005; Geels et al., 2011, 2004; Rip & Kemp, 1998) and transition 

pathways (Geels et al., 2016; Geels & Schot, 2007). I will present the two latter as they are 

relevant theoretical backdrops for this thesis.   

2.2  The multi-level perspective 

The multi-level perspective (MLP) is one of the most prominent analytical frameworks for 

studying socio-technical transitions. The MLP tradition assumes that socio-technical 

transitions are caused by the dynamics between tree analytical concepts; the socio-technical 

regime, the socio-technical landscape and the socio-technical niche (Geels, 2004; Geels, 

2002). These three levels make out the macro, meso and micro level. The MLP understands 

socio-technical transitions as outcomes of alignments between development at the different 

heuristic levels (Geels, 2002; Geels & Schot, 2007).  

At the meso-level, we find the socio-technical regime. Rip and Kemp (1998) redefined the 

conceptual meaning of technological regimes as “the rule-set or grammar embedded in a 

complex of engineering practices, production process technologies, product characteristics, 

skills and procedures, ways of handling relevant artifacts and persons, ways of defining 
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problems; all of them embedded in institutions and infrastructures” (Rip & Kemp, 1998, p. 

340). Thus, a socio-technical regime is considered a stable configuration of institutions, 

practices, rules and network, that have a large impact on the development and use of 

technology (Rip & Kemp, 1998). The regime shares a set of rules, which materialize in the 

form of technologies and processes, as well as engineering practices that ought to be 

followed. Geels (2002) later widened the concept to “socio-technical regimes”, widening the 

regime to apply not only to engineers and scientists, but also to business people, policy 

makers, users, and interest groups. The socio-technical regime contributes to the stability of 

the socio-technical system, which often leads to technological lock-ins and path dependencies 

(Geels, 2005, p. 684; Unruh, 2000). The socio-technical regime forms the deep structure and 

contributes to the stability of an existing socio-technical system (Geels, 2004; Geels, 2011, p. 

27) Changes within the regime usually take time, and sometime unfold over decades (Geels, 

2002).   

Niche-innovations make out the micro-level, and is considered one of the complementary 

elements to the regime in a multi-level perspective (Markard et al., 2012, p. 605). Niches are 

often defined as protective spaces or incubator rooms, where both socio-technical practices 

and new technologies are allowed to develop and mature without the selection pressures in the 

regime or normal market (ibid. p. 605). Within innovation studies, new products or 

technologies are often studied. A twofold distinction between niches has been made based on 

how its selection environment unfolds. Markard, Raven and Truffer (2008) argue that when it 

comes to market niches, the selection criteria stem from user practices and consumer 

preferences that deviate from what is considered normative. When it comes to technological 

niches, they are claimed to be deliberately created and supported by existing institutions. The 

actors creating them can be both ingroup or outgroup regime members, policy makers or 

special interest organizations (Markard et al., 2012, p. 606). The development of the niche is 

according to the multi-level perspective highly determined by its relationship with the regime. 

In this context the relationships refer to a niches compatibility with a regime, or to what 

degree a niche is able to resolve bottlenecks in the regime. Niches with high regime 

compatibility or bottleneck solving abilities are believed to be more successful than those that 

are in partly or direct conflict with the regime (Markard et al., 2012).  

The landscape, or the macro-level of the multi-level perspective, is the other complementary 

element of the regime. Geels (2002, p. 1260) describes the socio-technical landscape as “a set 

of heterogenous factors, such as oil prices, economic growth, wars, emigration, broad political 
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coalition, cultural and normative values, environmental problems”. The landscape represents 

the exogenous environment of factors and processes that influence both regimes and niches. 

Thus, neither the regime nor niches have the possibility to affect the landscape factors to a 

significant degree. The socio-technical landscape is even more tenacious then the regime. 

Changes within the socio-technological landscape do occur, but at an even slower pace than 

within the regime (Geels, 2002, p. 1260).  

It is a common assumption within the multi-level perspective that transitions are results of 

landscape factors exerting pressure on the regime, opening “windows of opportunities” for 

niches to break through and contribute to fundamental changes (Geels & Schot, 2007, p. 400). 

A niche breaking through is often associated with great disruption of the current regime. If 

sustainable technologies and practices break through and replace the regime, it is 

characterized a sustainability transition (ibid.).  

2.3  Transition pathways 

As mentioned, the MLP is occupied with the alignment between the development at the 

different levels; regime, niche and landscape (Geels, 2004). The MLP has been widely 

criticized for the “unduly” focus on how niches work their way up in regime change 

(Berkhout et al., 2004, p. 62).  

Based on this criticism, the transition pathways framework was developed. Deviating from 

the work of Smith et al. (2005), Geels and Schot (2007) proposed that four different pathways 

for regime change can occur, based on the timing and nature of multi-level interactions (Geels 

& Schot, 2007, p. 400). Said differently, the kinds of alignments between MLP levels leads to 

different transition pathways (Geels et al., 2016, p. 896).  

Geels and Schot (2007) propose that timings of multi-level interactions have different 

outcomes. They put special emphasis on the development state of the niche innovation at a 

time where the landscape level puts pressure on the regime. The current development of the 

niche will have implications for the transition outcome (p. 405). Geels and Schot propose 

three factors that imply niche maturity; learning processes have accumulated a dominant 

design, powerful actors are involved in niche networks, and the price and performance of the 

niche are considerably improved and expected to continue to improve. Further, they propose 

that the nature of the interaction will affect the transition outcome. Especially important is 

whether the niche innovation and landscape developments are in a “reinforcing or disruptive 
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relationship with the regime” (p. 406). Niches may be either of a competitive or symbiotic 

character with the regime, i.e. either aiming to replace the regime or can be adopted by the 

existing regime (ibid.)  

Based on these assumptions Geels and Schot propose four transition pathways (in addition to 

a scenario where no landscape pressure is present, and the regime is able to reproduce itself 

without interference of the niche, i.e. no transition).   

P1. Transformative path: The combination of moderate landscape pressure and under-

developed niche technologies, Geels and Schot argue that regime actors will “modify the 

direction of development paths and innovation activities” (p. 406). It is the moderate 

landscape pressure that make the regime to re-orient the direction of its technological 

development. The landscape pressure may stem from social movement groups, scientists and 

engineers or outside firms that have developed new practices.  

P2. De-alignment and re-alignment path. In this case the landscape pressure is large and 

divergent, what Geels and Schot refer to as avalanche change. This may lead to large 

problems in the regime such as internal problems and erodes. If no niche innovation is fully 

developed, Geels and Schot claim that several niche innovations will compete for resources, 

until one is sufficiently developed and wins.  

P3. Technological substitution. In these situations, niche innovations are fully developed at 

the same time as there exists substantial landscape pressure. What Geels and Schot argue will 

happen in these situations is that the niche innovation will replace the regime.  

P4. Reconfiguration pathway. This pathway involves niche-developed symbiotic innovations 

that the regime adopts to solve problems within the regime. These niche innovations 

eventually lead to adjustments within a regime, but the majority of regime rules are left 

unchanged. However, the adoption of innovation may lead to experimentation with new and 

old elements in the regime that can accelerate learning.   

P5. Sequence of transition pathways. Sometimes, several pathways are involved in a 

transition, according to Geels and Schot (p. 413). Sometimes, a transition begins as a 

transformation and may be followed by for example de-alignment. This can be caused by that 

landscape pressure gradually builds up or is perceived by the regime as more pressing as time 

goes by. 
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Later, the transition pathways framework has been altered by Geels el al. (2016). It has been 

argued that the former typology has a limited attention to agency and institutions (Geels et al., 

2016). Geels et al. argue that the “disruptive” or “symbiotic” relationships between niche-

innovations and regime is not just a matter of technological characteristics, but also how the 

niche-innovations are institutionally embedded and configured (p. 897).   

2.4  Criticism and research gaps      

Despite its popularity, the multi-level perspective has been exposed to various criticism. Here 

I will present some of the most prominent ones. The shortcomings of the MLP perspective 

and the socio-technical transition research traditions have been important when formulating 

my research questions.   

National bias 

One of the most-occurring criticisms of the MLP is the lack of spatial dimensions (Bulkeley et 

al., 2015; Hodson et al., 2017; Raven et al., 2012).   

In the recent years, the research on socio-technical transitions has increasingly been 

concerned with spatial issues, as well as multiplicity and governance (Hodson et al., 2017; 

Raven et al., 2012). In their literature review, Markard, Raven and Truffer (2012, p. 961) 

found that only 6 per cent of transition studies had an urban/local focus, while almost 40 

percent had a national focus (from 1994-2011).  

Raven, Schot and Berkhout (2012, p. 64) argue that the 

“framing of transitions as predominantly national is at odds with scholarship in 

innovation studies which have investigated the globalization of science, technology 

and innovation, and in regional studies and economic geography which has placed 

caveats by the focus on national contexts for innovation, arguing that actors and 

institutions at multiple spatial levels interact to create spaces for innovation”.  

Raven et al. (2012) argue that there is no good reason to why researchers using the multi-level 

perspective have favored national context; the spatial space of socio-technical systems are not 

explicitly stated or conceptualized (Raven et al., 2012, p. 64). This view on spatial issues as 

pre-given, largely minimized the influence of spatiality (Hodson et al., 2017, p. 3). The 

potential influence of local diversity and local institutional contexts, can explain why niche-

innovations emerge in some local contexts and not in others (Raven et al., 2012, p. 67).  
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In the recent years space and scale has become of increasing importance in sustainability 

transition studies. One of the reasons for this is that cities to a larger degree are acknowledged 

as important hubs for green transformation (Hodson & Marvin, 2010; Madsen & Hansen, 

2018).  

Focus on singularity  

Another criticism directed towards the multi-level perspective concerns the focus on 

singularity (Hodson et al., 2017, p. 3). Many multi-level analyses focus on a singular 

transition. For example, Geels (2005) did a historical case study on the transition from horse 

carriages to automobility. Hodson, Geels and McMeekin (2017) highlight that “innovation is 

in the particular form of reconfiguration rather than individual technologies … there is a need 

to embrace multiplicity and to understand its relationship to forms of reconfiguration” 

(abstract, p. 1). As in the case of mobility in Oslo, the transformation within the bus service is 

not the only transformation in the urban mobility in Oslo. The municipality of Oslo juggles 16 

goals (Oslo Kommune, 2016a), three of them related to sustainable mobility. A change in the 

current mobility system implies reduced automobility (Urry, 2004). For this to happen, other 

modes of transport must be available, such as public transport, biking, walking and car 

sharing. Seldom a single transition takes place, often there are multiple reconfigurations at 

once (Hodson et al., 2017).  

Bottom-up focus 

Many authors argue that the MLP has an inexpedient large focus on niches, referred to as a 

niche-driven bias. Berkhout, Smith and Stirling (2004, p. 62) state that the MLP  

“tend unduly to emphasize processes of regime change which begin in niches and work 

up, at expense of those which directly address the various dimensions of the socio-

technical regime or those which operate downwards from general features of the socio-

technical landscape”.   

Recent years, the politics of sustainability transitions have been of major interest, and it is 

now widely accepted that strategic transitions through policy instruments do happen (Markard 

et al., 2012; Meadowcroft, 2011; Smith et al., 2005). Instead of one-sided focus on niche-

innovations breaking through and replacing the regime, top-down processes or the steering of 

socio-technical transitions are becoming increasingly important in the literature 

(Meadowcroft, 2009; Newig et al., 2008; Scoones et al., 2015). It is a wide consensus that 
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top-down policies may steer the development of socio-technical systems in a sustainable 

direction, often through long-term goals (Markard et al., 2012; Smith et al., 2005; Verheul, 

2002). In addition, local authority, such as municipalities are believed to exert more efficient 

sustainable policy initiatives (Madsen & Hansen, 2018, p. 4). There are several examples of 

successful locally specific urban top-down sustainability initiatives (Bakker & Konings, 2017; 

Geels et al., 2011; Raven et al., 2017).   

Geels (2011) has responded to several of these criticisms, however, he did not address the 

lack of “spatial sensitivity” in the MLP (Raven et al., 2012, p. 65)  

2.5  From research gaps to research questions 

Based on the aforementioned weaknesses of MLP, and my case, I have formed two research 

questions. The purpose of my project is twofold. It is meant as a contribution to the socio-

technical sustainability research tradition, and as a contribution to policymakers who want to 

experiment with zero-emission technology in their public bus sector, or who is about to scale-

up the ZEB experimentation to a full-scale implementation.    

RQ1: What are the perceived effects of conducting experiments as a means to a full-scale 

implementation of ZEBs in Oslo? 

Within socio-technical transition studies there is a significant bias in having a national or 

global context as the focal unit of analysis. As underlined in the literature, there is no good 

reason for why this is the case, it might even be contradictory to the objectives of the 

framework (Raven et al., 2012). This national/global bias can be problematic for two reasons; 

first, it has been observed that urban authority in cities, i.e. municipalities, often go beyond 

national sustainability targets and initiatives (Bulkeley et al., 2015), and that these urban 

initiatives often are more successful than national and global ones (Madsen & Hansen, 2018). 

One prominent policy tool for introducing novel, radical sustainable technologies is 

sustainability experiments (e.g. Bulkeley et al., 2015; Bulkeley & Castán Broto, 2013; 

Sengers et al., 2016). Such top-down governmental sustainability initiatives have been largely 

ignored in early MLP. Niche driven, bottom-up transitions have mostly been the focal unit of 

analysis (Markard et al., 2012; Smith et al., 2005). In order to research sustainability 

initiatives at an urban level, I will use the aforementioned literature as an analytical 

framework. I believe that the analytical elements of the most widespread socio-technical 
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frameworks such as MLP and transition pathways will be less effective when studying an 

urban context.    

Oslo is currently experimenting with zero-emission technologies in the public bus sector, as a 

part of an overarching target to reduce car-traffic and CO2-emissions from land-use transport 

(Oslo Kommune, 2016a, p. 10). I want to investigate why sustainability experiments are 

considered an appropriate way to introduce ZEB technology before a full-scale 

implementation of ZEBs. In relation to this first research question, I will investigate how the 

ZEB initiative emerged, and where it came from. I will also investigate the perceived effects 

such experimentation can have for a full-scale implementation, but also if the experimentation 

phase allows for exceptions from the normal processes in the public bus service, i.e. tenders.      

RQ2: Which institutional barriers and enabling factors are associated to the zero-emission 

bus experiments in Oslo? 

Studying sustainability transitions within geographically defined contexts can also help reveal 

local institutional context that may explain why some niche-innovations break through some 

places and not in other places (Raven et al., 2012, p. 67). It has also been highlighted that 

socio-technical frameworks do not pay enough attention to surrounding institutions, and how 

these affect socio-technical transitions (Geels et al., 2016; Kern, 2011). It has been 

highlighted in the literature that institutions – formal and informal rules that guide behavior, 

affect socio-technical transitions. Institutions create the frames for appropriate behavior. 

Therefore, related to my case, I want to investigate the institutional barriers and enabling 

factors associated with the ZEB experimentation. This research question contains two parts; 

First, it involves investigating the institutional barriers associated with ZEB experimentation 

in Oslo. I presume that these barriers will be the same as in a full-scale implementation, if not 

confronted in the experimentation phase. Such barriers can jeopardize the success of a full-

scale implementation; therefore, it is important to identify them now. Secondly, I want to 

investigate the institutional enabling factors associated with the zero-emission bus 

experimentation. As with the barriers, I presume that these enabling factors will be the same 

in a full-scale implementation, and they can be important facilitating factors for a successful 

implementation.  

Oslo has a superior goal to fully implement ZEBs across the entire public bus service by 

2028, therefore it is highly relevant to locate the institutional barriers in the experimentation 

phase. The socio-technical view, and the most prominent theories take institutions into 
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consideration. How institutions affect and co-evolve with technology in transitions are 

highlighted in the literature (Geels et al., 2004; North, 1990; Scott, 2008). I will include the 

specific literature on institutions in my analytical framework, especially drawing on the work 

of Geels (2004), that has previously shown to be useful in transition studies.  
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3  Analytical framework  

In the following section I will present my analytical framework, the lens through which I will 

view and analyze my data. I find it fruitful to separate my analytical framework from the 

general theoretical approach. I believe that the analytical elements of the selected literature in 

the coming sections will both be fruitful for analyzing my research questions and allow to 

take into account aspects not accentuated by the most prominent socio-technical transition 

theories. Therefore, by using this analytical framework I can contribute to the socio-technical 

transitions view with aspects lacking in the literature. In section 4.1. I will present the notion 

of governance of socio-technological sustainability transitions, and what role governance 

plays for the eventual success of the reconfigurations of Oslo`s public bus system. In section 

4.2. I will explain how experimentation for sustainability can be an effective tool for steering 

the development and diffusion of technology through the achievement of strategies and goals. 

In section 4.2. I will present institutional theory and highlight the ways institutions may 

function as barriers or enabling factors in the ZEB experimentation phase.  

3.1  Governance of socio-technical transitions  

Sustainable development implies hitherto unknown aspirations to re-configurate social and 

technological trajectories, and to break free from path dependency (Newig et al., 2008, p. 2). 

The need to understand the politics of transitions has been called out for quite some time 

(Meadowcroft, 2009). One pronounced feature of sustainability transitions is that governance 

often play a profound role (Smith et al., 2005, p. 1491). Questions about whether transitions 

can be steered at all, and if that is the case, how, have become important in transitions studies 

(Bulkeley et al., 2015; Geels, 2004; Newig et al., 2008). Some suggestions have been made. 

Sometimes the transformation can be steered through long-term goals, as in my case with 

Ruters long-term environmental strategy. In cases such as the one at hand, it is expected that a 

large range of actors pull in the same direction to fulfill the set objectives (Markard et al., 

2012, p. 956). What role does governance have for sustainability transitions and re-

configurations? Why should cities take the front seat in climate change action? That is what I 

will explain in the following sections. 

Cities are considered important for addressing climate change for several reasons. Bulkeley, 

Castán Broto and Edwards (2015, p. 5-6) point to two important reasons; firstly, many cities 

experience increased urbanization. Urban life flourish with social life and economic activity, 
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which produce high levels of GHG-emission. However, as Bulkeley, Castán Broto and 

Edwards point out, there are large differences in local air pollution across cities, making 

generalization difficult. Despite the amount of local air pollution, GHG emissions know no 

territorial limits, so cities do contribute to global GHG emissions regardless of the local 

emission levels. Second, cities contributions to climate change lies not only in what levels of 

GHG-emission is produced in the city. Since cities often are centers of consumption, there lies 

a responsibility of what is produced elsewhere.   

Since the early 1990 several scholars have taken interest in what role cities should have on 

mitigating climate change. Scholars have looked into why cities should take the leadership in 

climate change mitigation, how these urban responses degenerated, and which institutional 

factors that hindered and facilitated the involvement of municipal actors (Bulkeley et al., 

2015, p. 6). These studies found that municipal actors conducted climate mitigation initiatives 

both in the absence of climate mitigation action at the national level, and despite initiatives on 

the national level (Bulkeley et al., 2015, p. 6).  This research has had institutional interest, i.e. 

how institutions hinder and enable urban initiatives, it has looked into what potential cities 

have to mitigate climate change and how sufficient city-level responses are, i.e. actual effects 

of local climate change mitigation initiatives (ibid.). In this thesis I will investigate the 

institutional barriers and enabling factors of the introduction of zero-emission buses in the 

Oslo region.   

The attempt to mitigate both local and global climate change is often associated some form of 

steering. One definition of steering for sustainable development has been provided by Newig, 

Voß and Monstadt (2008, p. 3) as “a purposive attempt to bring a system from one state to 

another by exerting influence on is dynamics of development”. Exactly what ought to be 

done, or how to do it varies across cities, as situatedness and resources play an important role.   

Often strategies directed at decarbonization or other types of sustainable development involve 

reconfigurations of factors and processes within existing socio-technical structures (Newig et 

al., 2008, p. 6). Within a socio-technical system a large amount of heterogenous actors with 

different goals, values and interests operate (ibid.). One of the largest challenges related to 

sustainable reconfigurations within socio-technical systems is to co-ordinate activities across 

the actors to obtain the sustainable objective. It has long been contested if steering of 

sustainable development is possible, and whether it should be done at all (Bulkeley et al., 

2015; Newig et al., 2008). Still, in the literature on sustainability governance, several strategic 
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tools are highlighted as steering mechanisms of sustainable development. Experimentation for 

sustainability is highlighted as one of the most important strategic policy tool for governing 

transitions (Kivimaa, Hildén, Huitema, Jordan, & Newig, 2017, p. 17).  

3.2  Sustainability experiments   

Experimenting for socio-technical sustainability transitions has gained increasing attention in 

the socio-technical transition field (Sengers et al., 2016, p. 1). Socio-technical 

experimentation has been conceptualized as “an inclusive, practice-based and challenge-led 

initiative design to promote system innovation through social learning under conditions of 

uncertainty and ambiguity” (Ibid. p. 10). Simply put, a socio-technical sustainability 

experiment is a deliberate testing phase of new sustainable technologies or practices, often 

with the overarching goal to re-configurate a socio-technical system or implement the 

technology. One of the strengths of sustainability experimentation lies in the possibility to 

experiment with new methods, institutions and practices over limited time and size spans 

(Kivimaa et al., 2017, p. 18). A sustainability experiment must not be confused with a 

traditional laboratory experiment, known in natural sciences (ibid.). Socio-technical 

experiments are set in the real world, without the possibility to control variables. They are 

often of a messy character, and the objective for such experimentation is to re-configurate or 

re-shape socio-technical systems. Sustainability experiments may eventually lead to 

significant shifts regarding how societal needs, such as mobility, are met in a sustainable way 

(Kivimaa et al., 2017, p. 2). The rationale behind socio-technical experiments is that “learning 

and demonstration effects of experiments add to the momentum of emerging sustainable 

configurations, which are geared to transform unsustainable socio-technical systems” 

(Sengers et al., 2016, p. 2).   

The notion of experimentation, and how it may affect reconfigurations and transitions, is 

highlighted in many socio-technical sustainability approaches. The terminology can for 

example be found in strategic niche management (SNM) (Hoogma et al., 2002), bounded 

socio-technical experiments (Brown & Vergragt, 2008) and the recent approach urban 

experiments (Bulkeley et al., 2015; Bulkeley & Castán Broto, 2013). Especially SNM has 

gained popularity within the socio-technical research community. The theory is particularly 

occupied with how so-called niche technology can be protected from market forces through 

experimentation (Hoogma et al., 2002; Kemp, Schot, & Hoogma, 1998). According to SNM, 
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niche technology is a technology new to a market, with an inherent indisposition to compete 

with established technology in a specific market (Schot & Geels, 2008, p. 537).   

Despite that the different approaches to socio-technical sustainability experiments, there are 

several similar features. Ceschin (2014, pp. 3–4) proposes several common characteristics; 

first, experiments unusually involve a radical innovation. This involves changes across several 

socio-technical dimensions such as institutions, practices and technology. Secondly; 

experiments are conducted outside of an R&D setting. They take place in real-life settings. 

Here the innovation must prove they are capable of fulfilling the social function they are 

supposed to. Third; socio-technical experiments are characterized by a “broad participatory 

approach”, where several actors are involved in co-creating the innovation. Forth; normally, 

socio-technical experiments are normally protected from the normal selection environment. 

The selection environment is made up from market forces and institutions. The grand 

challenged related to this is that the innovation has to be prepared for the selection 

environment that it will be exposed to at a later point. Fifth; A socio-technological experiment 

is not only about learning about technology. It is about testing an entire system in terms of 

regulations, institutions and social dimensions. Experiments are “open books” in the sense 

that they can be refined and adjusted. Experimentation can reveal barriers that may affect 

further diffusion and implementation. Sixth; Experiments can contribute to widespread 

changes in the socio-technical context. Experiments can be used strategically to get local 

governments to adopt a specific policy in favor of the technology or innovation. In addition, 

they can influence users to modify their behaviors.  

To sum up, socio-technical sustainability experiments may be efficient for the diffusion of 

new technology as they concurrently function as real-life labs to test and improve an 

innovation. The objective is to gain as much knowledge as possible about the innovation or 

technology at hand and see how it fits in the current societal system. van de Bosch (2010, p. 

140) refer to this as the deepening process of the experiment. 

3.3  Strategic niche management  

It has been observed a “valley of death” between R&D development and market 

implementation for sustainable technologies (Schot & Geels, 2008, p. 538). The research 

tradition of strategic niche management was developed to address this problem (Hoogma et 

al., 2002; Kemp et al., 1998; Schot & Geels, 2008). The theory has its roots in evolutionary 

economics and science and technology studies (Dosi, 1982; Nelson & Winter, 1977). Early 
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formulations about change tried to incorporate insights from science and technology studies 

into evolutionary economics, arguing that variation is not blind but rather directed (Kemp et 

al., 1998; Rip, 1992). It was observed that technological actors tried to steer the technological 

selection process, and thus the development by using demonstration projects. These projects 

worked as protected spaces for technology to mature parallel to the market development 

(Schot & Geels, 2008, p. 539). These protected spaces are argued to function as a way for 

firms and governments to develop technology outside of the normal competition (ibid.). Not 

only it is argued that these protected spaces can mature technology per se, but also articulate 

and align technology, demand and societal issues such as sustainable development (ibid.). 

However, Schot and Geels (2008) argue that SNM is not a top-down policy tool for 

government to create niches, but rather what they refer to as “endogenous steering”, steering 

from within. This steering can be initiated by a range of actors, such as users or social groups 

(ibid.).   

A core concept within SNM is niche technology is that sustainable niche technology needs 

modulating or “protected spaces”, whose foremost task is to mature and allow for 

experimentation with user practices, technology and institutions (i.e. formal and informal 

rules of interaction) (Schot & Geels, 2008, p. 538). How such a niche successfully can be 

implemented has been articulated in the literature. Three core components to successfully 

implement a niche is highlighted (Kemp et al., 1998; Schot & Geels, 2008).  

4. The articulation of shared expectations and visions. Expectations is highlighted 

as especially important since they provide directions for learning processes, 

attract attention (Schot & Geels, 2008, p. 540).  

5. The building of social networks across a set heterogenous actors. This is 

important to provide resources in terms of financial support, expertise and 

people.  

6. Second-order learning (not only facts and data) must occur on a range of different 

dimensions such as; technical aspects, infrastructure networks, regulations and 

user preference.  

Evidently, SNM is preoccupied with a set of important processes for the success of niche 

development and implementation, i.e. it is process-focused (Sengers et al., 2016). Still, SNM 

does not say how cities now are regarded as primus motors for sustainable development, and 
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how sustainability experiments unfold within cities. A recently developed academic interest 

addresses these issues.  

3.4  Urban climate change experiments  

Municipalities and other local actors in cities all over the world have made substantial efforts 

to mitigate climate change through plans, policies, projects and climate budgets (Bulkeley et 

al., 2015, p. 17). Some scholars consider these fragmented attempts as a lack of climate 

mitigation governance, however, the attempts may be regarded as “integral to the governing 

of climate change in cities” (Bulkeley et al., 2015, p. 18). The growing number of urban 

climate change initiatives can be contemplated as intended governance interventions 

(Bulkeley & Castán Broto, 2013). Thus, climate mitigation action done by municipalities and 

non-state actors (e.g. private actors, non-profit organizations), can be conceptualized as real-

life experiments with the objective to mitigate CO2-emissions, NOx-emissions. In the intersect 

of geography and transitions studies, we find the urban climate change experimentation 

literature.  

Cities have the past decade been considered important in the mitigation of climate change, 

and as primus motors for sustainable development initiatives (Bulkeley et al., 2015; Bulkeley 

& Castán Broto, 2013). Local actors such as municipalities, organizations and NGO have 

shown to be initiators for sustainable action (ibid.). Urban experimentation for sustainability 

is a quite recent research field. It was developed due to the assumption that other theories on 

sustainability experimentations are insufficient to investigate urban experiments in cities. I 

will come back to this (Bulkeley et al., 2015, p. 19).   

Following Bulkeley, Castán Broto and Edwards (2015, p. 19) urban experiments can be 

defined according to three criteria;  

1. An initiative or intervention is experimental when it is strategic and deliberate. There 

is a deliberate attempt to configure an urban socio-technical system. However, it 

recognizes an open-ended nature of socio-technical processes.  

2. An initiative is experimental only if there is an attempt to reduce GHG-emissions 

(mitigation) or reduce vulnerabilities to climate change impacts (adaption).  

3. An initiative is experimental if it is delivered or conducted by/in the name of an 

existing or imagined urban community.  



 
 

32 

 

Bulkeley and Castán Broto (2013) argue that urban experiments should be regarded as a part 

of the broad phenomenon of climate governance. Thus, some areas that come of importance 

in urban experimentation are also important in other forms of climate governance. Bulkeley 

and Castán Broto further argue that urban experimentation is unique in the way it is tied to 

how urban authority is restructured. Therefore, differences and similarities in urban 

experimentation may differ between cities. According to the threefold definition, my case is a 

clear urban experiment; it is deliberate, its overarching goal is to reduce GHG-emissions from 

road transport, and it is tied to the urban context of Oslo.   

One crucial point about urban experimentation is that the climate change mitigation/adoption 

initiatives in cities cannot be analyzed in isolation. Despite the interest in urban situatedness, 

national and transnational trends influence urban initiatives (Bulkeley et al., 2015, pp. 19–20). 

To illustrate, Bulkeley, Castán Broto and Edwards (2015) found that almost 80 per cent of 

recorded experiments took place after the UN agreement the Kyoto Protocol. The Kyoto 

Protocol is an international GHG reduction agreement between all UN member nations. What 

makes it special is that it differentiated between developed and non-developed countries by 

putting more responsibilities on developed countries (United Nations, 1998, p. 9). This 

finding highlights the importance of transnational and national influences on local initiatives. 

One interesting finding in Bulkeley, Castán Broto and Edwards` analysis is that there is very 

little difference between developed and developing cities – urban experiments are as likely to 

be conducted despite differences in resources (p. 21).     

Another example of how national goals influence local initiatives showed in a study by Raven 

et al. (2017). In their comparative case study, Raven et al. (2017) found large differences in 

institutional arrangements and how urban experiments are carried out in Amsterdam, 

Hamburg and Ningbo. The municipal agents all experienced large degrees of freedom but 

were affected by national goals. Therefore, they had different basis and different objectives 

and initiatives (Raven et al., 2017, p. 20).  

What separates these different research approaches is that they tend to highlight different 

aspects of the experimentation (Madsen & Hansen, 2018, p. 5). In a recent literature review 

on experimentation for sustainability, Sengers, Wieczorek and Raven (2016) underlines these 

differences. For example, as mentioned, the SNM literature highlights three processes for 

niche experiments; learning processes, network building and the articulation of expectations 

and visions (Schot & Geels, 2008, p. 540). Thus, in relation to experimentation, SNM has a 
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process-oriented view (Nill & Kemp, 2009, p. 671), evaluating the success of experiments 

based on learning outcomes and institutional change instead of sustainability measures such 

as GHG emission reduction (Madsen & Hansen, 2018, p. 3). Sustainability experiments are on 

the other hand goal-oriented and can be defined as “planned initiatives that embody a highly-

novel socio-technical configuration likely to lead to substantial (environmental) sustainability 

gains” (Wieczorek, Raven, & Berkhout, 2015, p. 370). Evidently, sustainability experiments 

are more concerned with the actual sustainable outcomes of the experiments and how the 

visions and objectivities for sustainability are obtained/not obtained (e.g. GHG emission 

reduction targets) (Hodson & Marvin, 2010, p. 483). What this body of research omits is “the 

processes through which the vision achieves or fails to achieve acceptance amongst a wide 

variety of stakeholders and translation into materiality” (ibid.).   

As a very recent research contribution has suggested, to assess the effect of a sustainability 

experiment, both process-oriented and goal-oriented perspectives should be analyzed to see 

the effect of an experiment (Madsen & Hansen, 2018, p. 3). Madsen and Hansen (2018, p. 3) 

argue that only by taking an integrated approach by both analyzing the sustainability 

outcomes and the processes (i.e. learning) and institutional change from the experiments, the 

actual effects of an experiment are visible. It should be noted that measuring the sustainability 

effects of experiments is difficult, especially in a an early phase (Hodson & Marvin, 2010, 

483).  

So, why are cities believed to be such good sites for climate change governance and as 

important hubs for sustainability experiments? Two important arguments are highlighted in 

the literature. The first argument is that cities inherently have “authority advantages” in term 

of climate change responses (Madsen & Hansen, 2018, p. 4). Cities, with their local 

government and municipal agents, are often themselves responsible for public services, i.e. 

the public transport service. Therefore, it is believed that municipal agents are more equipped 

to make GHG emission reduction-changes in systems themselves are responsible for (ibid.). 

Second, cities are believed to have an “engagement and mobilization advantage” due to the 

urban scale. Local actors are believed to possess first-hand knowledge of a cities challenges 

and needs. Through this knowledge local actors are assumed to gain legitimacy and trust from 

a range of stakeholders (Madsen & Hansen, 2018, p. 4).  

Governance, experimentation and institutions are highly interrelated components. As 

mentioned, urban experimentation studies have investigated how institutions may work as 
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barriers and enabling factors for the implementation of local initiatives (e.g. Bakker & 

Konings, 2017; Bulkeley et al., 2015; Bulkeley & Castán Broto, 2013; Raven et al., 2017).  

Elements from sustainability experiments, urban experiments and strategic niche management 

will be used as an analytical framework for my first research question. Here, I am interested 

in where the ZEB initiative came from, how it emerged, and the perceived effects an 

experiment can have as a means to a full-scale implementation.  

3.5  Institutional theory 

Institutional theory has recent years brought important insights in attempts of understanding 

socio-technological sustainability experiments (Geels, 2004). I will use elements from 

institutional theory in order to investigate the institutional barriers and enabling factors 

associated with zero-emission bus experiments in Oslo. I build my theoretical foundation on 

neo-institutional theory, especially on Scotts (2008) (elaborated by Geels (2004) to fit 

transition studies), three-pillar model of institutions. Institutions make out an important part of 

innovation systems. There exists a somewhat twofold meaning of the word “institution”, as 

Edquist (2005, p. 186) point out; sometimes authors use it to describe organizations or actors, 

while it is more common in the SI-literature to ascribe it the meaning as the “rules of the 

game”, behavior steering rules of human interaction. I will follow the conceptualization of 

institution from the SI-approach consistently throughout the thesis. Actors or organizations 

will be used elsewhere. 

Geels (2004, p. 909) use the metaphor of social embedded “game playing” to describe 

institutions. Within a socio-technical system, actors exert moves and countermoves, 

constrained by the rules of the game, i.e. institutions. These moves and countermoves are 

played out to reproduce or modify elements of a socio-technical system (Geels et al., 2016, p. 

897). Geels (2004, p. 909) state that “in each round actors make moves, i.e., they do 

something, e.g. make investment decisions about R&D directions, introduce new technologies 

in the market, develop new regulations, propose new scientific hypotheses. These actions 

maintain or change aspects of ST-systems”. Actor are thus allowed to exert action within 

these rules, the institutional environment. Often, new technologies do not fit well into these 

rule-systems, which require institutional innovation or change (Bakker & Konings, 2017; 

Raven et al., 2017). Thus, in a socio-technical view on transitions, institutions do matter for 

sustainable development (Kern, 2011).       
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A common classification of institutions separates between formal/hard and informal/soft 

institutions (Klein Woolthuis, Lankhuizen, & Gilsing, 2005). Formal, or hard, institutions 

refer to laws and regulations, societal structures that, if not obeyed, may lead to legal 

sanctions such as fines or lawsuits (Geels, 2004, p. 905). Informal institutions, on the other 

hand, are unformalized, but create non-the less important societal structures. Informal or soft 

institutions consist of values, norms and beliefs that matter because they are usually shared by 

several individuals within the same system (Bakker & Konings, 2017, p. 3). Scott (2008) 

provided a more elaborate typology of institutions by dividing them into three categories, 

adding a third category in addition to the formal/informal dichotomy. Scott developed an 

analytical framework based on neo-institutional approaches in the jungle of research across 

disciplines. The three-pillar framework has become widespread and influential in research on 

institutions, and accounts for the entire continuum of institutions, ranging from regulative 

institutions (legal) to cognitive institutions (Raven et al., 2017, p. 3). Work on sustainability 

transitions has advocated for the usefulness of this classification to analyze transitions and 

transition dynamics (Geels, 2004). I find the framework a fruitful basis for my analysis.  

Scott (2008, p. 48) describes institutions as “multifaced, durable social structures made up of 

symbolic elements, social activities, and material resources”. Institutions provide meaning to 

the social life we are living (Giddens, 1984). They are often tenacious, reproduce and transmit 

from generation to generation. The powerfulness of institutions to guide behavior (or resist 

change), are determined by the processes connected to regulative, normative and cultural-

cognitive processes (Scott, 2008, p. 49). The concept of institutions also embraces the 

importance behavior and material resources. An institution cannot be meaningful and 

reproduce itself without being acted upon. For rules, norms and cognitive elements to be 

influential, they must be legitimized. Consequences must follow when failing to comply with 

the conducting structures. If not, institutions are meaningless, and will fail to guide behavior. 

This is how material resources fit in, not only in the form of monetary resource, also in the 

form of legitimate power. Those in possession of the power will have the ability to sanction 

those not following institutions (Giddens, 1984, pp. 150–159; Scott, 2008, p. 49).  

As mentioned, Scott (2008) divides institutions into three pillars; regulative, normative and 

cultural-cognitive institutions. The earlier classification of “hard/soft” institutions provide a 

biased image of the importance of each pillar. “Hard” institutions may give the impression of 

higher importance than “soft” institutions, this is however, erroneous – they are not in a 

hierarchical relationship. Rather they are interrelated (Scott, 2008, p. 48), for analytical 
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purposes, it is however useful to separate them in entities for theoretical purposes (Geels, 

2004, p. 904). I will now present each of the pillars. 

Regulative Institutions  

Regulative institutions, e.g. laws, power systems and procedures, are explicit, unnegotiable 

structures used to formally steer and restrict behavior and interaction (Geels, 2004, p. 904). 

Regulative institutions are embedded in authority structures, such as public policies, or other 

structures with the capabilities to create rules for, and sanction activities (Raven et al., 2017, 

p. 6; Scott, 2008, p. 52). This way, regulative processes can steer behavior with various 

sanctions. However, how severe sanctions are can affect the strength of the institution. 

Regulative institutions constrain certain types of behavior and human interaction. In other 

cases regulative institutions map out the exact way a process may be executed (North, 1990, 

p. 4). In the case of public bus transport, for example, public tendering processes are regulated 

by law. There is a step-by-step guide to how they may be executed legally and failing to 

comply with the strict procedure can lead to financial sanctions.  

Regulatory processes shall, however, not only be considered as the big, bad wolf, whose only 

function is to punish and shame non-compliant actors. Regulatory institutions also empower 

certain behavior. Embedded in regulative processes is authority, a strong force that also may 

be used for encouragement (Scott, 2008, pp. 52–53). Public policy agents are often perceived 

as authorities. They often also govern rule-systems, and punishment-systems. This authority 

can in itself be used to encourage instead of punishing. By removing the VAT on electric cars 

in Oslo, for example, they steer behavior through an encouragement system. Regulative 

institutions have traditionally been the research focus of institutional economists (Geels, 2004, 

p. 904).  

Normative institutions  

Normative institutions are social rules such as values, norms and role expectations (Geels, 

2004, p. 904). Such normative rules provide “prescriptive, evaluative, and obligatory 

dimensions to social life” (Scott, 2008, p. 54). Values can be conceptualized as individual or 

collective beliefs of what is preferred or desired (ibid.). Norms, on the other hand, describe 

the allowable ways to obtain a desirable goal. Thus, normative structures not only define what 

is preferred, but the legitimate ways of reaching what is desirable (ibid.).  
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An important aspect of normative institutions is roles and how actors in a socio-technical 

system perceive their own role. Different normative institutions exist for different social 

groups or actors. In other words, what is considered as appropriate goals differ across 

different social groups or positions, how they are supposed to behave in specific social 

interactions (Scott, 2008, p. 55). Roles can either be of a formal or an informal character. 

Formal roles can be different occupational titles in an organization which are tied to specific 

responsibilities and resources. Other times roles come about informally, where over time 

interactions and expectations manifest themselves as specific roles (ibid.).     

Cognitive institutions 

The last institutional pillar described by Scott (2008) contains rules who constitute the frames 

through which meaning is made (Geels, 2004, p. 904). Examples of such elements are 

priorities, problem agendas and bodies of knowledge (ibid., p. 905). Normally cognitive 

elements are implicit; thus, actors are perhaps not aware of them, even when they become 

cognitive schemas i.e. routines. Often they are taken for granted, but they are very much 

influential and persistent in peoples` lives (Raven et al., 2017, p. 4). If actors possess different 

cognitive schemas confusion may arise (Raven et al., 2017, p. 4). As mentioned earlier, one of 

the most challenging parts of systems change is to get actors to work towards the same goal in 

a coordinated manner (Markard et al., 2012; Sengers et al., 2016). The implications of 

unconformity to these institutions cannot be compared to the seriousness of the penalties of 

not following regulative institutions. However, in implementing an innovation or technology, 

confusion between actors can slow down or worst case hinder the process. Cognitive 

institutions can best be notices when observing routine behavior, when an actor fails to 

comply, confusion will be evident (Raven et al., 2017, p. 4).  

The institutional dichotomy has shown to be useful when investigating transitions and 

sustainable systems change. The model presented in table 1 was adapted from Scott (2008) by 

Geels (2004). This institutional framework has proven useful in other recent work on urban 

sustainability initiatives (see for example Bakker & Konings, 2017; Raven et al., 2017). 

Therefore, I believe this analytical framework can make a good starting point for my analysis.   
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Table 1. Institutional dichotomy, Geels (2004), adapted from Scott (2008)6.  

Institution Regulative Normative Cognitive 

Examples  Formal rules, laws, sanctions, 

incentive structures, reward and 

cost structures, governance 

structures, power systems, 

protocols, standards, procedures 

Values, norms, role 

expectations, authority 

systems, duty, codes of 

conduct 

Priorities, problem agendas, 

beliefs, bodies of knowledge 

(paradigms), models of 

reality, categories, 

classifications, 

jargon/language, search 

heuristics 

Basis of compliance Expedience Social obligation  Taken for granted 

Mechanics Coercive (force, punishment) Normative pressure (social 

sanctions such as shaming) 

Mimetic, learning, imitation  

Logic Instrumentality (creating stability, 

rules of the game) 

Appropriateness, becoming 

part of the group (how we do 

things)  

Orthodoxy (shared ideas, 

concepts) 

Basis of Legitimacy Legally sanctioned  Morally governed  Culturally supported, 

conceptually correct  

 

This institutional division are said to make out “the rules of the game”, and it is considered 

appropriate for actors to behave within these rules. Rules, however, are not “single 

autonomous entities”, but somewhat sewn together into rule systems (Geels, 2004, p. 904). 

These rule systems differ between the social groups and entities where they exist. The actors 

connected to the institutional system will have to act within the frames of these rules to avoid 

sanctions. These “rules of the game” can be conceptualized as rule-regimes, thus implying 

that the institutions co-exist, and the implications and impact of the institutions can be 

difficult, if not impossible, to separate. Institutions guide and restrict behavior, and such rule 

systems may result in institutional (and technological) lock-ins. With a systems innovation 

view, transitions involve actors, technology and institutions (Geels et al., 2004; Geels et al., 

2016).  

The three-pillar model is conceptualized as an analytical framework (Scott, 2008). To clarify 

and operationalize what institutions that may be interesting in the case of implementation of 

                                                           
6 First edition was published in 1995, I use the 3th ed. from 2008  
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ZEBs, I have sketched out what to look for in my data material. The design and content is 

highly influenced by Raven et al. (2017).  

Table 2. Key institutional concepts relevant for the public bus system in Oslo 

        

3.5.1 Institutional lock-ins  

Socio-technical systems are often stable for long time periods. The stability of socio-technical 

systems are often referred to as lock-ins or path-dependencies (Geels, 2004, p. 910). Since 

institutions are “the rules of the game” within a socio-technical system, they provide stability 

by guiding behavior. Institutions are sometimes referred to as the deep structures of an 

innovation system (ibid.). The threefold typology of institutions all provide stability, Geels 

(2004) describe how institutions (Geels refers to them as rules) create path-dependencies and 

lock-ins;  

Cognitive institutional lock-ins  

The cognitive frames that provide meaning to social life are often apparent as routines. The 

routines one has acquired may block searching for opportunities outside the box. One may be 

so caught up in one’s own focus that it is almost impossible break free from the pattern. Geels 

(2004, p. 910) argue that capabilities, skills and knowledge work as “cognitive capital” with 

sunk investments. Building new capabilities and acquiring new knowledge takes time and 

resources. Especially for established firms it can be difficult to develop new or transform 

competencies. Learning can actually be viewed as a major source to path-dependency since 
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learning normally is a cumulative process. It is cumulative in the way that learning usually 

involves putting “knowledge schemes” on top of each other, expanding and refining already 

acquired knowledge (Geels, 2004, p. 910). Cognitive institutions may create path-

dependencies; therefore, they can hinder sustainable transformations in the way that actors 

believe that problems can be solved within the existing cognitive institutional system. Geels 

(2004) argue that it is the inability to break free from cognitive institutions, e.g. routines, 

existing knowledge base and “this-is-how-we-always-have-done-it attitudes”, that influence 

the continuum of existing paths.  

Normative institutional lock-ins  

Normative institutions can also contribute to path dependencies and lock-ins (both 

technological and institutional as they are highly interrelated in a socio-technical system). 

Geels (2004) highlights the importance of a mutual understanding of role expectation between 

actors. What is contemplated as proper behavior can also have implications. Geels argues that 

in some actor relationships certain behavior is not considered appropriate. These behaviors are 

not only those regulated by law, but what behaviors that over time have been associated with 

different actors and activities in a certain relationship. To illustrate, Verheul (2002) found that 

metal-plating businesses omitted to bring up environmental aspects in meetings with 

customers as they thought customers cared much more about quality, they therefore found it 

inappropriate to bring up.  

Regulative institutional lock-ins  

Regulative institutions can also contribute to stabilization and lock-ins of an existing socio-

technical system. Long-term legally binding contracts can for example hinder the 

implementation of new technologies. Often technical standards, that are impossible to deviate 

from, are present. Governmental funding may also favor a technology (Geels, 2004, p. 910). 

Since regulative institutions are associated with legal penalties, it may be especially 

challenging to alter these.  

Geels (2004) accentuates that it is difficult to alter one institution without altering others. The 

three-pillar typology indicates rather static relations between the institutions, but as 

mentioned, the processes are highly interrelated non-hierarchical.    

Institutional and technological lock-in usually go hand in hand. The notion of “carbon lock-

in”, is now also widely adopted. Unruh (2000, p. 817) describe it this way: “industrial 
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economies have become locked into fossil fuel-based technological systems through a path-

dependent process driven by technological and institutional increasing returns to scale”.  

Unruh (2000) emphasis on lock-in processes highlight one of the most important features of 

socio-technological systems, they do not exist in social vacuums. Their embeddedness in 

social life can, and will, affect the direction of development. Unruh (2000) explains how 

carbon lock-ins come about;  

“carbon lock-ins arises through a combination of systematic forces that perpetuate 

fossil-fuel based infrastructures in spite of their known environmental externalities and 

the apparent existence of cost-neutral, or even cost-effective, remedies” Unruh (2000, 

p. 817).   

Thus, existing pro fossil-fuels institutions that successfully reproduce themselves, may lead to 

path-dependency and to specific technological trajectories. The transitions literature has paid 

a great deal of attention to how institutions may create barriers for innovations and socio-

technical sustainability transitions (Bakker & Konings, 2017, p. 3; Foxon, 2002; Unruh, 2000, 

p. 818).  

Institutions have for some time now been regarded as important parts of socio-technical 

systems (Smith et al., 2005). Related to the systems of innovation literature Fagerberg, 

Mowery, & Verspagen (2009, p. 4) writes:  

“Sectorial innovation systems are characterized by well-defined knowledge bases, as 

well as contrasting patterns of evolution and industrial dynamics. A national system of 

innovation consists of firms in many different operating within a common (national) 

“knowledge infrastructure” and a common institutional and political framework. 

Hence, institutions, governance, as well as politics, are relevant to the analysis of 

national systems of innovation. Institutions or “rules of the game” are difficult and 

costly to establish but facilitate economic interactions one adopted. Hence, institutions 

may be an important source of path-dependency in their own right”.  

Albeit, my focus of interest lies not within a national context, but an urban one, the 

importance of institutions and governance is recognized across multiple innovation research 

fields.   
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3.5.2 Institutional innovation 

Following Schumpeter, an innovation is an invention plus its successful implementation. An 

invention in solely an innovation when it results in some return to a market (not only referring 

to financial returns) (Mieg, 2013, p. 6). To be successfully implemented, any innovation must 

fit in to the social and institutional context to fulfill its social function. If an innovation, such 

as ZEBs, fail to fit in to the current rules of the game there are two options;  

1. Discharge the invention   

Or  

2. Alter the rules of the game 

The latter option, to change the institutional setting, is what can be called institutional 

innovation7. Changing how things are done can be difficult due to national guidelines and 

regulations (Mieg, 2013, p. 6). Albeit, even legislations may have loopholes. Other types of 

institutions, normative and cognitive, may be changed without legal sanctions, despite their 

long-lived nature (Foxon, 2002). The way it is put here is of course simplified, altering 

existing institutions normally take a long time, and it is not a straight forward process (Geels, 

2004). 

The assumptions in the three-pillar institutional framework creates the analytical lens for 

which I will analyze my second research question. I want to investigate which institutional 

barriers and institutional enabling factors that are associated with ZEB experimentation in 

Oslo. The rationale for investigating this is that I presume that these barriers and enabling 

factors will be the same in an implementation. These can jeopardize the overarching goal that 

is to have a bus fleet only consisting of ZEBs by 2028, and by identifying them now entails 

that it is still time to solve or lower the barriers.    

 

 

 

                                                           
7 Institutional innovation and institutional change are used interchangeably in the literature, I will use 

institutional innovation   
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4  Methodological approach  

In this section I will present my methodological choices. The nature of my research questions 

made it natural for me to conduct a case study. I will start by presenting why a qualitative 

approach is a better fit to answer my research questions than a quantitative approach. After 

this I will present the nature of a case study, and why it is the best choice to answer my 

research questions. Then I will present my three data collecting methods; qualitative 

interviews, content analysis and observation. I will explain my sampling process, and the 

choice of informants. I will also present the ethical considerations in this thesis.  

4.1  Qualitative research  

My choice of conducting a qualitative research project is caused by my choice of research 

questions. Qualitative research questions usually evolve around an interest in the meaning of a 

specific phenomenon and how this phenomenon comes about (Widerberg, 2001, p. 15). For 

me, this interest has for a long time been green transformations, and how sustainable 

initiatives are set to life. Where a quantitative researcher would ask “how many” or “what 

associations can be made”, a qualitative researcher ask “why” and “how” (ibid.). Thus, there 

is a clear difference in what kind of research questions that are suitable for qualitative and 

quantitative methods. Unfortunately, a long-lived assumption about quantitative research as 

superior to qualitative still exists in many research communities. Thus, contributing to the 

reputation about qualitative research to be pseudo-scientific or less important than quantitative 

research. Despite the persistence of this assumption in many research communities, the 

research methods are now largely considered equal and complimentary. They are fit to answer 

different research questions and objectives (Stratford & Bradshaw, 2016; Widerberg, 2001).   

In research methods, one important distinction can be made between extensive and intensive 

research. Stratford and Bradshaw, (2016, pp. 119-121) writes that “extensive research is 

characterized by identifying regularities, patterns, and distinguishing features of a 

population”. Extensive research usually has an objective to “establish statistical relations of 

similarity and difference among members of a population” (p. 119). Intensive research usually 

is more concerned with why social phenomena occur, and how such phenomena are perceived 

by individuals who interact with them (ibid. p. 120). This involves asking questions about 

processes, how these processes come about and who sets these processes in motion. Also, 

investigating individual opinions or opinions held by a group is important (ibid.). My research 
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is intensive by the nature of my research interest and questions. I investigate and try to make 

sense of a real-world phenomenon.  

4.2  Case study research  

“A discipline without a large number of thoroughly executed case studies is a discipline 

without systematic production of exemplars, and a discipline without exemplars is an 

ineffective one” Thomas Kuhn (1987).  

To be able to answer my research questions in the best way, I organize this thesis according to 

the case study tradition. Case study research is especially recommended when the objective of 

research is to understand a social phenomenon (Yin, 2014, p. 4). Yin (2014) points out that 

case study research in highly suitable when asking “how” and “why” questions. Even before 

my research questions were formulated, I knew that I wanted to investigate why zero-

emission buses became a priority in Oslo, why they are implemented through 

experimentation, and how current institutions may enable and hamper such an 

implementation. According to Yin (2014), conducting a case study is wise to answer my 

research questions.    

Case study research is sometimes wrongly understood as a subordinate form of research, 

contrary to for example surveys or experiments, which by many are regarded as “real” 

research methods. Some have even failed to consider case study research as a method at all 

(Yin, 2014, pp. 15-19). It has been argued that one of the reasons for this misconception of 

case study research as a method is caused by several examples of researchers conducting 

“sloppy” research (ibid., p. 19). By failing to follow systematic procedures, it has been found 

case study research suffers from less rigor than other (ibid, p. 20). However, as Yin (2014) 

points out, this may be caused by the lack of a clear step-by-step procedure when using case 

study research as a method. This makes it utterly important, especially for me, a researcher 

with little experience, to ensure rigorous research. More on rigor will follow in a later section.  

Yin (2014) explains that case study research is more appropriate in some situations more than 

others. If, for example, there is a need to control one or more behaviors or variables in a 

study, case study research is not the recommended research method (see Yin, 2014, p. 9). In 

cases where there is a need to control variables, an experiment could be the appropriate 

method. When there is no apparent reason for the control of variables, and the scope of the 

research is to understand a social, contemporary event, case study research is at its most 
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appropriate (Yin, 2014, p. 9). In my thesis, the point is not to control variables, but to gain 

insight about a social phenomenon through the experiences of my informants.  

Yin (2014, p. 9-10) argues that there are three conditions to consider when selecting a 

research method; type of research question, the extent of behavioral control, and whether the 

focus is on contemporary versus historical event. For a case study to be the most appropriate 

one, the research ought to be of contemporary events as opposed to historical events. Second, 

it should ask “how” and/or “why” questions. Third, a case study is appropriate where the 

researcher lacks the need to, or is unable to control variables (as one typically does in 

statistical methods or experiments) (Yin, 2014, p. 11). My thesis fits in well with all three 

criteria; The event I am investigating is unfolding within the timespan of this thesis, thus it is 

contemporary. I want to gain a deeper understanding of how zero-emission buses became a 

priority in Oslo, and how the existing institutional setting facilitate or obstruct such a 

transformation. To investigate and answer my research question I am in no need to control 

variables or behaviors. In fact, it would be pointless for me to control variables to investigate 

the subject at hand. In terms with the qualitative research tradition, I am interested in entering 

the experiences and world-view of my informants, communicating these experiences. In 

addition to these three factors to consider, Yin (2014) points to that a case study research 

design is a good fit when the study is more exploratory, than mere prevalence-based.  

What makes case study research trickier than other research methods, is the lack of step-by-

step guides of how to conduct rigorous, excellent case study research (Yin, 2014, p. 24). 

Recent attempts to provide guidelines have, however, drawn attention to the importance of the 

design of case studies (ibid., 50). Hence, the following section is dedicated to explaining the 

design of this thesis to ensure transparency and rigor. I have deliberately chosen to conduct a 

single case study. I use three data collection methods; qualitative interviews, content analysis 

of relevant documents and observation (ibid., p. 50). The main data source of this thesis are 

transcripts from my interviews, while observation and content analysis are used as 

supplementary material. The reason for this is that it has been found that often national or 

organizational strategies for green transitions are not always carried out, due to unforeseen 

issues (Bulkeley et al., 2015, p. 7). It is therefore important to analyze my data with relevant 

strategies in the back of my head.  

There are several rationales for choosing a single-case design (Yin, 2014, p. 51). The five 

rationales can work as a guide to when a single-case design is appropriate, as oppose to a 
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multiple-case design (ibid.). When the case is critical, unusual, common, revelatory, or 

longitudinal, a single-case design is recommended (Yin, 2014, p. 51). I will argue that my 

case is somewhat a revelatory one; neither is it revelatory in the sense that no one has studied 

transitions before, nor that no one has studied alternative technologies in buses (see for 

example Aldenius & Khan, 2017; Bakker & Konings, 2017). However, as far as I am able to 

discover, there appears to be a lack of studies of transformation within the public transport 

sector in a Norwegian context. Similar studies exist both from Sweden (Aldenius & Khan, 

2017), and from the Netherlands (Bakker & Konings, 2017). The Norwegian context with 

specific laws and regulations, and how public transportation is organized here can however 

not be directly comparable to neither a Swedish or Dutch context. Therefore, I will argue that 

my case can be considered revelatory.          

The idea for this thesis was born when I became aware of project fossil free 2020, Ruters 

initiative to transform the bus fleet into a fossil free one by 2020. After my initial interviews 

and informal conversations with involved actors I understood that something else, something 

bigger was on the rise. Instead of a fossil free bus fleet, Ruter had increased their ambition to 

transform the entire public transport system in Oslo and Akershus to only consisting of zero-

emission technology. After this realization I changed the objective of the study. Zero-

emission buses are here operationalized as buses that release zero emission from their tailpipe. 

Thus, cradle to grave emission from production and disposal is not accounted for here. Today, 

two zero-emission bus options are available. Hydrogen fuel-cell buses, and battery electric 

buses. In Oslo, both technologies are experimented with. When I refer to a specific 

technological solution this will be specified as battery electric buses or fuel cell buses, 

elsewhere, the umbrella term ZEB (zero-emission bus) will be used.      

The design of this thesis is a single case study, and my focal unit of analysis is the public bus 

system in Oslo. The overarching goal for the public bus service is to implement zero-emission 

technology, so that the entire bus fleet consists only of ZEBs by 2028. For this to happen, 

several actors must work in the same direction. I have decided to direct my attention towards 

three important groups of actors in my analysis. All actors are related to the public transport 

system to a larger or smaller degree. The owners of the public transport system, Oslo 

municipality is indeed important for several reasons. First and foremost, they decide 

budgetary manners, and have a supply agreement with Ruter who guides their work. Ruter 

AS, works as the planner, advertiser and procurer of public transport services in Oslo and 

Akershus (Ruter, n.d.). Despite Ruters responsibility to plan a seamless web of public 
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transport, they are not responsible for the public transport material and daily operation. This is 

where the operators come in; they are responsible for the daily maintenance and to provide the 

bus drivers (including all other means of public transport in Oslo). The users of public 

transport are the public. The general public chooses to use public transport services for 

different reasons; it costs less than a private car, individuals feel relieved not having to deal 

with the stress of driving, and they are able to relax to a larger degree than when themselves 

are driving (Beirão & Sarsfield Cabral, 2007, p. 482). Despite their importance, they are not a 

focal unit of analysis in my thesis, i.e. not as informants.      

4.2.1 Choice of case  

In some instances, cases finds the researcher (Stratford & Bradshaw, 2016, p. 121), this was 

what happened to me. Accidentally (and fortunately), I found myself reading about Project 

Fossil free early 2017. I found the project to be very interesting, and a perfect starting point 

for my master thesis. I initiated contact with Ruter at the Energy Research Conference in May 

2017, where I tabled my idea. From there I continued to develop my idea, narrowing down the 

case. I found that the most exciting parts of FF20 was connected to the bus system and 

excluded the other means of public transport for my analysis (this could just as well have been 

ferries, but the largest sustainability challenge is related to land-use transport, therefore, it was 

appealing to me). When choosing to focus on the greening of the bus system, the related 

actors appeared, sketching out interesting informants. I have chosen to work inductively, 

learning along the way, not excluding relevant aspects before I knew they were irrelevant to 

the actors. As mentioned, my main research method is in-depth interviews.   

4.3  Qualitative interviewing  

Qualitative interviewing is a popular data gathering technique (Patton, 2002, p. 340). 

Interviewing cannot be mistaken for a regular conversation. Conducting interviews require 

skills and technique, and it is a know-how practice that needs preparation and rehearsal 

(ibid.).  

As in this thesis, interviewing is often used to gather knowledge about non-observable 

phenomena. For example, interviewing can be used to gather and enhance knowledge about 

thoughts, feelings, motivations, and intentions. The main objective of interviewing is to take 

on another persons` perspective of the world (Patton, 2002, p. 341). This is linked to the 

preposition for conducting qualitative interviews, the prerequisite for conducting interviews; 
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A researcher ought to believe that other individuals perspectives are meaningful, and that 

those perspectives can be made explicit in research (Patton, 2002, p. 341). There are several 

variations on how to gather data using the qualitative interview. A common way to separate 

the different approaches to interviewing is by three broad categories; the structured interview, 

the unstructured interview and the semi-structured interview (Dunn, 2016, p. 150). The 

interview strategies are not mutually exclusive, and it is possible to use more than one of the 

interview forms, or to combine the forms during one interview (Patton, 2002, p. 347).  

As with all other forms of data gathering techniques, interviewing comes with both 

advantages and disadvantages. Patton (2002, pp. 354-360) describes some of the potential 

pitfalls of using qualitative interviews as a data gathering method. Patton points to that the 

quality of the information one obtains relies on the quality of the researcher. For me, the 

interviewing process and results may be affected by limited experience with conducting 

interviews. In cases like mine, it is recommended to conduct semi-structured interviews that 

provide certain guidelines for the topics of discussion in the interview (Patton, 2002). Patton 

(2002) describes common pitfalls such as asking dichotomous questions, leading questions 

and the importance of asking singular questions.   

To reduce the risk that my inexperience would affect the quality of my data material, I 

conducted two pilot interviews. I did this to test my interview guide on peers to get feedback 

and to have the possibility to change and adapt questions. Yin (2014) stresses the importance 

of conducting a pilot study, both to increase the studies reliability, but also to enhance the 

researcher`s readiness to perform well in an interview situation. My specific case does not 

allow for a pilot interview on relevant interview subjects, therefore I turned to my peers. I 

tested the interview guide on both one of my fellow classmates with familiarity to the 

transitions research field, and on a person with little knowledge about innovation studies in 

general. My fellow classmate helped me refine the themes of my semi-structures interview 

guide. The other mock interview helped me prepare for the interviews by explaining what 

terminology they did not understand (despite my informants’ expertise on the public bus 

service, it is not given that they are familiar with the terminology of transitions studies), and it 

helped me clarify my questions. These two pilot interviews turned out to be helpful, 

especially for my confidence in the interview situation.        

I have conducted semi-structured in-depth interviews. The semi-structured interview is 

characterized by the use of an interview guide (Dunn, 2016, p. 158).The interview guide 
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contains either fully worded questions or topics for discussion in the course of the interview 

(Dunn, 2016; Patton, 2002). Semi-structured interviewing provides the researcher flexibility 

in the interview situation. The researcher is not obliged to ask the fully worded questions in 

the guide, but has the ability to explore, probe and ask questions to illuminate a subject of 

interest (Dunn, 2016; Patton, 2002). I chose to base my interviews on what I considered 

important topics for my research questions, and I added themes within the topics I wanted to 

discuss. What became apparent after my initial interviews was the importance of adapting the 

topics to different informants. Since I have interviewed operators, governmental actors and 

representatives from Ruter, it comes as no surprise that they value different aspects of the 

implementation of ZEBs. My informants steered the interview onto themes important for 

them, but seldom I experienced that the interviews drifted to non-relevant topics. In the few 

instances this happened, I let my informants finish taking, then steered the conversation back 

to relevant topics. I have learned the valued lesson of not entering the interviews with too pre-

determined topics of conversation. My informants are experts on the public bus service, and I 

have gained invaluable knowledge from letting them co-steer the interviews.  

As mentioned the qualitative interview as a data gathering technique is associated both with 

strengths and weaknesses (Dunn, 2016, p. 150). One of the strengths of interviewing is related 

to the ability to fill in knowledge other methods fail to do. For example, observation or 

quantitative data are not able to dive into the emotions and motivation of others (ibid.). 

Interviewing is also suitable to investigate complex behavior. The reason why I chose to use a 

threefold of data gathering techniques is that they are inherently complementary. Observation 

and content analysis can provide information interviews cannot.  

4.3.1 Sampling  

When conducting a case study with interviews as a part of the data collection method, the 

choice of informants can impact the findings of the study (Dunn, 2016). Who is being 

interviewed will have an impact on the type of information collected (Dunn, 2016, p. 124). As 

opposed to quantitative research, the number of informants is not important per se, simply 

because representativeness is not the objective of qualitative research (ibid.). However, the 

selection of informants will affect the data material. As in any case study, finding relevant 

actors is key to ensure a relevant and rigorous data material, and of course to be able to 

answer research questions. In my thesis, I have been fortunate in terms of access to 

participants. Due to the contact I have had with Ruter, I have been provided with the contact 
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information to several important actors. To some organizations I have myself initiated contact 

through e-mail. All participants are selected through purposive sampling, varying from 

snowball sampling to criterion sampling (Dunn, 2016, p. 124).  

I chose to contact actors relevant to the bus system in Oslo, a form of criterion sampling, such 

as Oslo municipality and operators. Some informants I have been recommended to contact 

due to their specific knowledge. This form of sampling is often referred to as snowball, or 

chain sampling (Dunn, 2016, p. 124). All the informants I have contacted received the consent 

from before the interview, more on this in the “ethics” section further down. Some individuals 

did not wish to be interviewed, but they wanted to conduct informal conversations. These 

conversations are, obviously, not used as data material. However, these informal 

conversations provided me with an overview over what is going on in the public bus service. 

They also provided me with names of possible informants.   

Table 3. Overview of conducted interviews                                                            

        

4.4  Transcribing interviews and analysis with NVivo 

Immediately after conducting an interview, I found it helpful to find a quiet place to sit to 

write my thoughts from the interview, often referred to as field notes (Dunn, 2016, p. 173). 

My field notes dealt both with personal and analytical reflections; personal in the sense that I 

went through what I could have done better in the interview situation, analytical in the way 

that I made the first reflections of what relevant information could be drawn from the 

interview.  

I transcribed my interviews shortly after they were conducted. Transcribing interviews are 

usually time-consuming, and on average it takes four hours to transcribe an hour-long 
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interview (Dunn, 2016, p. 170). Due to my lack of experience transcribing interviews it on 

average took me longer to transcribe my interviews, approximately six hours per hour 

interview. The informants were during the interviews given the choice to receive the 

transcripts to oversee, but no one wished for this. After transcribing each interview, I printed 

them out and did a preliminary manifest content analysis, where I searched the document for 

what appeared as important themes or concepts.     

After completing all interviews over a period of three months (October 2017-January 2018), 

and attending relevant conferences for a longer period of seven months (May 2017-December 

2017), I used NVivo 11 to code my interviews.    

NVivo is an analysis computer program known to be effective at analyzing data material 

(Dunn, 2016, p. 175). I decided to use NVivo to organize, and analyze my data, and to ensure 

transparency and rigor in my analysis. I used NVivo both for manifest content analysis and 

latent context analysis. Content analysis is used “to provide knowledge and understanding of 

the phenomenon under study” (Downe-Wamboldt, 1992, p. 314). Content analysis is about 

more than merely categorizing data, it is about providing meaning to the data at hand.  

I began with a preliminary manifest content analysis in NVivo. A manifest content analysis 

“assesses the visible, surface content of documents such as interview transcripts” (Downe-

Wamboldt, 1992, p. 314). What I did was to look for repeated words in my interviews. I was 

also aware of where in the interviews the informants steered away from a topic (whether it 

was uninteresting to them, or unpleasant to talk about). I eventually ended up with six broad 

themes (not hierarchical ordered); Bureaucracy, technology, learning, barriers, 

governance/steering, and risk.  

After the manifest content analysis, I looked deeper into my data to understand the meaning 

behind what was being said, this type of analysis is often referred to as a latent content 

analysis (Dunn, 2016, p. 175). Here, I looked for themes that seemed important for the 

informants, why these themes were important, and the implications of the themes. I found that 

some of my initial themes are highly interrelated and ended up with five important themes 

related to my first research question; ZEBs were a top-down initiative, Oslo`s goals move 

beyond national targets, experimentation allows for a gradual up-scaling, experimenting is 

done to accumulate learning about ZEBs, experimenting allows for protection of ZEBs from 

normal selection environment and market forces, and experiments allow for a gradual 

upscaling of ZEBs.  
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For my second research question, I did the same manifest and latent content analysis of my 

interview transcripts. I looked for recurring factors that can be interpreted as barriers in the 

ZEB experimentation phase. In addition to looking for recurring themes, I have noted non-

verbal cues such as eyerolling and sighing. I have also been sensitive to changes in the voice 

of tone, as such behavior can be important to grasp what is important for the informants. I 

have found that ZEB charging infrastructure has been challenging – but these challenges 

manifest in different ways. I have identified five barriers related to the charging infrastructure; 

bureaucratic land-use planning, lack of technical standards, lack of public legitimacy, 

responsibility disagreement and implicit picking of technological winners. In addition, I have 

identified that ZEBs lead to decreased flexibility and that environmental options can be 

problematic. I have identified four important factors that enable ZEBs in the experimentation 

phase; there is a broad political support for ZEBs, the tendering business model has been 

altered, there is a high level of technological trust, and the system is co-producing knowledge.      

All interviews were conducted in Norwegian and have therefore been translated to English by 

me. I take full responsibility if the contents have been dramatically altered due to the 

translations.  

4.5  Complimentary data through observation 

In addition to interviewing I have used observation as a complimentary data gathering 

technique. Observation is normally used for three purposes within research methods; to count 

the number of a specific phenomenon, to provide complementary evidence, and to provide a 

contextual understanding of a specific phenomenon (Kearns, 2016, pp. 314–315).  

The main purpose of my observations has been to provide complementary data to my 

interviews. I was invited to attend a tender conference related to the large upcoming tender 

“Romerike”. The observation allowed me to observe how actors – operators, bus suppliers, 

Ruter and bus facility providers – interact under natural circumstances. A threefold 

terminology of observation exists related to what the role of the researcher ought to be. It is 

not uncommon to separate between controlled observation, common within natural sciences, 

uncontrolled observation, and participant observation (Kearns, 2016, pp. 315–317). However, 

it has been pointed out that it is nearly impossible for the observer to have no influence at all 

in a social setting, and that the original division between observation is unlikely (Atkinson & 

Hammersley, 1984, p. 248). Gold (1958) suggests a fourfold division of a researcher’s role in 

observation;  
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1. Complete observer. The purpose of the researcher in these cases is to be completely 

removed from the social phenomenon studied. An example can be to observe prisoners 

through a CCTV-camera (Kearns, 2016, p. 319) 

2. Observer-as-participant. This form of observation is quite formal and suitable for 

single visits. An example can be to be a part of the crowd during a sports event 

(Kearns, 2016, p. 319).    

3. Participant-as-observer. In such situations, the surrounding environment is aware of 

the researchers’ purpose – to observe and study a social environment. Still one 

partakes in normal activities as natural as possible.     

4. Complete participant. When a researcher is a complete observer the social setting she 

is in is not aware of the research purpose. The role of the researcher is to blend in as 

well as possible without revealing ones’ identity. There are strict ethical 

considerations to be made in relation to this type of observation.   

I will say that the type of observation I have done falls closest to the observer-as-participant 

category. When I attended the tender conference, I sat as part of the audience consisting of 

approximately 40 people. In the beginning, a representative from Ruter presented who was 

present, and I was introduced as a masters` student from the University of Oslo writing her 

masters` thesis. During the break I interacted with other individuals. Several of my informants 

were present, so I made sure not to initiate contact with them to ensure anonymity.  

Like with interviews, gaining access to observational sites may be challenging.  

Table 4. Overview of attended conferences and seminars                

 

4.6  Qualitative content analysis of documents 

Together with interviews and observation, I also analyzed relevant strategies and documents 

to complete my analysis. Qualitative content analysis is a much used research method to make 

sense of written material such as interview transcripts and documents (Dunn, 2016, p. 174). 
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When conducting a content analysis, it is common to be aware of what one is looking for as a 

researcher (ibid.). I have through a set of relevant documents searched for information about 

emission-reduction targets, sustainable mobility goals and initiatives.  

The analysis is based on the same principles as with the transcripts. I started by doing a 

manifest analysis, looking for surface information about sustainable mobility and 

decarbonization of the public bus system. After underlining the relevant parts of the 

documents and strategies, the latent content analysis started. A latent content analysis 

involves making sense of written material, understanding the meaning of what is stated 

(Dunn, 2016, p. 175). I specifically looked for differences in GHG reduction targets, and 

different opinions on who should be responsible for implementing GHG-reduction targets.         

4.7  Ethics and rigor in qualitative research 

When conducting any research project, several ethical considerations are of importance. First 

and foremost, this thesis is reported to The Norwegian Center for Research Data (NSD). 

When undertaking a research project one has several obligations to the individuals involved, 

including the general public, but perhaps first and foremost the people and organizations 

subject to the research (Dowling, 2016, p. 31). As already stated my data is mostly collected 

by in-depth interviews, and as Patton (2002, p. 405) states “interviews are interventions. They 

affect people”. This makes it especially important to take ethical considerations into account.  

All informants received an informed consent form beforehand of the interview. The form 

included a brief introduction to the project, stated that the interviews would be recorded, how 

the information would be stored after. The recordings from my interviews have been stored on 

my personal, password-protected computer, in a neutral folder. The recordings will be deleted 

immediately after this thesis is delivered. The informants were informed that they would be 

anonymous, meaning nor their names or any personal characteristics would be visible. They 

were also given the opportunity to anonymize their occupational title. About half of the 

informants wished not to have their title published, therefore I have decided to leave out all 

occupational titles. I consider their titles to not be of great importance to the research findings. 

I informed every informant that their employing organization would be visible in the thesis. 

Albeit, the quotes in my analysis will not be directly traceable to any individual. The 

informants were also made aware of the possibility to withdraw at any state of the interview. 

All informants were given the choice to receive the transcript after the interview. No one 

wished for this.   
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During the interviews, no sensitive personal information was addressed, however, sensitive 

business information came up a few times. Since some organizations are exposed to 

competition I will leave out any such revealing information as it is not important for my 

findings. A few times during my interviews informants gave me sensitive information about 

upcoming projects or strategies. These informants made it explicit that they wanted to keep 

this off record, this wish is of course attended to. I left this information out of the transcripts.   

4.7.1 Positionality and reflexivity in qualitative research   

As opposed to quantitative research where the researcher is supposed to be neutral, 

subjectivity is an important part of qualitative research (Dowling, 2016, p. 39). Subjectivity 

involves accounting for personal opinions, culture, and individual characteristics in the 

research. Traditionally, research objectivity has been a goal in quantitative research, in 

quantitative research, however, it is regarded as almost impossible, even unfavorable to leave 

out own opinions. Dowling (2016, p. 39) argues that ones` personal resources and experiences 

can be used to establish rapport and communicate in a fruitful way with informants. Rapport 

is a form of mutual trust and creates an understanding of the informant (ibid. p. 164). I used 

the common practice of a warm up question in all interviews. Here I asked my informants 

about their company and what their occupational title involves, questions not directly relevant 

to answer my research questions.  

Critical reflexivity is regarded as important in qualitative research. Critical reflexivity has 

been defined as a “self-critical sympathetic introspection and the self-conscious analytical 

scrutiny of the self as a researcher” (England, 1994, p. 84). We as researchers bring with us 

our own assumptions and views on the world. This is not regarded a negative quality, but one 

to be aware of. Pre-existing, perhaps implicit, biases may influence the questions we ask and 

what information we look for in the data. There has been many ways my social and cultural 

position may have affected the way my research has been carried out. I am myself in favor of 

a more centralized mobility system that is less evolved around automobility. This is one of the 

reasons why I was drawn to public transport as a research area. All my informants are 

connected to the public transport sector. For some, mere commercial reasons, for others, 

sustainability reasons and the achievement of objectives, makes them in favor of a flourishing 

public transport system in one way or another. In this specific research project, considering 

my informants position in the public transport sector, I have not found myself in a situation of 

conflicted interests or opinions between my informants and me. What this thesis is perhaps 
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lacking is a view opposed to the centralized view on public transport. This could have evened 

out the views of this thesis. However, given the scope of this thesis, it would have been too 

ambitious and time-consuming to involve yet another view.  

There has at least to some degree been a power imbalance between my informants and me. 

There have been substantial differences in experience and age between me and most of my 

informants. Despite these differences, I never felt patronized during the interviews. The 

informants all welcomed me into their worlds, making the power relations less apparent. I 

have conducted what some would refer to as elite interviews. Elite or corporate interviews are 

interviews with people within a corporation (often bearing high titles) or that are experts at 

some level. Sometimes such interviews are suspect of control issues for the researcher since 

the informants are used to being in control. This can entail that the interview is steered off 

topic, onto the informants topics of interest (Schoenberger, 1991, p. 182). I experienced to a 

very little degree to lose control over the interview situation. The only instances where the 

conversation steered off topic were where the informants were very excited about the topic at 

hand. I was able to steer the conversation back with little difficulty.   

Also, I think it should be mentioned that the course of this thesis has changed many times 

over the past year. Aspects of the case I thought was the most interesting changed during my 

open-ended interviews. For example, my initial objective was to research fossil free buses, but 

since the introduction of zero-emission buses now is more interesting for the involved actors, 

I as well have turned to this as my research objective. My research questions have changed 

along with the development of this thesis.    
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5  Empirical findings  

In this section I will present my empirical findings related to my two research questions. 

These empirical findings are based on interviews with relevant actors in the public bus 

system, content analysis and observations. I will present my empirical findings sequentially, 

in two parts. In section 5.1, I will present my empirical findings relevant to answer my first 

research question; what are the perceived effects of conducting experiments as a means to a 

full-scale implementation of ZEBs in Oslo? In section 5.2 I will present my empirical findings 

for my second research question; which institutional barriers and enabling factors are 

associated with ZEB experimentation in Oslo. I recognize that locating barriers and enabling 

factors in the experimentation phase of ZEBs can be important before full electric tendering 

contracts are implemented, since it is reasonable to believe the same barriers and enabling 

factors will be present in an implementation. Within the experimentation phase, before 

implementing electric contracts, there is still time to make alterations and adaptions. In 

addition, it gives the entire public bus system time to adapt and become acquainted with the 

new technology and its related parts.    

5.1  Perceived effects of ZEB experimentation in Oslo   

In this section, I will present my findings for my first research question. Here, I have 

investigated the perceived effects my informants believe the ZEB experiments can have as a 

means to a full-scale implementation. I will start by presenting how zero-emission buses in 

Oslo became a priority, where the initiative came from, and how it goes further than 

Norway`s overarching goals. Then I will present the perceived effects of ZEB experiments.   

5.1.1 Top-down initiative 

The zero-emission bus experiments started out with an ambition in Oslo municipality. Before 

zero-emission became a part of the agenda, the focus was on implementing fossil free fuels in 

the public transport sector. The initial goal, outlined in 2014, was to turn the bus fleet fossil 

free by 2020. Project fossil free 2020 is Ruters project, but clear signals from Oslo 

municipality were important for the formation of the project. FF20 is Ruters initiative but was 

set to life caused by signals from their owners.  

“It began in the way that our owners very early, politicians in Oslo, at least some of 

them have been very ambitious. They started to write about back in 2012/2013/2014 
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that Ruter shall have fossil free public transport by 2020 … I defined the need for a 

specific project to reach a goal that was quite outrageous, at least back then” 

(informant B, Ruter).   

Another informant put it this way;  

“We have had the goal (to be fossil free) for a while from our owners. We revised our 

environmental strategy in 2014, when that was approved by our board, we 

operationalized that goal, and we set it as one of the most important goals in our 

environment strategy (to implement fossil free fuels). To make sure that is was 

conducted correctly we established a project” (informant A, Ruter).  

This means that local political signals to obtain a fossil free public bus fleet were present. 

However, Ruter is organized as a limited company, they have an independent board, and they 

have large degrees of autonomy in decision-making. I talked to my informants about how the 

owners influence how they work.  

“Our annual general assembly is owned by Oslo and Akershus, so we are partly 

governed by business principles and our board, and partly by the delivery agreement 

we have with our owners … these (delivery agreements) come once a year. It is a way 

for our owners to tell us how we should prioritize and spend our time” (informant B, 

Ruter). 

Thus, the signals to initiate FF2020 came from Ruters owners, the municipality of Oslo and 

Akershus City Council. The operationalization of objectives has been up to Ruter. An 

informant from the municipality of Oslo made it very clear that Ruter has large amounts of 

autonomy in decision-making and agenda setting. The municipals primary goal is to push 

Ruter on obtaining emission reduction targets. Also, Oslo municipality is very preoccupied 

with that Ruters primary goal is to be a good option to private car use. Covering large areas 

and having frequent departures are important factors in this. Since automobility is the main 

source of GHG-emissions in Oslo, changing the mobility pattern of Oslo`s inhabitants is an 

important part of a transition.    

However, as I will present in the next section, Oslo moves beyond the national emission 

reduction targets. Thus, in an urban context, the ZEB experimentation can be said to be a top-

down initiative since it derives from local authority. If we zoom out, the initiative can be seen 

as bottom-up.   



59 
 

5.1.2 Moving beyond national targets 

The national policy guideline for mobility development in Norway is the National 

Transportation Plan (NTP). One of the specific guidelines concerning the bus sector is that 

“all new city buses shall be zero-emission or biofuels by 2025.” (Samferdselsdepartementet, 

2017, p. 16). In addition, the latest NTP, issued in 2017, valid from 2018, continued the zero-

growth goal in automobility from the previous NTP. Oslo municipality has chosen to move 

beyond the zero-growth goal and they are aiming for a negative growth goal in automobility.  

“It is important for Oslo to say that it is not our goal (the zero-growth goal). Our goal 

goes way beyond that, we aim not just for zero-growth, our goal is to reduce 

automobility” (informant G, Oslo municipality).  

Oslo, and Oslo municipality want to move beyond the national policy guidelines. This is not 

surprising, as Oslo is the capital of Norway, and it is not unnatural to set the best possible 

example for other cities. Oslo is, however not in the forefront of ZEBs in Norway. 

Trondheim, the third largest city in Norway, has already ordered their first fully electric bus 

fleet through a concession tender, consisting of 40 ZEBs (Samferdselsdepartementet, 2017).  

5.1.3 Gradual up-scaling of ZEBs 

The focus of FF20 has recently changed. As the informant talks about, in 2014 fossil free 

technology seemed perhaps overly ambitious. There is a large difference between fossil free 

technology and zero-emission technology. Not only in terms of differences in emission 

(obviously, zero-emission buses have no GHG emission from their pipelines), but in 

associated infrastructure. Again, the ambition to introduce zero-emission buses came from 

Oslo municipality.  

“About one year ago we challenged Ruter to consider increasing the ambition level of 

FF20. They are about to deliver a new, or revised, environmental strategy … it is 

caused both by a solicitation from us and because it fits in with the thoughts they 

already have … the (technological) development has been so much faster than what 

we thought five years ago, so at the time when project fossil free was determined it 

was very, very ambitious, almost to the point where it was hard to believe that it could 

be achieved. Now we see that the development has been much faster” (Informant G, 

Oslo municipality).   
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In addition to local governmental support, technological improvements are important for the 

altered objectives of FF20. In my interviews it is apparent that improved battery capacity has 

been important to start testing zero-emission buses. Reduced price is as important. In addition, 

more bus suppliers are now offering zero-emission buses (mainly battery technology, there is 

more scarcity in hydrogen bus providers). An informant from Ruter highlights that; 

“We have moved on (from fossil free) and decided on an ambition to become emission 

free. This implies that the 2020 goal stays as a minimum level … we are yawing it up 

a notch and hitting the pedal a bit harder to become emission free as soon as possible. 

The ambition our board has stated is that we ought to be emission free within 2028” 

(informant A, Ruter).  

The goal to replace the entire bus fleet with zero-emission buses is a part of what Ruter refers 

to as a “change program”.  

“Change programs are something Ruter only has three of at a time. They are projects 

that are so strategically important, often long-term, and cross-disciplinary that we 

organize them as change programs” (informant A, Ruter).  

Change programs are high-priority projects that are important to Ruter. The fact that FF20 

became such a project witnesses that it is important for Ruter to phase in zero-emission buses 

as quickly as possible.  

With a ten-year framework, Ruter aims for the entire bus fleet to consist of zero-emission 

buses. It is apparent that they have a clear vision of how to get there. 

In April 2018, after conducting my interviews, Ruter announced that they are scaling up the 

experimentation. During 2019, 70 new battery electric buses are arriving in Oslo. The 

rationale behind the up-scaling is to test a larger volume of battery electric buses in operation. 

This is an advantage of organizing zero-emission technology experiments; the possibility to 

gradually scale up the bus volume while maintaining the open-endedness that characterizes 

sustainability experiments – it allows for testing, reconfiguration and potential failure. 

Another motivation for conducting ZEB experiments is the assumed accumulation of 

knowledge the system can gain from it.    
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5.1.4 ZEB experiments for knowledge accumulation  

New technology normally involves learning or expanding the current knowledge base of a 

system, and the actors within the system. In my interviews it is apparent that accumulating 

knowledge is one of the highest motivations for conducting zero-emission bus experiments. 

The desired knowledge is not only related to technical aspects, but also how zero-emission 

buses fit into the existing system, and to find out where the shoe pinches.  

“if we ought to handle new materiel (battery electric buses) … learning is a must. You 

must build competence, you must fund testing, you need to attend seminars, you have 

to talk to the fire department if they know how to extinguish a fire on an electric bus 

… so there is a whole line of processes along the way. And these processes adjust the 

target. It takes work to make this happen. It is not about the technology, it is a system 

change. When new technology meets old technology, and people are involved. There 

are some new units; it is the APBS, the fire department or someone that has to approve 

a station we have built, or the capacity of the operators. Not only do they have to do 

what they do, they have to replace materiel” (informant B, Ruter).  

The aspect of learning across the entire system comes up in many interviews. Organizing ZEB 

experimentation allows for this kind of learning. Sustainability experiments are characterized 

by their open-endedness, thus, there is room for alterations before a possible implementation 

takes place. The informant puts emphasis on new entrants in the public bus service, and that it 

is important to incorporate these in the system seamlessly.   

“We see these pilots as learning arenas. Not only (in terms of) technology, that is 

perhaps less important, it is the entire system, the entire eco-system surrounding the 

system that needs to be changed compared to a diesel bus. The learning we are doing 

up against public agencies are perhaps the most important … when the large, fully 

electric contracts are announced we don’t have time for a six-month delay” (informant 

A, Ruter).  

The three pilots are planned to last two years, however, if all goes well, they will be 

continued.  

“Now we are testing this over two years, but we have the possibility to continuing the 

operation. If it is successful we will say “continue to drive”, or we will place the buses 

at operation somewhere else. It is not like the buses will be returned after two years. If 
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everything goes well, we vision that the buses will be kept in operation” (informant A, 

Ruter).  

From an economic point of view, the predicted continuation of the battery electric buses can 

reduce the risk of the investment. Several operators have brought up the risk of investing in 

expensive buses that might be taken out of service after only two years. It has been hard to 

justify such a large investment when it is not clear whether it is a sunk cost or not. A common 

practice in the bus sector is that the operators are required to resell the buses used in a specific 

concession area if a different operator wins the next tender. This reduces the risk of sunk cost 

investments, as well as disposal of working material. In other cases, for example when the 

Norwegian government alters the minimum requirements of buses, bus material is often sold 

to cities in eastern Europe. Not knowing whether these practices are applicable in the case of 

ZEBs can increase investment aversion. However, knowing that the plan is to continue the 

operation of the battery electric buses may reduce the investment aversion.  

5.1.5 Protecting new technology from selection environment 

As described in the introduction, specific concession areas are divided between operators 

through tenders. In such tendering processes operators’ bids are rated based on different 

predetermined allocation criteria. Sometimes specific technologies are absolute demands in 

the criteria. Other tendering processes allow operators to freely offer what technology they 

want. In these cases, they are given points based on the several factors that are weighed 

differently. In a recent tender from 2017 concerning the concession area Oslo Inner City, the 

allocation criteria were as following;  

Table 5. Allocation criteria in the tender Inner city (Source: Oslo Economics for DIFI (2017, p. 55) 
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As seen in the table price is the most important allocation criteria, this is the case in most 

tenders. Environmental concerns (such as emission rates) is in a split second-place alongside 

quality of the carriage material. With price as the most important allocation criteria there is 

little chance that zero-emission technology could win over conventional internal combustion 

engines or biofuels, considering it is currently twice as expensive. It should be mentioned that 

this specific tender involved a three-year contract, to facilitate changed material earlier than 

after a normal 8 to 10-year contract period. When a contracting entity such as Ruter wants to 

experiment with new technology, or change the material in existing contracts, they can use a 

common tendering practice where existing contracts are changed.    

In the case of both the prior hydrogen fuel cell project CHIC and the ongoing battery bus 

experiments, such changes were conducted instead of tenders. The law of public procurement 

allows for changes within the years of a contract. They can be of a minor character, such as 

altering the concession area slightly (e.g. move a bus stop), or larger, such as changing the bus 

material (e.g. deviating from the agreed fuel type). This is how the ZEB experiments have 

been organized. When I asked if the ZEBs were procured in a normal tendering process, I was 

told about the change orders.  

“No, it was done through changing existing contracts. In the specific contracts 

there was room for changes, the contracts in Oslo are so large, so it was not 

considered a significant change. The law of public procurement is very strict 

when it comes to alterations within an existing contract. If the changes are too 

large, both in terms of economic value, but also in terms of the nature of the 

service, they may be illegal according to the regulation. This makes us a bit 

bound, it limits how many changes we can do within an existing contract. Also, 

every change count, so if it is a contract that has run six years, where we have 

improved the service, such as higher bus frequency or more buses, those are a 

part of these changes, they are put on top of each other and at a time you reach 

the roof where you have conducted so many changes that you are not allowed 

any more. Changing bus material is a typical large alteration, a significant cost” 

(informant A, Ruter). 

Changing contracts, if the contract is large to begin with, can be good starting points when 

experimenting with new technology. Since ZEBs still cost up to five times as much as a 

conventional bus, it is not likely that it could win a normal tendering process over a more 
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affordable technology. As shown previously, price is in most cases the most important 

consideration in a tender. If ZEBs were to be exposed to the normal procurement practices, it 

is unlikely that they would ever have been chosen.     

The downside of changing contracts is that it is a more expensive practice than tendering. If 

the pilots were put out to tender, operators would compete on price, so naturally the price 

would have been driven down. Change orders are therefore a more expensive practice than 

normal tendering. In the case of ZEBs, the technology is so expensive that it needs protecting 

from the normal market forces, I will come back to this later.  

“When we conduct tendering processes, we get more reasonable prices, of course, 

because then several actors compete, bus manufacturers often offer reduced prices 

because they want us to use their buses. Change orders are a much more expensive 

way to do it. So, it needs to be balance in the way that this is considered investment 

well worth in the long run, both in terms of the environment, and because the pilot 

paves the way for a larger and faster transition to zero-emission buses” (informant A, 

Ruter).  

Despite the more expensive nature of the pilot there exists a fundamental belief that the three 

ZEB experiments can contribute to a full-scale introduction of zero-emission buses. Since 

Ruter wishes to be technology neutral, their owners, policy signals must be in strong favor of 

ZEBs.  
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5.1.6 Overview of findings for RQ1 

To present the findings related to RQ1 I have made a table. The first two points relate to how 

ZEBs became a priority in Oslo, and where the initiative came from.  

Table 6: Overview of perceived effects of ZEB experimentation in Oslo.  
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5.2  Barriers associated with ZEB experimentation in Oslo 

In this section, I will present my findings related to my second research question; which 

institutional barriers and enabling factors are associated with the ZEB experimentation in 

Oslo? I will first, in part 5.2, present the barriers associated with the ZEB experimentation 

phase. Then, in part 5.3, I will present the enabling factors. I presume that the barriers 

associated with the ZEB experimentation phase are the same barriers that will meet a full-

scale implementation. Therefore, it is important to map out the barriers. I will first present the 

barriers that have emerged in my data. In 5.3, I will present the enabling factors.   

During my interviews, informants were asked specifically what they perceived as the greatest 

barriers in the ZEB experimentation phase. In some interviews I did not have to ask 

specifically, as barriers presented themselves as important themes for the informants. In my 

analysis in NVivo (as described in detail in the chapter 4), several barriers became apparent. I 

particularly noted seven barrier, five of them related to the charging infrastructure; 

bureaucratic land-use planning, lack of technical standards, lack of public legitimacy, 

responsibility disagreement and implicit picking of winners. In addition, I identified decreased 

flexibility and environmental options as barriers. Of course, different actors perceive different 

barriers caused by their responsibilities and place in the system. There is a clear tendency 

amongst my informants that they believe the future of Oslo`s bus fleet is electric, however, in 

order to get there several barriers must be tackled. Identifying the barriers in the 

experimentation phase can be crucial to obtain the overarching objective of a full 

implementation within 2028.   

5.2.1 New charging infrastructure brings new issues  

New technology often needs new associated infrastructure. In my interviews several 

perceived barriers to zero-emission buses have come up. All informants, across organizations 

and levels, highlight that the charging infrastructure has been one of the greatest challenges in 

the pilots. None of the informants mention issues with the actual technology. Rather the real 

challenge is associated with how the surrounding social system deals with the new technology 

at hand. That the charging infrastructure is associated with new challenges and barriers is not 

surprising. As one of my informants said very figuratively; “a bus is a tin can on four wheels 

no matter what technology it is run on”. The actors in the public bus service know how to 

operate a bus. The most complex new element of the battery electric buses is the charging 

infrastructure. The charging infrastructure is a new element for all actors in the public bus 
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service, and it brings with it some new entities (suppliers, governmental agencies). The trick 

is to make sure that the new infrastructure fits seamlessly into an already existing socio-

technical system. As I will discuss later, facilitating for the charging infrastructure will need 

some alterations. As many of the perceived barriers of the ZEB experiments are associated 

with the charging technology, I will start by presenting these.   

Bureaucratic land-use planning 

“Everybody wants battery electric buses, but no one wants the charging points” 

(informant G, Oslo municipality).   

What appears to be the greatest challenge has been to obtain permission to build the 

pantographs in the city center. The reason why I highlight this as the greatest barrier is that all 

informants, across all levels of the public bus sector, point to obtaining permissions as 

challenging. All building applications in Oslo have to be approved by the Agency for 

Planning and Building Services8 (hereby referred to as APBS). APBS is a municipal agency 

responsible for the regulation of all potential building plans in Oslo – from private residencies 

to public buildings.      

“What has been the greatest challenge, which was no surprise to us, was to get the 

charging infrastructure in place. Because there the communication and processes are 

tied to the APBS … it has been just as complicated as we feared it would” (informant 

A, Ruter).  

Operators are responsible for obtaining the permissions to set up charging infrastructure. This 

practice they consider to be highly unjust. The unjustness seems to stem from the fact that 

they were told that Ruter would be responsible for this, and later have reversed this.  

“It is our responsibility to get permits and regulations. By doing it this way you put a 

lot of risk at the operators to make it happen. The contract starts in (month) no matter 

what APBS does. It is almost at the point where we must do something else (other 

than electric buses). We definitely feel that the contracting entity should be 

responsible. They decide where the bus lines ought to be … then they should make 

sure that it is possible to build the infrastructure” (informant E, operator).   

                                                           
8 Plan- og bygningsetaten  
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So, operating companies are supposed to oversee applying to APBS to put up the pantograph 

chargers. However, when a given operator wins a concession area, the contract starts at a 

specific date. At this date, of course, all bus material must be ready to use. Not knowing 

when, or if, permits are approved feels like an extra risk factor to the specific operator. This 

uncertainty makes it difficult to focus on electric buses. Slow, bureaucratic processes seem as 

one of the most prominent barriers to the introduction of electric buses.   

I want to clarify that I do not seek to point out a scapegoat related to the infrastructure, but I 

find it important to communicate my informants’ views. What is especially interesting 

regarding this finding is that all informants point to obtaining permissions for charging 

infrastructure as the currently largest challenge. This view may be biased by the fact that the 

infrastructure has taken a lot of time, resulting in a negative mere-exposure effect. Still, there 

is no doubt about that without charging points, a bus fleet with opportunity charging is an 

impossible future.   

“It is not about the technology or the construction. It is getting the permits that have 

been the largest problem. Setting up charging infrastructure elsewhere has been 

unproblematic … but at [street name] it has been problematic. Not in term of physical 

setting it up, but all the other considerations. From cityscape to neighbors to God 

knows what. Getting permission has been nearly impossible, it is the largest barrier … 

we have spent over two years on this (one pantograph)” (informant G, operator).  

The informant talks about this very intensely. Clearly, the infrastructure has taken a lot of 

time and resources. They have spent over two years only on getting permits, and one can only 

imagine the resources it must have demanded. Currently, the pantograph is approved, 

awaiting construction, and the bus line runs with only one pantograph, meaning that the buses 

must drive to the depot to re-charge during the day. The implication this has for the 

experimentation phase is large. It means that the buses cannot be tested in a fully realistic 

setting and through all operating hours. This can threaten the goal of the ZEB experiments; to 

test the buses under real-life conditions. The alternative is to fill in conventional internal 

combustion engine buses when the ZEB is off charging. If the buses are unable to drive full 

operating days due to a lack of charging points, what is the point of ZEBs at all?  

The informant at hand has spent over two years gaining permits to build the infrastructure. In 

terms of a full-scale implementation, continued prolonged permit processes can be utterly 

problematic. When ZEBs are exposed to tendering processes, it is implied that a contract will 
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start at a given date no matter what. If an operator wins a tender based on battery electric 

buses, but is unable to build charging infrastructure on time, they will be forced to use other 

bus technology. No matter what, the primary goal of the public bus service is to transport 

people. If operators are unable to deploy ZEBs due to bureaucratic processes, they will have 

to use other technologies, such as diesel buses. If the permission granting period will continue 

to last over two years, ZEB implementation will most likely fail.  

Lack of technical standards 

One reassuring fact about the charging infrastructure is that one pantograph can be used on 

several buses. However, there are no established standards on how the charging technology 

should be. If a standard is created in the future and it is not the same that has been set up in 

Oslo, it involves the risk that the already existing pantographs will have to be replaced. This, 

of course, is associated with a financial risk and possibly a financial loss.  

“There are no established standards (for pantographs). I know that some suppliers are 

collaborating now to establish a standard. But it is not like a socket, where you can 

buy a coffee maker and just put it in and expect it to work” (informant E, operator).  

This barrier is difficult to solve in an experimental phase. The charging infrastructure 

manufacturers operate on a global scale, so Oslo is dependent also on what other cities are 

doing in terms of standardization. If Oslo decides on a design at this point, it is possible that 

other cities are moving in another direction in what design they choose. This problem is 

restricted to end-stop pantograph chargers.  

Lack of public legitimacy  

The pantographs in Oslo, especially one of them located in proximity of restaurants, offices 

and apartment buildings, appear to be lacking public legitimacy. This lack of public 

legitimacy has manifested itself through complaints on the building plans. As mentioned, 

APBS is responsible for the municipality's overall area planning, city development planning, 

thus allowing or disallowing who is permitted to build what in Oslo. Anyone who is affected 

by a building plan, i.e. close-by neighbors and close-by businesses are allowed to complain if 

they disagree with what is been permitted. In the case of the one of the pantographs, several 

complaints were submitted.  
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“in [street name] almost everybody complained. From [restaurant name] to neighbors, 

yes, almost everyone. They complained about use of space, and someone had planned 

a bike road, and they (the petitioners) said it wouldn’t look nice, and that it would be 

unsightly for guests and so on … we have spent over two years on this” (informant E, 

operator). 

Evidently, the pantograph is perceived by the close-by neighbors as unpleasant. The 

pantograph looks like a wide lamppost, and it will be located where there already is a bus 

stop. When an actor complaint about a decision from APBS, it may delay the process, based 

on the character of the complaint. Despite the implication complaining may have for 

prolonging the process, I consider it to be problematic that the public surrounding the 

pantograph complains about the appearance of the technology. This indicates a bigger 

problem; that it exists a lack of public legitimacy for the charging infrastructure. An 

indication that this is the case is that for another pantograph, not located in proximity to 

housing and businesses, did not receive any complaints.  

These two aforementioned barriers related to the charging infrastructure have resulted in a 

dispute on who should be responsible for the charging infrastructure.   

Responsibility disagreements  

Who should be responsible for the infrastructure? Not so much the material but applying for 

permits and setting it up in time for the contract start. It appears as it exists responsibility 

disagreements in terms of the charging infrastructure. Before the battery electric bus 

experiments, it appeared to be disagreements between Ruter and operators in terms of who 

should have the overarching responsibility for the charging infrastructure.  

“We were told that Ruter would be responsible for infrastructure permissions and to 

regulate the land. But now they have gone away from this. They want it to be our 

responsibility. By doing this you put all the risk on the operators” (informant E, 

operator).  

What has happened here is unclear, whether it has been a communication failure or a 

misunderstanding. Throughout my interviews it is very apparent that the responsibility 

question is associated with confusion and contradictive messages. I believe one of the reasons 

for the responsibility disagreement is related to the experience with obtaining permissions in 

the experimentation phase.   
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In the experimentation phase, the permission gratification took so long that both Ruter and 

Oslo municipality got involved with APBS to gain momentum. The belief is that in this 

period of learning the relevant agencies will gain knowledge of how to more effectively 

process applications.  

“Originally, in this test the operators were to build, dig holes, and build the masts, but 

we have taken responsibility for the dialog with the municipality agencies and permits 

and so on, both because this is the first time, but also since it has been absolutely 

necessary” (informant A, Ruter).  

It seems as eventually operators will be responsible for the life-cycle of charging 

infrastructure. In the pilot, the normal rules of the game have been altered to better 

accommodate the new technology. Even Oslo municipality has involved itself to get the 

permission to set up pantographs, a practice that deviates from their normal responsibility 

areas.  

“We said that if they encounter resistance we will lift it up on a political level. It is not 

natural for us to involve ourselves in specific cases, but in the case of the pantograph 

at (street in Oslo) we did. We sent out a letter that said that the pantograph should be 

located there” (informant G, Oslo municipality).   

Several actors have had to step out of their assigned and expected roles to realize the 

experiments. New roles are not necessary a bad thing in relation to zero-emission buses, but it 

is important that actors know what is expected of them when large, fully electric contracts are 

announced. If there is a continuing confusion on who is supposed to oversee the charging 

permits, this can create a barrier to a full-scale implementation. Several of the operators seem 

dejected over that the responsibility is put at them, while Ruter is determined that it is 

supposed to be the operators’ responsibility.  

One important point that came up in one of my interviews is that operators ideally see 

themselves as responsible for the infrastructure.  

“We really want to (be responsible for the charging infrastructure) because there are 

two parts that fit together. We do not want a solution where someone is responsible for 

one of the parts and we buy a bus, then we get a lot of bits and bobs in between” 

(informant E, operator).  
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Operators want to have the responsibility they are given, but the current difficulty in getting 

permission is a significant obstacle, so significant that the operators feel it is unfair that the 

responsibility is on them with the current situation.  

These issues are related to opportunity end-stop charging. Electric buses charged at depot will 

unlikely experience the same issues, since the operators themselves are responsible for what 

happens at the depot. Also, usually depots are located at more remote areas. One opportunity 

would be for all operators to choose depot charging. There is however a downsize to current 

technological options; the batteries in depot charged buses are bigger and therefore heavier. 

The weight of the battery will affect passenger capacity in the bus, and the primary goal of the 

bus sector is unquestionably to transport individuals from A to B in the most efficient way.  

Implicit picking of technological winners  

Ruter is very clear in their strategy that they do not wish to pick technological winners. They 

want the market forces to find the best solutions. In their environmental strategy they write;  

“given the rapid market development and the uncertainty in framework conditions, 

Ruter choses to have a dynamic approach to the choice of renewable energy bearers 

and technology. This means that Ruter does not lock in on specific technologies now, 

but develop criteria that through tendering processes give the most buses and best 

environment measures at best value at the point of decision” (Ruter, 2014, p. 12).  

Ruter clearly states that they do not wish to decide what technologies are the best ones. Ruters 

owners, the municipality of Oslo, have uttered a pro electricity view through progressive 

policies. Akershus County Council has their own hydrogen strategy and have financed the 

continuation of the hydrogen project CHIC. Besides pulling in a zero-emission direction, the 

technological choices are up to Ruter. Ruter is a limited company in charge of their own 

decisions. So, stating further technology neutrality is up to them. However, it was apparent in 

my interviews and attendance of Ruters procurement conference that not everybody is 

compelled with the technology neutrality. In relations to the ongoing battery electric pilots, 

Ruter lets the operators choose charging strategy and supplier.  

“We have only said that it has to be electric … therefore it has come some different 

battery technologies and charging (in the experiments)” (informant B, Ruter).  
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From Ruters side they want the markets innovation abilities to find the best technological 

solutions. This is the most important reason for not constraining the choice of bus supplier, 

charging technology or the length of the bus. They feel the market knows best whether a 

specific bus line requires an articulated bus or an ordinary 12 m. When talking to the 

operators, however, they do not feel as free in choosing technology. Related to the previous 

topic, that it has been complicated processes to obtain permission to build charging 

infrastructure in Oslo, some operators feel as Ruter has deselected pantograph charging.  

“You put so much risk on the operators (by being responsible for regulation). It is 

almost at the point where we have to do something else. It is like we can`t have 

opportunity charging. It also has to do with the closest electric transformer, this Ruter 

took responsibility for, to make sure the grid reaches all the way out the charging 

point. But only at depots, not in the streets. They (Ruter) have almost deselected it 

(opportunity charging)” (informant E, operator).  

This informant points to two important aspects; first, it is perceived as unfair that the 

operators are responsible for the difficult task to of obtaining permissions. Secondly, and 

perhaps most interesting; it appears as Ruter has made a deliberate choice to only make sure 

that the power grid is strong enough and reaches all the way to the charging point with one of 

the charging technologies. How can this be challenging in the implementation of ZEBs? First 

of all, there will come a time where different ZEBs have to compete in tendering processes. If 

Ruter implicitly picks technological winners now, that may also be a winning technology in 

later tenders. As mentioned, the current range of electric buses is not good enough to operate 

full days. If they ought to do so, they need recharging during the day. If only depot charged 

buses become the dominant ZEB technology, it may scientifically reduce the number of bus 

routes where ZEBs are sufficient. Ruter is in addition to Oslo also responsible for the bus 

service in Akershus. Some of these routes drive long distances each day, and pantographs 

may be necessary. Secondly, for Ruter, that wants to use the markets innovative abilities to 

come up with the best solutions, it may backfire if the market perceives that they have already 

made up their mind about what technology will win.      

Another factor makes this finding even more important; I attended a procurement conference 

for the large tender “Romerike”. Romerike is a district in Akershus, and the tender consists of 

6 concession areas. A procurement conference is a gathering of Ruter, operators, suppliers, 

and other related organizations to go through the allocation criteria of a tender. Operators are 
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allowed to ask questions and bring input they find important. During the conference, Ruter 

went through material descriptions, the incitement description and so on. To ensure 

anonymity, I will not bring forward any quotes from the conference. During most of the 

conference, the assembly stayed quiet, asking very few questions. When it came to the 

presentation of the environmental options and technological solutions, the operators had 

several questions. Out of six bus contracts, three of them have so-called environmental 

options. Here operators have the possibility to deliver two parallel offers. When it comes to 

battery electric buses, it seems as the operators rather prefer it would be an absolute 

requirement. The Romerike tender might be the first where battery electric buses are selected, 

and it is obviously associated with perceived risk.     

5.2.2 Decreased flexibility  

Flexibility is important in the public bus system. Traffic, accidents, weather and other 

unforeseen events may cause both the operators and Ruter to make rapid decisions and 

changes. Conventional internal combustion buses and bio-fuel buses provide a high degree of 

flexibility. This is simply caused by the technological configuration. You fill the bus with 

fuel, and the bus can drive the entire day. With zero-emission buses, specifically battery 

electric buses, some of this flexibility is lost.  

“The entire system is built on our flexibility, and today we are extremely flexible. 

Today, we fill up the bus with diesel or HVO, then we drive. This we can do the entire 

day. If we get a bit delayed we can use some of the planning time, we turn around (at 

the end-stop) and drive to get back on track. Now we must allocate time (to charge). If 

you imagine the traffic on line (city line) that departs every 6th minute, if we then have 

some sort of a delay, and we have to impose charging time at the end stop, you will 

end up with ten buses in a snap, queued up for charging” (informant C, operator).  

The quote above is directed towards zero-emission buses with opportunity charging. As I 

have described previously, zero-emission battery buses can be charged two ways. Either by 

opportunity charging (pantograph) or by depot charging. Depot charging is, obviously, 

charging at the bus depot overnight. The technology is free from neighbour complaints, but 

not un-associated with issues related to the degree of flexibility.  

“If you decide on depot charging, you don’t have to allocate charging time, but you 

lose a lot of the range. Most likely, we will fail to complete a normal operating day. 
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On those buses that drive the entire day you are dependent on some sort of additional 

charging. And then you have to deal with the slow bureaucracy” (informant C, 

operator).   

The issues related to reduced flexibility is also associated with another important implication 

of ZEBs; The new technology may require more buses. With internal combustion buses or 

biofuel buses, you can fill the tank and drive the entire day non-stop. If operators choose 

opportunity charging (which is necessary on many bus lines today due to reduced range with 

depot charging), they need to take the time to charge for about six minutes at end-stops. 

During rush hour this is not time they necessarily have in order to keep the time table. It 

should also be mentioned that operators can be fined by Ruter when they fail to keep the 

timetables. One way to avoid financial penalties caused by delays is to have a higher number 

of buses in operation than usual. As I have mentioned several times, electric buses are twice 

as expensive as conventional internal combustion buses. The need for a heighted number of 

buses can therefore be associated with a large financial risk.        

Where does this leave the zero-emission buses? Is it a choice between the devil and the deep 

blue sea type of problem? Zero-emission buses are becoming a popular choice across the 

world, and therefore it slowly matures, range increases and price reduces. Both operators and 

Ruter believe that there will be a negative price growth on battery electric vehicles. The same 

development has been seen with electric cars, that, due to their popularity have gained 

increased financial investments and prices are reduced. These assumptions are, however, 

based on economic presumptions and analysis, and it is too early to do other than speculate.  

5.2.3 Environmental options  

As the word “option” implies, environment options in tendering processes allows great 

leeway for Ruter. What it means is that in a tender, Ruter can allow operating companies to 

deliver two parallel offers; one with zero-emission buses, and one with conventional or fossil 

free buses. Then they, on a later point, can decide what kind of buses they want. This 

procedure creates a feeling of uncertainty for the operators, in addition it demands extra 

resources. The current largest tender conducted by Ruter; Romerike, contains six concession 

areas. Three of these contain environment options. At the procurement conference I attended, 

Ruter made it clear that the operators are free to deliver two offers, one of them on zero-

emission buses. At a later point Ruter will decide which tender criteria are applicable. 

Informant A describes why such environment options may be useful.  
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“It is not unusual for us to ask for parallel offers to see different solutions up against 

each other. We cannot risk that we are unable to provide customers with an offer. It is 

like wearing both a belt and suspenders at the same time” (informant A, Ruter).  

The reason behind options are understandable. Especially when considering the main purpose 

of public transport, to transport a substantial amount of people from A to B. At the same time, 

given the price of zero-emission buses, operators communicate that they are unable to offer 

such buses without clear signals.  

“Status quo, they have not been able to create allotment criteria where the price is so 

low it could win over a conventional bus or a bus on HVO (bio-fuel)” (informant D, 

operator).  

Specific tendering criteria directed toward specific technologies seem to be important for the 

introduction of zero-emission buses in Oslo. Without them, operating companies may fail to 

break the lock-ins of the current system. One operator, informant C, says that “it is not that we 

do not dare to do it, it is the employer that needs to set clearer criteria”. One predetermination 

to implement ZEBs is therefore to demand the technology in future tendering processes.     
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5.2.4 Overview of barriers associated with ZEB experimentation in Oslo 

I have made a table to present the barriers in my data material.  

Table 7. Overview of barriers associated with ZEB experimentation in Oslo  
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5.3  Enabling factors associated with ZEB experimentation in Oslo 

Through my analysis I have found several favorable conditions to implement zero-emission 

buses in Oslo. In the coding process in NVivo (described in detail in the methods chapter), I 

have found four enabling factors in my data; Increased funding as a sign of broad political 

support, changed tendering business model, co-production of knowledge and high 

technological trust.  

5.3.1 Increased funding as a sign of broad political support  

The public transport sector in Norway is receiving more money than ever. Several informants 

point to the increased funding as an important facilitator for ZEBs and the increasing number 

of users of public transport. Actually, the ZEB experimentation phase has received funding in 

addition to the normal budget, I see this as a sign of broad political support. Oslo has 

experienced a large growth in public bus transport, so I asked my informants why they believe 

it is so.  

“There are several reasons, but I believe the first and foremost is that we have 

received, that Oslo, Akershus and the government have put a lot of money in the 

public transport. Is has been unrelated to political parties (who is in government), so 

we have received a lot of money. Oslo and Akershus have used a great share of their 

budgets, and the government too. Also, 80 per cent of the money from road tolls go 

directly back to public transport. Internationally this is quite unique, and I believe this 

is the most important (factor)” (informant B, Ruter).  

Of course, more resources grant Ruter the opportunity to both expand the public transport 

service and experiment with environmental technologies. However, Ruters most important 

function is to provide public transport to most people at the lowest cost. Their most important 

goal is to continue the growth in public transport, and provide a safe, reliable public transport 

service for the inhabitants of the Oslo region. It is not that they do not want to electrify the 

bus fleet, they are reluctant to use the money that might improve the public transport system 

on ZEB tests. This has been arranged in the way that Ruters owners, Oslo municipality and 

Akershus county council, provide Ruter with additional funding to conduct the pilots.  

“If the owners want us to conduct tests or electrify it needs special funding. We can do 

that, of course, we know public transport, but we cannot use the money that we are 

granted to do conduct pilots. It needs special funding. Our owners grant us the extra 
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funding. It is more limited on the battery side, but we are granted a lot of money for 

testing hydrogen. The rationale behind it is that Akershus county council have a 

hydrogen strategy, while Oslo municipality have fewer opinions about technology per 

se, as long they are zero-emission” (informant B, Ruter).  

Additional funding put on top of the normal funding is important to test the zero-emission 

technology. It is also a clear political signal of the technological direction the public bus 

service should take. Funding can therefore be said to have a twofold function; it facilitates 

experimentation, and the direction of the funding can be important political signals.  

5.3.2 Altered tendering business model 

One factor that is extremely important for operators, obviously, is to win tenders. Winning 

specific concession areas means higher income, and income is crucial for the survival of 

firms. Especially since contracts lasts up to 10 years. All the operators I have interviewed 

have public organizations as their largest customer. Some gain over 80 per cent of their 

annual income from public bus tenders. One would think that Ruter, the demanding 

organization, announces the tender, with specific details, and the operators, eager to make 

money, complies to these. This used to be the case up until now. In earlier tenders Ruter 

provided extremely specific tenders, almost down to screws and nuts.  

“When Ruter purchased buses earlier they specified them very specifically. It should 

look exactly like this, have that many seats, it should be of this type and so on, all the 

way down to the screws and nuts almost, a very detailed description of what we 

bought. Over the years we have moved in direction of providing a function 

description. This means that we say that the bus should have these levels of GHG 

emissions, be able to transport these many passengers at a certain frequency” 

(informant A, Ruter).  

Most operators are welcoming the new function descriptions, finding that they allow 

innovation and thinking outside the box;  

“It gives us the possibility to figure out something cleaver, we don’t have that 

possibility if they have absolute requirements” (informant E, operator).   

Ruter has lately been taking a more dynamic approach to the tendering process. A recently 

implemented strategy is to include dialogue conferences before the bidding process starts. A 
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dialogue conference is conducted in that way that all operators and other organizations are 

invited to a meeting to discuss the upcoming tender. All parties have beforehand received the 

preliminary tender layout. Here, operators, manufacturers and others have the possibility to 

comment and suggest better solutions for the concession areas at hand. One of the reasons that 

is apparent in the interviews for changing the tendering process is to let the markets 

innovative ability play a big part. The new freedom appears to be awaited among some 

operators, while others seem more reluctant.  

“The later years we feel as we have had a better process with the contracting agency. 

We are conducting dialogue conferences before the tender is announced. Then 

organizations like us are allowed to contribute and come with suggestions, good 

suggestions, we feel … This is wise because then someone is not just sitting in an 

office, making something up. It allows to talk about whether the ideas are smart at all” 

(informant E, operator).  

I asked the informant if they were heard in their suggestions, as suggestions are not absolute. 

There could still be “someone making something up in an office”. The informant gave 

examples of times they experienced that Ruter took their suggestions seriously and altered the 

tender description and criteria. I want to make sure my informant is sufficiently anonymized; 

therefore, I cannot render her or his exact words.  

In the case of ZEBs, the operators are the ones most updated on the marked. Dialogue 

conferences can facilitate the implementation of ZEBs because they use the market, involve 

operators and manufactures; I assume that the increased influence among operators can create 

a sense of ownership over specific tenders and technologies, perhaps adding a dimension to 

the tenders besides making money.  

5.3.3 Co-production of knowledge  

This finding is related to the one above. Not only can dialogue conferences trigger innovation 

and better solutions in the market; they are a way for Ruter to draw on the specific bus 

knowledge operators and manufactures have that they do not. To draw on other actors’ 

knowledge has been highlighted as important across all informants. Ruter, an expert in public 

transport planning and procurement, claim they use their operators as bus experts, while Oslo 

municipality use Ruter as an expert body on public transport. 
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“It is important to us that the knowledge in the market comes to its right. They know 

more than us in many domains, they know what the buses are good for” (informant A, 

Ruter).  

Oslo municipal constantly use Ruter as an expert body despite the hierarchical relationship 

between them; Oslo municipal has the authority as owners to tell Ruter what to do, but find it 

utterly important to draw on their knowledge.  

“We have corporate governance over Ruter, but I would say that it is leaning towards 

agency management, because we use Ruter as an expert body the same way we use the 

Norwegian Public Road Administration” (informant G, Oslo municipality).  

A facilitating reason for the mutual knowledge exchange is that these organizations are not in 

competition. Between operators, that are in a competitive relationship, the knowledge 

exchange is almost non-existing. Considering the competitive environment, this is no surprise. 

However, in such an experiment as the battery electric buses it is imaginable that some sort of 

experience exchange should take place to discuss pros and cons of different technologies. 

Especially now in the battery electric test where the three involved operators test different 

manufacturers and charging solutions.     

5.3.4 High technological trust   

All informants, across levels and organizations exhibit high levels of trust in functionality of 

the zero-emission technology in itself (more with battery-electric buses than with hydrogen). 

Not one informant expressed concerns regarding the functionality of battery electric buses. 

The only anxious aspect regarding battery electric vehicles concerned how they will work in 

different weather conditions and in different topography. 

“We are not concerned about the technology, we are anxious about the topography and 

the winter climate” (informant C, operator).   

More concerns were expressed towards hydrogen buses, caused by a bumpy start in the CHIC 

hydrogen project. Two factors caused the bad start for the hydrogen buses; fragile technology 

and long waiting time for repairs. Several of the five hydrogen buses had to stand still for over 

a year due to an oil leakage. One of my informants described that that sort of leakage would 

be easy to fix on a conventional internal combustion engine bus. The hydrogen buses had to 

be shipped to Canada and Belgium for repairs, and they stayed there for over a year. In an 
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environmental perspective, shipping zero-emission buses across the world for repair sound the 

opposite of ideal. This, of course, also affected the objective of the CHIC project, to mature 

the technology and test it under real-life conditions. The informant said that most of the 

problems were associated with the choice of bus manufacturer. They were located too far 

away, so the buses had to be transported far away to get repairs.   

5.3.5 Overview of enabling factors associated with ZEB experimentation in Oslo 

To present the enabling factors apparent in my data, I have crafted an overview in table 8;  

Table 8. Overview of enabling factors associated with ZEB experimentation in Oslo 

 

 

 

 

 

 

 

 



83 
 

6  Discussion  

In this chapter, I will discuss my empirical findings in the light of my analytical framework. 

This discussion has eight parts. In part 6.1 I will elucidate my first research question; What 

are the perceived effects of conducting experiments as a means to a full-scale implementation 

of ZEBs in Oslo? Here I will use analytical elements from sustainability experimentation 

theories and strategic niche management. In part 6.2 I will elucidate my second research 

question; Which institutional barriers and enabling factors are associated with ZEB 

experimentation in Oslo? I will discuss the two parts of this research question sequentially, 

first the institutional barrier in part 6.3, then the institutional enabling factors in part 6.4. In 

terms of my second research question, I will use Geels (2004) institutional dichotomy. In part 

6.5 I will discuss how the institutional barriers and enabling factors can affect a full-scale 

implementation. Thus, I have, based on my data crafted a framework of three success factors 

for a ZEB implementation. These three factors are based on the barriers evident in this thesis, 

but also on the enabling factors that are observed. In part 6.6 I will zoom out and discuss how 

zero-emission technology fits into a mobility transition, here I will draw on the transition 

studies literature, especially the multi-level perspective and transitions pathways. In part 6.7 I 

will lay out the limitations of this thesis. Lastly, in part 6.8 I will present the policy 

implications and further research related to this thesis.     

6.1  RQ1: Perceived effects of ZEB experimentation in Oslo 

RQ1: What are the perceived effects of experimentation as a means to a full-scale 

implementation of ZEBs in Oslo?  

I will begin with discussing my first research question. To answer this research question, I 

will include both how ZEBs became a priority in Oslo, and what the perceived effects of them 

are. I will use elements from sustainability experiments, urban experiments and strategic 

niche management as an analytical framework. The rationale behind my first research 

question is to investigate the goal-perspective of the experimentation, a need recently called 

out for in the literature (Madsen & Hansen, 2018, p. 2). The overarching goal is to implement 

ZEBs by 2028, that again will contribute to GHG and local emission-reduction targets in 

Oslo. What is also an important goal is to reduce private car traffic with 20 per cent by 2020. 

Therefore, it is important to provide the public with safe, sustainable alternatives, i.e. buses. 

An important reminder is that this is an ongoing experimentation phase, and the goal is yet to 
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be obtained. Therefore, I will focus on the current phase of the experiments, and why the 

involved actors have chosen to conduct these experiments as a means to a full-scale 

implementation.   

Within transition studies, it has long been contested whether sustainable development can be 

governed, i.e. if it is possible to steer the direction of technological development for 

sustainability (Scoones et al., 2015). It has even been contested whether climate change and 

sustainable development should be governed at all (Bulkeley & Newell, 2015). Bulkeley, 

Castán Broto and Edwards (2015, pp. 6-10) argue that it is, to smaller or larger extents, 

possible to govern climate change. Within the relatively new research tradition of urban 

experimentation for climate change, municipalities are considered the primus motors for 

climate change governance. Especially sustainability experiments are highlighted as important 

strategic tools for the governance of urban sustainable development. Municipalities have 

shown to exhibit climate change mitigation action beyond national targets, even when 

national targets are completely lacking (ibid.).  

6.1.1 Top-down initiative 

In an urban perspective, the initiative can be seen as a top-down one, as it came from local 

authority. Oslo municipality, the owners of Ruter, has a lot of agency over the public bus 

transportation system. Especially caused by the annual delivery agreement between Oslo 

municipality and Ruter, the municipality has a say in what Ruter is doing, and an informant 

stated; “these (delivery agreements) come once a year. It is a way for our owners to tell us 

how we should prioritize and spend our time”. According to the theory on urban 

experimentation for climate change, local authority have some advantages in terms of top-

down steering for sustainability (Bulkeley et al., 2015; Bulkeley & Newell, 2015; Madsen & 

Hansen, 2018). One of the reasons why local climate mitigation initiatives often are more 

effective than national ones is that local authority often is responsible for public transport, 

water and waste management in cities, and therefore can take direct action. The other 

advantage is that local authority is the closest governmental level to the general public and it 

is believed to result in “mobilization advantages” (Madsen & Hansen, 2018, p. 4).  

If we zoom out for a moment, the ZEB experimentation can actually be seen as bottom-up. As 

I discuss in the next section, Oslo moves beyond both the GHG-reduction targets of Norway, 

and the sustainable mobility targets. In a national perspective, the ZEB initiative is rather 

bottom-up.    
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6.1.2 Moving beyond national targets  

From a goal-perspective on sustainability experiments, it is not uncommon for cities to have 

more ambitious climate targets than the countries which they belong (Bulkeley et al., 2015; 

Bulkeley & Newell, 2015). In Oslo, this is also what is observed, both in terms of emission 

reduction targets, and in terms of specific sustainable mobility initiatives. Norway`s 

overarching target is to reduce CO2 emission levels by 30 per cent by 2020, and by 40 per cent 

by 2030. Oslo`s overarching target is to reduce CO2 emission levels by 50 per cent by 2020, 

and 95 per cent by 2030, compared to 1990s emission levels (Klima- og miljødepartementet, 

2016; Oslo Kommune, 2016a). These are significantly different targets.  

Table 9. Stated emission reduction targets in Oslo vs. Norway compared to 1990 emission-levels 

Oslo Norway 

50 per cent by 2020 30 per cent by 2020 

95 per cent by 2030 40 per cent by 2030 

 

According to the theory on climate governance on an urban scale, local governments are 

believed to exert more effective policies. (Bulkeley et al., 2015; Coutard & Rutherford, 2010; 

Madsen & Hansen, 2018). The argument is based on that municipalities and local authorities 

often are responsible for public services and infrastructure (ibid.) This is believed to provide 

municipalities with more authority and it can be said to enable top-down environmental 

initiatives.  

In my case, Oslo municipality is responsible for the public transport service and they are the 

owners of Ruter (together with Akershus county council). The bus operators are mostly 

limited companies, which get most of their financial income from municipal agencies. This 

income comes from winning bus tenders, and winning bus tenders are done by complying to 

the allocation criteria (as I will describe below, the process is not this straight forward). This 

provides Ruter with the said authority advantages to “get things done”. This is not an 

uncommon finding in the literature, and the main assumption of the urban experimentation 

framework is that local authority exceeds national (and global) governments in terms of 

emission reduction initiatives, and in terms of climate change mitigation/adaption initiatives 

(Bulkeley et al., 2015; Bulkeley & Castán Broto, 2013). It is argued that local action for 

climate change is important because sometimes national authority does not carry out the 

necessary action. Then, it is important for local agencies to take action (Holden, Linnerud, 



 
 

86 

 

Banister, Schwanitz, & Wierling, 2018, p. 203). In my interviews it has been made explicitly 

clear that the national guidelines for the development of the public bus service, and GHG-

emission reduction targets, does not belong to Oslo. Oslo municipality, and Ruter, wants to 

move beyond these targets. This is important for Oslo because as the capital of Norway, they 

feel a greater responsibility to implement climate mitigation initiatives.    

Despite Oslo`s responsibility over the public transport service, there are factors outside their 

locus of control; for example, ZEB manufactures are located outside of Oslo (and Norway). If 

they are unable to deliver buses on time, delays for a full-scale implementation may occur. 

6.1.3 Gradual up-scaling of ZEBs  

In the literature, the up-scaling of small-scale sustainability experiments is considered 

difficult (Nevens, Frantzeskaki, Gorissen, & Loorbach, 2013, p. 113). In my case, the goal of 

the experiments is to implement ZEBs by 2028 (Ruter, 2018). Implementation of ZEBs in 

Oslo can be seen as a way to deal with urban unsustainability. According to Nevens et al. 

(2013) the real challenge in experimentation is to recognize, empower and scale-up 

sustainable innovations. An experimentation phase is just the beginning of an implementation, 

and there is no guarantee that novel technology will survive the leap to full implementation.  

In my case I will argue that Ruter has found a good way to gradually scale up ZEBs (within 

the current institutional configuration, I will come back to this). As of next year, 70 new 

battery buses are welcomed to Oslo, before the initial experiments are completed. The open-

endedness of experiments are highlighted in the literature (Bulkeley et al., 2015, p. 19). One 

of the biggest advantages of sustainability experiments is their open-ended nature. What is 

apparent in my data is that Ruter is up-scaling due to increased pressure from Oslo 

municipality. In addition, Ruter wants to test a larger volume of bus material before the first 

large ZEB tenders are announced. Without the experimentation phase, this gradual up-scaling 

would have been more difficult.  

6.1.4 ZEB experimentation for knowledge accumulation  

According to sustainable experimentation theory, there are several reasons for conducting 

climate change experiments. Especially within strategic niche management a set of internal 

learning processes are highlighted as important for the success of a sustainability experiment 

(Schot & Geels, 2008, p. 540).   
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As presented in my empirical section, the most important rationale behind ZEB 

experimentation in Oslo is the assumed accumulated learning outcomes and knowledge about 

ZEBs before an implementation. Sustainability experiments are often referred to as learning 

processes, because the outcomes of the experiments are not known beforehand (Hoogma et 

al., 2002, s. 28). This learning process does not limit itself to technical aspects of an 

experiment, but it involves a range of learning aspects (Hoogma et al., 2002; Schot & Geels, 

2008). These include;  

a) Technical aspects such as technological development  

b) Market and user preferences 

c) Societal and environmental impact, i.e. safety, emission levels and externalities  

d) Infrastructure and related technology 

e) Government and regulatory frameworks 

With Ruter, their foremost motivation for ZEB experimentation is to accumulate learning and 

identify barriers before fully electric bus contracts are launched. These expected learning 

outcomes are not only what is referred to as “first-order” learning, i.e. numbers and facts, but 

also “second-order” learning (Schot & Geels, 2008, p. 541). What has emerged from my data 

is that the most important learning in the ZEB experiments are learning about how the entire 

system and ZEBs interact. It appears as learning about technical aspects are subordinate to 

system learning, caused mainly by a high perceived trust to the zero-emission technology. In 

terms of technical aspects, how the buses will react to Oslo`s somewhat steep typography and 

at times cold climate, are the most anticipated aspects.    

I find second-order learning closely related to the concept of “living experiments” (Bulkeley 

et al., 2015, p. 47). Bulkeley and Castán Broto (2015, p. 47) argue that experiments have to be 

lived to have actual effects. If experiments “are taken up in day-to-day practices of the 

individual and institutions that are subject to forms of governmental interventions”. Bulkeley 

and Castán Broto argue that a ZEBs have a strong advantage for success in this respect. Oslo 

has a well-functioning public bus service, and the normal bus lines will not be affected by 

implementing ZEBs. People will go on with their lives and use the bus service as normal, 

despite the new technology. This also brings another advantage for Ruter, they are quite 

simply able to collect consistent user-feedback from their passengers. In this way they can 

simultaneously accumulate second-order learning about ZEB technology and user 

preferences. How public bus service users perceive the buses is crucial for the continued 
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survival of ZEBs. According to Oslo municipality, Oslo`s most important sustainable 

mobility goal is to reduce car traffic. For this to be obtained, the public needs reliable, 

efficient options. Therefore, to have consistent feedback loops from users about their 

perception of ZEBs performance is invaluable in the experimentation phase. The experiments 

also allow for changes to be made before a full-scale implementation, as experiments are 

time-limited interventions (Kivimaa et al., 2017). 

6.1.5 Protecting new technology from selection environment  

At the core of SNM lies the importance of protecting new (niche) innovations from market 

forces (Hoogma et al., 2002; Schot & Geels, 2008). The possibility to protect the novel 

innovations from market forces is perhaps the biggest strength of experimentation. In my 

case, as with most new sustainable technology, ZEBs are significantly more expensive than 

conventional buses. Battery electric buses are twice as expensive as conventional buses 

(Ruter, 2018), and fuel cell buses can be up to five times as expensive as conventional buses 

(Hagman et al., 2017). Therefore, under normal competitive circumstances ZEBs would stand 

little change. In the public bus service in Oslo, the normal selection environment involves 

tendering processes, since Ruter procures buses and bus services through operators. Each 

tender, usually involving one specific concession area, has a set of predetermined criteria. 

Some criteria are absolute (e.g. the bus must have room for X many passengers), while others 

are so-called allocation criteria, where operators are allocated points for best solution. Despite 

slightly different tendering models, price is always the most important and heaviest weighing 

criteria (Oslo Economics, 2017, p. 55).  

Under normal circumstances, ZEBs could not compete with conventional buses. Without the 

experimentation phase, ZEB technology would have to compete with conventional technology 

in bus tenders. In the experiments (and the gradual up-scaling) Ruter is using a widespread 

procurement practice; changing existing contracts, instead of tenders. Ruter is allowed to alter 

existing contracts. These changes may be of different character such as altered time tables or 

higher bus frequency. Changing bus material is on such legal practice. Therefore, Ruter is 

allowed to test a limited number of ZEBs by changing existing contracts without exposing the 

ZEBs to the normal tendering selection environment. The importance of price in tendering 

processes has been identified as an important institutional barrier in other studies as well. In 

their comparative case study of several Dutch cities, Bakker and Konings (2017) argued that 
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the focus on price in public procurement was one of the major institutional barriers to ZEB 

implementation in the Netherlands.  

I consider changing existing contracts in order to test and experiment with ZEBs important. 

This is a strategic move from Ruter to experiment with ZEBs. Not only does it facilitate 

experimenting and learning, it also sends a clear signal to operators that zero-emission 

technology is a high priority for Ruter, and a technology that is wanted in the future. This is 

important for reducing risk of offering bids at a later tender for operators. The strategy to 

implement ZEBs can in itself send strong signals to manufacturers that ZEBs (especially 

battery electric buses) are wanted. 

In a study of institutional barriers to ZEB implementation in several cities in the Netherlands, 

Bakker and Konings (2017) found that a large regulative institutional barrier was the contracts 

length of bus contracts. As mentioned, a normal bus contract lasts between six and ten years. 

In theory, this implies that ZEB technology cannot be implemented before the previous 

contract has expired. Thus, if a contract was signed in 2017, it does perhaps not expire until 

2027. Changing the bus material in existing contracts is one way to test the zero-emission 

technology before a full-scale implementation, but it does not eliminate the barrier of long 

contracts. Ruter, as opposed to the equivalent organizations in the Netherlands in Bakker and 

Konings` study, are already working to lower this barrier. The tender “Inner City” was put out 

in 2016, the contract lasts three years only (Oslo Economics, 2017, p. 55). The contract 

required a minimum of buses with Euro V standard (ibid.). In regard to sustainability, Euro V 

buses are not considered the best choice, however, Ruter allowed it in such a short contract to 

be able to implement ZEB technology in the next contract (ibid.). Changing existing contracts 

cannot protect ZEBs from the tender process forever. At one point, they will have to be 

implemented regularly, I will come back to this in section 6.5.   
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6.2   RQ2: Institutional barriers and enabling factors in ZEB 

experimentation 

RQ2: Which institutional barriers and enabling factors are associated with ZEB 

experimentation in Oslo?  

It is time to deep-dive into the institutional barriers and institutional enabling related to ZEBs 

experimentation in Oslo. I will now discuss my second research question. This part will in 

detail take into account the process-perspective of the ZEB experimentation, i.e. the constant 

processes in the experimentation phase, as recommended in a recent research contribution 

(Madsen & Hansen, 2018). My second research question consist of two parts, I investigate 

both the institutional barriers and the enabling factors associated with the experimentation 

phase. What makes this interesting is that I presume these barriers and enabling factors will be 

the same in an experimentation. Therefore, mapping them out now is important. As pointed to 

in SNM, technological learning is only one desirable outcome of experiments. To grasp the 

other important aspects of experiments I will, as others have, use Geels (2004) institutional 

dichotomy to discuss my second research question (Bakker & Konings, 2017; Raven et al., 

2017). 

According to the three-pillar model of institutions, different configurations of normative, 

regulative and cognitive institutions form the institutional configuration surrounding a social 

phenomenon (Geels, 2004; Raven et al., 2017). This institutional configuration makes out the 

“rules of the game”, how something is ought to be done. Actors are allowed to make moves 

and countermoves within these rules. Not complying with institutions is associated with 

different kinds of social sanctions, varying from legal to social exclusion. Institutions steer 

human behavior and, thus, technological development.  

Sometimes, institutions function as barriers to the implementation of new technology. Not all 

new technology fits into the existing “rules of the game”. Just as with technology, institutions 

can be exposed to lock-ins (Foxon, 2002). Therefore, sometimes institutional change or 

institutional innovation is needed in order to successfully implement a novel, radical 

technology (ibid.). I would like to underline that electric vehicles, it be buses or cars, are not 

new technologies. However, in the current public bus system in Oslo, the technology is highly 

novel and unproven. In order to identify what recent institutional change can be important for 

ZEB implementation, I will look into the institutional barriers. What I mean by an 
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institutional barrier is something that may hinder the up-scaling of ZEBs in Oslo from 

experiment to implementation. I have identified several barriers that may be categorized and 

viewed as institutional barriers.  

Furthermore, institutional lock-ins are not de facto unchangeable, static and final entities. 

There is no need for a doomsday discourse on behalf of ZEBs. What I have observed in this 

thesis are highly knowledgeable organizations aware of their current situation and issues. I 

have observed attempts to change the institutional setting; altering the tendering process, 

protecting new technology and exploiting others expertise.  

Scott (2008) and Geels (2004) divide institutions into three pillars; regulative, cognitive and 

normative. The rationale behind this division is to create a theoretical analytical framework, 

and in theory the three-pillar model is helpful. However, in a real-life setting, this static 

division feels unnatural. My findings relate to the concepts of regulative, normative and 

cognitive institutions, but some are in a grey area or at the intersect of the conceptual division. 

Institutions are highly interrelated and interdepended. Therefore, I will present the 

institutional barriers sequentially, not dividing them as the three-pillar model proposes.     

6.3  Institutional barriers associated with ZEB experimentation  

I will begin discussing my second research question by presenting the detected institutional 

barriers. Institutions have been defined as “constraints that human beings devise to shape 

human interaction” (Foxon, 2002, p. 2). They are also referred to as “rules of the game”, 

defining how actors may behave and what actions are considered appropriate. Different 

institutions may function as barriers when implementing novel technologies. It is especially 

underlined that institutional barriers may occur in relation to sustainable innovations (Foxon, 

2002). I have investigated institutional barriers associated with the ZEB experiments.      

6.3.1 New charging infrastructure brings new issues    

All informants have pointed to the charging infrastructure as the largest barrier in the ZEB 

experimentation phase. Not the charging infrastructural technology per se, but issues related 

to the technology`s conformity to the current system. Such an issue is not unique to my case, 

and it is pointed out in the literature (Hoogma et al., 2002, p. 13). Hoogma, Kemp, Schot and 

Truffer (2002, pp. 16-17) highlight infrastructure as one of the major reasons why novel 

transport technology fails to develop beyond experiment. They highlight mere technical 

aspects of the infrastructure, while I have rather found compatibility issues with the 
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surrounding system. I have found several ways in which existing institutions may hinder the 

charging infrastructure, thus hindering ZEB experimentation and implementation. That the 

infrastructure has created barriers is not surprising, as it is a new element in Oslo`s bus 

system. 

Bureaucratic land-use planning  

Sustainable bus initiatives are not isolated from national legislation and rules. Despite Oslo 

municipality`s highly ambitious GHG-emission reduction targets, some rules and procedures 

must be complied to. One of these institutions relates to the land-use planning practices in 

Oslo. From my data, it appears that land-use planning practices function as a large barrier to 

the implementation of ZEBs. Land-use planning is a large research area of its own and 

sustainable/ecological land-use planning is a sub-section of that area (e.g. Holden, 1998 for 

the planning process and Holden & Norland, 2005 for the planning product ). I have no 

intention of opening that area in full in my thesis, but I will draw of some of its perspectives 

and concepts, since it obviously is an important barrier.  

What Geels (2004) refers to as governmental structures, or who is in control, is highly 

relevant here. Despite the political pressure to implement ZEBs, all the related infrastructure 

must be approved by APBS, Oslo`s agency for building and planning. They are in charge of 

who is allowed to build what in Oslo. What makes ABPS a strong regulative force is the 

inherent formal capacity it has to set rules for, and sanction what is built. This finding brings 

in the aspect of power, an aspect often forgotten in transition studies (Bulkeley et al., 2015). 

Interestingly, Oslo municipality is responsible for both land-use planning through the agency 

APBS, and public bus transport through Ruter. Then, how can it be so difficult, and time 

consuming, to obtain permits and regulate land for pantographs?  

One possibility is that it is a current lock-in in land-use planning and execution practices. My 

data do not say enough about what specifically prolongs the process to conclude confidently, 

but my informants suspect slow, bureaucratic processes are to blame.    

What makes this finding interesting is that APBS as a subordinate agency to Oslo 

municipality. ABPS is responsible for the spatial planning in Oslo, and they strive to be “an 

advocate for the urban development in Oslo” (Oslo Kommune, 2016b). What might be a 

solution is some sort of a prioritization system for urgent matters within APBS. Another 

priority can be to empower the ZEBs to a larger degree (Bulkeley et al., 2015; Nevens et al., 
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2013). I will discuss this in more detail in the “responsibility disagreement” section (as 

mentioned, these barriers are highly interrelated and interdepended).   

Lack of technical standards 

In the institutional dichotomy, Geels (2004) highlights the presence of standards as an 

important institution regarding sustainable innovations. Such standards can relate more to 

“how things are done” practices, but also to mere technical standards. In the case of ZEBs, no 

international charging infrastructure standard has been established. This institution, or rather, 

a lack of this institution may create a barrier to the implementation of ZEBs. As I see it, two 

main pitfalls are possible. Firstly, the operators responsible for the charging infrastructure 

may agree on what manufacturer to buy infrastructure from, i.e. Siemens. This might be 

problematic due to the limited contact between operators caused by their competitive 

relationship. Secondly, operators usually use procurement to obtain bus material. If one 

decides on a predetermined supplier, the competition aspect disappears, which may result in 

both more expensive technology and technology of inferior quality.    

Lack of public legitimacy  

My data material indicates that there is a lack of public legitimacy for the charging 

infrastructure. One operator experienced complaints on the planned pantograph in the city 

center of Oslo. The main arguments from the nearby neighbors (individuals, restaurants and 

private companies) are that the pantograph is ugly and bothersome. This institutional barrier is 

more of a cognitive character, since lowering this institution requires change in cognitive 

frames (Geels, 2004). According to the institutional dichotomy, cognitive frames of what is 

appropriate can affect the success of sustainable alternatives (ibid.). It appears that an 

internalization of the positive externalities of the charging infrastructure is lacking with the 

public. Pantographs allow for ZEBs that can help mitigate local N0x and C02 emission. It is 

hard to believe that any inhabitant in Oslo is uninterested in cleaner air. Therefore, it appears 

as a change of cognitive frames is necessary to lower the institutional barrier and increase 

public legitimacy. 

What I find institutional theory to be lacking is a discussion of the importance of public 

legitimacy in relation to new, sustainable technologies. Despite the discussion of the 

importance of shared cognitive frames (Geels, 2004; Scott, 2008), it usually is used to 

describe shared beliefs of means to reach a common goal between organizations (Bakker & 
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Konings, 2017; Raven et al., 2017; Scott, 2008). What I have found is that what appears to be 

a lack of public legitimacy significantly can slow down both an experimentation of ZEBs, but 

also a full-scale implementation. Complaining to APBS may delay the permit obtaining 

process, and when fully electric bus tenders are presented, operators do not have two years to 

get the charging infrastructure in place. A lack of public legitimacy is therefore an 

institutional barrier associated with ZEB experimentation.  

I do not by any means believe that removing individuals right to complain is a good way, 

rather, increasing public legitimacy through communication of the positive externalities of 

ZEBs might reduce the problem. I will discuss this more later.   

Responsibility disagreements  

According to Geels (2004) institutional dichotomy, role expectations is an important 

normative institution and may be a massive hinder for novel innovations. In my case, it 

appears as some sort of role confusion or even role opposing is present in relation to the 

charging infrastructure. Worst case scenario with role confusion, it is that a sort of apathy 

occurs, where nobody does anything because no one knows what to do. If this be the case, it is 

unlikely that an implementation of ZEBs is feasible.     

The current situation is as following; Ruter wants the operators to be responsible for the 

charging infrastructure, since their current responsibility area includes all other bus material 

and bus resources (personnel, depots, fueling, repair etc.). Operators are quite divided in who 

they believe should be responsible; some believe Ruter should be responsible. This is based 

on that Ruter is responsible for planning the bus routes, therefore they should be responsible 

for the possibility for relevant charging options. Other operators believe that they should be 

responsible, but the current difficulties with APBS renders it impossible.   

There is, however, a third option. The charging infrastructure suppliers, i.e. Siemens, can be 

given the responsibility for permits and maintenance of the pantographs. This business model 

is proposed by Bakker and Konings (2017) in a similar study of ZEBs in the Netherlands. 

Bakker and Konings argue that this business model lowers the institutional barriers for two 

reasons; First, by inviting more actors (infrastructure suppliers) to invest in refilling and 

recharging stations, it could eliminate the potential problem if different there is a switch in 

operators in a concession area. Second; in terms of long-term thinking of the electrification of 

other transport types (garbage trucks, taxi`s), a “neutral” agent being responsible would allow 
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for a multiple use of the infrastructure. In my case, it appears as the system do not wish for 

this tendering model.   

First, several operators utter that they want to be responsible for the charging infrastructure, as 

it is a broad agreement that more actors not necessarily are merrier. They connect the current 

role confusion to the bureaucratic processes in land-use planning and regulation. They believe 

that if these conditions are improved, the responsibility should lie with them. This case 

separates from mine in that in the Netherlands the public bus service is the responsibility of 

provincial actors, not municipal agencies such as in Oslo. As I have mentioned, municipalities 

are believed to have an authority advantage others do not in terms of sustainable goals and 

initiatives (Madsen & Hansen, 2018, p. 4).      

I want to put forward an example of a country that has finished the experimentation phase of 

battery electric buses and are now implementing them through fully electric tenders. The 

Danish equivalent to Ruter, Movia, started battery electric bus experiments already in 2014 

(Frendesen, 2016). These experiments were mainly conducted in Copenhagen, the capital of 

Denmark. After an initial experimentation phase, Movia had to decide who should be 

responsible for the charging infrastructure, i.e. if they should incorporate bus services and 

charging infrastructure in one contract, or have different actors being responsible. Movia`s 

objective is that all new buses must be electric from 2019 (Hug, 2017, p. 5).  

Movia experienced what Ruter is now, that operators felt the risk was to comprehensive. They 

also experienced problems related to implementing the pantographs in the cityscape (Hug, 

2017, p. 11). They eventually decided to divide the responsibility. They evaluated that tenders 

including both charging infrastructure and bus services would result in less competitors and 

higher prices (Hug, 2017, p. 11). Thus, in Denmark, operators deliver bus services, and a 

system supplier deliver the charging infrastructure (ibid.).     

It is crucial to decide who should be responsible for the pantographs before fully electric 

contracts are launched, i.e. implemented. The first option is that operators are responsible for 

delivering both bus services and the charging infrastructure. This is what is wanted both from 

Ruter and from some operators. Still, my data shows that the current bureaucratic processes 

related to getting permits for the pantographs, make the process difficult for the operators. 

The second option is to divide the responsibilities, involving a third party only responsible for 

the charging infrastructure, this has been done in cities in Denmark (Hug, 2017). Ruter does 
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not have authority to speed up the processes related to APBS, these signals must come from 

Oslo municipality, also responsible for the Agency for Planning and Building Services.  

Implicit picking of technological winners  

What is perceived by some of my informants, it appears as Ruter prefer depot charging over 

pantograph charging. Electric vehicles are, obviously, in need of electricity to be charged. It is 

important that the closest transformer is equipped to handle the new charging infrastructure. 

This often involves alterations and expansion of the specific transformer. Such an expansion 

is associated with financially large burdens. According to my informants, Ruter has agreed to 

be responsible for the expenses for transformer alteration, but only those in proximity to bus 

depots, not those in the streets. Ruter states that they want to be technology neutral because 

they do not want to constrain the markets innovative capabilities.  

My data shows indications of that the opposite is happening. In relation to the disagreement 

about who should be responsible for the pantographs, some operators feel that if they are 

responsible for the chargers, pantograph charging is almost impossible.  

Some operators believe that pantograph charging is the best solution for battery electric buses. 

As I have described earlier, at this point of battery development, battery electric buses have 

limited range. Depot charged buses have a range of approximately 240 miles (20 Norwegian 

mil) per charging (Valmot, 2017). This means that the buses will have to drive to depot during 

the operating day for recharging. This has negative consequences both in terms of 

sustainability concerns and financial concerns; additional trips to the depot imply more 

driving which again can result in increased levels of particulate matter. Also, while the bus is 

at depot for recharging, another bus needs to fill in, which means that two buses are needed on 

one shift.  

In Denmark, Movia, Ruter`s equivalent, have found that pantograph charging is the only 

realistic option if ZEBs shall be implemented on all bus lines (Hug, 2017, p. 11). The reason 

for this is the current range of the depot charged buses. For many of the bus lines, the range is 

too limited to operate full days.  

6.3.2 Decreased flexibility 

One normative institutional barrier in relation to ZEBs is the perceived decreased flexibility 

amongst operators. This barrier is caused by a somewhat immature technology, the range of 



97 
 

battery buses is still limited, but it is also caused by how the current bus system is organized. 

This creates a normative institution in terms of that it is “how we do things here”, and what is 

acceptable behavior, but also a regulative one, considering the potential sanction (Geels, 

2004, p. 904). If buses are deviating from their schedule, the operators can be fined by Ruter. 

With conventional buses or fossil free buses, you are able to fuel up the bus and operate all 

day. With electric buses, operators need to allocate charging time. If they are already running 

late due to traffic, the need to charge the bus may extend the delay even more.  

The simplest solution to lower this institutional barrier is to make exceptions for ZEBs, as 

have been suggested by others as well (Bakker & Konings, 2017). Under the normal 

institutional environment, operators are fined for being late. If operators chose pantograph 

charged buses, they need to take time to charge buses at end-stops. When the first fully 

electric contracts are launched it can be an idea to lower this institutional barrier, by allowing 

for some lateness over a period of limited time. However, the problem here is complex. The 

public bus service fulfill a societal function (Geels, 2004, p. 898) that is to transport several 

individuals from A to B in an effective way. Therefore, if increased public legitimacy for 

ZEBs is a goal (such as I have found), it is imaginable that it would be utterly problematic if 

ZEBs are associated with increased delays. Several informants have discussed this issue; that 

the foremost function of buses is to transport people, and the perhaps most important aspect 

about ZEBs is that they need to continue to do so.    

6.3.3 Environmental options  

A common procurement practice is to ask for environmental options. Since it is a common 

way of how things are done, it can be said to be a normative institution according to Geels 

(2004) dichotomy. This implies that operators are given the possibility to deliver two parallel 

offers; one that complies with some minimum allocation criteria, and one with more 

sustainability bus technology. This practice can be closely tied to the risk of investing in a 

new, expensive, unproven technology. It is also related to heightened risk for the operators. 

Not only is it a financial burden to deliver to parallel offers, it entails the risk that the most 

sustainable option never wins. As I discussed earlier, price is the most important allocation 

criteria in bus tenders (Oslo Economics, 2017). Environmental options allow operators to 

voluntarily offer more sustainable for example ZEBs, technologies that do not stand a chance 

up against conventional buses or biofuel buses price-vise. Then, it is up to Ruter to decide 

who should win.  
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My data indicates high levels of risk associated with ZEBs, especially battery electric buses. 

The charging infrastructure, a novel element in Oslo`s bus system, is accountable for much of 

the perceived risk. On a later point, when the first ZEBs are to be implemented in contracts, it 

must be an absolute requirement. If not, there is a risk of a lock-in in “almost-as-good” 

solutions such as biofuels. Biofuels are perceived as low-risk technology because it fits well 

into the existing system. If the goal continues to be a fully electric bus fleet by 2028, one 

solution can be to have ZEB technology as an absolute requirement in tenders.              

6.4  Institutional enabling factors associated with ZEB experimentation  

Despite several institutional barriers, I have also found several institutional enabling factors 

associated with the ZEB experimentation. As with the barriers, I presume the enabling factors 

will be same in an implementation, and therefore a relevant focal area of analysis.     

6.4.1 Broad political support  

One important institutional enabling factor is the broad political support for ZEBs. According 

to the institutional dichotomy, political support comprises both cognitive and normative 

institutional processes (Geels, 2004, pp. 904-905).  

Starting with the normative aspects, the broad political support can be tied to what kind of city 

Oslo wants to be, and which institutionalized values Oslo municipality have (Geels, 2004). In 

Oslo municipality`s Energy and Climate Strategy (2016-2020) the first page states the 

rationale behind the strategy; to develop a “climate-friendly city, a city that is livable”. Also, 

since public transport is chosen as one of sixteen focus areas, it indicates its` importance. It 

should be mentioned that what can be considered political parties with clearly stated climate 

agendas currently hold the County Council. I asked my informants whether they believed the 

energy and climate strategy would have looked different if other political parties had been 

responsible for setting the targets, and they thought not.  

Over to the cognitive aspect; an important cognitive institution described by Geels (2004) is 

how system actors prioritize. Geels (2004) argue that priorities affect system change. As 

already mentioned, sustainable public transport is one of the 16 prioritized focus areas in 

Oslo. Several of these focal areas of change do not contain specified information about how or 

when it should be obtained. Thus, I have noted that only some of the goals are specific, while 

others are more general. I have sketched this observation in table 10.  



99 
 

Table 10. The city of Oslo`s climate and energy goals. Directly derived from: Energy and Climate Strategy (2016-

2020). 

 

As table 10 shows, eight of the energy and climate goals are specific in terms of goals with 

measurable results, the other eight are more general. It is imaginable that it is more fruitful to 

focus most on the measurable goals, i.e. the priority might be higher. 

One indication of this is the increased funding directed at scaling up ZEBs in Oslo. In 2020, 

70 new battery buses will be divided between 13 bus lines in Oslo (2 bus lines becoming fully 

electric) (Bugge, 2018). This up-scaling will result in Oslo having the biggest battery bus fleet 

in Europe (ibid.). Oslo municipality, Akershus county council and Ruter are allocating 850 m. 

NOK to this up-scaling. Allocated resources is a good indication of ZEB implementation 

being a high priority in Oslo. In addition, the up-scaling is important in relation to Oslo being 

awarded the Environmental Capital of 2019 by the EU (European Commission, 2017).  

Battery bus infrastructures (pantographs) are physical results from Oslo`s environmental 

initiatives and strategy, which in itself can be an enabler for the implementation of ZEBs. The 

award can thus work as an enabler of ZEB implementation through it being important to have 

physical results of the environmental efforts in Oslo.   

6.4.2 Altered tendering business model 

This finding is not a direct result from the ZEB experimentation, but a tendency in Ruters 

procurement policy the past couple of years. The public procurement law is a strong 

regulative institution, and not complying to it may result in legal consequences. In their Dutch 
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study on institutional barriers to ZEB implementation, Bakker and Konings (2017) call out for 

alternative business models to facilitate implementation.  

The past couple of years, Ruter has been altering their tendering business model in order to 

include more market dialogue before tenders. As mentioned, the public procurement law is 

very strict in terms of market communication within a tendering process. This is to prevent 

impartiality of distributed information among suppliers, i.e. that one supplier is informed 

about the procurement allocation criteria before the competition. Ruter is now to a large 

degree using dialogue conferences before tenders, where operators and other suppliers are 

able to ask questions and give input about an upcoming tender. For many of my informants, 

this alteration in the procurement process is a relief, and they feel that it is both risk reducing 

(they are better informed about what to expect in an upcoming tender), and that they are 

allowed opinions about best solutions for specific concession areas. This practice is can help 

reduce risk and uncertainty associated with ZEBs; it allows Ruter to communicate their ZEB 

strategy and how they see the course of development. This can reduce the investment risk for 

operators, i.e. the fear of ZEBs as a bypassing trend that can result in financial loss. Also, 

these dialogue conferences are a way for Ruter to use the knowledge in the market, both the 

knowledge from established actors, but also from new entrants.    

6.4.3 Co-production of knowledge 

What is very evident in my data is that different actors within the system exploit each-other’s 

expertise in order to accumulate knowledge about ZEBs. According to Geels (2004) 

institutional dichotomy, “bodies of knowledge” are important, i.e. the current knowledge base 

of a socio-technical system. What is important, is to combine the knowledge of the system. In 

the case of the public bus system in Oslo, the public procurement legislation allows for very 

limited communication between procurer and supplier. In order to draw on the knowledge of 

all actors in the public bus system, Ruter has recently started using a practice known as 

dialogue conferences – where all parts of the system are allowed joint discussions.    

I have found that using other parts of the system as expert bodies not only results in enhanced 

knowledge about ZEBs, but the dialogue conferences also have improved the entire tendering 

process for operators. It is important to state that the dialogue conferences have not been 

implemented because of the ZEBs experimentation, but my informants believe that it is an 

important enabling factor.  
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In relation to ZEBs, Ruter held a dialogue conference in 2017 where operators, bus suppliers 

and infrastructure providers were given the opportunity to answer a set of preliminary 

determined questions. The questions involved aspects such as “who should be responsible for 

the charging infrastructure?” and “what is the most important learning aspect of a systems 

test?” (Ruter, 2017b). The actors who chose to answer these questions in a presentation were 

invited to a one-on-one meeting with Ruter to further discuss the subject. Not only is this a 

possibility to learn from other actors within the bus system with different knowledge than 

Ruter, it is also a way to communicate future plans and objectives across the system, within 

the public procurement legislation (as mentioned the legislation is strict). This may help 

reduce the risk associated with ZEBs. Operators perceive to be more included in the 

processes, simultaneously as a ZEB knowledge base is established.   

6.4.4 High technological trust  

A cognitive institution related to ZEBs is the internalization of a belief in the technologies 

performance. Not one of my informants have demonstrated disbelief in the technologies, or a 

belief that the technologies performance is too weak to function in the context of Oslo. Geels 

(2004, p. 906) discusses how “the idea of the effectiveness of the instrument” is important in 

systems change, and how such cognitive frames can be an institutional barrier for novel 

technology. Geels uses the terminology in relation to policy instruments, but I find it fruitful 

to draw parallels to his observations and my own.  

The idea or belief, i.e. the cognitive framing of a technology to be “good” or “bad” can 

facilitate or hinder novel technology (Geels, 2004; Hoogma et al., 2002, p. 13). What I have 

found in my data is an exclusively positive image of the performative capacity of the ZEB 

technology, an important institutional enabling factor, both in the experiment phase, but also 

in an implementation. In their comparative case study of ZEBs in the Netherlands, Bakker and 

Konings (2017) found the exact opposite. They found that the strongest cognitive institutional 

barrier was doubts about the performance of zero-emission technology. Bakker and Konings 

believe that this institutional barrier will be lowered once successful ZEB experiments are 

conducted. My informants are anxious about how battery buses react with Oslo`s cold climate 

and topography in terms of decreased range of the buses in cold weather, but not about the 

performance of the technology. This can be solved (as it will be in Oslo), as the buses will be 

heated with biofuel technology to hinder that any electricity will be used for heating, i.e. that 

can reduce the range.  
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I want to add that I believe that the belief in performance is stronger for battery buses than for 

hydrogen buses. Now it is clear that battery buses will be the first ZEB technology to be 

scaled up in Oslo, and not fuel cell buses. The observed technological trust in battery buses 

appears not to be groundless. A recent case study of battery bus and hydrogen bus 

performance from London found that both technologies have been reliant and stable 

(Partridge, Wu, & Bucknall, 2017, pp. 50–52).      

6.5  Institutional innovative activities for ZEB implementation  

During the course of this thesis I have noted that several authors call for institutional 

innovation (institutional change and institutional innovation is used interchangeably in the 

literature e.g. Bakker & Konings, 2017; Madsen & Hansen, 2018) in relation to the 

implementation of ZEBs, and other sustainable innovations (for a discussion of smart city 

initiatives, see Raven et al., 2017, for a discussion of ZEBs in the Netherlands, see Bakker & 

Konings, 2017, and for a discussion on living conditions in Mumbai, see Jain, Garfe, & Mieg, 

2013). What appears to be lacking in the literature is an operationalization of institutional 

innovation activities important for the implementation of sustainable initiatives, is my case 

ZEBs. Therefore, I have crafted a preliminary conceptual framework of three important 

institutional innovation activities especially important in ZEB implementation. 

The framework is based on the data in this thesis, and the findings from similar studies. As 

described before, I presume that the barriers mapped out in this thesis will be the same as in a 

full-scale implementation. The tripartite model describes three mechanics that can overcome 

or lower many of the barriers I have found. What is important is that when the first fully 

electric bus contracts are announces, ZEBs loose the protection the experiments allow for, and 

must compete with other technology at the same terms. Since ZEB technology is less mature 

than other bus technology, i.e. more expensive and associated with more risk, and it contains 

new elements is form of charging infrastructure. These three factors are important institutional 

activities for ZEB implementation.  

What is apparent in my case is that several ZEB barriers may be clustered together, and I have 

identified three important institutional innovative activities that may enable the 

implementation of ZEBs. An important disclaimer is that my tripartite conceptual framework 

is built on my findings from a single case study. I will still argue that these findings may be an 

important starting point when conducting similar studies in other cities. Some of the same 

barrier are found in cities both in the Netherlands (Bakker & Konings, 2017) and in Denmark 
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(Hug, 2017). The goal of this study has not been generalizability, but I believe that the 

conceptual framework may be applicable in cities who organize their public transportation 

similar to Oslo, i.e. who use tenders and where local authority is responsible for public 

transportation. The intention of this framework is twofold; to contribute to transitions studies 

who often takes local initiatives for granted, and to provide policy-makers with a starting 

point when implementing ZEBs. The framework is, however, the first attempt to 

operationalize important institutional innovation activities for ZEB implementation, and it is 

in the need of refinement and more data.    

Figure 4: Tripartite conceptual framework of institutional innovative activities for ZEB implementation  

                       

 

Communication 

The law of public procurement may be perceived as a barrier to implement new technology, 

however, this need not necessary be the case. Despite the laws strictness about ongoing 

dialogue with the market, legal loopholes exist. By exploiting dialogue conferences, thus 

creating legal, ongoing communication with the market and important actors, several 

institutional barriers may be overcome.  

Communication, for example through dialogue conferences, are well-suited opportunities to 

draw on the expertise of others within the system, as observed in my case. As Geels (2004) 

highlights, “bodies of knowledge”, i.e. actual knowledge within a firm, a network or a system 

are important institutions in a transition. Having the relevant knowledge and capabilities 

related to a novel innovation is crucial, and this knowledge steers both behavior and cognitive 
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beliefs of what is achievable. The contracting agency may not be experts on technology, 

knowledge they can get access to by using the market actively (operators, suppliers etc.). 

Creating spaces for ongoing system interaction and experience exchange is important, despite 

the law of public procurements strictness - especially when dealing with a novel innovation.  

Secondly, I have found that communication is a good tool to reduce risk and ambiguity 

related to the novel ZEB technology. I have found that many operators are reluctant to offer 

ZEBs in contracts because they are unsure if they will get a financial return on the buses later 

(by selling or putting the buses to use in a new contract). Clear communication about the 

future plans and objectives from the demanding organization may reduce the investment risk. 

At least for the public bus system in Oslo, dialogue conferences have been an effective 

instrument for all parts of the system to communicate their thoughts. In addition, operators 

feel as their ideas are more heard after the dialogue conferences have been implemented, an 

aspect they have been missing.   

Communication cannot only be a good tool to reduce the risk operators experience related to 

investing in and offering ZEBs in tenders; communication may be just as important in gaining 

acceptance amongst users and with the public. In most cities, it is hard to believe that 

inhabitants are uninterested in having the best possible living conditions in terms of air 

quality. Perhaps clear communication with the public about the purpose of the pantographs 

and the positive effects ZEBs can have on local emission rates and air pollution. The public 

transport organizer, such as Ruter, could be responsible for communicating the positive 

benefits of ZEBs to the public. In my case, Ruter is already responsible for the marketing of 

public transport, and they have a communication team.   

Absolute requirement 

The next element of the tripartite conceptual framework I want to highlight is the need to have 

zero-emission technology as absolute requirements in upcoming tenders. Implementing ZEBs 

involves exposing them to tender processes, that they have been protected from in the 

experimentation phase. In tenders, the procurer has two choices; to have a functional 

description or to have absolute requirements. To implement ZEBs, relatively new 

technologies, public transport organizations need to ask for it in tenders. The current situation 

is that both hydrogen fuel cell buses and battery electric buses are more expensive than both 

conventional diesel buses and fossil free buses (i.e. biogas) (Hagman et al., 2017).  
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Under normal tendering conditions, if technology is not specified, and price is the highest 

awarding allocation criteria, it is unlikely that it could be justified to pick zero-emission 

technology. If, however, it is an absolute requirement to offer zero-emission technologies in a 

tender, zero-emission technologies will have to compete amongst themselves, but not with 

conventional technologies. It is predicted that battery electric buses (fuel cell buses need more 

time to mature) will be competitive compared to all other city buses already from 2020 

(Hagman et al., 2017, p. 71). Therefore, battery electric buses will be able to compete with 

conventional combustion buses in the near future. Still, more risk is associated with ZEBs due 

to the charging infrastructure. Based on my data I believe that requiring ZEB technology in 

tenders can be an important risk reducing factor for operators and suppliers.     

An absolute demand can also reduce the risk of lock-ins related to the environmental option 

practice. What my results indicate are that environmental options may slow down the 

implementation process. Of course, it is less associated with risk to continue with 

conventional, well-proven technologies, but I believe that this increases the risk of 

institutional lock-ins, because it is a way to reproduce old technologies.  

What is important to remember is that ZEBs are not implemented just for fun. The zero-

emission dimension is crucial, and often tied to some overarching objective (national GHG 

emission reduction targets, municipal targets, global targets, or perhaps all the above). In the 

procurement process, it is therefore important to know what technologies best comply with 

stated overarching targets and ask for this technology in the tenders (Wesseling & Edquist, 

2018, p. 6). When a city decides to implement ZEBs, it is not unlikely it is to help reach a 

target. To implement ZEBs, absolute demands in tenders may be wise.  

However, as Bakker and Konings (2017, p. 9) propose; if driving innovation among operators 

is the goal (which might help mature and develop ZEB technology), instead of demanding 

ZEB technology, terms and conditions of contracts can be directed to facilitate ZEBs. One, 

rather unlikely, way would be to set the allocation criteria for environmental concerns higher 

or equal to the allocation criteria for price. For example, both environment and price could be 

weighted 30 per cent in a tender. Bakker and Konings (2017) propose awarding bonus points 

in tenders for offering ZEBs instead of having ZEB technology as an absolute requirement. I 

have two arguments opposing this, in favor for absolute requirement of ZEBs;  

1.  Awarding bonus points leaves room for the interpretation of the person evaluating 

tenders. Their personal opinions can be problematic in two ways. Some of my 
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informants are already concerned that their bids are evaluated by someone in an office 

who thinks they know what is best. Bonus points allocated by an individual might still 

not eliminate the price bias in tendering processes. There is no guarantee that the 

bonus points one is allocated for offering ZEBs are enough to win a tender that is 

significantly more expensive than a bid with conventional or biofuel buses. According 

to my informants, offering battery buses is currently twice, and fuel cell buses five 

times, as expensive as conventional buses. If, as seen in previous tenders, that price is 

twice as important in tenders (40 per cent versus 20 per cent), it sounds unlikely that 

ZEBs could win even with bonus points.   

2. I will also argue that allocating bonus points for offering ZEBs might delay an 

implementation. Fossil free fuels and zero-emission technologies are not the same. 

Buses on fossil free fuels, such as biogas, are in a sustainable perspective better than 

conventional diesel buses, but there is no doubt that zero-emission technology is the 

best option in terms of both local emission and to obtain national emission reduction 

targets. Resting on a bonus point system for ZEBs might result in a lock in fossil free 

buses, since these buses are associated with less risk.Very little is required to turn a 

diesel bus into a bio fuel bus in terms of technical alterations. Zero-emission 

technology requires new buses, new infrastructure and new suppliers.  

It might sound controversial to suggest such an autocratic approach to ZEB implementation. 

Not to forget that our systems of governance are based on democracy. One must however not 

forget that absolute requirements are not uncommon in procurement. In my research I found a 

high degree of technological trust in terms of perceived performance. All actors I have been in 

contact with are in favor of the electrification of the bus system. As Scoones, Leach and 

Newell (2015, p. 9) argue, sometimes “hard” disagreements on whether or which sustainable 

change should take place. In my case, it can rather be argued “soft” disagreements exist about 

financial concerns and local interests. This might not be the case everywhere else, but I can 

only argue on the background of my own findings. In addition, economic analyses have found 

that battery electric buses will be the most cost efficient and most sustainable option in the 

future (Hagman et al., 2017).      

Holistic land-use planning  

What I have observed in my case is that slow, bureaucratic land-use planning practices 

function as a hinder for ZEB experimentation, and then possible for the implementation of 
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ZEBs. This is, as mentioned, an entire research field I do not wish to open fully, regardless, it 

is an important finding. Not to say that the agency itself is to blame, but it is a signal that 

municipal agencies and other policy-makers within a city area should have even clearer land-

use strategies and goals. These strategies and goals must also be communicated to all relevant 

actors. This does not solely relate to the implementation of ZEBs, but all sustainable 

initiatives within a city. What should be prioritized, and why? This does perhaps not sound 

easy, but implementing sustainable technology and initiatives may require new practices and 

institutional settings (Bakker & Konings, 2017; Geels, 2004; Raven et al., 2017). One 

strategic way to organize land-use practices, and perhaps expedite implementations is to 

prioritize.  

Ruter does not possess the necessary authority over APBS, but Oslo municipality does, as 

APBS is a subordinate agency to Oslo municipality. Clear political signals that such cases 

must be prioritized is important. When the first electric bus tender is put to life, it is not an 

option to wait for over two years to get permissions to build them. If this continues to be the 

case, it is doubtful that ZEBs have a future in Oslo.  

The model contains two-way arrows between the three activities. The three factors I point to 

are highly interrelated and to some degree interdependent. For a ZEB implementation to be 

successful, all three factors must be considered simultaneously.      

6.6  A socio-technical mobility transition 

As I have presented, this thesis is a contribution to the socio-technical transitions research 

tradition. The transition at hand involves a decarbonization and centralization of our mobility 

system. Within the socio-technical view, three heuristic concepts are prominent; the socio-

technical regime, the socio-technical landscape and socio-technical niches (Geels, 2004; 

Hoogma et al., 2002; Markard et al., 2012; Rip & Kemp, 1998). The socio-technical 

transitions view is highly systemic, and the main assumption is that for substantial change to 

happen within a socio-technical system, alignment of the development of the different 

elements is crucial (ibid.). The regime level in my case is our current mobility system, still 

characterized by fossil fuels and automobility. A regime change will involve new technology, 

new actors, new institutions, as well as new user practices (Coenen & Díaz López, 2010; 

Markard et al., 2012). What separates mobility from other socio-technical systems is the 

implications a transition may have for its users. Automobility is associated with freedom, 

allowing us to get in our car and drive where ever we want (Urry, 2004). A sustainability 
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transition in the mobility system involves decarbonization and centralizing the mobility 

system.  

Policies in Oslo are in favor of two possible paths that will have sustainability implications for 

mobility. First; several policies in favor of EVs have been implemented, second; Oslo has 

taken on the strategic goal to have a negative growth in private car use.  Several initiatives 

have been implemented to achieve this; local diesel bans, removal of parking spaces in the 

city, and closing of streets to make room for biking lanes.  

One step of the way to a mobility transition involves an increased use of public transport. In 

the public transport system, especially in the public bus system, the use of fossil fuels has 

been widespread. Therefore, one piece of the puzzle that is sustainable mobility in Oslo is to 

implement zero-emission bus technology.    

A transition in the mobility system can be difficult due to the freedom the car has provided us 

with the last century (Holden, 2007; Urry, 2004). Reliable, good alternatives are needed. In 

Oslo, 2016 was a milestone as the year where more public transport travels than car travels 

were conducted (Mordt, 2017). Most of these travels were with the public bus service. Oslo 

situatedness, its urban context is well suited for reduced car use. Then, it is important to 

provide Oslo`s citizens with sustainable public transport. Both battery electric buses and fuel 

cell buses can help reduce urban problems such as noise, local air pollution and CO2 

emissions. Therefore, to mitigate local climate change, and to contribute to a mobility 

transition, ZEB implementation is important.  

As I have found in this thesis, experimenting with novel technology does not only imply mere 

technical challenges. Despite political support and financial resources, large institutional 

barriers can stand in the way of a successful implementation. One of the greatest advantages 

of conducting experiments beforehand an implementation it that it is still time lower or solve 

the barriers.  

6.7  Limitations of this thesis 

I want to underline some of the main limitations of this study. First, the context of this study 

is geographically limited to Oslo. Despite generalizing is not a rationale within qualitative 

research methods, there may be some aspects and findings in this study that are tied to Oslo, 

and therefore look different elsewhere. Another limitation of this study, or perhaps about the 

entire bus system, is that it is a lack of studies looking at how new technology is implemented 
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in this specific sector. Despite mine, and some other contributions, more studies are needed 

that map intercity and regional differences and similarities.  

Another clear limitation of this thesis is that I wanted to interview more actors related to the 

public bus service in Oslo, but several organizations and individuals were unable or unwilling 

to be a part of this thesis. I believe that interviewing other actors could have enlightened even 

more important aspects of this case.  

6.8  Policy implications and further research  

As mentioned previously, the goal of this thesis has been to both contribute to understanding a 

part of a sustainable mobility transition in an urban context, but also to provide policy 

recommendations for other cities which want to experiment or implement zero-emission bus 

technology. Now, I want to present the policy implications of this thesis, and some 

suggestions for further research.   

6.8.1 Policy implications 

As I have mentioned throughout this thesis, the rationale behind my research has been 

twofold; it is both directed at policy makers, wanting to implement ZEBs, and it is a 

contribution to the socio-technical research tradition. As apparent in my thesis, despite strong 

political support and funding, there can be several barriers that must be overcome to 

implement ZEBs.  

For the policy implications of this thesis, I want to underline the tripartite model I sketched 

out above. I believe that communication, absolute requirements and a holistic-land use 

planning are important practices for any city wanting to implement ZEBs in order to reduce 

CO2 emissions from the mobility sector. My analysis has lead me to these three institutional 

practices.  

First, communication must happen at two levels; Communication clearly to the entire bus 

system what technological direction is taken is crucial. This can reduce risk among operators 

and manufactures. Two types of risks related to ZEBs may be reduced; the risk of financial 

loss from investing in a technology that might be rejected, and the risk that resources used at 

ZEB capability and knowledge building might be useless. Secondly, communication is 

important to enhance public legitimacy of ZEBs and related infrastructure. If the positive 
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externalities (i.e. cleaner air, less noise) of ZEBs are communicated to users, it may lower the 

barrier that is complaints from the public.  

To implement ZEBs at this point of development, the only possibility is to announce tenders 

where ZEBs are absolute requirements. Neither battery buses nor fuel cell buses are able to 

compete with conventional buses in terms of price. At this point of development, absolute 

requirements will eliminate the focus on price in tendering processes (this will necessarily 

change along the maturity of ZEBs).  

Last, but not least; if a city wants to implement ZEBs it is crucial that the land-use planning in 

the city allows for ZEBs. As opposed to conventional buses, ZEBs are in the need of 

recharging, and the charging equipment needs room in the cityscape. Local authority must 

clearly state that the charging infrastructure is of importance to obtain overarching emission 

reduction targets.  

6.8.2 Further research  

What is apparent to me is that little research on ZEB experimentation and implementation 

exists, besides research merely interested in technical performance. There are exceptions (see 

Aldenius & Khan, 2017 for the use of green public procurement of ZEBs in Sweden and 

Bakker & Konings, 2017 for a study of institutional barriers to the implementation of ZEBs in 

the Netherlands), but these are few. This literature gap is somewhat surprising given the 

topicality of ZEB implementation around the world. From a mobility transition perspective, it 

is fruitful to gain insights about the ZEB process from other cities to fully grasp the 

phenomenon, its barriers and enabling factors. Enhancing the knowledge-base on sustainable 

mobility initiatives in cities can be important, both since urban contexts have been largely 

ignored in the socio-technical transitions view, and since such initiatives are known to result 

in socio-technical transitions (Bulkeley et al., 2015; Bulkeley & Castán Broto, 2013; Hodson 

& Marvin, 2010). Since the mobility system involves several modes of transport, it can be 

interesting to investigate what paths are focused on in different urban contexts.     

My research has only covered a very small part of the mobility system in Oslo. There are, of 

course, other interesting research subjects and research questions to explore in this urban 

context. I believe research on different political discourses or narratives related to mobility 

within Oslo can be interesting to investigate in more detail. This can provide knowledge on 

how opposing mobility pathways are negotiated, and who`s interests prevail over time.   
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7  Conclusion  

There is a broad academic consensus that our current mobility system is unsustainable 

(Bakker & Konings, 2017). The current mobility system is characterized by automobility and 

the use of fossil fuels (Urry, 2004). Obtaining a sustainable mobility system is far from a 

linear process with one simple solution. Several paths are possible, and countries all over the 

world are currently exerting policies to obtain green mobility. At the same time it is contested 

who should be responsible for green initiatives (Bulkeley & Newell, 2015; Kivimaa et al., 

2017; Newig et al., 2008). Cities, with local authorities in the front seat, have shown to exceed 

especially effective sustainability policies (Madsen & Hansen, 2018), and municipalities are 

considered to be in the forefront of setting ambitious GHG emission-reduction targets and for 

experimenting with sustainable technologies (Bulkeley et al., 2015).  

Oslo is a city that currently is implementing different policies to obtain sustainable mobility to 

reach the overarching target of emission-reduction in line with the Paris agreement. 

Developing bike roads and policies facilitating EVs and greenifying the public transport 

system are among these (Haugneland & Kvisle, 2015; Oslo Kommune, 2016a). Implementing 

zero-emission technologies in the public bus service is one important sustainability initiative. 

ZEBs in Oslo are currently in the intersect of experiment and implementation. In this thesis, I 

have found that it is not unproblematic to implement ZEBs in Oslo, and the process is 

exposed to several institutional barriers.  

In this thesis, I have first investigated where the ZEB initiative came from, and the perceived 

effects such an experimentation phase is believed to have as a means to a full-scale 

implementation. Here, I have found that the initiative derives directly from Oslo municipality 

in a top-down manner, that has communicated the ambition to have a zero-emission public 

transport for some time. I have also found that the sustainability goals of Oslo move beyond 

those of Norway; both related to sustainable mobility objective, and also in terms of GHG 

emission-reduction targets. I have identified three important motivations or rationales behind 

the ZEB experimentation phase; first, conducting experiments allow for a gradual upscaling 

up the technology, instead of implementing all at once. Second, the ZEB experimentation 

phase enables important knowledge accumulation before a full-scale implementation. Third, 

conducting experiments permits protecting ZEBs from the normal selection environment, i.e. 

the tendering process, which is important since it is unlikely, at this point of development, that 
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ZEB technology could be victorious over conventional technology in a tendering process, 

considering that price is the most important allocation criteria in tenders.  

For my second research question I have investigated the institutional barriers and enabling 

factors associated with the ZEB experiments. Related to barriers, this study shows that the 

new charging infrastructure brings some of the most prominent barriers. This is not surprising 

considering that the charging infrastructure is a new element in Oslo`s bus system, and it 

involves the involvement of new actors (APBS and suppliers) that not necessarily fits into the 

existing institutional environment. This study shows that the charging infrastructure is 

associated with; slow, bureaucratic processes, some have spent over two years in order to set 

up one pantograph. Lack of technical standards for the charging infrastructure can make the 

investments done now worthless in the future. There appears to be a lack of public legitimacy, 

i.e. the pantographs are perceived as ugly and bothersome. There are large disagreements 

concerning who should be responsible for the charging infrastructure. Also, it appears as 

Ruter is picking winners implicitly. In addition, I have found that ZEBs involve a decreased 

flexibility in an operating day. Now, drivers have to take the time to charge buses, even if they 

are already running late. Also, the tendering practice where it is asked for environmental 

options, here operators can place two parallel bids, one of a more sustainable character, but it 

is still possible for Ruter to choose the less sustainable option. Many informants underline this 

practice as potentially challenging for ZEBs.  

Despite many barriers, I have found several institutional enabling factors associated with the 

ZEB experiments. As with the barriers, I believe that these enabling factors will be the same 

in the implementation phase. Opposed to with the barriers, where the goal should be to lower 

these, the enabling factors should be put forward and maintained in an implementation phase. 

This study shows that there is a broad political support for ZEBs, evident through the 

increased funding and clear political signals that zero-emission technology is wanted. Also, 

Ruter has recently started conducting dialogue conferences in relation to tenders, and thus 

changed their tendering business model. These have also been conducted in relation to the 

ZEB experimentation phase. Here, operators and other parts of the system are allowed to 

bring their suggestions, a practice often hindered by the public procurement legislation, and 

operators feel as these dialogue conferences reduce risk. These dialogue conferences also 

allow for co-production of knowledge about ZEBs, where all knowledge in the public bus 

system can be put on top of each other. Such knowledge is important both in an 

experimentation phase and in an implementation. Last, but not least, across the entire bus 
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system there exist a high technological trust, i.e. confidence in ZEB technologies ability to 

fulfill its social function without major technical issues. The positive cognitive schema of 

ZEBs is important for their continued survival in the market.       

To obtain the overarching goal of zero-emission public bus transport within 2028, close 

cooperation between the different actors in the public bus system is crucial. To reduce 

investment risk, trigger the market, and to gain momentum, cooperation is important. 

Especially important is communication across the system, holistic land-use planning, and to 

require ZEB technology in upcoming tenders. The novel ZEB technology is in the need of 

new institutions, new practices, new solutions, new legislation, and new procedure – this can 

lead to a successful implementation which benefits the system and the environment 

simultaneously. Battery electric buses are predicted to be the most cost-efficient bus 

technology for the future. However, how the public bus transport in Oslo will look in the 

foreseeable future starts with what is happening now.  

 

 

 

 

 

  



 
 

114 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



115 
 

List of references 

Åhman, M., & Nilsson, L. J. (2008). Path dependency and the future of advanced vehicles and 

biofuels. Utilities Policy, 16(2), 80–89. https://doi.org/10.1016/j.jup.2007.11.003 

Aldenius, M., & Khan, J. (2017). Strategic use of green public procurement in the bus sector: 

Challenges and opportunities. Journal of Cleaner Production, 164(Supplement C), 

250–257. https://doi.org/10.1016/j.jclepro.2017.06.196 

Atkinson, P., & Hammersley, M. (1984). Ethnography and participant observation. Denzin, 

N. K. & Lincon Y. S. (Eds.). In Handbook of Qualitative Research. Thousand Oaks, 

California: SAGE Publications, Inc. 

Bakker, S., & Konings, R. (2017). The transition to zero-emission buses in public transport – 

The need for institutional innovation. Transportation Research Part D: Transport and 

Environment. https://doi.org/10.1016/j.trd.2017.08.023 

Beirão, G., & Sarsfield Cabral, J. A. (2007). Understanding attitudes towards public transport 

and private car: A qualitative study. Transport Policy, 14(6), 478–489. 

https://doi.org/10.1016/j.tranpol.2007.04.009 

Bergek, A., Jacobsson, S., Carlsson, B., Lindmark, S., & Rickne, A. (2008). Analyzing the 

functional dynamics of technological innovation systems: A scheme of analysis. 

Research Policy, 37(3), 407–429. https://doi.org/10.1016/j.respol.2007.12.003 

Berkhout, F., Smith, A., & Stirling, A. (2004). Socio-technological regimes and transition 

contexts. Theory, Evidence and Policy. Elzen, B., Geels, F. and Green, K. (Eds.). In 

Systems Innovation and the Transition to Sustainability. (pp. 48–73). Edward Elgar 

Publishing. 

Bråten, Ø. (2008, February 1). Nytt kollektivselskap i Oslo og Akerhus. FriFagbevegelse.no. 

Retrieved from https://frifagbevegelse.no/nytt-kollektivselskap-i-oslo-og-akershus-

6.158.14724.1fc8cc0475 



 
 

116 

 

Brown, H. S., & Vergragt, P. J. (2008). Bounded socio-technical experiments as agents of 

systemic change: The case of a zero-energy residential building. Technological 

Forecasting and Social Change, 75(1), 107–130. 

https://doi.org/10.1016/j.techfore.2006.05.014 

Bugge, S. (2018, 04). Oslo får 70 nye elbusser neste år. Retrieved April 16, 2018, from 

https://www.vg.no/i/P3qeeX 

Bulkeley, H., Castán Broto, V., & Edwards, A. S. G. (2015). An Urban Politics of Climate 

Change. Experimentation and the governing of socio-technical transitions. London 

and New York: Routledge. 

Bulkeley, H., & Newell, P. (2015). Governing climate change (2nd ed.). Oxon and New 

York: Routledge. 

Bulkeley, H., & Castán Broto, V. (2013). Government by experiment? Global cities and the 

governing of climate change. Transactions of the Institute of British Geographers, 

38(3), 361–375. https://doi.org/10.1111/j.1475-5661.2012.00535.x 

Ceschin, F. (2014). How the Design of Socio-technical Experiments Can Enable Radical 

Changes for Sustainability. International Journal of Design; Taipei, 8(3), 1–21. 

Coenen, L., & Díaz López, F. J. (2010). Comparing systems approaches to innovation and 

technological change for sustainable and competitive economies: an explorative study 

into conceptual commonalities, differences and complementarities. Journal of Cleaner 

Production, 18(12), 1149–1160. https://doi.org/10.1016/j.jclepro.2010.04.003 

Coutard, O., & Rutherford, J. (2010). Energy transition and city–region planning: 

understanding the spatial politics of systemic change. Technology Analysis & Strategic 

Management, 22(6), 711–727. https://doi.org/10.1080/09537325.2010.496284 



117 
 

Davis, K. (1945). The World Demographic Transition. The Annals of the American Academy 

of Political and Social Science, 237. Retrieved from 

http://www.jstor.org/stable/1025490 

Dosi, G. (1982). Technological paradigms and technological trajectories: A suggested 

interpretation of the determinants and directions of technical change. Research Policy, 

11(3), 147–162. https://doi.org/10.1016/0048-7333(82)90016-6 

Dowling, R. (2016). Power, Subjectivity, and Ethics in Qualitative Research. Hay, I. (Ed.). In 

Qualitative Research Methods in Human Geography. (4th ed.). Ontario, Canada: 

Oxford University Press. 

Downe-Wamboldt, B. (1992). Content analysis: Method, application, and issues. Health Care 

for Women International, (13), 313–321. 

Dunn, K. (2016). Interviewing. Hay, I. (Ed.). In Qualitative Research Methods in Human 

Geography (4th ed., pp. 149–188). Ontario, Canada: Oxford University Press. 

Edquist, C. (2005). Systems of Innovation. Fagerberg, J., Mowrey, D. C., & Nelson, R. R. 

(Eds.). In The Oxford Handbook of Innovation (pp. 181–208). Oxford, UK: Oxford 

University Press. 

England, K. V. L. (1994). Getting Personal: Reflexivity, Positionality, and Feminist Research. 

The Professional Geographer, 46(1), 80–89. https://doi.org/10.1111/j.0033-

0124.1994.00080.x 

European Commission. (2017). 2019 EGCA Jury Report (pp. 1–5). European Commission. 

Fagerberg, J. (2005). Innovation: A guide to the literature. Fagerberg, Mowery and Nelson 

(Eds.). In The Oxford Handbook of Innovation (pp. 1–26). Oxford, UK: Oxford 

University Press. 



 
 

118 

 

Fagerberg, J., Mowery, D. C., & Verspagen, B. (2009). Innovation in Norway. Fagerberg, J., 

Mowery, D. C. & Verspagen, B. (Eds.). In Innovation, Path Dependency, and Policy. 

The Norwegian Case. (pp. 1–30). Oxford, UK: Oxford University Press. 

FCH JU. (2017). Joint Initiative for hydrogen Vehicles across Europe 2 | www.fch.europa.eu. 

Retrieved March 25, 2018, from http://www.fch.europa.eu/project/joint-initiative-

hydrogen-vehicles-across-europe-2 

Foxon, T. J. (2002). Technological and institutional “lock-in” as a barrier to sustainable 

innovation. Imperial College Center for Policy and Tehnology Working Paper. 

Retrieved from http://www3.imperial.ac.uk/pls/portallive/docs/1/7294726.PDF 

Frendesen, C. M. (2016, 06). Movia dumper kinesisk elbus: For dyr og for stor usikkerhed om 

batterierne. Retrieved from https://ing.dk/artikel/movia-dumper-kinesisk-elbus-dyr-

stor-usikkerhed-batterierne-185594 

Geels, F., Elzen, B., & Green, T. (2004). General introduction: system innovation and 

transitions to sustainability. Elzen, B., Geels, F. W. and Green, K. (Eds.). In Systems 

Innovation and the Transition to Sustainability. Theory, Evidence and Policy. (pp. 1–

16). Cheltenham, UK: Edward Elgar Publishing. 

Geels, F., Kemp, R., Dudley, G., & Lyons, G. (2011). Automobility in transition? A socio-

technical analysis of sustainable transport. Routledge. Retrieved from 

http://www.routledge.com/books/details/9780415885058/ 

Geels, F. W. (2002). Technological transitions as evolutionary reconfiguration processes: a 

multi-level perspective and a case-study. Research Policy, 31(8–9), 1257–1274. 

https://doi.org/10.1016/S0048-7333(02)00062-8 

Geels, F. W. (2004). From sectoral systems of innovation to socio-technical systems: Insights 

about dynamics and change from sociology and institutional theory. Research Policy, 

33(6–7), 897–920. https://doi.org/https://doi.org/10.1016/j.respol.2004.01.015 



119 
 

Geels, F. W. (2005a). Processes and patterns in transitions and system innovations: Refining 

the co-evolutionary multi-level perspective. Technological Forecasting and Social 

Change, 72(6), 681–696. https://doi.org/10.1016/j.techfore.2004.08.014 

Geels, F. W. (2005b). The dynamics of transitions in socio-technical systems: A multi-level 

analysis of the transition pathway from horse-drawn carriages to automobiles (1860–

1930). Technology Analysis & Strategic Management, 17(4), 445–476. 

https://doi.org/10.1080/09537320500357319 

Geels, F. W. (2011). The multi-level perspective on sustainability transitions: Responses to 

seven criticisms. Environmental Innovation and Societal Transitions, 1(1), 24–40. 

https://doi.org/10.1016/j.eist.2011.02.002 

Geels, F. W., Kern, F., Fuchs, G., Hinderer, N., Kungl, G., Mylan, J., … Wassermann, S. 

(2016). The enactment of socio-technical transition pathways: A reformulated 

typology and a comparative multi-level analysis of the German and UK low-carbon 

electricity transitions (1990–2014). Research Policy, 45(4), 896–913. 

https://doi.org/10.1016/j.respol.2016.01.015 

Geels, F. W., & Schot, J. (2007). Typology of sociotechnical transition pathways. Research 

Policy, 36(2007), 399–417. https://doi.org/10.10167/j.respol.2007.01.003 

Giddens, A. (1984). The Construction of Society: Outline of the Theory of Structuration. 

Berkeley: University of California Press. 

Gold, R. L. (1958). Roles in Sociological Field Observations. Social Forces, 36(3), 217–223. 

https://doi.org/10.2307/2573808 

Hagman, R., Amundsen, A. H., Ranta, M., & Nylund, N. O. (2017). Klima- og miljøvennelig 

transport frem mot 2025. Vurderinger av mulige teknologiske muligheter for buss (No. 

1571/2017) (p. 75). Oslo: Transportøkonomisk Institutt. Retrieved from 

https://www.toi.no/getfile.php/1345681/mmarkiv/Aktuelt/1571-2017_final.pdf 



 
 

120 

 

Haugneland, P., & Kvisle, H. H. (2015). Norwegian electric car user experiences. 

International Journal of Automotive Technology and Management, 15(2), 194–221. 

https://doi.org/10.1504/IJATM.2015.068548 

Hodson, M., Geels, F. W., & McMeekin, A. (2017). Reconfiguring Urban Sustainability 

Transitions, Analysing Multiplicity. Sustainability, 9(2), 299–329. 

https://doi.org/10.3390/su9020299 

Hodson, M., & Marvin, S. (2010). Can cities shape socio-technical transitions and how would 

we know if they were? Research Policy, 39(4), 477–485. 

https://doi.org/10.1016/j.respol.2010.01.020 

Holden, E. (1998). Planning theory: Democracy or sustainable development? – Both (but 

don’t bother about the bread, please). Scandinavian Housing and Planning Research, 

15(4), 227–247. https://doi.org/10.1080/02815739808730459 

Holden, E. (2007). Achieving Sustainable Mobility. Everyday and Leisure-time Travel in the 

EU. Aldershot, Ashgate. 

Holden, E., Linnerud, K., Banister, D., Schwanitz, V. J., & Wierling, A. (2018). Lost in 

translation? In The Imperatives of Sustainable Development (pp. 198–219). New 

York: Routledge. 

Holden, E., & Norland, I. T. (2005). Three Challenges for the Compact City as a Sustainable 

Urban Form: Household Consumption of Energy and Transport in Eight Residential 

Areas in the Greater Oslo Region. Urban Studies, 42(12), 2145–2166. 

https://doi.org/10.1080/00420980500332064 

Hoogma, R., Kemp, R., Schot, J., & Truffer, B. (2002). Experimenting for Sustainable 

Transport. The approach of Strategic Niche Management. London and New York: 

Spon Press. 



121 
 

Hug, V. (2017, 03). E-bus procument and tenders in Movia. Powerpoint. Retrieved from 

https://kollektivtrafikk.no/wp-content/uploads/2017/03/MOVIA_Victor-Hug.pdf 

Hughes, T. P. (1983). Networks of power: electrification in Western society, 1880-1930. 

Baltimore and London: The Johns Hopkins University Press. 

Jacobsson, S., & Bergek, A. (2004). Transforming the energy sector: the evolution of 

technological systems in renewable energy technology. Industrial and Corporate 

Change, 13(5), 815–849. https://doi.org/10.1093/icc/dth032 

Jain, J., Garfe, F. J., & Mieg, H. A. (2013). Mumbai, the megacity and the global city. Mieg, 

H., A. & Töpfer, K. (Eds.). In Institutional and Social Innovation for Sustainable 

Urban Development. (pp. 193–213). New York: Routledge. 

Kearns, R. A. (2016). Placing Observation in the Research Toolkit. Hay, I. (Ed.). In 

Qualitative Research Methods in Human Geography (4th ed., pp. 313–333). Oxford, 

UK: Oxford University Press. 

Kemp, R., & Rotmans, J. (2004). Managing the transition to sustianable mobility. Elzen, B., 

Geels, F. W. and Green, K. (Eds.). In Systems Innovation and the Transition to 

Sustainability. Theory, Evidence and Policy. (pp. 137–167). Cheltenham, UK: Edward 

Elgar Publishing. 

Kemp, R., Schot, J., & Hoogma, R. (1998). Regime shifts to sustainability through processes 

of niche formation: The approach of strategic niche management. Technology Analysis 

& Strategic Management, 10(2), 175–198. 

https://doi.org/10.1080/09537329808524310 

Kern, F. (2011). Ideas, Institutions, and Interests: Explaining Policy Divergence in Fostering 

“System Innovations” towards Sustainability. Environment and Planning C: 

Government and Policy, 29(6), 1116–1134. https://doi.org/10.1068/c1142 



 
 

122 

 

Kivimaa, P., Hildén, M., Huitema, D., Jordan, A., & Newig, J. (2017). Experiments in climate 

governance – A systematic review of research on energy and built environment 

transitions. Journal of Cleaner Production, 169, 17–29. 

https://doi.org/10.1016/j.jclepro.2017.01.027 

Klein Woolthuis, R., Lankhuizen, M., & Gilsing, V. (2005). A system failure framework for 

innovation policy design. Technovation, 25(6), 609–619. 

https://doi.org/10.1016/j.technovation.2003.11.002 

Klima- og miljødepartementet. (2016). Klimastrategi for 2030 - norsk omstilling i europeisk 

samarbeid (Stortingsmelding No. Meld. St. 41 (2016-2017)). Oslo: Klima- og 

miljødepartementet. Retrieved from 

https://www.regjeringen.no/contentassets/7d3c209f821248da8d4727713ab9619c/no/p

dfs/stm201620170041000dddpdfs.pdf 

Kuhn, T. S. (1987). What are scientific revolutions? Kruger, L., Daston, L. J., Heideberger, 

M. (Eds.). In The probabilistic revolution, Vol. 1: Ideas in history (pp. 7–22). 

Cambridge, MA: MIT press. 

Madsen, S. H. J., & Hansen, T. (2018). Cities and climate change – examining advantages and 

challenges of urban climate change experiments. European Planning Studies, 0(0), 1–

18. https://doi.org/10.1080/09654313.2017.1421907 

Markard, J., Raven, R., & Truffer, B. (2012). Sustainable transitions: An emerging field of 

research and its prospects. Research Policy, 41(2012), 955–967. 

https://doi.org/10.1016/j.respol.2012.02.013 

Meadowcroft, J. (2009). What about the politics? Sustainable development, transition 

management, and long term energy transitions. Policy Sciences, 42(4), 323–340. 

https://doi.org/10.1007/S11077-009-9097-Z 



123 
 

Meadowcroft, J. (2011). Engaging with the politics of sustainability transitions. 

Environmental Innovation and Societal Transitions, 1(1), 70–75. 

https://doi.org/10.1016/j.eist.2011.02.003 

Mieg, H. (2013). Introduction. Mieg, H. A. & Töpfer, K. (eds). In Institutional and Social 

Innovation for Sustainable Urban Development. (pp. 1–21). New York: Routledge. 

Miljødirektoratet. (2017, April 27). Parisavtalen. Retrieved March 9, 2018, from 

http://www.miljostatus.no/tema/klima/internasjonal-klimapolitikk/parisavtalen/ 

Miljødirektoratet. (2018, 01). Klimagassutslipp fra transport. Miljøstatus.no. Retrieved from 

http://www.miljostatus.no/tema/klima/norske-klimagassutslipp/utslipp-av-

klimagasser-fra-transport/ 

Mordt, H. (2017, 03). For første gang er det gjort flere kollektivreiser enn bilturer i Oslo. 

NRK.no. Retrieved from https://www.nrk.no/ostlandssendingen/for-forste-gang-er-det-

gjort-flere-kollektivreiser-enn-bilturer-i-oslo-1.13404098 

Nelson, R. R., & Winter, S. G. (1977). In search of useful theory of innovation. Research 

Policy, 6(1), 36–76. https://doi.org/10.1016/0048-7333(77)90029-4 

Nevens, F., Frantzeskaki, N., Gorissen, L., & Loorbach, D. (2013). Urban Transition Labs: 

co-creating transformative action for sustainable cities. Journal of Cleaner 

Production, 50, 111–122. https://doi.org/10.1016/j.jclepro.2012.12.001 

Newig, J., Voß, J. P., & Monstadt, J. (2008). Governance for Sustainable Development. 

Coping with ambivalence, uncertainty and distributed power. London and New York: 

Routledge. 

Nill, J., & Kemp, R. (2009). Evolutionary approaches for sustainable innovation policies: 

From niche to paradigm? Research Policy, 38(4), 668–680. 

https://doi.org/10.1016/j.respol.2009.01.011 



 
 

124 

 

Normann, H., E. (2015). The role of politics in sustainable transitions: The rise and decline of 

offshore wind in Norway. Environmental Innovation and Societal Transitions, (15), 

180–193. https://doi.org/http://dx.doi.org/10.1016/j.eist.2014.11.002 

North, D. C. (1990). Institutions, Institutional Change and Economic Performance. 

Cambridge University Press. 

Oslo Economics. (2017). Gevinstanalyser av grønne anskaffelser (No. 2017–28) (pp. 1–139). 

Oslo: DIFI. Retrieved from 

http://www.miljodirektoratet.no/Documents/publikasjoner/M960/M960.pdf 

Oslo Kommune. (2016a). Klima- og energistrategi for Oslo. Retrieved from 

https://www.oslo.kommune.no/getfile.php/1356550/Innhold/Politikk%20og%20admin

istrasjon/Etater%20og%20foretak/Klimaetaten/Dokumenter%20og%20rapporter/Klim

a-%20og%20energistrategi%20for%20Oslo%20NO.pdf 

Oslo Kommune. (2016b). Plan- og bygningsetaten. Retrieved April 14, 2018, from 

https://www.oslo.kommune.no/politikk-og-administrasjon/etater-og-foretak/plan-og-

bygningsetaten/ 

Oslo Kommune Statistikkbanken. (2016). Totale direkte utslipp av klimagasser i Oslo. 

Retrieved March 6, 2018, from 

http://statistikkbanken.oslo.kommune.no/webview/index.jsp?headers=r&stubs=Kilde

&measure=common&virtualslice=Mtonn_value&layers=virtual&study=http%3A%2F

%2F192.168.101.44%3A80%2Fobj%2FfStudy%2FTL-totale-utslipp-av-

klimagasser&Kildeslice=1&Kildesubset=1+-

+5&mode=cube&virtualsubset=Mtonn_value&v=2&rsubset=1991+-

+2013&submode=timeline&measuretype=4&rslice=2013&cube=http%3A%2F%2Fst

atistikkbanken.oslo.kommune.no%3A80%2Fobj%2FfCube%2FTL-totale-utslipp-av-

klimagasser_C1&top=yes 



125 
 

Partridge, J., Wu, W., & Bucknall, R. (2017). Development of Bus Drive Technology towards 

Zero Emission: A Review. Donateo (Ed.). In Hybrid Electric Vehicles (pp. 33–59). 

Intech. 

Patton, M. . (2002). Qualitative Interviewing. In Qualitative research and evaluation methods 

(pp. 339–427). SAGE Publications, Inc. 

Pilskog, G. M. (2017, 08). Kjøyrer nest mest i Europa. SSB. Retrieved from 

http://www.ssb.no/transport-og-reiseliv/artikler-og-publikasjoner/koyrer-nest-mest-i-

europa 

Portvik, S. (2015). Oslo - The EV Captial of the World. Powerpoint, Oslo. 

Qvale, P., & Taraldsen, L. (2015, March 2). Dette er fremtidens oljesluk. Retrieved April 30, 

2018, from https://www.tu.no/artikler/dette-er-fremtidens-oljesluk/222876 

Raven, R., Schot, J., & Berkhout, F. (2012). Space and scale in socio-technical transitions. 

Environmental Innovation and Societal Transitions, 4, 63–78. 

https://doi.org/10.1016/j.eist.2012.08.001 

Raven, R., Sengers, F., Spaeth, P., Xie, L., Cheshmehzangi, A., & de Jong, M. (2017). Urban 

experimentation and institutional arrangements. European Planning Studies, (2017), 

1–24. https://doi.org/https://doi.org/10.1080/09654313.2017.1393047 

Rip, A. (1992). Science and Technology as Dancing Partners. In Technological Development 

and Science in the Industrial Age (pp. 231–270). Springer, Dordrecht. 

https://doi.org/10.1007/978-94-015-8010-6_10 

Rip, A., & Kemp, R. (1998). Technological change. In S. Rayner & E. L. Malone (Eds.), 

Human choice and climate change. Vol. II, Resources and technology (pp. 327–399). 

Columbus, OH: Battelle Press. Retrieved from http://doc.utwente.nl/34706/ 

Ruter. (2014). Ruters Environmental Strategy 2014-2020 (No. Ruterrapport 4:2014) (pp. 1–

32). Oslo: Ruter. Retrieved from 



 
 

126 

 

https://ruter.no/globalassets/dokumenter/ruterrapporter/2014-

4_ruters_miljostrategi_2014-2020.pdf 

Ruter. (2016). Ruters årsrapport 2016 (pp. 1–120). Oslo: Ruter. Retrieved from 

https://ruter.no/globalassets/dokumenter/aarsrapporter/ruter-arsrapport-20161.pdf 

Ruter. (2017a). Fossilfri 2020. Retrieved from https://ruter.no/om-

ruter/prosjekter/fossilfri2020/ 

Ruter. (2017b). Invitasjon til dialogkonferanse om systemtest av batterielektriske busser i 

Oslo sentrum. Ruter.no. Retrieved from 

https://ruter.no/globalassets/dokumenter/fossilfri-2020/leverandorkonferanse/2017-02-

13-invitasjon-til-dialog-konf.pdf?id=11223 

Ruter. (2017c). Sluttrapport: Hydrogenbussprosjektet som del av CHIC. Oslo: Ruter. 

Retrieved from https://ruter.no/globalassets/dokumenter/fossilfri-2020/sluttrapport-

hydrogenbussprosjektet-chic.pdf 

Ruter. (2018). Utslippsfri kollektivtransport i Oslo og Akershus (pp. 1–16). Oslo: Ruter. 

Retrieved from http://mm.aftenposten.no/dokumenter/2018-03-

05_Rapport%20Utslippsfri%20kollektivtransport%20i%20Oslo%20og%20Akershus

%20.pdf 

Ruter. (n.d.-a). Om Ruter. Retrieved August 15, 2017, from http://ruter.no/om-

ruter/selskapsinformasjon/ 

Ruter. (n.d.-b). Rutetabeller og linjekart. Retrieved from https://ruter.no/reise/rutetabeller-og-

linjekart/ 

Samferdselsdepartementet. (2017). Nasjonal transportplan 2018-2029 (Stortingsmelding No. 

Meld. St. 33) (pp. 1–328). Oslo: Samferdselsdepartementet. Retrieved from 

https://www.regjeringen.no/contentassets/7c52fd2938ca42209e4286fe86bb28bd/no/pd

fs/stm201620170033000dddpdfs.pdf 



127 
 

Schoenberger, E. (1991). The corporate interview as a research method in economic 

geography. The Professional Geographer, 43(2), 180–189. 

Schot, J., & Geels, F. W. (2008). Strategic niche management and sustainable innovation 

journeys: theory, findings, research agenda, and policy. Technology Analysis & 

Strategic Management, 20(5), 537–554. https://doi.org/10.1080/09537320802292651 

Scoones, I., Newell, P., & Leach, M. (2015). The politics of green transformations. In The 

Politics of green transformations (pp. 1–24). London and New York: Routledge. 

Scott, R., W. (2008). Institutions and Organizations. Ideas and Interests (3rd ed.). London, 

UK: SAGE Publications, Inc. 

Sengers, F., Wieczorek, A. J., & Raven, R. (2016). Experimenting for sustainability 

transitions: A systematic literature review. Technological Forecasting and Social 

Change. https://doi.org/10.1016/j.techfore.2016.08.031 

Smith, A., Stirling, A., & Berkhout, F. (2005). The governance of sustainable socio-technical 

transitions. Research Policy, 34, 1491–1510. 

https://doi.org/10.1016/j.respol.2005.07.005 

SSB. (2017, 04). Kjørelengder. Statistisk Sentralbyrå. Retrieved from 

https://www.ssb.no/transport-og-reiseliv/statistikker/klreg/aar 

SSB. (2018). Kommunefakta Oslo. Retrieved December 4, 2017, from 

http://www.ssb.no/kommunefakta 

Stratford, E., & Bradshaw, M. (2016). Qualitative Research Design and Rigour. Hay, I. (Ed.). 

In Qualitative Research Methods in Human Geography (4th ed., pp. 119–129). 

Ontario, Canada: Oxford University Press. 

TØI. (2014). Norway`s path to sustainable transport. Fridstrøm and Alfsen (Eds.) (No. 

1321/2014) (pp. 1–284). Oslo: TØI. Retrieved from 

https://www.toi.no/getfile.php?mmfileid=36652 



 
 

128 

 

UNCED. (1992). Agenda 21 (p. 351). Rio de Janeiro, Brazil: UNCED. Retrieved from 

https://sustainabledevelopment.un.org/content/documents/Agenda21.pdf 

United Nations. (1998). Kyoto Protocol to the United Nations Framework Convention on 

Climate Change. United Nations. 

Unruh, G. C. (2000). Understanding carbon lock-in. Energy Policy, 28(12), 817–830. 

https://doi.org/10.1016/S0301-4215(00)00070-7 

Urry, J. (2004). The “System” of Automobility. Theory, Culture & Society, 21(4–5), 25–39. 

https://doi.org/10.1177/0263276404046059 

Valmot, O. R. (2017, 11). Holdt lovnaden om elbusser i Oslo med 11 timer. TU.no. Retrieved 

from https://www.tu.no/artikler/na-kommer-elbussene-pa-veien-i-oslo/413240 

van de Bosch, S. (2010). Transition Experiments. Exploring societal changes towards 

sustainability. Erasmus Universiteit Rotterdam, Rotterdam. Retrieved from 

https://repub.eur.nl/pub/20714/ 

Verheul, H. (2002). Stretch and fit: on governance in technological regimes. International 

Journal of Technology and Management, 2(4), 471–481. 

Wesseling, J. H., & Edquist, C. (2018). Public procurement for innovation to help meet 

societal challenges: a review and case study. Science and Public Policy. 

https://doi.org/10.1093/scipol/scy013 

Widerberg, K. (2001). Historien om et kvalitativt forskingsprosjekt. Oslo: 

Universitetsforlaget. 

Wieczorek, A. J., Raven, R., & Berkhout, F. (2015). Transnational linkages in sustainability 

experiments: A typology and the case of solar photovoltaic energy in India. 

Environmental Innovation and Societal Transitions, 17, 149–165. 

https://doi.org/10.1016/j.eist.2015.01.001 



129 
 

World commission on environment and development. (1987). Our Common Future. Geneve: 

Oxford University Press/Tiden Norsk Forlag. 

Yin, R., K. (2014). Case Study Research. Design and Methods (5.). Los Angeles, California: 

SAGE Publications, Inc. 

  


