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Abstract

This thesis investigates the development of the Norwegian EV initiative.

As the transport sector accounts for more than one-quarter of the total greenhouse gas
emissions globally, a transition to more environmental-friendly solutions in this sector
Is necessary for the world to limit global warming to 1.5 degrees. Electric vehicles are
free of tailpipe emissions and are more energy-efficient than fossil-fueled vehicles.
UNEP estimates that 1.2 billion new vehicles will be deployed around the world within
the following decades. With this in mind, a transition to electric vehicles is considered a

central measure to reduce climate emissions from the transport sector.

Norway is at the forefront globally in the transition from fossil-fueled to electric
vehicles. The Norwegian EV initiative has developed over 30 years. Many actors have
been involved in shaping the initiative. Actor-Network Theory (ANT) is both the
theoretical and methodological framework for this thesis. Through the research, a
complex web of actors has revealed itself, involving actors from the categories of
technology, industry, politics, environmental organizations, interest organizations,
economy, social society, and the international landscape. In line with the ANT
approach, this thesis “follows the actors.” The data has been collected through
interviews with various actors involved in the development. Secondary data has been
utilized to provide further context.

This thesis aims to contribute knowledge about how the Norwegian EV initiative has

come about, what actors have been involved, and how they have influenced each other.

Keywords: Electric vehicles, Actor-Network Theory, ANT, Norwegian EV

development, EV Incentives, System of automobility
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1 Introduction

It is code red for humanity.

This is the warning by the UN Secretary-General Antonio Guterres (UN 2021) after the
release of the latest climate report by the Intergovernmental Panel on Climate Change
(IPCC). The reactions have been strong since the UN released this report in September
2021. The report provides policymakers with assessments of the scientific basis of
climate change, its impact, future risks, and adaptation and mitigation options. More
than 700 authors from 90 countries have contributed to the writing of this report. The
report concludes that there is no longer any scientific doubt that humans are the leading
cause of climate change, that the impacts will be really bad (in some cases also
catastrophic), and for every small piece of a degree warming we can prevent by curbing
the emissions will reduce this damage substantially. "The alarm bells are deafening, and
the evidence is irrefutable: greenhouse gas emissions from fossil fuel burning and
deforestation are choking our planet and putting billions of people at immediate risk,"
says the UN Secretary-General (UN 2021a).

The message from the UN Secretary-General is frightening. Through the Paris
Agreement in 2015 and the recent COP26-conference in Glasgow, world leaders around
the globe are solidifying the goal to limit global warming to 1.5 degrees. However, the
current trajectory shows that the world is on track towards 2.7 degrees warming (UN
2021b). To change the current trajectory, structural changes in large parts of society are
needed. The transport sector is one of them. “Transport, which accounts for more than
one quarter of global greenhouse gases, is key to getting on track. We must decarbonize
all means of transport, in order to get to net-zero emissions by 2050 globally,” says the
UN Secretary-General (UN 2021c).* Also, calculations estimate that 1.2 billion new
vehicles will be hitting the roads within the following decades and that emissions from
the transport sector will rise by 30 %, given the current emission trajectory the world is

on (UNEP 2021). The transport sector is also heavily reliant on fossil fuels as an energy

1 The transport sector entails more than just road transportation. It also includes aviation and the maritime
sector.



source. Numbers from IPCC show that the transport sector was the least diversified in
energy end-use (IPCC 2018). 65 % of total global oil consumption was in transport, and
92 % of the fuel mix in transport is oil. These numbers suggest that the transport sector
has significant challenges breaking with the fossil paradigm and applying renewable

energy sources.

As a result, sustainable innovations and large-scale implementation of environmental-
friendly solutions in this sector are required to be able to limit the emissions from the
transportation system. Electrifying the transport sector in combination with
decarbonizing electricity and energy can deliver deep cuts in CO2 emission and is a

requirement if the world is to achieve its emission targets (Williams et al. 2012).

Electric vehicles, the focus area of this thesis, are at the heart of this electrification of
the transport sector. Electric vehicles represent an essential option to fossil vehicles
since they have no tailpipe emissions and are expected to be 2-4 times more energy-
efficient than their fossil counterparts (IEA 2021, 9). Electric vehicles will also reduce
the dependency on oil. In Norway, about one-third of the greenhouse gas emissions
come from the transport sector (Miljgdirektoratet 2021b). In these calculations, the
transport sector covers road transport, domestic aviation, coast maritime and fishing,
and heavy equipment vehicles (such as tractors, construction machines, leisure boats).
The report estimates that about half of the Norwegian transport emissions derive from
road transport and that 17 % of Norway's total climate emissions derive from road
transport, with passenger vehicles being the most significant emitter. Consequently,
changing from fossil-fueled vehicles to electric vehicles can substantially reduce

Norway's climate emissions in the transport sector.

Norway is at the forefront globally in the transition from fossil-fueled to electric
vehicles. Of the country’s entire passenger vehicle fleet, 14,8 % are electric vehicles
(Elbilforeningen 2021). These numbers are far more significant in Norway than in any
other country. The next countries on this list are Iceland (4,4 %), Netherlands (2,7 %),
Sweden (2,0), and China (1,6 %), according to the International Energy Agency (2020,
44).

From the Paris agreement, Norway has committed itself to reduce its emissions by at
least 50 %, up towards 55 %, by the year 2030 (Miljadirektoratet 2021a), compared to
emission levels in 1990. In 2018, the country had a total emission number of 52 million
2



tonnes of CO2. The emissions from the Norwegian road traffic have increased by 26 %
since 1990, and the transport sector as a whole is responsible for a total of 32 % of the

emissions in Norway (Miljedirektoratet 2021b).

As mentioned, Norway is at the forefront of EV adoption in the world. Numbers from
the last year's International Energy Report (IEA 2020) show that the EV trend is
growing worldwide but that no country is close to the successful implementation that
Norway has seen so far. Of all new passenger vehicles sold in Norway in 2021 so far,
62,5 % have been electric cars, according to the Norwegian Information Council for
Road Traffic (OFV 2021a). According to the same source, electric vehicles represented
77,5 % of the country's new passenger vehicles sales in September 2021. Norway is

receiving international attention because of its impressive adoption of electric vehicles.

The Norwegian Parliament has, through their national transport plan 2022-2033, for
some better known as NTP, set some of the world's most ambitious climate targets for
the transport sector. The national goal is that all new passenger vehicles sold should be
zero-emission by 2025 and that emissions from the transport sector as a whole should
be reduced by 50 % by 2030 (Det Kongelige Samferdselsdepartement 2021).

This thesis will investigate the development of the Norwegian EV initiative through the
Actor-Network Theory (ANT) approach. It will explore how the initiative has come
about, who the central actors have been, and how the different actors have shaped and
reshaped the initiative. The investigation has “followed the actors” from the Norwegian
EV initiative, taking all they have said and done into account.

1.1 The Importance of the Automobile

Today, personal mobility is seen as a central element of modern society. Much of this is
thanks to the implementation and improvement of the automobile. The car often also
plays a central role in literature, commercials, and films, far from ‘just being' a transport
mean. It can even be said to be a symbol of social status and offer an opportunity to
‘climb the social ladder.' Some even portrait the car as an extension of themselves. "A
car isn't just a car — it's an extension and an enabler of the person we most like to be.
Independent ownership of our mobility is ownership of ourselves” (Klochikhin 2018).

Marshall McLulan, a Canadian philosopher who studied media theory, explained that



technology could be perceived as an extension of the human being. He compared the
effects of the automobile to the impact that home television and horses have had on us
humans: "the simple and obvious fact about the car is that, more than any horse, it is an
extension of man that turns the rider into a superman. It is a hot, explosive medium of

social communication” (McLulan 1964, 241).

Having said that, it was not obvious that the fossil car would be the dominant type of
vehicle. In the early birth of the automobile, around the year 1900, it was not a given
that fossil cars would be the preferred choice. There existed both electric cars, fossil
cars, and steam-driven cars. Both in 1899 and 1900, the electric vehicle actually outsold
the other types of cars in the US. 28 % of the vehicles produced in the US in 1900 were
electric vehicles. That year, the electric vehicle sold more than both gasoline and steam-
powered cars combined (EnergyGov 2021). However, the competition between the
three vehicles was decided in 1912. As Asphjell et al. (2013) explain, there were at least
two reasons why the gasoline-powered car won the race and stayed the dominant force
for the next 100 years. The first reason was that the American man Charles Kettering
who invented the electric starter for gasoline cars in 1912. This simplified the process of
starting the gasoline car. The second, and perhaps the most well-known reason, was that
Henry Ford, in 1908, released the Ford Model T. This car was trendy, widely available,
and affordable. In the period 1908-1927, Ford mass-produced the car and sold 15
million entities of this model T (Asphjell et al. 2013, 9). The Ford T put the “world on
wheels” (Brooks 2008). In 1914 the US in total produced 568 000 vehicles, and 99 % of
these cars had an internal combustion engine. The electric vehicle fell short, and even
though some efforts were made to make electric and steam cars competitive until the
1930s, the fossil car would keep the "driving seat"” for the next 100 years. Asphjell et al.
also point out that the big oil companies also impacted the development. The fossil cars
and big oil companies created a strong common dependency. The fossil cars needed
fossil fuels, and the oil companies now had a massive market inside the automobile

industry thanks to fossil cars.

British scientist John Urry places the role of the car within what he describes as the
“system of automobility” (2004). He explains that the car has become the dominant

force in mobility, organizing people’s perception of opportunities and constraints



regarding movement. It is a central “item of individual consumption” and is a powerful
actor in the mobility system, organizing road planning, city planning, urban and
suburban housing, and petrol infrastructure. Urry’s system of automobility will be

further discussed in chapter 3.1.

The car has become a deeply embedded symbol of modern society. As Arve Hansen and
Kenneth Bo Nielsen (2017, 3) explains: "The private car is one of the most powerful
commodities to emerge from the technological progress of the last decade. The private
car is, perhaps, the closest we get to a truly global 'blueprint of modernity™. Outside
being a technical-mechanical phenomenon, the car also gives social and cultural value.
It has become a symbol of liberty and the opportunity to move around freely,
independent of no one else. The car has also become a symbol of comfort and
convenience, and the increase in car ownership ratios seems to be closely linked with

economic growth and growing wealth (Hansen and Nielsen 2017, 3).

Like all things, cars demand context around them. When we participate in automobility,
we also engage in larger forces that link us to various systems, choices, and interactions.
The vehicle requires a significant infrastructure to function. There is a need for "roads,
but also bridges, car-carrying ferries, mechanics, roadside-hotels and restaurants, petrol
stations, parking space, traffic police, insurance companies, engineering colleges, and a
large oil and iron industry, to name a few" (Hansen and Nielsen 2017, 3).

Automobility arguably shapes the way people see the world and conceptualize being a
human, conceptualize time and space, and value things in their lives. "We can implicate
automobiles, drivers, pedestrians, roads, parking lots, houses, suburbs, petroleum
supplies, food availability, energy infrastructures, and many other unique objects,
systems, habits, and symbols as part of what makes up automobility” (Pflugfelder 2017,
p.5). Because cars interfere in all these areas of society, it inherently makes the vehicle
a political issue. Politicians need to balance restrictions and incentives to manage the
growing transport sector, especially the increasing number of cars on the road.
"Automobility is thus our era's dominant form of mobility, coercing and enabling many
different kinds of movement and reliant upon a vast array of technologies forces for its
continued availability” (Pflugfelder 2017, 5).



The car is both a technical phenomenon and a cultural and social value phenomenon.
The vehicle remains a challenge for achieving sustainable development and
representing an object symbolizing consumer aspiration worldwide. The
accommodation of traditional cars on the road with internal combustion engines (ICEs)
has reached a 'tipping point." Estimations say that the global population will increase
considerably in the years that come. This population increase, coupled with the
aspirations people have for attaining a car for the symbolic value and more comfortable
life, creates a situation where it is expected that there will be considerable growth in the
total number of vehicles globally, especially in the developing world. If most of these
vehicles are made with ICEs, this will significantly increase greenhouse gas emissions
and intensify air pollution. As it seems highly unlikely that people will stop driving
passenger vehicles anytime soon, a transition to electric cars instead of ICE vehicles is

considered an important step to reduce emissions from the sector.

Electric vehicles do not emit in the end-use, and transitioning to EVs will promote a
more robust shift from fossil fuels to renewable energy sources. The obstacles are that
electric vehicles have a higher vehicle price than fossil cars, which have dominated the
market for a hundred years. There are also concerns about the driving range and
charging infrastructure of EVs. However, these concerns are being increasingly
addressed, and governments worldwide are implementing different policies and

incentives to create a better market for EVs. Norway is at the forefront.

1.2 Aims, Objectives and Research Questions

Norway has been described as the “poster child of the EV revolution” by the business
magazine Forbes (Nikel 2019). However, the reasons behind the relatively successful
EV initiative in Norway are often oversimplified. In the Forbes article, the author
explains that “the answer is simple, favorable environmental math, and financial
incentives” (Nikel 2019).

There is a tendency that the reasons behind the Norwegian EV initiative often are
oversimplified. That can potentially create a knowledge gap, as the network of other

actors involved in the development of the initiative might be hidden from sight.



This thesis aims to investigate the Norwegian EV initiative, looking more closely at all
the actors involved in the initiative. As a researcher, | wanted to understand better who
the actors that allowed and constrained the development were and how these actors
affect each other in the network.

Actor-Network Theory (ANT) is applied to investigate this Norwegian EV initiative.
ANT is a network-oriented approach to exploring different phenomena. It can be a
valuable tool to look at the development of the EV initiative in Norway, as it focuses
more on the interplay between the EV technology and the organization of the initiative.
ANT is a theory but can be better understood as a valuable methodological toolbox
because of its ontological perspective and concepts.

The development of the Electric vehicle initiative in Norway certainly consists of many
different actors that have shaped the development and implementation of the initiative
to increase EVs in the Norwegian market. This thesis will look closely at all these
different actors and linkages that have shaped the EV initiative in Norway, both human

and non-human actors.

ANT can be described as a systematic method for bringing out the infrastructure behind
scientific and technological development. Even if the technology is a success or failure,
we are often only given a simplified picture of the implementation of the technology,
and some heroic accounts receive the attention. The Actor-Network Theory is
concerned with the people, things, devices, and entities that make up technological
development's actor-network. It focuses on addressing the complex interplay between
the different organizations, processes, and technology to better understand Norway's
successful EV initiative development by looking at what has shaped, enabled, and
constrained changes. ANT can be described as an excellent toolbox for exploring the
connections between actors, how they shape and reshape a technology's development,
and how practices and devices work together (Latour 2005, Law 2009). ANT will
support me in dealing with how the different actors are drawn together and organized
through the processes of assemblage. Both human and nonhuman actors will be
investigated without any pre-assumption of the power relations. All entities that may be
said to act upon the network of actors will be investigated, and | will seek to understand

how they have constrained or allowed specific actions to take part in the network. 1 will



study these connections and look at how global currents are also present in Norway's
development of the EV initiative. ANT researcher Wiebe E. Bijker (1992, 3) explains
how ANT can be used:

Our technologies mirror our societies. They reproduce and embody the complex
interplay of professional, technical, economic, and political factors. In saying
this, we are not trying to lodge a complaint. We are not proposing some kind of
technological witch hunt. We are not trying to say, "If only technologies were
purely technological, then all would be well." Rather, we are saying that all
technologies are shaped by and mirror the complex trade-offs that make up our
societies; technologies that work well are no different in this respect from those
that fail. The idea of a "pure" technology is nonsense. Technologies always
embody compromise. Politics, economics, theories of the strength of materials,
notions about what is beautiful or worthwhile, professional preferences,
prejudice and skills, design tools, available raw materials, theories about the
behaviour of the natural environment — all of these are thrown into the melting
pot whenever an artifact is designed or built. Sometimes the product fails in a
tragic and spectacular manner. More often it works.

This thesis will investigate why and how EVs entered the Norwegian market and how
different historical events, actions, politics, actors, and international developments have
shaped and been shaped to create the environment where the EVs initiative in Norway
has become such an unprecedented development. | will look into the different
interactions between users, actors, and events and see how these have affected the
diffusion of EVs in the country. | will provide the framework for answering the research

questions for this thesis:

What are the reasons for Norway's successful development of the EV initiative? Who

are the actors behind this development?

1.2.1 Outlining the Chapters

This first chapter has worked as an introduction for the thesis by setting the context for

what will follow.

Chapter 2 presents the theoretical and methodological framework, which is Actor-
Network Theory. The theory enables the researcher to investigate the EV initiative in

Norway through a network-based approach by looking at all the different actors that
8



have enabled or constrained the EV initiative's development. Chapter 2 will explain the
theory in greater detail and outline some of the writings and understanding that have
informed the research. The methodological approach of this thesis is also described in
further detail.

Chapter 3 begins with explaining the “system of automobility.” After that, some of the
technical concepts of the electric vehicle are explored to provide some background
understanding of the technical actors in the EV initiative. As well, some of the
particular Norwegian characteristics are also presented to give some further background
knowledge. Both things and people have shaped the EV initiative in Norway, and

therefore it is central for the research to explore both.

In chapter 4, the story of the development of the Norwegian EV initiative is investigated
in further detail. The story's beginning is marked at the start of the 1990s, and the
development is divided into five different time periods. In line with ANT research, the
investigation “follows the actors” (Law and Callon 1988, 284) wherever they lead the
researcher. The aim is to understand better the network of actors involved in the
development of the initiative. In order to follow the actors, the interviewees are allowed
much space in the chapter. Quotes from the interview objects are included. They are
allowed to make their own theorizing about the story, and influential actors, in line with
ANT. Both technical and social actors are taken into account. Additional information
from quantitative data and secondary resources are added to balance the story of the

development of the EV initiative.

In chapter 5, the actor-network that has been explored in the development of the
Norwegian EV initiative is presented. | discuss the different findings and look at how
the Actor-Network Theory-concepts are visible in the Norwegian EV initiative. The
chapter outline the network of actors involved and how they have shaped and reshaped
the development, based on the research in chapter 3 and 4. Also, | investigate and
discuss the more comprehensive development internationally and the potential influence
by and from the Norwegian development. I also discuss the possibility of a new “system

of automobility”” and how the transport sector in the future might look.

Chapter 6 concludes the thesis.



2 Theory and Methodology: Developing
an ANT Framework

This chapter will present the theoretical and methodological framework, called Actor-
Network Theory, that enables me to investigate the EV initiative in Norway. At the
beginning of the chapter, I will introduce the chosen theoretical framework before
showing some of the resources that informed my writing and understanding of the
theory. The final part of this chapter will attempt to show how the insights from the

theoretical framework translate into the methodological approach chosen.

The Actor-Network Theory will provide me with the tools to study assemblage processes
or the drawing-together of actors in what resembles a network. In this case, through the

network of the Norwegian EV initiative.

2.1 Theoretical Framework: A Background in Science
Studies

Actor-Network Theory (ANT) is the theoretical framework chosen for this thesis. ANT
is applied here in an effort to better reveal the complexities of our socio-technical world
through the case study of the Norwegian EV initiative. ANT is described as a good tool
for describing networks — how they come in and out of existence, identifying their
components, and determining the relationship between different actors. It helps us better
understand how certain claimed "truths" are constructed and how various technical
objects enable and mediate organized action. The EV initiative in Norway is
investigated as such a web of networks. It consists of a wide range of inseparable parts,
such as material, processual, organizational, economic, environmental, social, and many
other parts. These different parts are linked in multiple ways, each adding to the

complex whole, which is the development of the Norwegian EV initiative.

For a long time, the debate surrounding science and technology was dominated by
technological determinism. Technological determinists believe science is all-powerful
and will eventually reveal anything there is to know about nature and the environment.

They think that science can be used for the almost limitless advancement of humankind.

10



For example, during World War 11, the horrible images from the bombing of the two
Japanese cities Hiroshima and Nagasaki, showed the world the power that science could
contain. The perception was that we, as humans, in turn, could explore and benefit from
it. Academic Raymond Williams (1990, 1) described this view in society: "people often
speak of a new world, a new society, a new phase of history, being created — brought
about — by this or that new technology: the steam engine, the automobile, the atomic

bomb."

Technological determinists believe that technology and innovations are the key movers
in history and social change. "Technological determinism is the claim that technology
causes or determines the structure of the rest of society and culture” (Dusek 2006, 84).
Technological determinists also see technology as the driving force of developing
cultural values and social structures, not the other way around. Media analyst Marshall
McLulan describes the way technology influences society:

"the medium, or process, of our time — electric technology is reshaping and

restructuring patterns of social interdependence and every aspect of our personal

life. It's forcing us to reconsider and re-evaluate practically every thought, every

action, and every institution formerly taken for granted” (McLulan et al. 1967,
8).

Bearing in mind that this was before the internet's impact, he makes an interesting

point.

On the opposite side, you have social sciences. Social sciences have traditionally dealt
less with science and technology questions than hard science (Jasanoff 2004). These
hard sciences entail natural sciences, economics, and history. To give an example, a
car's manufacturing has historically been more of the domain of a mechanic or an
engineer. In contrast, social phenomena like culture, beliefs, and values have more often

tended to be the territory of social sciences.

During the 1960s, Thomas Kuhn challenged the technological deterministic-view on
science and technology questions. He argued that there was a sociological backbone to
science that affected how science and technology were created (Kuhn 1962). Kuhn
believed that cultural factors, hierarchies, negotiations, and learning processes all played
a part in knowledge production. New discoveries or tools could prove previous ‘truths’
wrong, and a paradigm shift would occur. The social factors aided in discovering these

new ‘truths.” He turned the focus over to what the scientists were doing and the way

11



they were creating knowledge. Thomas Kuhn's work inspired other social scientists.
Knowledge and research that also focused on the social aspects of technology
developed further. It paved the way for new theories on scientific knowledge and its
sociology. One of these theories was Science and Technology Studies (STS).

Actor-Network Theory, the theory in focus for this thesis, is a branch within STS. It
offers a more holistic view of technology. ANT argues for a socio-technical approach,
where neither position is privileged. The actors within a network are placed within a flat
ontology to favor neither of the parts. What a flat ontology means will be better

explained later in the chapter.

"Our technologies mirror our societies,” ANT researcher Wiebe E. Bijker (1992, 3).
explains in his book. "They reproduce and embody the complex interplay of
professional, technical, economic, and political factors." Bijker believes that pure
technology is "nonsense” and that all technology is formed or shaped by our society and

the many complex trade-offs within.

Technologies always embody compromise. Politics, economics, theories of the
strength of materials, notions about what is beautiful or worthwhile, professional
preferences, prejudice and skills, design tools, available raw materials, theories
about the behaviour of the natural environment — all of these are thrown into the

melting pot whenever an artifact is designed or built. (Bijker 1992, 3)

Actor-Network Theory provides relevant tools and concepts for understanding the EV
initiative in Norway as a dynamic process and product of a complex power play
between different actors and interests. Academic Benjamin K. Sovacool (2006, 10-11)
explains in one of his articles that the use of ANT in energy technology “can be
noteworthy, then for de-centering the technological artefact as the object for inquiry and
expanding scholiastic focus on ‘technology’ to include the vast social and cultural

networks that surround it."

This thesis is concerned with the development of the Norwegian EV initiative and how
the development has been shaped. The Actor-Network Theory will serve primarily as a
tool in this research to explore the socio-technical processes and analyze both the
human and non-human actors that have played a part in this complex network, often
referred to as assemblage. The investigation will focus on the relational aspects amongst
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the politicians, historical context, pioneers, economics, environmental organizations,
artifacts, manufacturing techniques, strategies, and social and cultural factors

surrounding the development of the EV initiative in Norway.

As will become evident in the following subchapter, this application of ANT will be in
line with the tradition of approaching research as an inductive process where the
collection of data is gathered empirically through interviews, without pre-established

assumptions or notions about expected outcomes.

The following part of this chapter provides an overview of some of the valuable
literature, resources, and insights that have helped shape this study. A brief introduction
to some relevant literature to understanding technological development in society and
the importance of energy for the development of modern society in Norway is provided.
Then Actor-Network Theory is thoroughly reviewed, and | provide some key concepts
for understanding ANT. I will also explain how | will use these concepts from the
theory in my methodological approach. The Actor-Network Theory approach will allow
me to attempt to uncover the people, organizations, facts, documents, and policies that
have been shaped and reshaped to create the technological development and acceptance
for EVs in Norway. These actors combine, shape, and reshape to provide the overall

environment that sets the conditions for a technology to succeed or fail.

2.1.1 Technological Sublimes — Shaping Society

When studying the process of the EV initiative in Norway, it can be helpful to also look
at the connection between technologies and society. Some technologies can awake and
change feelings, thoughts, and opinions amongst people. Professor David Nye has spent
a lot of his academic career studying the importance of technology in society and how
the two have evolved together through history, each affecting the other. In his book,
American Technological Sublime, he adds extra attention to the social aspect of
technological extremes, such as the development of the Golden Gate Bridge (opened in
the US in 1937) or the Moon Landing (in 1969). About technology, he explains:

[It can create] experiences of awe and wonder, often tinged with an element of

terror, which people have had when confronted with particular natural sites,

architectural forms, and technological achievements. This book is about the

social construction of certain powerful experiences in industrial society, which is
to say it is about the politics of perception™ (Nye 1994, xvi).
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Immanuel Kant, the famous philosopher, also reflected on the concept of the sublime.
Nye aligns with Immanuel Kant, the well-known philosopher, who also contemplated
about the idea of the sublime object. In Kant's work Critique of Judgement, published in

1790, Kant explains that:
The sublime can also be found in a formless object, insofar as we present
unboundedness, either [as] in the object or because the object prompts us to
present it, while yet we add to this unboundedness the thought of its totality...So
it seems that we regard ... the sublime as the exhibition of an indeterminate
concept of reason... But the other liking (the feeling of the sublime) is a pleasure
that arises only indirectly: it is produced by the feeling of a momentary
inhibition of the vital forces followed immediately by an outpouring of them that
is all the stronger. Hence, it is an emotion, and so it seems to be seriousness,
rather than play, in the imagination's activity (Kant 1987, 98).

Immanuel Kant believed that the sublime should be understood as a moral experience. It
creates an environment for reflections and emotions in our minds that makes us
conscious of ourselves. David Nye explains that sublime objects give us "courage to
measure ourselves against the apparent omnipotence of nature” (Nye 1994, 7) and that
technological objects "fuse practical goals with political and spiritual regeneration”
(Nye 1994, xx). He also expresses the importance of grasping the sublime around new
technologies. The idea about technological sublimes, also emphasizing social aspects
and values, is an opposing force to the already mentioned technological determinism.
These technologies are more than just something that has been created or built; they
also express a belief in what will happen next. These new sublime technologies can

represent promises about a wished development (Nye 1994).

It is valuable for this thesis to also apply the concept of technological sublimes to a
Norwegian context. Norwegian scholar Knut Sgrensen mentions the massive expansion
of hydroelectric power for industrial purposes in Norway during the 20™" century as an
example. Norway utilized its rivers, lakes, and waterfalls to produce electricity for the
growing industry. Sgrensen described it as a symbolically important project for Norway,
developing a modern society and creating the narrative of "building the country"
(Serensen 2010, 74). Another example is the building of the Ardal aluminum plant. It
has been called "a symbol for the modern Norway" (Asdal 2008, 109).
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What type of process is the electric vehicle initiative in Norway? The answers will
probably vary a lot, depending on who you pose the question to. The question opens for
different interpretations, and will probably awake different feelings, thoughts, relations,
and opinions that people attach to the initiative. It can be presented in social
constructions. Some might attach terms like "environmental-friendly" or "green" to it,
while others might claim the complete opposite. They might argue that it is
"unsustainable," "counterproductive,” or simply a "symbolic political policy" rather than
a policy that actually gives substantial emission cuts. These answers are not rigid
technical definitions but show the different interests and values the people asked might
have. As Norway is receiving international attention for its leading adoption of electric
vehicles, the electric vehicle can perhaps be viewed as such a technological sublime.
This is further discussed in chapter 5.

2.1.2 The Current Fossil Paradigm and the Need for Innovations

A transition to a carbon-neutral society will demand massive cuts in emissions in every
sector, in every corner of the world. One of the tremendous challenges is that fossil
fuels are still the dominating source of our energy consumption. Estimations point out
that more than 80 % of our total energy consumption comes from fossil fuels (Ritchie
and Roser n.d.). For the future, the target is to replace this fossil regime with a regime

where renewable energy dominates the energy mix.

Researcher Keith Smith (2011) describes the current status in the world as a situation of
a fossil fuel lock-in. He describes it as a “fossil energy regime” (Smith 2011, 23). All
the resources, technology, organizations, businesses, and how we apply energy have
been locked in on the extraction and usage of fossil energy. He argues that the transition
to a renewable energy regime will require a historical shift on a scale we have not seen
since the industrial revolution. The industrial revolution changed how people conducted
their work. With the use of fossil energy, like coal, we were enabled to run machines in
a way we had never been able to before. Now we must move beyond this dependency

on fossil energy to a new paradigm based on renewable energy sources.

To analyze this required transition from fossil to renewable energy sources, Smith
separates what he describes as different necessary innovations. The first type of

innovation is what he describes as incremental innovations (Smith 2011). These
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innovations are less significant changes to the already established products and
processes. For example, in the automobile industry, incremental innovations could be
innovations that reduce the car's total weight or increase the engine's fuel efficiency.
These innovations would reduce the usage of fossil energy. The car manufacturers will
still work within a known environment. These incremental changes are helpful to cut
emissions but will not be sufficient for the world to limit the worst consequences of
climate change. As Smith argues: "This form of innovations is first and foremost about
further developing existing technologies either by improving the performance levels on
some areas or by reducing costs by more efficient application of resources and
materials” (Smith 2011, 27).

Smith explains that it is far more complicated to apply what he calls disruptive and
radical innovations. Successfully using these disruptive and radical technologies will
require a lot of resources and time and might be considered risky by many. There is not
only a lack of resources and knowledge that stops these disruptive technologies from
being used. These innovations might challenge the existing market relations and the
established companies in the businesses. They are new technologies or ways to produce
that have the potential to outcompete the traditionally dominating businesses. When
these technologies are being introduced, prominent market actors might be reluctant to
the proposed changes. They will perhaps try to stop the transition and are might be
supported by certain political parties in situations where the companies have a
connection to political decision systems. Therefore, politics also have a prominent role
in the transition to take place. Smith explains that the challenge we are faced with when
it comes to reducing climate emissions "is a challenge that requires more than just
incremental innovations tied up with existing technologies. Not even disruptive
technologies are sufficient. The transition requires a complete regime change™ (Smith
2011, 31).

Scholar Staffan Jacobsson (2011) discusses how these changes can come about. He
introduces the need for technological innovation systems to be built (Jacobsson 2011).
These systems are "a network of actors," including businesses, actors, resources,
financial institutions, and knowledge organizations that work together to develop,
produce and use new sustainable technology.
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So how are we to move beyond this fossil paradigm? Developing new technology is
"forty percent development and sixty percent missionary work," Sgrensen explains
(2010, 82). The current political, material and social systems require a reorganization.
We must see the creation of new networks and actors that break the current fossil
paradigms. These new networks and actors must focus on innovations that deeply
reduce global emissions for the different sectors. For disruptive or radical technology to
succeed, you need great technology, impressive political work, and convincing the
public as well as the businesses.

2.2 Actor-Network Theory

As mentioned above, Actor-Network Theory is a branch within Science and
Technology Studies (STS). STS brings together insights from several academic
disciplines to explore the role of science and technology in society. STS literature is a
diverse field that includes applying disciplines like social theory, cultural studies, law
and politics, anthropology, philosophy, and economics (Jasanoff 1995).

A key group of sociologists and philosophers, including Bruno Latour, Michel Callon,
and John Law, developed ANT to respond to what they felt were certain shortcomings
within the field of STS (Latour 1987, Muller 2015).

Latour (1987, 4) explains that ANT moves beyond STS and focuses on "science in the
making." In his book, Reassembling the Social: an introduction to actor-network-
theory, Bruno Latour (2005) discusses the reasoning and circumstances that led to the
creation of ANT. His work in this book is described as one of the more significant
works within the field (Sovacool 2017). Latour explains that ANT writers wanted to go
back to the roots of sociology, namely the scientific study of social life. The subject of
sociology consists of the two elements science and society. These two elements are

complexly intertwined with one another.

An important perspective within ANT is what some writers and researchers refer to as a
‘flat ontology." A flat ontology can be understood as a model where all objects have the
same degree of being-ness. Initially, all things have the same value. The critical factor is

their ability to affect other objects. This perspective moves humans away from the
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center of agency, in contrast to what conventional social views have done. Latour's ‘flat
ontology' builds on two essential premises. The first is that human and non-human
actors are equal actors. The social entities are not favored over the technological but
treated at an equal footing. The second premise is that these actors do not have any
agency or qualities on their own but are shaped by their relations with other
actors/entities. Latour explains that sociology has taken society as a given context,
while ANT researchers will investigate closer how various elements and influences

shape society by "tracing associations” (Latour 2015, 5).

A fundamental insight in ANT is the belief that any entity —people, animals, or things, is
the result of a drawing together of other entities, represented by its relation to these
other entities. John Law (2009, 141) explains that ANT "describes the enactment of
materially and discursively heterogeneous relations that produce and reshuffle all kinds
of actors including objects, subjects, human beings, machines, animals, 'nature," ideas

organizations, inequalities, scale and sizes, and geographical arrangement."

ANT seeks to explain how scientific or technical objects become integrated into our
everyday lives (Sovacool 2017, 81). These objects are not things in the usual sense but
rather "nodes in a network that contains both people and devices in interlocking roles™
(Feenberg 1999, 114). ANT attempts to uncover all these "nodes" that are drawn
together in this heterogeneous network. These nodes can, for example, be facts,
machines, people, or politics that are aligned and shaped together into a network to
create an overall environment that provides the conditions for a technology to succeed

or fail.

The term "actor™ is also worthy of extra attention when understanding ANT. The
ontological perspective of ANT gives both human and non-human actors equal footing.
Bruno Latour prefers using the word "actants' instead of ‘actors,’ as it comes across as a
more neutral term. It gives extra attention to the idea that actors might as well be non-
human entities. The concept of mutual dependency explains the reason for the
decentralization of the human actor. For this thesis, | will stick to the term actor.
However, as outlined here, actors can be both humans and non-human entities, and they

are both placed on equal footing ahead of the research.
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ANT researcher Callon (1986) explains that both human actors and technological
objects are equally dependent. In his text, he describes the development of electric
vehicles in France during the 1970s. At the time, many believed this would become an
important technological innovation in France. The French project, initiated in 1973,
asked two French electric companies to develop a new electric car. The project included
many different actors, like consumers, government departments, battery technology, and
other social and non-social entities. "An entity in an actor-world only exists in context,"
Callon explains (1986, 30). He investigated how the electrons, the customers, the public
regulators, and Renault, who accepted a change in manufacturing, were all on an equal
footing in the network. "None of these ingredients can be placed in a hierarchy or be

distinguished according to its nature™ (Callon 1986, 23).

In his book, Pandora's Hope, Bruno Latour (1999) provides an example of how entities
do not have inherent qualities on their own but take form due to their relations
compared to other entities. His example is the gunman. A man and a gun can form a
new entity when connected. This new entity is the gunman. A man cannot shoot
someone all by himself, despite what some pro-gun lobbyists might say. On the other
side, the argument might be that the gun itself causes the problem. A weapon that fires
all by itself is relatively rare. ANT desires to focus on the connection that brings
together the man and the gun, creating a gunman. The gunman can shoot someone,
whereas the man and the weapon by themselves do not do this. ANT research can
provide unexpected conclusions. Here, the argument is that the actual connection
between the two entities, the man and the gun, is to blame for all the shootings

worldwide, not the man or the gun by themselves.

There is also a debate whether the Actor-Network Theory is a theory at all. Some call it
a theory; others call it a method. John Law (2009, 141) argues that "the actor-network
approach is not a theory. Theories usually try to explain why something happens, but
actor-network theory is descriptive rather than foundational in explanatory terms."
Bruno Latour has remarkably argued both that it isn't a theory (1998) and that it is a
theory (2005). He first and foremost argues that ANT is a "negative argument™ against
the established social sciences, rejecting that theoretical frameworks can be "applied" to
explain any given case (Latour 2005).
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As mentioned, one of the central points in ANT research is that the aim is to follow the
actors. ANT researcher John Law (1992, 380) explains that "if we want to understand
the mechanics of power and organization, it is important not to start out assuming
whatever we wish to explain." Therefore, the foundation for an ANT study should focus
more on the actors' own "theorizing™ of what they do. ANT leaves more space for the
actors themselves to shape the structure of the study, opposite to more structuralist ideas
where pre-established structures and ideas are the foundation for the study. "There is an
old rule of sociological method, unfortunately more honoured in the breach than the
observance, that if we want to understand social life then we need to follow the actors

wherever they may lead us," Law and Callon (1988, 284) explain to us.

Instead of mapping underlying or pre-established systems that form the world around
them, ANT expresses that stable formations are only the exception to the rule. These
stable formations do not have a shape or from outside the cases in which they are
represented (Law 2009, 141). When a stable pattern occurs, these are the exceptions to
the rule because the world we live in is described better by change and non-order. An
ANT investigation wants to explore the case in front, without giving attention to pre-
established "social” constructs like 'power," 'identities,’ or 'interests' as a starting point
for the research. These constructs do not exist independently outside the specific case
under investigation. Instead, these actors are worthy of being explained through the case
they play a part in, rather than by pre-established language. John Law discusses this

way of ANT research:

For instance, it is a good idea not to take it for granted that there is a macrosocial
system on the one hand, and bits and pieces of derivative microsocial detail on
the other. If we do this we close off most of the interesting questions about the
origins of power and organisation. Instead we should start with a clean slate. For
instance, we might start with interaction and assume that interaction is all that
there is. Then we might ask how some kinds of interactions more or less succeed
in stabilising and reproducing themselves: how it is that they overcome
resistance and seem to become "macrosocial”; how it is that they seem to
generate the effects such power, fame, size, scope or organisation with which we
are all familiar. This, then, is one of the core assumptions of actor-network
theory: that Napoleons are no different in kind to small-time hustlers, and IBMs
to whelk-stalls. And if they are larger, then we should be studying how this
comes about -- how, in other words, size, power or organisation are generated.
(Law 1992, 2)
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ANT emphasizes that it is better to study group formation instead of just groups.
Another way to say it: the goal is to describe what is being glued instead of the glue
itself (Latour 2005, 5). The task is to deconstruct the group and investigate what is
going on inside. An example of this is to examine the group called a "home." A "home"
contains many different entities, like building materials, paperwork, and the efforts of
builders, architects, and others. Another example, the car, can be deconstructed into

many different entities.

During these pages, | have tried to explain Actor-Network Theory in more abstract
terms. However, this misses the point slightly. As mentioned above, ANT does not seek
to create generalizable knowledge. Every case study is unique and should be treated as
such. John Law elaborates that ANT seeks a more descriptive approach to knowledge
production instead of a foundational approach. It does not seek to create a prominent
theory of generalizable knowledge but instead tries to show a description or account of
the case at hand. ANT can better be understood as a "toolkit for telling interesting

stories about, and interfering in, those relations” (Law 2009, 141-142).

The main point in ANT research is that it explores how actor-networks are composed
and how they emerge. It looks at how the networks are shaped and maintained and how
they compete with other networks and are made more durable over time. It allows the
researcher to investigate a case without any pre-established structures or ideas as a
foundation, following the actors wherever they might lead the investigator.

In the following part, | will describe the concepts: assemblage, translation, and
punctualization. These are important to understand when conducting ANT research as

well as for interpreting the investigation.

2.2.1 Central concepts for doing ANT research

For this research, | have chosen three Actor-Network Theory concepts | believe are
essential for the reader to have an understanding of. These three concepts are
assemblage, translation, and punctualization. First, it is necessary to mention that during
ANT's historical development, these processes and concepts have been applied in

slightly different ways and with varying relations among each other.
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The first concept central to the understanding of ANT is the processes of assemblage in
actor-networks. The assemblage of an actor-network refers to the drawing together of
different heterogeneous entities in a network (Muller 2015, 28). The assemblage is
relational, as these multiple actors/entities are linked together to form the actor-network.
For the actor-network of the EV initiative, these heterogeneous entities are all the things
that may act upon other entities in the network. They are part of the assemblage. For
example, the batteries, humans, documents, targets, sites, and policies that play a role in
the network. Assemblage is regarded as one of the central components and focus areas
when conducting ANT research. It "refers to the ordering of dissimilar entities so that
they work together toward a common goal for a particular period of time" (Sovacool
2017, 82). Deleuze and Parnet (1987, 69) elaborate on this and explain that an
assemblage contains "a multiplicity which is made up of many heterogeneous terms and
which establishes liaisons, relations between them across ages, sexes, and reigns-
different natures. Thus, the assemblage's only unity is that of co-functioning: itis a
symbiosis, a 'sympathy.™ In these networks, assemblages are relational. It arranges

human and non-human actors together to form a collective whole.

In our societies, there are thousands of lieutenants to which we have delegated
competences, it means that what defines our social relations is, for the most part,
prescribed back to us by non-humans. Knowledge, morality, craft, force,
sociability are not properties of humans but of humans accompanied by their
retinue of delegated characters. Since each of these delegates ties together part
our social world, it means that studying social relations without the non-humans
are impossible (Johnson 1998, 310).

These assemblages work in a dynamic way because they constantly couple up with
other entities in the network that have little value independently. In the absence of one
of the critical components in the network, the whole assemblage might fall apart. In the
research of EVs and automobility, ANT decenters the focus on solely technological
objects and expands the focus of "technology" to involve the related cultural and social
networks. The belief in a flat ontology as a starting point for ANT research enables the
researcher to investigate closer all the networks around the development, without any

pre-existing explanations.
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As John Urry, a researcher who has looked a great deal at mobility, explains: "The
adoption of automobiles is the product of a complex power play between divergent

actors and their interests" (in Sovacool 2017, 82).

Necessarily, ANT research also needs to set some boundaries for the inquiry — meaning
which actors should and should not be included. However, following the ontological
nature of ANT, it is undesirable and difficult to limit this world before the investigation,
as some actors will first become visible during the research. Still, a prior conception of
the elements comprising the actor-world to be investigated is necessary. But, as Callon
(1986) argues, the researcher should keep in mind that every single actor within the
network is essential to its existence. If one of the actors is removed, the whole
development can potentially fall apart. In ANT, all these actors can be understood as
performative, as they have the ability to push, limit, allow or constrain specific actions
or performances within the network. Professor Kristin Asdal explains that ANT is not
concerned about finding an assumed structure that can be applied to all cases but rather
"about examining that which enables and constrain action” (Asdal 2011, 222). However,
this does not say that all the actors within a network are just as equally important or
should be managed in the same way. When using ANT, the researcher should focus on
all the surroundings that may enable or constrain actions in the network. This concept
was central to Latour in his book called Aramis or the Love of Technology (Latour
1996). In this book, he writes about the failed railway system in France and how
technology must fascinate and interest humans and things simultaneously. Therefore,
the innovator behind the development has to trust the assemblage of things that have

particular uncertainties, like the uncertain nature that groups of people have.

The same sort of involvement that has to be solicited from DATR, RATP2, etc.
now has to be solicited from motors, actuators, doors, cabins, etc...they too have
their conditions, they allow or forbid other alliances. They require, they
constrain, they provide (Latour 1996, 56).

The second concept in this thesis is translation. It can be viewed as a contended phase,
as it is vulnerable to resistance (Callon 1986). It can be understood as the process where
actors within the network assign roles and characteristics to other enrolled actors to

pursue their own vision or aims. One actor might influence another actor and attribute it
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with identity, interests, a role to play, a course of action to follow, and projects to carry
out. Acceptance for these translations are not given, and therefore, conflicts might arise.
The success of translation can never be taken for granted. As Callon (1986) explains,
the actor-networks stability, or durability, depends on the abilities of the so-called
translator-spokesperson. This translator-spokesperson's successful ability to enroll and
translate other actors within the network decides the success or stability of the actor-
network. "The translator is thus the spokesman of the entities he constitutes” (Callon
1986, 25). Callon also explains that translation is at first an endeavor (an attempt to

achieve a goal) and that later it may be reached:

Translation build an actor-world from entities. It attaches characteristics to them
and establishes more or less stable relationships between them. Translation is a
definition of roles, a distribution of roles and the delineation of a scenario. It
speaks for others but in its own language....Translation cannot always be taken
for granted, and the strategies used depend upon the particular circumstances in
which they develop.... Successful translation depends upon the capacity of the
actor-world to define and enrol entities which might challenge these definitions
and enrolments. (Callon 1986, 25-26)

The concept of translation is concerned with how actors within the network mobilize,
compare, and hold together bits and pieces. It is the process that refers to the
negotiations and definitions that occur when an actor's identity, relations, and
opportunities of actions attached to the network are decided. This thesis will look at
these translation processes and how actors have translated and changed other entities as

they are enrolled into the network.

The third phase concept is punctualization. This process is often also called 'black
boxing." A black box is something people can call a system or process where they know
the result it produces, but they do not understand how it works. They can realize its
function without knowing much about how the internal parts work. Famous ANT
scientist Bruno Latour (1999, 304) explains black boxing as this:

The way scientific and technical work is made invisible by its own success.

When a machine runs efficiently, when a matter of fact is settled, one need to
focus only on inputs and outputs and not on its internal complexity. Thus,
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paradoxically, the more science and technology succeed, the more opaque and
obscure they become.

ANT is concerned with opening up these ' black boxes' and revealing their inner
workings. Actor-Network Theory research can also investigate how certain actor-
networks become black-boxed.

A very relevant example is the car. It can be investigated to show how black boxing
works. The car has been a significant technological development that has enormously
affected modern society and personal mobility. It is now recognized by most as an
indispensable element of modern-day society. When the cars run smoothly, people tend
to focus very little on the internal complexity or workings of the car. An argument is
that when the vehicles have improved, the user's knowledge about the car's inner
workings decreases. For example, the knowledge might be weaker about the inner
workings of the engine and what exactly happens when the gear changes. This lack of
knowledge does not necessarily apply only to the technical factors, but can also apply to
the poltical efforts behind. When the vehicle is fully integrated into everyday life,
people might forget the car’s development policies. This black boxing of the car is
relevant to this thesis. As Latour said: the more successful the technology, the more
"obscure they become™ (Latour 1999, 304).

Actor-Network Theory focuses on opening up the black boxes of technologies, as some
of the entities might become invisible as the scientific or technical work has succeeded.
Even entire actor-networks may be punctualized within larger networks. As Callon
states, "the process of punctualization thus converts an entire network into a single point

or node in another network™ (in Cressman 2009, 7).

As the network stabilizes, some entities might be given greater importance than others.
An example is Louis Pasteur, the French microbiologist who is considered "a hero of
French science" as well as a "great man" who revolutionized French agriculture. Bruno
Latour, however, argues that it is more suitable to consider Pasteur as a product of
everything that happened around him at that time. Instead of the notion of Pasteur as a
great man, he instead argues that "all actions, including those of great men, are

relational effects” (Law 2009, 145). Latour then illustrates how a network of
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domesticated farms, technicians, laboratories, veterinarians, statistics, etc., was
generated in France at that time. "Farms were turned into laboratories, vaccines made
from attenuated bacteria, cattle stopped dying of anthrax, and Pasteur became a great
man" (Law 2009, 145). Another way to phrase it is that Pasteur was a great network.

In ANT, a network is not any more robust than its weakest link. Thomas Hughes (1983)
exemplifies this with the car. The car is a stable network when all the different parts
work together at the same time. Many parts effectively become invisible and produce
the stable network — the car — with the inner working remaining "black-boxed™ (Latour
1999), presuming that the internal works run smoothly. However, if one of the parts
stops working correctly, it can affect the rest of the network, and the result might be a
breakdown of the system. The example illustrates the fragility of the network. A fossil
car can contain hundreds of working parts. If, say, for example, the spark plugs stop
working, the whole network of the car might break down, and the vehicle will not work.
Actor-Networks tends to highlight certain actors, while others will be given less
attention. Especially stable networks will produce fewer traces that can easily be
identified and researched. Therefore, a good ANT account will try to include as many
parts and traces from the network as possible and treat each entity as a "full-blown
actor" (Latour 2005, 120).

As mentioned before, in ANT, there is no distinction between human and non-human
actors. Because of this, both technical and social actors in the network should be taken
into account when investigated. If one actor within any of the two fails, it can result in a
failure of the whole system. Michel Callon (1986, 22) exemplifies this through his
research on the development of the electric vehicle in France during the early 1970s:
"For, if the electrons do not play their part or the catalyst become contaminated, the
result would be no less disastrous than if the users rejected the new vehicle, the new

regulations were not enforced, or Renault stubbornly decided to develop the R5."

In Reassembling the Social (2005), Latour also introduces intermediaries and mediators
and explains their relationship. He describes intermediaries as objects that can be
viewed as inputs and outputs without knowing their internal workings. Intermediaries
move force or meaning throughout the network without changing the content or quality
of it. Mediators "transform, translate, distort, and modify the meaning of the elements

they are supposed to carry"” (Latour 2005, 39). In summary, mediators transform
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meaning or force, while intermediaries do not transform meaning or force. Mediators
are unpredictable and can not be taken for granted. Therefore, good ANT research
should include a description of as many mediators as attainable and describe how they

contribute to creating connections with other mediators within the network.

This research will give extra attention to the concepts discussed above, which are
assemblage, translation and punctualization. Both Cressman (2009) and Latour (2005)
explain that the way people interpret ANT may be very different. Therefore, providing
this detailed overview of ANT and its central concepts has been a challenging task.
However, the above discussion is an effort to provide a general overview of some of
these central concepts, which might be essential when understanding the work in this
thesis. The relevance of these concepts should become further evident during the
presentation of the case below, especially in the chapter 5 discussion.

2.3 Methodological Framework

As already suggested, ANT is maybe not so much a theory. It can instead be interpreted
as a methodological toolbox for doing research. With its ontological perspective and
concepts, ANT can be applied in various ways in many different cases. It is applicable
within many subjects, from medicine and geology to technology studies. However, what
unifies all ANT studies is the unifying call to "follow the actors™ (Latour 1987, 2005).

Therefore, to follow the above-stated unifying call, this study applies ANT to a
"national™ case (limited to Norway), allowing access to some relevant actors. A global
case would have further complicated the picture of relevant entities and actors and

possibly further limited access to relevant actors.

Still, the development of the Norwegian EV initiative does not exist in a vacuum,
unaffected by global events. At the same time, events in the Norwegian EV

development might have implications and connections to the more extensive EV
development internationally. This local-global connection illustrates the potential
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significance a case like this can have in the context of the more comprehensive

sustainable energy transition, both in Norway and around the world.

Following the concept of a flat ontology in ANT, the thesis does not make any
recommendations or prior assumptions about the most important or appropriate
inquiries. Even further expanding the research to a regionwide or perhaps worldwide
sphere could have been a valuable addition to this work. However, that would move
beyond the scope of this particular research and beyond the resources and time available
for the researcher. Following the actors in Norway's development of the EV initiative
has been an enlightening endeavor and hopefully has provided some valuable

knowledge for the reader.

In summary, this thesis will use ANT as a tool to attempt to highlight the actor-network
involved in the Norwegian EV initiative. The complexity of such a development will be
illustrated, and an overview of many of the different actors that have played a part in the
development of the EV initiative in Norway. As ANT does not believe in creating
general knowledge applicable to all cases, this thesis will not try to make a general rule
or framework relevant to any given topic. The effort will be to describe the formation of
actors within this specific case study. The actors will be allowed to make their own
theorizing about the development of the initiative, instead of me as a researcher
theorizing for them. Also, the three central concepts, the assemblage of actor-networks,
translation, and punctualization, will be discussed in relation to the study of the
Norwegian EV initiative.

Still, a further elaboration on the methodological foundation for this research is
necessary to set the foundations for the following research presentation, investigation,

and discussion of findings.

By following the actors within this EV initiative and taking all that they have said or
done into account, the research shows how different forces around a technological
development can shape, reshape and define its very own existence. To let the actors be
'spokespeople’ for their interests is key to Actor-Network theory. Tracing the actors will
lead the research to a proper understanding of the technology and initiative under

investigation.

With this in mind, the first step of the methodology for this research was to identify
specific actors relevant to the Norwegian EV initiative. To work out a list of various
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actors and their potential importance, it was necessary to build up a certain knowledge

base about electric vehicles and their importance.

The early parts of the research were dominated by conducting a sizeable literature
review to build a reasonable basis for knowledge about the topic. Through these
reviews, | was also able to make expectations and identify potential problems that |
could further investigate through the empirical study. However, | needed to think
critically about how | created this base level of knowledge on the topic. As for most
literature reviews, the reader must remember to think about the potential motivations,
positions, or biases that those that write the article might have. If | had been uncritical,
this could have led me to take some of the literature's perspectives for granted, therefore

building up preconceptions.

In the start, | searched for academic articles and books. Its been written much about
electric vehicles around the world, especially during the last decade. If you type in
'Electric Vehicles' in the google search tool, an extensive number of different articles
will show up on the screen. Norway is widely mentioned, and this provided me with an
excellent opportunity to build up knowledge valuable for my later research. Especially
within the development of the EV initiative, a critical review of the articles was

necessary.

Articles from, for example, Elbilforeningen (The Norwegian EV Association) might
have political motivations to push further development of the EV initiative behind their
claims. While, for example, the study released by the German Research Institute (IFO)
that claimed that electric vehicles in Germany emit more carbon than diesel cars proved
to have other motivations, influenced by, for example, traditional car manufacturer
lobbies (Brussels Times 2019). This German report was later slaughtered in
international media and proved to have many errors and inaccuracies in the information.
To make the focus smaller, | later started to investigate articles focusing more solely on
the development of the EV initiative within Norway. For example, 'Elbil pa Norsk'
(Asphjell et al. 2013), a Norwegian book about the EVs history in Norway, proved to be
a great asset in building up my knowledge about the surrounding settings in the
Norwegian development of the EV initiative. When on the path of investigation, I
accessed an increased number of relevant available material. A challenge hence became
to narrow down the literature list, a task easier said than done. Reports from T@I
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(Figenbaum and Kolbenstvedt 2013; Assum et al. 2014; Figenbaum 2017; Figenbaum
2019) did, for example, prove valuable to gaining knowledge to statistical data and
quantitative research on the development of the Norwegian EV initiative. | have also
evaluated primary documents relevant to the thesis. One of them is the government
document called NTP (the National Transport Plan). This document provides an
overview of the transport sector and explains the official political plans for the sector
moving forward. The latest NTP was released in 2021 and presents the Norwegian
Government's politics in the transport sector for the next 12 years (Det Kongelige
Samferdselsdepartement 2021). After going through all these different sources, |
developed a clearer idea about the development of the initiative and who the relevant

actors might be.

As with an ANT approach, the emphasis is on listening to the actors within the network.
"This rule of method, then, asks us to take seriously the beliefs, projects, and resources

of those whom we wish to understand” (Law and Callon 1988, 284).

Despite the rather theoretical discussion in this chapter, the research can be said to be
driven more by methodology than by theory. As stated previously, ANT can be
perpetrated as more of a methodological toolbox than a theory, with its ontological
perspective and principles. The main target in this thesis will be to follow the actors
(Latour 1987, 2005). The data was collected through in-depth semi-structured
interviews, considering the benefits and disadvantages of this approach to data
collection. The thesis contains interviews with four actors that either have extensive
knowledge about the development of the Norwegian EV initiative or have been

involved as one of the actors themselves. The people I interviewed were:

e @ystein Asphjell, engineer. Is one of the three authors behind the book Elbil pa
Norsk (Asphjell et al. 2013). @ystein has an above-average interest in cars and

worked in the construction department at Think from 1999.

e Odd Einar Dgrum, Former Norwegian politician and former Member of
Parliament, representing Venstre (the Liberal Party in Norway). Odd Einar was
an active politician who promoted the EV initiatives during the 1990s and the
beginning of 2000. He was Norway’s Minister of Transport from 1997-1999.
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e Ole Gudbrann Hempel, by the time of the interview he worked as Business
Manager of Public Charging at Fortum. Here he had responsibility for the
development of the charging infrastructure at Fortum. He now works at Tesla.

The interview represents his thoughts and ideas at the time he worked at Fortum.

e Marius Valle, technology journalist at Teknisk Ukeblad (TU) in Norway. He
has written a substantial amount of articles about the development of electric
vehicles in Norway. He runs a podcast about EVs — called Elbil — Teknisk sett —
where he discusses EV technology with a colleague at TU.

There were many reasons why these actors were chosen. The hope is that their various
backgrounds will help provide a comprehensive picture of the development of the EV
initiative in Norway. Deciding who | was going to interview was based on a few
different factors. First, the knowledge gained from the literature reviews formed both
the framing of the questions and the actual people | wanted to interview. Canadian
anthropologist and author Grant McCracken elaborates on the importance of the

literature reviews before interviews:

“It begins to establish the domain the interview will explore. It specifies categories and
relationships that may organize the data. It helps to indicate the larger factors that direct
respondent testimony. It helps to determine what the respondent should ask about and
what he or she should listen for.” (McCracken 1988, 31)

As the research will show, some actors who had a central role in the development were
not interviewed in this thesis. I did initially try to contact them both by mail and phone.
However, either a lack of response or lack of time on the actors' behalf were most often
the reason the actors were unable to be involved in an interview for this thesis.
However, as they were important actors, they are still presented in detail during the
investigation. Still, I believe that the actors in this thesis provide exciting perspectives
and reflections and the development of the EV initiative in Norway.

The interviews follow Kvale's ‘traveler metaphor,’ where the interviews look more like
conversations, structured at the beginning around some central topics, but with plenty of

space for additional questions that emerge as the conversation goes on (Kvale 2008).

In line with the Actor-Network Theory approach, the interviewees were allowed to

dictate the direction of the conversation to a great degree. During their interviews, |
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wanted to hear their perspectives, worries, thoughts, feelings, and expectations, in line
with the ANT approach to “follow the actors.” The questions were kept as open and
general as possible to lead to more relevant and detailed responses from the
interviewees. The main target was to encourage the interviewees to speak as much as
possible, with me as the interviewer interrupting as little as possible. For example, a
question like “Can you tell me more about the main challenges in the EV initiative in
the beginning?” led to a better response from the interviewee than if I had asked: “Was
the price of the electric vehicles a primary challenge at the beginning of the EV
initiative? The second question's response would probably be of less value as the

question could be answered relatively short.

The interviews were both recorded and transcribed. I believe this reduced the risks of
misunderstandings. The transcriptions were later translated into English. | have done my
utmost to make sure the content of the conversations has not changed. Most of the
interviews were conducted during the covid-pandemic. All the interviews were
therefore done over the phone (on speaker). Of course, this had some implications for

how the conversations, as the interviewer and interviewee could not see each other.

The thesis also uses secondary data from sources such as news articles, government-
and corporate articles, and journal articles. These complement the primary data, provide
further context, and extend the insights into the relationships and roles of different
actors. These sources are valuable for the discussion of the results from the primary

research.

During 30 years of development, it is clear that the number of actors that have played a
part has become quite extensive. One significant challenge has been the number of
actors involved in various degrees in the network of the development of the Norwegian
EV initiative. During the research, the potential size of the actor-network was very
extensive. Therefore, this thesis has made some priorities over which actors to include.
Latour introduced the concept of intermediaries and mediators in his book
Reassembling the Social (2005). As mentioned in chapter 2.2.1, mediators are actors
that transform and translate meaning or force through the network. Therefore, this thesis
has tried to describe as many mediators as possible, which means actors who have
changed and translated meaning or force in the development of the Norwegian EV
initiative. | have done this by allowing the interviewees lots of space to theorize about
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the development of the initiative and which actors they believed played a significant
role. Also, extensive use of secondary resources has supported the choices of mediators

in the network.

Another challenge has been the issue of subjectivity within ANT. One of the concepts in
Actor-Network Theory research is that the actors themselves are allowed to shape the
structure of the study, opposite to more structuralist ideas where pre-established ideas
and structures lay the foundation for the theory. The interviewees tended to speak
mainly about the importance of the network they have the strongest connection to. |
would argue that the people I have interviewed have substantial implications for the
structure of this thesis. Thus, to counter some of this subjectivity, the thesis also uses
secondary research to provide perhaps more balanced views on the development and the
importance of the different actors.

In hindsight, this research is perhaps grasping over a too extensive actor network. Thirty
years of development has created a considerable amount of different actors involved.
Therefore, bearing in mind the scope and size available, | could perhaps have benefitted
from narrowing down the focus of the development. This could be interesting for a later
research project. Still, I believe this research provides an exciting account of the

development of the Norwegian EV initiative.
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3 The Electric Vehicle: Organisation
and History

As both people and things are of equal importance in ANT research, the following part
will investigate some of the central technical concepts within the electric vehicle. Both
things and people have shaped the EV initiative in Norway, and without one or the
other, the network might have collapsed. Therefore, this chapter will investigate some of
the essential workings inside an electric vehicle, in line with the ANT approach to treat
both human and non-human actors equally at the start of exploring. It will introduce the
idea of a «system of automobility” and explain what this system entails. Especially the
battery within the electric car will be further analyzed, looking at how certain
advancements have contributed to the increased attention to electric vehicles. Also,
some Norwegian characteristics will be presented to provide some background

understanding.

3.1 EVs as part of the wider ‘System’ of Automobility

Today, we experience an ease of motion unknown to any prior urban
civilization... we take unrestricted motion of the individual to be an absolute
right. The private motorcar is the logical instrument for exercising that right, and
the effect on public space, especially the space of the urban street, is that the
space becomes meaningless or even maddening unless it can be subordinated to
free movement (Sennett 1977, 14).

When analyzing the electric car, it is also valuable to look at the EV within a broader
automobile context. The electric vehicle is also part of the more extended history of the
car. The car plays a central role in today's society and economy. It is first and foremost
about moving people — safely and efficiently. Over the past century, the number of
vehicles on the road has grown tremendously. It is viewed as an indispensable element
of modern-day society and cannot be understood solely by its practicality. The vehicle's
construction and features carry certain cultural and symbolic meanings. These meanings
can influence people subconsciously. The car connects places and countries, expanding
people's access to welfare and activities. It’s a symbol of freedom and independence. It
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also extends access to goods and services. At the same time, it causes considerable

challenges to the environment and climate.

John Urry was a British scientist known for his work within the sociology of mobility
and tourism. He placed the car within what he called the ‘system’ of automobility
(2004). He explained that the current automobility system that we are all part of is a
complex system. It involves “cars, car-drivers, roads, petroleum supplies and many

novel objects, technologies and signs” (Urry 2004, 27).

Urry (2004, 25-26) described automobility in detail. He saw it as a manufactured
product of 20"-century capitalism, with leading industrial manufacturing companies
playing a central role. As he believed, it is a “powerful complex” that has connections to
other industries as well. It defines and redefines car manufacturing, petrol infrastructure,
road building, city planning, urban and suburban housing, and services alongside roads.
The car reorganizes how people view their opportunities and constraints of movement.
Other mobilities like walking, biking or public transport might become less significant.
As well as these attributes, the automobile is also regarded as a central “item of
individual consumption.” The car can provide status and value to its users/owners. It
can be understood as a symbol of a successful career, freedom, family, masculinity, etc.
A perception that has been dominating for an extensive time is that the car is a central
factor in the discourse of what constitutes a good life. However, the vehicle also
represents significant “environmental resource-use.” Both locally and globally. The
manufacture of cars and roads requires a massive scale of materials, space, and energy
(Urry 2004).

The use of passenger cars has become deeply embedded in cultures around the world.
This path has been stabilized by heavy financial investments and by powerful interests
like, for example, car companies, organizations, and oil actors with similar interests.
Urry argued that this system of automobility has created a lock-in situation shaped since
the end of the 19" century. Economies and societies have been ‘locked-in> on what can
be described as the ‘century of the car’ (Urry 2004, 27). As he explained, much of our
landscapes are built to facilitate automobility. Around one-quarter of London and

almost half of LA’s land area is dedicated to car-only environments (Urry 2004, 30).
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It is important to remember that the extent of desire and use of the car can be very
different within different social groups. Still, cars have high visibility in the social

landscape today.

This system of automobility has proven challenging to ‘unlock.” It has been a relatively
stable network for quite a long time. “The car-system seems to sail on regardless, now
over a century old and increasingly able to ‘drive’ out competitors, such as feet, bikes,
buses and trains” (Urry 2004, 32). Urry also explained that the development of such a

system had been affected strongly by institutions:

Social institutions such as suburban housing, oil companies, out-of-town
shopping centres, can have the effect of producing a long-term irreversibility
that is ‘both more predictable and more difficult to reverse’ according to North
(1990: 104). The effects of the petroleum car over a century after its relatively
chance establishment show how difficult it is to reverse locked-in institutional
processes as billions of agents co-evolve and adapt to that remaking of the
system of automobility across the globe (32).

Interestingly, Urry argued that the days of the car were numbered and that a new system
of transport would eventually arrive. In this “post-car system,” the car does not hold the
same central position (Kingsley and Urry 2009). John Urry argued that we could see
automobility tipping into this so-called new system, namely the “post-car system”
(2004). He believed that the current thoughts about automobility have been more
focused on technical adjustments to the car to decrease the consumption of fuels or on
making minor improvements to the public transport service. But, as Urry said, the “real
challenge” is how to break with the current automobility system. He emphasized that
the current system is complex and difficult to unlock but offers “six technical-economic,
policy and social transformations that in their dynamic interdependence might tip
mobility into a new system” (33). One of these transformations he mentioned is the
transition from fossil to electric vehicles. Urry argued that there might be a “tipping
point” when a large portion of drivers change over to driving electric or
hybrid/hydrogen (33). Another change is the innovations in materials used when
constructing cars, such as aluminum or carbon fibers, which might make us less
dependent on steel in manufacturing the vehicle. These materials will also reduce the
weight of the cars significantly, making the need for powerful car engines less

significant. In turn, this again might improve the driving range of, for example, electric

36



vehicles. Urry also argued that we might experience an increased demand for smaller
“micro-cars” for crowded urban areas. The development of ‘smart-card’ technology,
car-sharing, increased political focus on more holistic mobility integrating other types
of mobility, and the advancements in internet and communication technology are other
transformations that could help tip automobility into the “post-car” system, according to
Urry (34-35).

The system of automobility is complex, but changing. The question is whether these
changes are just adjustments to the current system or if these adjustments might help tip
automobility into a new system, in what Urry called the ‘post-car system”. This debate

will be further investigated in chapter 5.2.3.

3.2 What s an Electric Vehicle?

Schwedes and Keichel emphasize that the electric car, including its associated
infrastructure, is complex (2020, 3). Many different actors play a part in politics,
economics, car manufacturers, energy suppliers, users, and charging infrastructure. In
order to investigate the electric vehicle initiative in Norway, it is helpful to understand
what differentiates an electric vehicle from the traditional fossil car, often referred to as
an internal combustion engine (ICE) car. Some scholars, when they write about electric
vehicles, include both battery electric vehicles (BEVSs), hybrid electric vehicles (HEVS),
plug-in hybrid electric vehicles (PHEVs), as well fuel cell electric vehicles (FCEL). To
narrow down the focus of this thesis, the onus in this theory will be on battery electric
vehicles — here referred to as electric vehicles. The reason behind this is to keep it as

simple as possible.

One of the main strengths of the electric vehicle is that it is at least 2-4 times more
energy-efficient than a regular internal combustion engine (IEA 2021, 9). The EV
creates no local exhaust emissions and makes very little noise compared to a fossil car.
EVs can be used to reduce carbon emissions. They will reduce the dependency on oil,
provided that the power is generated from other sources. This is central to
understanding why the electric vehicle is viewed as an essential technology to reduce

emissions from the transport sector.
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In the current transport sector, the total number of electric vehicles is growing. The idea
of the electric motor in a car is not a recent innovation. 28 % of the total vehicles were
electric from 1897 to 1900 (Un-Noor et al. 2017, 1). However, the ICE vehicles gained
momentum in the period after that, and together with low oil prices, they dominated the

market during the 20" century.

In the following part, 1 will try to explain some of the basic concepts of the inside of an
electric car. This is part of “following the actors,” a central aspect of ANT research. The
rest of this chapter will investigate technical actors that are important for the Norwegian
EV initiative and helpful to understand when exploring the development of the

initiative.

Different vehicle models from other car manufacturers will have distinct differences.
There is a range of different EVs on the market today, and the technological choices
chosen in the cars are not the same. However, these basic concepts presented here will

provide some understanding of some of the workings of the electric vehicle.

The basic concept of the electric vehicle is not very complicated, as can be seen in
figure 1. An electric vehicle consists of a rechargeable battery that can store energy, an

electric motor, often regenerative brakes, and a power connector.

I must make that point very clear; | am here presenting the internal working of the
electric car in very simple terms. There are many more parts, connections, and workings
that this thesis will not cover. The way the inside of different EV models looks might

also vary significantly between the models.
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Battery Rear electric motor

Front electric motor Power connector

Regenerative brake Charging cable

Figure 1 - Electric car diagram. (Source: Furst 2019). CC BY-SA (https://creativecommons.org/licenses/by-sa/4.0)

The crucial point with the electric vehicle is that the internal combustion engine is
replaced with a rechargeable battery and an electric motor. The EV is driven by an
electric motor powered by a battery pack, which in turn, is recharged with electricity
from the power grid through a charging cable. The charging point can be at home, work,
roadside, or a charging station. The electric engine can have up to 90 % fewer moving
parts than a traditional internal combustion engine (Krosofsky 2021). Regenerative
braking is a desired attribute as it regenerates energy back to the battery (Lowry and
Larminie 2012, 19).

One of the main challenges is storing energy in the battery in the electric vehicle.
Energy is stored chemically in the battery and later turned into electric power that
moves the car forward. One of the main challenges is that it takes more time to recharge
an electric vehicle compared to an ICE vehicle because only a limited amount of energy
can be charged at the time. Exactly how long it takes to recharge your battery comes
down to several factors, such as the battery size and the overall health of the battery in
the vehicle, the temperature of the battery, the amount of electrical current (Amps) that

the car can handle, and how fast the charger is.
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3.2.1 Battery Technology

There are a significant number of different EVs on the market today. They come in
many different shapes and forms. They all have in common that the battery is a crucial
component within the car. As Lowry and Larminie explain, the battery is usually the
component within the vehicle with the highest cost, weight, and volume (2012, 29).
Battery technology is rapidly changing, and significant investments are being made in
improving the technology. As the world gets more and more electrified, the need for
effective battery technology is increasingly important. Producers are looking at how
they can change the combination of materials in the batteries to limit the environmental
impact of producing batteries and reduce the cost price. To better understand the electric
vehicle, this part will provide a generalizable overview of some of the most critical
technical aspects of the battery, which is the perhaps most crucial component within the
electric vehicle.

A battery pack most often consists of battery cells or battery modules that are connected
electrically. This package also contains sensors and other components that make it
possible to manage and control it, giving helpful information about the current level in
the cells to the battery system (Maiser 2014).

The battery system usually also contains a Battery Management System (BMS). The
BMS monitors and controls the whole battery system. The battery management system
works as a security measure and improves the length of the battery's life. The BMS
system regulates and controls the battery, including charging, discharging, cell
equalizations, and monitoring and controlling the overall temperature of the battery
(Miao et al. 2019, 10).

3.2.2 The Lithium-lon battery

Researchers and developers in the battery industry constantly work to improve the
battery system, looking for better materials or combinations to enhance the performance
of the batteries. For over 200 years, the technical limits of the batteries have been
pushed. The ‘lead acid’ battery was the traditional battery type in electric vehicles for a
long time. However, most of the battery packs in electric vehicles are today built with
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Lithium-lon batteries. The batteries might look simple on the outside. The packed
battery cell is a system that delivers electrical energy when demanded. However, on the
inside, there exists a highly complex electrochemical system, organizing multiple
components and reactions. Sometimes the outcomes of the combination between

different components and reactions are even mysterious. (Petrovic 2021).

The Li-lon batteries can be found in many modern electric technologies, like cameras,
computers, smartphones, and most importantly, in electric vehicles. This battery type
has some significant advantages (Gunvaldsen et al. 2019). It offers high energy
efficiency and lower weight than its competitors. Li-lon batteries also perform well in

high temperatures.

COMPOSITION OF LI-ION CELL

Craphite-Layer Lit-lonen LibO, -Layer

Figure 2- The different layers and setups within a conventional Lithium-lon battery. (source: Twaice 2019)

Figure 2 shows one of the possible setups within a conventional Lithium-lon battery.

This process is a highly advanced electrochemical process; therefore, 1 will try to
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explain the process in a simplified way below. It is important to remember that the
battery’s inside and the materials used will vary depending on the producers. This is

only an example.

The batteries most often comprise an anode, a cathode, two current collectors, a
separator, and an electrolyte. In this example, Copper (Cu) on the left side is the
negative current collector for the anode, while the Alumiuim (Al) on the right is the

positive current collector for the cathode.

During discharge (when driving), lithium atoms are ionized and therefore separated
from their electrons. Then the lithium ions (the name of the lithium after the separation)
travels from the anode through the electrolyte and separator until they reach the cathode
on the other side. The separated electrons also travel to the cathode. The separator
blocks electrons from flowing inside the battery. Therefore, the electrons flow through
the car instead (providing the vehicle with power) to reach the cathode on the other side.
When charging, the opposite occurs. The lithium ions are small enough to move through
the separator between the anode and cathode. In part because of lithium’s small size, Li-
lon batteries can have a very high charge storage per unit mass and volume. (Office of
Energy Efficiency and Renewable Energy 2017). The battery cells vary in shape and
size. The chemistry on the inside also varies, depending on what form and shape the
battery has. Different chemistry has to do with attributes like price, charge, weight,

production, safety, and more.

The prices for Lithium-lon batteries have declined steadily over the last decade, as
evident in figure 3 below. The price has fallen from almost 1200 dollars per kwWh to
only 137 dollars per kWh in 2020, representing a nearly 90 % price reduction (Frith
2021). When considering these numbers for a vehicle with, for example, a 50 kWh
battery pack, that equals more than 53 000 dollars worth of savings just in the battery.
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Figure 3- Illustration of how the Lithium-lon battery price has declined between 2010 and 2020. (source: Frith 2021)

The assemblage of the battery pack into the car is critical. There are many different
ways in which automakers do this. Here, | will provide an example of a possible
assemblage of the battery pack in a Tesla Model S, described as the vehicle “that
revolutionized the EV market when it came to Norway in 2013” (Norwegian
Automobile Federation, n.d.). It was built differently than previous EV models, with a
large battery pack, providing a long driving range. According to Energsoft (2019), the
battery cells in this battery pack is cylinder-shaped and named 18-650. This name tells
you something about the size of the cell. The 18-650 battery is 18 mm broad and 650
mm long, only slightly larger than regular AA batteries purchasable at grocery stores
(Energsoft 2019). The battery pack in this first Tesla model S consists of 16 battery
modules, and each battery module comprises 444 battery cells each. One of the perks of
building the battery pack in such a way is that if there are issues with one of the cells or
battery modules, it is easier to locate the error by separating the modules than to look
into every cell in the battery pack. It is also faster and cheaper to replace one module
instead of the whole battery pack.
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3.3 Norwegian conditions for EVs - Cold winters,
but also some favorable conditions

Greenhouse gas emissions in Norway 2019
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Figure 4- Diagram showing the distribution of emissions amongst the different sectors. (Source: Miljedirektoratet
2021a)

Figure 4 above illustrates that a large portion of Norway's climate emissions derives
from the transport sector, with road traffic representing 17 % of the total emissions,
according to the Norwegian Environment Agency (Miljgdirektoratet 2021b). Passenger

vehicles are the most significant emitter within that category.

When looking at the development of the EV initiative in Norway, a background look at

the country’s characteristics can be helpful.

Compared to many other places in the world, the winters in Norway can be pretty
rough. In some places, temperatures can be below -20 °C. However, the winter
temperature in the most inhabited areas will typically be somewhere between 0 to — 15
degrees (Figenbaum 2020, 94). An issue with cold winters and electric vehicles is that
the low temperature will substantially reduce the cars' energy efficiency. Multiple
factors cause this efficiency loss, one of them being the extra energy required to heat the
cabin in the vehicle (Laurikko et al. 2012). The cars are often also required to use winter

tires, increasing the rolling resistance and energy consumption. The same goes for air
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drag, which also increases during winter and low temperatures (Figenbaum 2020, 9). In
addition to all these factors, the performance of the lithium-ion batteries, the dominant
battery technology today, decreases significantly in cold temperatures due to reduced
reaction rate in the electrochemical process (Hu et al. 2019, 1). In sum, the winter

conditions in Norway are not favorable for a long driving range for electric vehicles.

Despite the unfavorable winter conditions, Norway, as a country, also has many

characteristics that favor Norweigan EV market uptake.

One of these favorable characteristics is that electric cars in Norway have an emission
advantage since Norwegian energy production is ‘cleaner’ than in many other countries
in the world. In terms of Norway's power supply, nearly all the electricity derives from
hydropower. Therefore, emissions linked to electric vehicles are substantially less when
the car is powered by renewables instead of fossil energy sources, like oil and coal. 96
% of the Norwegian power comes from hydropower, mainly from hydroelectric power
plants built before 1980 (Figenbaum 2020, 92).

Norwegian households also have a strong electricity grid connection, robust for high
power periods. According to Norwegian EV expert Erik Figenbaum, one of the reasons
for why we have built this strong grid, is because most Norwegian houses are entirely or
partly heated with electricity during the often cold winters (2020, 92). In addition to
this, Norway has also built out power cables to other countries in Europe, securing
power access and stabilizing the primary grid. Thanks to hydroelectric power,
Norwegian electricity prices have also been regularly low. The costs for gasoline and
diesel fuels are also high due to high taxes on fossil fuels. Electric vehicle drivers in
Norway are the EV drivers in Europe that save the most on the cost of electricity

compared to petrol or diesel (Figenbaum and Kolbenstvedt 2015).

When it comes to the issue of cold winter, preheating technology for the battery in cold
conditions and other key heating strategies are significantly helping electric vehicles to

maintain some of their range despite the cold weather (Hu et al. 2019, 1).

Norway has the second-lowest population density in Europe, only beaten by Iceland.
Still, 80 % of the population lives in urban areas (Norwegian Ministry of Transport and

Communications 2017). The country is narrow-shaped and long with various terrain.
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Large fjords, lakes, and mountains make the Norwegian landscape spectacular and
propose challenges to the transport sector. The geographical features of the country
have implications for the need for passenger transport. The Norwegian passenger
transport sector is highly reliable on cars because of relatively low population density
and limited rail and public transport networks. The car makes up around 90 % of all

motorized passenger kilometers traveled in Norway (Tietge et al. 2016, 47).

Norway also stands out as a country with a high GDP per capita level. It has an
economic safety net with its sovereign wealth fund, based on Norway’s revenues from
its petrol export income. The market value of the Norwegian wealth fund, known as
“Oljefondet” in Norway, is per October 2021, worth over 11 400 billion NOK
(Norwegian Bank Investment Management 2021). Electric vehicles can be essential in
the development of a more sustainable transport system in Norway, binding together
cities, villages, and people. The need to move around and transport goods and products
over short and long distances have always been there. Therefore, a practical,
environmentally friendly, and safe transport system can be considered a critical
foundation in modern society and essential for creating wealth and welfare. The electric

vehicle is one of these options.

This chapter has described some of the technical actors in the Norwegian EV
development. We have investigated the battery and some of the other inside components
in the electric vehicle. Also, some Norwegian background knowledge has also been

provided. This is valuable knowledge for the chapter that follows.
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4 Following the Actors

So how has the electric vehicle initiative in Norway, since its beginning in the early
1990s, transitioned into the impactful electric vehicle initiative that it represents today?
How have the different actors involved interacted to shape and reshape the actor-
network of the Norwegian electric vehicle initiative? The following chapter will
investigate these questions. This account of how the electric vehicle initiative in Norway
has developed draws mainly from the interviews conducted and additional information

from quantitative data and secondary resources.

As Wiebe E. Bijker explained in his book, pure technology does not exist (1992). They
are formed and shaped by the many complex trade-offs within our society. Technology
development embodies a compromise between social, technical, material, economic,
environmental, and political factors. They are the result of a complex interplay between
these different factors. This chapter will explore the development of the EV initiative in
Norway and the various actors involved through a 30 years period.

As mentioned previously, I have interviewed @ystein Asphjell (engineer and expert
about the EV development in Norway), Odd Einar Dgrum (politician), Ole Gudbrann
Hempel (works with charging infrastructure), and Marius Valle (technology expert on
EVs). They represent different sides of the development of the EV initiative in Norway
and either have been directly involved in the development or sit on substantial
knowledge about parts of the story. In this chapter, | have dedicated much space to what
the interviewees reflect on and say. This is in line with ANT’s emphasis on letting the

actors make their own theorizing about a development.

4.1 1989 —-1998: The First Political Incentives
and Niche Activities

Before 1989, there were only modest efforts to promote the development of EVs in
Norway. During the 1970s, various prototypes of electric vehicles were developed.
Inventor Lars Ringdal started making a small electric car with plastic bodywork
(Figenbaum and Kolbenstvedt 2013, 12). Inspired by the oil crisis in 1973, where access

to oil was limited, Ringdal decided to develop a car that did not rely on access to oil
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(Asphjell et al. 2013, 115). Later, his son, Jan Otto Ringdal, would continue these ideas

with what could have become a Norwegian industry adventure.

The 1990s is perhaps the appropriate starting point for the electric vehicle initiative in
Norway. Environmental organizations pressured the politicians, political EV incentives
were gradually implemented, and Norwegian electric vehicle producers Think (then
called Pivco) and Buddy (then named Kewet, a danish company) looked to establish

commercialized production in the country.

Figenbaum and Kolbenstvedt (2013) refer to this period as a test phase. They argue that
one of the most central aspects during this period was to remove the ‘disincentives' that
worked as barriers for people trying to purchase an electric vehicle. The dominating
view amongst people at the time was that an electric car was far too expensive and
challenging to buy. Norway had high taxes for the registration of imported vehicles. The
first EV incentive implemented in Norway was to remove the high tax price for

registering an electric car. Here, some pioneers played a central role.

4.1.1 Bellona Importing the first EV — a Red Panda

In 1989, environmental organization Bellona with leader Frederic Hauge got together
with technology expert Harald N. Restvik and the famous pop-group a-ha. Together,
they wanted to prove that the electric vehicle was a viable option to the fossil cars. They
imported the first electric vehicle to Norway, a rebuilt red Fiat Panda, from Switzerland
in 1989 (Asphjell et al. 2013, 68). Frederic Hauge recalls: "The bureaucrats were
scratching their heads. How were they going to put import tax on that car? Into what
category would they place the car? After a year of speculation, they decided to
categorize the electric vehicle as a “diesel-driven camping van” (Asphjell et al. 2013,
103). When the Fiat Panda arrived in Norway, the owners applied for an exemption
from the value-based registration tax. In 1990, the first temporary tax advantage for
electric vehicles became a reality. It later became a permanent value-based tax
exemption in 1996. This tax exemption was the first of many EV incentives to come.
The first political EV win in Norway. Odd Einar Dgrum, who was an active politician
around this time, recalls the role of Bellona at the time:
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Odd Einar Dgrum: “Bellona, with Frederic Hauge as the spearhead, clearly
played an important part in the development of the first EV incentives.”

However, Bellona and their companions were not finished pushing the government. The
electric car was still not an attractive option, neither economically nor practically. As
Aphjell et al. explain (2013, 70), Bellona had, at the time, a considerable appeal to the
youth in Norway, and together with the international pop stars a-ha, they managed to
get quite substantial media focus and attention around their case. During the 90s,

Bellona also pushed the government to exempt EVs from paying toll road charges.

Ole Gudbrann Hempel: For example, Frederic Hauge and Bellona forced the
politicians to allow free passage in the toll roads for electric vehicles. He drove
past the toll road with Norway’s first electric car [the red fiat panda] every day,
refusing to pay. His vehicle then got towed by Oslo municipality and auctioned
out. However, people did not want to buy the electric vehicle at the auction, and
Hauge could then buy back the EV time and time again from the auction. He
kept driving past the toll road, refusing to pay. In the end, the municipality gave
in and EVs were allowed free passage.”

4.1.2 The Political Actors — Many opportunities: New Industry,
Climate policies, and Pressure

The number of political incentives to promote the development of EVs in the
Norwegian market increased during this period. At the beginning of 1997, electric
vehicles were exempted from paying tolls in roads projects in which the state was a

partner. The parties did, in the end, all agree to the proposal, as Dgrum recalls:

Odd Einar Dgrum: “We came up with the proposal in 1995 in the Oslo city
council, about allowing the EV free passing in the toll roads. All parties agreed
to this in the end, but it took time and demanded strong will from us politicians.
The reason why all the parties agreed to the proposal was that people saw the
electric car as something exotic. We also saw the potential for what it could
contribute with when it came to cutting greenhouse gas emissions from the
transport sector... That is why the electric car became an option for us. The EVs
had little impact on the environment and climate. In the party | represent, the
Liberal Party, we decided that we wanted to go for this.”

The proposal introduced in the Oslo city council in 1995 became a permanent incentive
from 1997. The free toll roads incentive has been assessed as a significant measure to

promote EVs (Figenbaum sand Kolbenstvedt 2013, v). Toll roads are expensive for
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drivers in many places in Norway, and therefore this measure potentially has a
significant impact on the advantage of buying an EV. For a commuter in the area
around Oslo, the cost in 2013 could be between 6 000- 10 000 NOK? a year, only on toll
roads (Figenbaum and Kolbenstvedt 2013, v). Therefore, the EV exemption was a
significant incentive to promote increased EV usage, as the potential savings for the

owners were considerable.

During this period in the 1990s, electric vehicles also received a reduced annual license
fee. This meant that EV owners only had to pay a portion in yearly license fees
compared to those owning fossil cars. All these exemptions were only introduced after
years of work from interested actors that collected media attention and pushed the

municipality of Oslo and the Government.

However, the incentives were not only implemented due to the pressure from interested
actors and the potential for greenhouse gas emission cuts in the transport sector. @ystein
Asphjell explains that the politics were also inspired by the potential for a new

Norwegian industry.

@ystein Asphjell: “..Part of the motivation behind the incentives was the vision
that it was right — a vision about a green transformation in society. However, |
believe that a significant factor behind all the political EV incentives and politics
was that the politicians wanted to contribute to the creation of a new Norwegian
industry. A successful Norwegian EV industry would contribute to the creation
of many jobs.”

This period also saw the birth of the Norwegian company Pivco (Personal Independent
Vehicle Company) and the Danish company Kewet (later known as the Norwegian
company Buddy) in Norway. Both started developing small electric vehicles, making
two-seaters. In this period, Kewet and Pivco mainly sold their cars to municipalities and
companies that wanted to test and experience the technology (Figenbaum 2017, 20).
Dgrum Gudbrann Hempel also recalls the influence by the establishment of Buddy, and
especially Picvo (later named Think):

Odd Einar Dgrum: “Think and Buddy were important actors. The government
looked at the possibility of starting a new industry here. Think was a great tool

2 these numbers are converted to NOK based on 2021 rate between euros and NOK. Therefore the price
might be a bit off.
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for us to start asking for zero-emission cars. We rooted for technology
development that led to the development of zero-emission vehicles.”

Ole Gudbrann Hempel: “...A lot of the political incentives, like the exemption
from registration tax, were introduced in relation to the development of Think
[previously known as Pivco]. The government wanted to support Norwegian
industry, and especially the development of the Norwegian automotive industry.
So that’s why you got the incentives. Through the 90s, we saw a lot of these
incentives introduced in relation to this.”

The 1994 Winter Olympics in Lillehammer in Norway proved an important arena for
Pivco to showcase their car. They demonstrated that their prototype electric cars worked
successfully at the games, performing at temperatures below -20 degrees in front of an
international crowd. This success was a boost for the company when it came to possible
future investors that could help them finance the industrialization of their vehicles
(Figenbaum 2017, 20).

Pivco’s dream was to produce EVs on a proper scale from their factory at Aurskog. In
October 1998, they traveled to Brussels for the Electric Vehicle Symposium and
Exhibition (EVS). The EVS was an international arena where companies could attract
international attention. Pivco had produced functional electric vehicles until now, but
only on a small scale (Asphjell et al. 2013, 137-138). They were running out of
goodwill amongst their investors, and therefore expectations were high around the
release of Pivco’s latest car development at this exhibition. Pivco scratched together all
of their remaining capital for this event. At the EVS they launched their new name,
Think, and showcased their latest car. It was well-received at the event. Think had spent
all their money and were announced bankrupt the following Monday. However, they
had conversations with Ford Motor Company at the exhibition, and Ford seemed to

show particular interest in Think’s electric vehicles.

4.1.3 The International landscape

The Norwegian EV actors also drew inspiration from the US. In 1990, the California
Zero-Emission Vehicle (ZEV) mandate was initiated in the American state to deal with
the rising local emissions in California. As the state looked to improve the local air in
the area, they created the mandate to demand car manufacturers operating in the state to
start selling at least 2 % electric vehicles from 1998, 5 % in 2001, and 10 % in 2003
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(Figenbaum 2017, 20). As you will see later, this Californian mandate would play a role

in the development of EVs in Norway.

Odd Einar Dgrum: “I remember well the law proposal in California in the 90s.
This had a big impact. California started demanding zero-emission vehicles. We
were actually a forerunner at this in the world here in Norway.”

4.1.4 The creation of the Norwegian EV Association

In 1995 the municipality of Oslo and the city’s electric utility company, with support
from industry actors, got together to create the Norwegian EV Association to promote
electric vehicle interests. Initiated as a stakeholder organization, their first name was
NORSTART (Figenbaum 2017). They would become an actor that had an important
role in promoting EV interests in Norway.

@ystein Asphjell: <.. | remember well the beginning of NORSTART (now the
Norwegian EV Association). We gathered the branch, with Elbil Norge AS,
Buddy, us at Think, Bellona and some of the supply industry and car suppliers.
We created a strong organization that could speak to the press and pressure the
politicians.”
However, In 1998, the price of electric cars was still twice that of gasoline cars,
according to Figenbaum (2017, 20). The traditional ICE car industry did not really
bother to fight against the EV incentives that were introduced during this period, and
there was little criticism to trace in the newspapers at the time (ibid, 20). Compared to
the fossil car, the quality of the electric vehicle was still not on the same level, and the
selling numbers of EVs were low in Norway, mainly restricted to a few enthusiasts and

companies that wanted to test the battery technology and the new car segment.

4.2 1999 — 2002: A New Norwegian Industry
Adventure on the Horizon?

As mentioned earlier, The EV company Think went bankrupt after announcing their
new car at the international EV event in Brussels in 1998. However, their efforts
seemed to have paid off. Towards the end of 1998, talks were initiated between Think
and the massive international car company Ford Motor Company. For Ford, with the

ZEV mandate in mind, the price of establishing their own production of electric
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vehicles was far higher than purchasing Think (Apshjell et al. 2013, 139). The manager
at Ford, Mr. Jacques Nasser, wanted to test the Think car himself and took the car for a
drive with his family the Christmas in 1998 in the US. As cited in Asphjell et al (2013),
he retold the story to the employees at Think at Aurskog:

My wife and | decided to take this little, weird car to church one day, and as we
were heading down the highway we felt very small and tiny in comparison to the
enormous American trucks and SUVs... but [ knew that the car [ was driving
had been engineered by Vikings in the cold north, so it was tough and strong —
despite its size (Asphjell et al. 2013, 139-140).

In October 1999, the country saw the official opening of the electric vehicle factory at
Aurskog, with guests like Ford's manager Mr. Jacques Nasser, Norwegian Prime

Minister Kjell Magne Bondevik, and the Norwegian King Harald present.

@ystein Asphjell: <...Ford came in at Think, buying 51 % of the stocks in Think
in 1999, with an obligation to purchase the remaining 49 % within the following
year. They had an incredible amount of money and planned to employ a lot of
skilled engineers...| started working in the construction department at Think. It
was a dream come true for a car enthusiast like me. We did a lot of development
work in the UK, and | was allowed to draw cars and test prototypes. | even
participated in full-scale crash testing with Think in Germany...”

Figenbaum explains that the main reason behind Ford’s purchase of Think was their
goal of delivering electric vehicles to the market in California at the lowest possible cost
to meet the requirements of the ZEV mandate in California, mentioned previously
(2017, 20). Instead of making their own EVs, they viewed Think as a better economical
option. Ford put extra investment into technology development, and in late 1999, they
opened the Think factory at Aurskog. “When Ford starts production in a new country,
we are serious about what we do. We are here to stay, and we are here to maintain
employment,” said Mr. Jacques Nasser, CEO at Ford Motor Companies at the time
(Asphjell et al. 2013, 142). With Ford in place at Think, a small EV niche market
emerged (Figenbaum 2017).

@ystein Asphjell: “At Think, we had a strong belief that we were on the right
way — that EVs would be successful. The main idea at Think was to develop a
small and light car — for the city and urban areas. We never doubted that we had
many good ideas.”
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Expectations increased as Think was picked up by the massive global car manufacturer,
Ford. Investments were made to develop the new car model PIV4, or Think City, as its
name now was. This next-generation electric vehicle also had to pass American car
demands. Mr. Nasser explained that: “We want to put leverage on the political
incentives here in Norway, and utilize the technology and factory to create an “EV
Greenhouse” in Norway. Somewhere we can point to as an example of how politics and
new technology create a strong market for the good of the environment” (Asphjell et al.
2013, 143). Until now, Think had only produced a small number of cars. Now, the goal
for the Think City model was to build five vehicles a day. Between the autumn of 2000
and 2002, Think produced around 1200 cars, where about half were sold to the
Norwegian market. The rest were divided between the US and some European markets
(149-151).

4.2.1 Further EV Incentives — EV Plates and VAT-exemption

To help improve the Norwegian EV market, the governments implemented further EV
incentives. In 1999, specific EV number plates (for example, EL000001) were
presented. In 2000, an incentive that reduced company car taxation for EVs came
(Figenbaum and Kolbenstvedt 2013, v).

Despite having created a niche market, electric vehicles still proved to be too expensive
for most of the market. Therefore, in 2001, to increase EV competitiveness, an
exemption from VAT (then at 24 %) was introduced to all-electric vehicles. The VAT

(Value Added Tax) is a tax added to all the goods and services sold.

4.2.2 Trouble in California

As mentioned previously, a central motivation behind Ford's purchase of Think in 1999
was the demands that the Californian state had put on the car manufacturers that
operated in their state in 1990. These demands were called the Zero-Emission Vehicle
(ZEV) mandate. They contained specific targets of how many zero-emission vehicles
the car manufacturers had to sell in the Californian state to continue operation there. In
contrast to Ford, other car manufacturers in the country, like GM and Chrysler, went to
court and sued the Californian state for what they meant were environmentally harmful
demands from the Californian state (Asphjell et al. 2013, 143). The claim was that the
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price for buying new fossil cars became higher because of the extra development costs
required to create zero-emission vehicles for the manufacturers. This would, in turn,
lead people to keep their old, more polluting cars, leading to a higher total local
pollution as a sum. On the 21 of July 2002, the big car manufacturers won the court
case. The Californian state was forced to rethink its plans about the ZEV mandate, and
only days later, Ford announced that they wanted to sell Think. Three years after buying

their first stocks in the company.

4.3 2003 — 2009: Successful niches keeping EVs
alive

In 2003, Ford sold Think, and EVs suffered several setbacks. Internationally, car
manufacturers stopped producing EVs because of poor sales numbers and other
priorities. A planned ban on Cadmium in batteries in the EU also proved challenging for
the EV market. As is explained by Asphjell et al. (2013), Think was sold from Ford to a
company named Kamkorp (Asphjell et al. 2013, 154). The deal was signed in 2003, and
Ford left Think with a strictly regulated bank account to ensure that Think would have
enough capital to exist for at least 18 more months. The cooperation between the Swiss-
company Kamkorp and the people at Think was not the best. There were disagreements,
and during Kamkorp’s ownership, Think could not produce any significant number of
EVs. In 2005, the first employees at Think were temporarily laid off, and in 2006 Think

was again announced bankrupt (Asphjell et al. 158).

4.3.1 Bus/taxi lanes opened for EVs

According to Figenbaum (2017), the period before had shown the potential for EVs in
Norway. Therefore, the incentives stayed in place, despite Ford pulling out of Think.
The EV lobbyists in Norway continued to push for further political incentives for EV
owners, and in 2003 it was decided that the bus/taxi lanes in the Oslo region would be
accessible to EV owners (Figenbaum 2017). The Norwegian EV association had grown
in strength and kept promoting electric vehicles and EV incentives. Think was
reestablished in 2006 by some Norwegian investors. The EV incentives stayed intact,

and Think eyed an opportunity to launch a new electric vehicle on the market.
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At the end of this period, the Norwegian government introduced reduced rates for EVs
on national main road ferries. In 2005, electric vehicles gained access to drive in
bus/taxi lanes in the whole country, which significantly affected the sales of EVs in city
areas especially (Figenbaum and Kolbenstvedt 2013, 27). The government also
launched Transnova (now Enova) at the end of this period. It would prove to be another

important tool, as will be discussed in the following subchapter.

4.3.2 Tesla visiting Think

@ystein Asphjell, who worked many years at Think, recalls a fascinating story from
2006. Think was visited by a relatively unknown and unconventional electric vehicle
company from California:

@ystein Asphjell: <... There are many episodes that come to mind.. you know, I
picked up Eberhardt, the previous owner of Tesla, at Gardemoen [Oslo airport].
He visited Norway to propose cooperation between Tesla and Think. Eberhardt
had established Tesla in California, and they wanted to make electric cars in a
new way. The company Lotus would make their chassis, and Tesla wanted to
make their batteries themselves in Thailand. They had this grand idea about a
Tesla Roadster. The idea was to make an electric sports car that had no
compromises. It would be an expensive car. At Think, we made an
environmentally friendly, small, and simple electric vehicle. We did a lot of
compromises to make it as simple as possible. It meant, for example, that the
windows on our Thinks were opened and closed with a manual crank. Our
thought was that if you want to drive green and electric, you will accept
compromises like that. Eberhardt thought differently. For him, if you were going
to sell an electric car, it had to outcompete the fossil car in all aspects. No
compromise anywhere. That was his main idea. When he came to visit us, he
spoke about how Think and Tesla were not competing for the same customers.
He explained that we were different companies and should cooperate about sales
channels and stores, car dealers, service networks, and perhaps battery
production. He expressed a wish for our two companies to work together.
However, at Think, we shook our heads, as we did not believe an expensive
electric sports car was the right way to go. We had more belief in the direction
we were heading...”

In hindsight, Apshjell admits that Tesla was perhaps more right than they were at Think.
As he explained, Tesla looked for cooperation between the two companies as Eberhardt

believed they did not compete for the same customers. Asphjell also recalls that
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Eberhardt had some remarkable ideas about people’s perception of charging electric

cars.

@ystein Asphjell: “Eberhardt had this crazy (at the time) idea about the
recharging of the battery. ”’No one asks about how long time the car takes to
recharge. They only ask how far can the car go?” At the time, Eberhardt planned
for a battery size inside the Roadster that meant that it could take two full days
to fully recharge the car battery at home with standard electric output. For us,
that was the wrong plan. We thought there was no point in selling an electric
vehicle that would need two days to recharge. Instead, the reality for us was an
electric vehicle with a battery that you could recharge during the night. He told
us that people tend not to care too much about that. They only ask, “how far can
it go?” And then he could reply: “Well, it goes 500km”. Eberhardt had many
exciting thoughts, but at the time, we didn’t think he was right. But yes, in the
end, he was.”

Think evaluated the proposal from Eberhardt but did not believe in the technical
solutions and the market segment that Eberhardt wanted to enter. Therefore, they

decided to turn down the offer from Tesla.

By 2009, Think was again running out of funds, following the 2008-2009 financial
crisis (Asphjell et al. 2013). This time Think was purchased by a Finish company called
Valmet, and production got transferred to Finland. Although the production numbers in
Finland were a bit unclear, Valmet announced in 2010 that they had produced the Think
car number 2500 (Asphjell et al. 2013, 165).

4.4 2010 -2012: The EV Market expanding

During the period between 2010 and 2013, the Norwegian EV market changed quite
substantially. At the same time as Norway improved its charging infrastructure through
the establishment of Transnova (later called Enova), the traditional international vehicle
industry started producing EVs again. The technology of the Li-lon batteries had
improved, and the prices for the batteries were reduced significantly (Nykvist and
Nilsson 2015). At the same time, the global focus on climate policies to decrease
greenhouse gas emissions became stronger. The EU had also signaled a proposal to set a
stricter limit to the average amount of CO2 emissions/km allowed for new vehicles sold
from 2020 (Figenbaum 2017, 23). In sum, this was a warning to the car manufacturers
that they needed a larger share of EVs in the car mix to meet those future requirements.
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4.4.1 International Car Manufacturers entering the Norwegian
EV Market —i-MIiEV and Leaf

In 2010, Mitsubishi entered the Norwegian car market and started selling its electric I-i-
MIEV through car dealers. The first cars were delivered early in 2011, and over 1000
cars were sold in less than a year (Figenbaum 2017, 23). Later that year, other
traditional car manufacturers joined the EV market, like Nissan, with their model Leaf.

Sales kept increasing rapidly.

Marius Valle: “It was during the time when MIEV and Leaf arrived in Norway
that we saw the EV sales increase drastically. These electric cars were actual
cars, instead of... and now I have to be careful about what I say...instead of
four-wheeled motorcycles, like, for example, the Buddy. The MIEV and Leaf
felt like proper cars that you could take on long drives with your whole family.
You could drive longer distances because the charging network was also being
built out at the time.”

Figenbaum (2017, 23) argues that these manufacturers took advantage of the situation
of opportunity made by the incentives already in place in the Norwegian market,

resulting from EV niche actors’ efforts for over two decades.

@ystein Asphjell: “It was inevitable that the large car manufacturers would
eventually knock on the door in Norway with electric car options. Globally, we
saw an increased focus on climate policies and new emission demands towards
the car industry. Many people claim that “if Think only had been able to hold on
a bit longer, it would have been a massive success.” But | am not so sure about
that. Because the competition against the big manufacturers is extremely tough,
perhaps you can say that Think “died in time.”

4.4.2 The Importance of Transnova for Charging Infrastructure

As mentioned previously, Transnova (now Enova) was established at the end of the
former phase. Transnova’s mandate was to work as a government instrument to support
and help climate-efficient technologies and concepts to develop (Kristensen 2018, 12).
One of their responsibilities was establishing a program that encouraged companies to
build out charging stations around the country. The development of charging
infrastructure accelerated from 2010. By 2011, Transnova had contributed about 70
million NOK in investments into a charging infrastructure program that saw 1.900

charging points in Norway by the end of 2011 (Kristensen 2018, 12).
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Dgrum explains that politics played a role in supporting the establishment of charging

infrastructure.

Odd Einar Dgrum: “Politically, we have set ourselves emission targets that we
must reach. There has been a political will to push this forward. And we have
pushed to get a good charging infrastructure in place...It boils down
infrastructure, and after a while, the charging infrastructure has expanded
dramatically, to all regions in the country.”

Asphjell also points out that Norway had a considerable advantage compared to other

countries, as the government already established a charging infrastructure in many parts.

@ystein Asphjell: “When the big international car manufacturers entered the
Norwegian EV stage, Norway had an advantage since we had already built out
quite a lot of charging infrastructure. The idea about the electric car had matured
for quite a long time in Norway, compared to many other countries. Norwegians
knew more about the EV and that it worked.”

In 2012 the Norwegian Parliament also followed up the EV initiatives with a broad
climate policy settlement, called “Elbilforliket” (Det Kongelige Miljeverndepartement
2012). The settlement, agreed to by all the political parties, stated that Norway would
continue to utilize its tax system to cut emissions in the transport sector. The
government would also maintain the support for establishing a charging infrastructure
and continue to allow electric vehicles access to bus/taxi lanes. These incentives were
intended to stay in place until at least 2017 or when Norway reached 50 000 EVs on the
road (Det Kongelige Miljgverndepartement 2012).

4.4.3 The End of what could have become a Norweigan Industry
Adventure

Think was declared bankrupt, for the fourth and last time, in 2011. Ford actually
reached out to Think again in 2010, wanting to buy stocks in the Norwegian company.
However, Ford struggled financially themselves and could not go forward with its plans
(Asphjell et al. 2013, 169). Estimations say that Think managed to produce about 2,500
electric vehicles in total (Asphjell et al. 2013). 2011 marked the end of a central chapter
in the history of the Norwegian industry and the global electric vehicle history. Asphjell

reflects on what the main challenges for Think was:
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@ystein Asphjell: “The main challenge for Think was not a lack of interest in
EVs or lack of political will. The main challenge for Think was that we tried to
do everything ourselves. Our strategy was to sell cars in a new way — without a
more traditional car dealer network. We wanted to sell our EVs online and with
small stores at shopping malls. We were also in a dialog with IKEA about
selling our cars there. We wanted to offer our own service network and looked to
cooperate with, for example, Elkjgp on that. So our idea was to build our own
sales network, car dealer network, and service network. Even our sales
brochures were different from the traditional ones. We wanted the Think car to
be like a lifestyle product, like a mobile phone. So at Think, we were very
confident that we would create a new car concept — a short-distance city car that
was still robust. As mentioned, we wanted to do everything ourselves, meaning
that we burned a lot of money on all sides since everything was going to be built
up from scratch by us. | would argue that this was the wrong strategy. Perhaps,
this, more than anything, was the reason why we were not able to make it. In
hindsight, we could have made it easier by attaching ourselves to some already
established suppliers. It ended up being too much to carry for a small company,
like Think. We spent up all our money before we were able to succeed on all
fronts.”

Despite Think not making it in the automobile world, Apshjell does not believe that

Think was a failure. They did pioneer work in the industry and were an important actor

that pushed the government to implement incentives to promote EV adoption in

Norway.
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@ystein Asphjell: “It’s important for me to remove the myth that the Think
story was a fiasco. We did significant pioneer work. Jan Otto Ringdal, the
inventor behind Think, his main idea was not to create the typical electric car but
rather the small city car. He wanted to create a new segment within the value
chain of transport. That was his main idea. A small car that uses very little space
and that was easy to park. Place for a man and his lunch, those ideas. Ringdal
was flying around to cities in the world in 1992/1993 with a color-coded map of
the cities he visited. The map showed how buildings and cars took up much
space in the city. It was the portion taken up by cars he wanted to show. The
roads were so big and the parking spots so many. The roads squeezed out people
and space. You know this is advanced city planning today. This idea he had in
the middle of the 90s.”



4.5 2013 - Present: The EV Revolution in
Norway

Norway has experienced remarkable growth in the EV market share numbers in the last
decade, far ahead of any other country in the world. The numbers so far for 2021 shows
that electric vehicles make up 62,5 % of the total number of new passenger vehicles
sold in Norway (OFV 2021a). In 2012, the number was 3 %, while in 2015, the number
was 23 %. Jan Fagerberg, one of Norway's front professors within innovation studies,
describes the EV initiative in Norway as an electric vehicle revolution. "The electric
vehicle revolution is the most important innovation that has been done in Norway
during the last years. It shows that when politicians facilitate it, both the public and
private can change habits" (in Toft 2018). Figure 5 and 6 below shows the remarkable

growth in electric vehicles in Norway since 1990.

Total number of electric passenger vehicles

450000

350000

300000

250000

200000

150000

100000

50000 | ‘
0 - - e = = 0B I I

\9 \}lﬁ & 9@ nQQ» Qo 9 ,.0@ 15557 ’9 _Dc?* 19\9 ,.QO __@) ‘55\ Q\ .u”h 19\ e ..0“ 19\ ‘9‘9 "QF\,.QW

Figure 5- Chart showing the growth of the total number of electric vehicles on the roads in Norway. (Source:
Asphjell et al. 2013, 39; Norsk Elbilforening 2021)

61



EV MARKET SHARE OF NEW
VEHICLE SALES

2,5

E

m
e
n
=
~
<
~
b=
o0
o
~ ™~
o
™
o - I
- | |

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

b

Figure 6- showing the EV market share of the total sales of passenger vehicles in Norway each year. (source: Norsk
Elbilforening 2021)

4.5.1 Tesla changing the Automobility Industry

A central aspect to this incredible growth over the last period has been the increased
selection of models from car suppliers and dealers, ranging from Volkswagen E-golf to
brand new sports cars like the new Porsche Taycan. The EV market is now offering

something to a broader customer group with various wishes and demands.

By 2013, Norway saw an increasing selection of electric vehicles available on the
market (Figenbaum 2017, 24). Increased competition led to falling prices on cars.
Figenbaum (2020, 101) explains that people who bought the EVs wanted to save time
driving in the bus/taxi lane and save money on the toll road exemption. Especially after
2013, when the price of an EV came below the cost of buying an ICE vehicle, multi-
vehicle households started buying EVs. He also emphasizes that Tesla Model S entering
the Norwegian market in 2013 had a significant impact. Tesla demonstrated that long-
range was possible in practice and built out a reliable Supercharger network in Norway.
Tesla is compatible with 98 % of Norwegians average travels (Figenbaum and
Kolbenstvedt 2015). Both Dgrum and Valle believe that Tesla entering the market

significantly impacted the Norwegian EV adoption:
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Odd Einar Dgrum: “.. It’s clear that Tesla, with their own battery factory, they
pushed the speed on the development in the market.”

Ole Gudbrann Hempel: “When Tesla model S came to the market in 2013, and
Leaf the year before, Norway had already established these political EV
incentives. And this was the reason for people waking up to the idea about
electric vehicles. There was no specific commercial about “buy this EV then you
can do this or that..” People saw it themselves and started to utilize the
advantages and ordered electric vehicles. Nissan knew about this, and they had
already mapped out the Norwegian market when they released the Leaf in the
country. Tesla had also mapped out the Norwegian market to know that the
Norwegian market had a lot of potentials. So both Tesla and Nissan Leaf were
central and active in Norway to increase their volume of electric vehicles. Both
of these actors should have a lot of honor for the EV sales in Norway because
the prices for their cars were more at a competitive level.”

When the Tesla Model S arrived in Norway, it pushed the limits for the electric vehicle.
With a large battery pack, the car redefined the maximum driving ranges of EVs, still

within a decent price range.

Marius Valle: “They built a large passenger vehicle. With a big enough range to
substitute it with a normal ICE car. However, it took some time to get everything
in place, with the charging network, for example. If you look at Leaf or the
MIEV — they were proper cars — but they still looked a bit weird. But Tesla came
with cars that could drive long, had sporting performance, and was not that
expensive. | do not remember the price exactly, but I think you could get it from
400k and up. So | believe this changed a lot of people's perception about what an
EV is. Itis clear that without Tesla, it might not have gone as fast as it has.”

The other car manufacturers are not resistant to innovation and change, but change has
developed slowly. However, Tesla came in with disruptive and radical innovation and

technology in the automobile industry.

Marius Valle: “We have seen a lot of development. But the most important has
been the battery technology. There have not been any big leaps, but the energy
density has steadily improved while the prices have gone down regularly. You
also have actors that have had a big influence on how this technology has been
developing. | am speaking about Tesla. The battery technology they used was an
advantage, and they developed their car from the bottom and up as an electric
vehicle. That means a lot. Because many of the other cars on the market and that
still arrive is kind of a rebuilt fossil car. Maybe except the Leaf. However, they
probably have used some car parts from the traditional cars too. | know that the
Renault Zoe has a lot of Renault Megan components.”
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Marius Valle recalls a conversation he had with some American engineers from Tesla
once. He was not allowed to cite them in the interview, but he remembers the
conversation:

Marius Valle: “I talked to multiple engineers in Tesla once in France, at a Tesla
event. They were Americans. | went all the way to France to speak with them,
but I was still not allowed to quote them. I tried discussing with them how they
develop an EV compared to the traditional manufacturers (like Audi). I said
something like: “You create an EV from the bottom. You do not have any legacy
you need to be cautious about, so you can build it all from scratch. For example,
Audi, when they make an EV, they must use some of what they already have.”
One of the engineers replied: “But do they really need to do that?”” This is one of
the many assumptions - that car manufacturers must build cars with what they
have. When Audi made Audi E-Tron, a rebuilt fossil car in many ways, the
engineer at Tesla argued that when Audi made cars in this way, they were not
properly interested in making EVs. It was rather something they had to do. They
find the simplest way to build it together, not fully invested into it.”

4.5.2 Strong EV Policies

What is striking when looking at the political efforts to create the EV initiative in

Norway is the willingness to keep supporting the incentives with investments and

measures over such a long period.

Odd Einar Derum: “It was small wins. One new incentive after the other. Then
we followed up with tax measures and subsidies, and exemption of VAT.
Together, it made up this incentive package that has led the electric car from
being exotic to now making up over half of the new passenger vehicle sales in
the country.”

Some have argued that the governments should have done more financially to save the

company Think from bankruptcy, but Asphjell believes that is not the case:
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@ystein Asphjell: «...I believe that is unfair. All the Norwegian governments
did a fantastic job implementing political incentives for the increased
implementation of EVs. For example, the EV access to the bus/taxi lane and the
EV exemption from VAT were both important. They implemented these
incentives effectively, with a long-term vision that Norway could become a lead
example for other countries to follow. It shows that cooperation between public
and private businesses can be fruitful — to create a paradigm shift in the transport
sector.”



Since the beginning of the initiatives in 1990, the actors promoting EVs had grown.
Niche actors, interested businesses, the Norwegian EV Association, and environmental

organizations had a more substantial influence.

Ole Gudbrann Hempel: “An advantage was that we also had an electric vehicle
lobby that had been growing since the Think-times. They were able to keep the
pressure on the government to maintain the incentives, even when the sales
numbers were pretty low. The fact that these incentives were held in place was
fundamental.”

There also seems to be a link between increased environmental attention and a focus on
policies that could cut emissions in Norway. Despite changing governments over the
past 25-30 years, the political consensus around support for the EV initiative has

maintained strong.

Odd Einar Dgrum: “At the Liberal Party, we wanted to use the market to
improve the environment and climate. We looked at what we could do. That’s
where the electric vehicle came in as a measurement. The EV initiative has
sustained in both good and bad days!”

The EV initiatives have stayed in place. The initial goal in 2012 was to keep all the
incentives going until Norway had reached 50,000 EVs. We now see 400 000 electric

vehicles on the roads (Elbilforeningen 2021).

Ole Gudbrann Hempel: “First and foremost, the progress we have seen is

thanks to the political incentives implemented.”

4.5.3 NTP — Ambitious Target to only sell Zero-Emission
Passenger Vehicles by 2025

The Norwegian Parliament has, through their national transport plan 2022-2033, for
some better known as NTP, set some of the world's most ambitious climate targets for
the transport sector. The national goal is that all new passenger vehicles sold should be
zero-emission by 2025 and that emissions from the transport sector as a whole should
be reduced by 50 % by 2030 (Det Kongelige Samferdselsdepartement 2021). This target
has become a unifying target amongst politicians in Norway. Dgrum explains that there
is still a lot of work remaining to achieve the target:
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Odd Einar Dgrum: “It’s clear that the political incentives have had much to say
for the development. We created a political alliance around electric vehicles that
have helped make them cheaper. There has been cooperation across the political
specter on this particular development. But there is still work left to reach the
targets for 2025. Reaching that target is both necessary and possible.”

4.5.4 Are fast Chargers being built fast enough?

With the establishment of Transnova (now Enova), the Norwegian EV initiative has

also focused on expanding the charging infrastructure in the country.

Ole Gudbrann Hempel: “...in 2015, with Enova, the parliament decided that a
national fast-charging network was going to be built out in Norway. It would be
developed through Enova and a public tender contract. Suddenly Norway had a
good fast charging coverage on all national transport corridors except Finmark
and Lofoten in the north.”

Ole Gudbrann Hempel also recalls back to 2013, when there were not many fast

chargers in Norway. He points out that the car manufacturers also looked to promote

charging infrastructure as well as their cars:

Ole Gudbrann Hempel: “Cooperation with the car manufacturers was also
important. One of the things that Nissan did was to sponsor 50 fast chargers to
be built around different Kiwi stores spread across Norway when they arrived in
the Norwegian market. We at Fortum were chosen as the operators of these
chargers. | think this was back in 2013 to stimulate fast chargers to be built
around the country so that drivers could move where they wanted. Nissan was
part of making the first effort at a national network of fast chargers.*

Many factors are influencing how fast an electric car recharges. It depends both on the
charger and the car:
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Marius Valle: There are many things that affect how well your car will recharge
the battery. You have what happens on the charger and what happens in the car.
The first is how many kW (effect) the charger can deliver. So if you charge at a
charger that has 50 kW, then this is what you maximum can get. Or 150kW or
300 kW, at the new superchargers, that is what you max can get. The next is the
car. The car decides how much effect (kW) it wants to receive. Even though a
charger can deliver 300 kW, it does not mean that you can receive it. How much
you will receive depends on what voltage (V) the car battery has and how the
battery control system in the car is programmed. Because the car's system
decides, it can say, “now I want 400 V and 50 A”. [This gives 20kW]. When you
connect to a charger, the car is the boss. The car controls the charging. Ant this



is a security mechanism, so if the battery is very cold, the vehicle will limit the
amount of effect it wants to receive. Or if the battery is quite full or gets a lot of
power, it also might cut down the effect (kW). These measures are about
protecting the battery against damage. If you had charged with max effect up to
100 %, it would probably be fine a couple of times. But then the battery will be
damaged over time, reducing the lifetime and health of the battery.”
However, some argue that the charging infrastructure needs to be expanded faster
(Kristensen et al. 2017, 10). The first group of EV owners were generally people with
short commutes and did not necessarily use public charging infrastructure to any
particular extent. They had the possibility to charge at home. However, there is a more
significant challenge for owners today, that might not be able to establish a home
charger. However, most EV owners still do not use public charging to any particular
extent. In 2017, only 3 % said they needed to fast charge on a daily basis, while only 15
% required to fast charge once a week (Kristensen et al. 2017, 10). However, the EU
recommends that there should be an available charging station for every 10" electric car
by 2020. In 2015, Norway should have had 25 000 public charging stations available.
The fact is that Norway had 1350 stations.

Some barriers must be overcome in order to succeed.

One of these is the uneven geographical distribution of EV sales. In half of the country,
the EV sales are not increasing in any particular measure, and nine municipalities make
out half of the EV sales (Pedersen 2021). Especially in the northern parts of Norway,
the EV market has for a long time been moving slow. According to Pedersen (2021), 67
Norwegian municipalities have a passenger vehicle stock where EVs make out as little
as under 2 %. It's important to mention that these places are small municipalities with
low population density. Still, many of the northern parts of Norway have so far been

lagging behind in EV adoption.

However, tendencies are indicating that things might be about to change in the north of
Norway. Interestingly, the highest percentage increase in EV market share sales of new
passenger vehicles occurred in Finmark (northernmost county in Norway) in the first
half of 2021 (Skogstad 2021). Christina Bu, who works as general secretary at the
Norwegian EV Association, describes it as “remarkable” (ibid). As she points out,

people in Finmark do not have the same pleasure of all the political incentives as people
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in the southern parts (where the EV market share sales are higher) might have. There
are very few toll roads and ferries in Finmark, so the EV exemption of these charges has
a more negligible effect. EV access to the bus/taxi lanes is also of very little importance
in Finmark. She points out that economic incentives, like the VAT exemption, and the
improved charging infrastructure in the region, are decisive factors that have helped
improve the sales numbers (Skogstad 2021). Also, the increased selection of EV models
with an improved driving range is also a factor. Enova has supported the construction of
fast-charging stations in the region, resulting in that Finmark now having 21 fast-
charging stations, compared to only 1 in 2019 (Skogstad 2021). | would argue that
including all the areas in Norway in the transition over to electric passenger vehicles is
of great importance, especially as the concept of ‘fair climate policies' is becoming an
increasingly important subject in current climate discussions in Norway. “A green
transition that is understood as fair is a prerequisite to succeed with the green transition”

(NOU 2021, 135).

The mentioned charging infrastructure is another one of the barriers to even higher
adoption of electric vehicles in Norway. For more extended distance travels, a well-
organized charging infrastructure must be in place. The Norwegian charging
infrastructure has been criticized for not being user-friendly. As the Norwegian EV
market has grown, so has the number of charging companies that operate the charging
stations. According to an article by the Norwegian EV Association in 2020, ten different
charging companies exist in the country (Haugneland 2020). Many of these come with
their own apps and different price models, potentially confusing for the users. The
Norwegian EV Association did a questionnaire where they asked over 15 000 EV
owners if they thought the various payment models at fast charging were easy to
understand? As seen in figure 7, 47 % replied no.

68



ARE THE DIFFERENT PAYMENT MODELS AT FAST
CHARGING EASY TO UNDERSTAND?

HYes EMNo MItvaries Do not know

Figure 7- Questionaire by the Norwegian EV Association (source: Thronsen 2021)

Also, access to charging points, especially at peak times, has received criticism for
being insufficient (Skogstad 2020). If the charging infrastructure is inadequate, the
transition over to fully electric passenger vehicles transport is in danger of being
delayed. It can also cause a higher degree of “range anxiety” in the Norwegian public.
Range anxiety is a term that has been used increasingly as the Norwegian EV market
has grown. It’s a form of fear or anxiety of running out of power on an EV drive before
finding a charging point. Another issue is the lack of access to charging at home for
Norwegians living in housing associations. According to research done by the
Norwegian EV Association and Nordic Energy Research in 2020, 59 % of Norwegians
living in housing associations cannot charge an electric vehicle where they live (Viseth
2020).

During peak times at popular charging stations, people can also experience long queues
at the stations (Skogstad 2020). The Norwegian Automobile Federation explains that if
the Norwegian state does not take a more active role in establishing more charging
infrastructure, the 2025-target of only selling zero-emissions passenger vehicles might
be in danger (Valle 2021a).
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4.5.5 Economy

The EV initiative has encountered some challenged through its development also. Many

have argued it is too expensive. Odd Einar Dgrum admits that the price of the EVs and

the EV promoting policies have been barriers to the development. Still, the incentives

have been significant in making the EV’s price compete with the cost of ICEs.

Odd Einar Dgrum: “It has certainly been demanding work at times to defend
these incentives. People have come up to us and told us: “are you aware of how
this much this costs the Norwegian state?” But my response to that has been that
it does cost money to create change! Yes, there was a hole in the national
budget. However, we in the Liberal Party have always believed that this was the
right decision. We fought for keeping these advantages in 2013 and 2017, and
we demanded the incentives upheld if we were to join the governments those
years.”

Norway has one of the highest VATSs in the world, at 25 % (PWC n.d.). The VAT

exemption for EVs has later been described as one of the most essential political

measures that were implemented to promote EVs in the country. When talking about

why consumers today decide to buy an EV instead of a gasoline car, Marius Valle

explains the importance of the VAT exemption as an economic incentive:

Marius Valle: “Economy, I would say, is the most important reason people

have changed over to EVs. And when they first have tried an EV, they rarely go
back. Because it is more comfortable to drive, less maintenance, etc....not
having to pay VAT, it is very nice for Norwegian people. The feeling of not
having to pay VAT seems to have been an important factor for people to buy an
EV. People get the feeling that they have already received a discount on the
vehicle. A 25 % discount. It also makes some people argue that: “this proves that
people that buy an EV are not thinking about the climate or environment when
they purchase the electric car.” To some extent, that is correct, but it is also
exactly why we have implemented these economic incentives.”

A questionnaire performed by the Norwegian EV Association supports Marius Valle’s

reflections on the importance of the VAT exemption and economic incentives. The

Norwegian EV Association did a questionnaire amongst its members during the summer

of 2021. They asked their members about the most important reasons the EV owners

decided to buy an electric vehicle instead of other options. The results from the

questionnaire, illustrated in figure 8 below, show that economy/low cost is still a

fundamental reason for Norwegians to buy EVs.

70



MOST IMPORTANT REASON FOR
BUYING AN EV

W Economy/Low cost W Environmental considerations

M Technology and Innovation W Driving attributes and comfort

Figure 8 - Questionaire to EV owners by the Norwegian EV Association in 2021. (Source: Nesheim 2021)

However, the VAT exemption for certain EV cars is now under pressure. In 2022,
Norway might see VAT being introduced to electric vehicles in the more expensive
segment (Stensrud 2021).

Ole Gudbrann Hempel: “There has been some debate about the people buying
Tesla, for example. Some people say that the people who buy Teslas are wealthy
and should pay more tax for their cars.”

The proposal is that electric cars that cost up to 600 000 NOK should still receive VAT
exemption. However, more expensive vehicles than 600 000 NOK should receive a
VAT tax for the additional price. It means that an EV that costs 700 000 NOK will
receive an extra VAT tax of 25 000 NOK (25 % of 100 000).

Odd Einar Dgrum: “There have been people questioning our politics. Different
politicians have questioned if all EVs should receive the incentives, and the
latest now is the debate about whether EVs that cost over 600.000 NOK should
be exempted from the VAT tax or not. So the EV incentives are up to debate all
the time.”

Ole Gudbrann Hempel explains that Norway needs to be cautious about removing the
EV incentives too early:

Ole Gudbrann Hempel: “Most political parties agree that we can't just remove
all the incentives at once. They must analyze which incentives can be
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removed/decreased and to what degree, and how this will affect the EV sales in
the market. It has become quite a critical national climate policy. We have
committed ourselves through the Paris agreement. So, removing or decreasing
the EV incentives can have strong consequences. Denmark did quite well in the
EV market until 2016. But then they made some changes to their tax system and
EV incentives. Then the electric vehicle sales fell by 80 %. It was a disaster.
Denmark has become an example of what not to do when removing incentives
and subsidies for electric cars. It was too early. This is something Norway is
aware of and wishes to avoid.”

The Norwegian government estimates that the EV incentives cost the state almost 19,2
billion NOK each year (Figenbaum 2017, 31). As Erik Figenbaum explains, the EV
incentives seem to be gradually changing now because of the government costs and the
high market share of EVs. Local authorities are now allowed to implement toll roads
and payment for EVs at ferries. However, these fees are restricted to only half the price
of ICE vehicles. As the target is that 100 % of all new passenger vehicles sold should be

zero-emission, the EVs incentives remain relatively strong in Norway.
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5 Discussion

In this chapter, I discuss the network's assemblage in the Norwegian EV initiative and
the different translations that have occurred. Also, the different punctualizations that
have been revealed are discussed. | explore the implications for the future of the
Norwegian transport sector, investigate the international EV developments, and
consider whether these changes in transport are indeed a transition to a new “system of

automobility, ” as John Urry has presented.

5.1 The Assemblage of the Actor-Network and
the Process of Translation

The ANT approach is concerned with how actor-networks emerge, how they hold
together, how they both shape and reshape, and how they might fall apart. This research
has followed the Norwegian EV initiative from a story about a relatively small niche

market of electric vehicles into one of the leading EV markets in the world.

In Actor-network Theory, the research does not only focus on the technological object.
Focus is expanded and also involves all the cultural and social networks surrounding it.
These networks interact dynamically and constantly with one another. Therefore, the
electric vehicle does not hold much value alone. “Our technologies mirror our
societies,” ANT researcher Wiebe Bijker once said (1992, 3). The electric vehicle
serves no purpose unless people drive it. As seen in the previous chapters, many
cultural, political, economic, and technological factors needed to be in place before
Norwegians started purchasing EVs in any noticeable number. Michel Callon, ANT
researcher, explains what he investigates in his ANT analysis of the case of the electric

vehicle in France during the 1970s:

“How is it that ideas and writings that issue from these institutions are able to
revolutionise, if only gradually, conditions of work in industry, the universe of
consumer goods and lifestyles? How are the discoveries made...diffused such that they
become universally known and recognised? How are certain technical devices, shaped
in research departments ... able to conquer markets throughout the world?”” (Callon
1987, 19)
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The investigation in this thesis has explored many of the questions that Callon mentions
above. One of the central ANT concepts that this thesis is concerned with is the
assemblage of the network. As explained in chapter 2, these assemblages are often
complex and involve both human and non-human actors. In the case of the Norwegian
EV initiative, the complexity of the development is apparent. During 30 years of
development, the initiative has involved many networks and actors. This research has
looked into the Norwegian EV initiative's assemblage to understand better the complex
web of actors that has made up the Norwegian EV initiative. The second important
ANT concept in this research is the process of translation. In short, translation is a
contended phase where actors within the network shape and reshape other actors
enrolled into the network. This translation might change the identity, interests, roles,
and actions of other actors. Conflicts may arise, and the success of translation can not be
taken for granted.

As discussed in this thesis, the electric vehicle is not a new technology. At the
beginning of the 20™ century, the competition between the electric, damp-driven, and
fossil car was not decided. However, the EV technology proved inadequate to the fossil
car around 1912, and the fossil car has since dominated the passenger vehicle fleet in
most areas of the world. There were some attempts to develop EVs in Norway during
the 1970s. However, the real assemblage of the actor-network in the Norwegian EV
development did not form until 1990. As seen in this research, the appropriate starting
point for the EV initiative in Norway was when environmental organization Bellona,
together with Harald Rgstvik and the pop-group a-ha, pushed the Norwegian politicians
into implementing the first political incentives to promote the development of electric
vehicles in Norway. In 1989, “the idealists took the opportunity,” as Asphjell et al.
explain (2013, 67). They imported the red fiat panda and wanted to show a practical
solution to the climate issues they were talking about. The assemblage of the network,
the EV initiative in Norway, began as the heterogeneous actors Bellona, the fiat panda,
politicians, the first political incentives were drawn together in a network and started to
interact with each other.

What exactly were the visions at the beginning? Frederic Hauge, the leader at Bellona,
explains: “To point at the problem is easy. To work with the problem to find examples

that can create precedence is harder. Our method has been actions that can give
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momentum” (Asphjell et al. 2013, 103). The team started pushing the government
through different actions—one of these where when they demonstrated that electric
vehicles should not pay toll roads. Harald Restvik explains: “Together we made the
plan to travel to Switzerland, buy the electric vehicle and then performing the EV
stunts. Behind this was a team attractive to the media: popstars, a researcher, an
environmental organization....” (Asphjell et al. 2013, 106). These efforts saw the first
political incentives introduced to promote the usage of electric vehicles in Norway.
Bellona looked at how they could push the politicians to create incentives to encourage
electric vehicles sales in Norway. At the same time, politicians themselves were looking
at ways to reduce greenhouse gas emissions. For them, the electric vehicle seemed a
reasonable option. Odd Einar Dgrum, involved in the processes as a politician,
explained that the politicians viewed the electric vehicle as something “exotic.” The
politicians were looking at cutting emissions in the transport sector, and electric

vehicles became an option that looked promising.

At the same time, Norwegian entrepreneurs wanted to create an automobile industry in
Norway. The company Pivco (later Think) had a vision about mass-producing electric
vehicles from their factory at Aurskog. From the research, it seems likely that the
political incentives were also highly motivated by the possibility of a new Norwegian
industry adventure with Think. The politicians saw the potential of an industry
contributing to higher employment. This period also saw the creation of NORSTART
(later known as the Norwegian EV Association). This interest organization has also
played a significant part in pushing for further incentives and worked as a place for
knowledge sharing between the EV interested actors as well as providing information to

the Norwegian society about the possibilities of electric vehicles.

The opportunity for Think to become an impactful Norwegian industry seems to have
played a role in the persistence of the political will to keep and develop further

economic incentives to create a larger market for electric vehicles in the country.

From the research on the development of the Norwegian EV initiative over a 30 year
period, it is clear that many actors have been involved in the shaping and reshaping of
the initiative. Therefore, | have tried to make an overview of some of the actors central
to the development of the Norwegian industry in figure 9. The actors/entities involved
are placed within the categories: technology, industry, politics, pioneers, economy,
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society, and international landscape. However, this overview only scratches the surface,
and this thesis has looked deeper into each of these categories. When investigating these
categories, a new set of networks of actors unfold within each category. This set of

networks and how they interact with each other is what this ANT research has explored

in more detail.

A very simplified actor-network map

Technology

International Landscape ]

The

ot B
EV Initiative Environmental Impact ]

Pioneers

Figure 9 - Note: created by the author.

In the Norwegian EV initiative-network assemblage, many different actors have been
involved, both human and non-human. Below, in figure 10, | have created a more
extended actor-network map. The example below serves as a helpful tool to categorize

some of the central actors in the network.
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A map of the actors involved in the Norwegian EV initiative
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Figure 10 - Note: created by author. This more extensive map is also a simplification of the entire initiative, but is a
helpful tool to categorise some of the central actors in the network. Inspired by the multi-level perspective framework
on the Norwegian EV development presented by Erik Figenbaum (2017, 28).

Over 30 years, the actor-network of the Norwegian EV development has become
extensive. Therefore, it became apparent during the investigation that involving all the
entities and actors that have been part of the network was going to move beyond this
thesis's available time and space. The decision was made to identify some key moments
that seem to have been crucial in creating and forming the actor-network according to

the actors. The ANT approach was then used to describe these moments. It might seem
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arbitrary that the researcher has chosen some moments to focus on and leave others
behind. The researcher has made every effort to allow the actors themselves to decide
these critical moments and key actors by letting them tell their own stories using their
vocabularies. This investigation reveals some of the negotiations and compromises

made in the actor-networks in developing the Norwegian EV initiative.

Pioneers have played a significant role in developing the Norwegian EV initiative, as
this thesis has shown. In the beginning, niche pioneers strongly affected the assemblage
of a more durable network of actors surrounding the EV initiative, pushing the
politicians to enroll political incentives into the network. The Norwegian EV

Association has also had a strong influence.

Technology has a central role in the Norwegian EV initiative. The electric vehicle is
essential for the network to be alive. Technological advancements in battery efficiency
and price have strongly shaped the other actors in the network. Also, the role and
development of charging infrastructure seem to play a pivotal role in people's

perception of the usefulness of electric vehicles in Norway.

The industry is another actor-network within the EV initiative that plays an important
role. As seen in the research, the efforts to create a new Norwegian industry with the
EV producer Think played a significant role in the steadiness and improvements of
Norwegian EV policies. Also, when the international car manufacturers entered the
Norwegian EV market in 2010, with models like the Mitsubishi MiEV and Nissan Leaf,
the EV sales numbers increased strongly. Especially the entrance of the Tesla Model S

in 2013 contributed to a drastic increase in the EV sale numbers.

Think, when investigated, is an actor, but also a network of actors itself. The
development of Think was for a long time looking promising. The company had
ambitious visions, but the period of translation where other actors were enrolled into the
network was unstable. Ford played a significant role in the translation of the network.
However, when Ford was forced to sell Think, many things changed at Think, and the
development was never able to become successfully stable, and in the end, went

bankrupt.
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Politics has been central. Norway has had strong EV incentives in place for a long time.
The politicians looked at ways in which to reduce emissions, and the EVs proved
attractive means to reduce emissions from the transport sector. The network of
Norwegian EV policies has been impressively durable, influenced by pressure from
environmental organizations and interest organizations like the Norwegian EV
Association and Think, who looked to establish EV manufacturing in the country.
ENOVA has proven a valuable tool to promote the establishment of Norwegian
charging infrastructure. Also, the broad climate settlement policy in the parliament has
played a role in solidifying the development. The National Transport Plan works as a
central government paper, where the parliament stated the goal that all new passenger
vehicles sold by 2025 should be zero-emission vehicles. These are all actors that
solidify the network.

The economic factors have been central to why an increasingly large number of
Norwegians decide to purchase an EV instead of a fossil car. As Marius Valle
explained: “Economy, | would say, is the most important reason people have changed
over to EVs.” The purchase price has been strongly shaped by the economic incentives
implemented by different Norwegian governments. VAT exemption, no registration fee,
no/reduced toll road fee, and ferry charges have been strong incentives. As well, the low
maintenance cost of an EV has also encouraged buyers. The EVs have also decreased in
price, as the car's technology and the battery have improved over time. However, the
EV initiative has also come at a substantial cost for the Norwegian state.

The international landscape has also influenced the development. At the beginning of
the EV initiative, the Californian ZEV mandate created a belief that Think’s cars could
also sell in the Californian state. Also, this ZEV mandate influenced the international
car producer Ford. The mandate forced Ford to think about how to produce more zero-
emission vehicles, and they decided to buy Think. Ford's entrance at the factory at
Aurskog reinforced the belief that Think might succeed and that EVs would be the
future. In the same way, as the international landscape made the network of the
Norwegian EV initiative more impactful and durable, the decline of the ZEV mandate

and the withdrawal of Ford from Think also made the network more unstable again.

The perception in Norwegian society has changed over time and stabilized. In the
beginning, the small electric cars did not dominate the traffic picture in any way in
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Norway. It was a niche product, and those driving the vehicles were perceived as a bit
‘strange.” However, this perception slowly changed in the Norweigan society as
economic advantages, technology developments, and environmental impacts have
shown that the EV is a reasonable option to the fossil car. Now, there seems to be a
strong belief amongst many Norwegians that EVs are the future in the passenger vehicle

segment.

Environmental impact is an essential factor for development. The politicians were
looking at ways in which to reduce greenhouse gas emissions in transport, and the EV
was an interesting possibility. Because of the massive emissions from fossil cars, the
transition over to zero-emission vehicles is essential if Norway and the world limit

global warming and climate change.

I introduced the concept of a translator-spokesperson in chapter 2. It explains the
process when a single entity or actor (the translator spokesperson) represents a network
of actors. In the Norwegian EV initiative, the political incentives can be interpreted as
one of these translator spokespeople. The incentives are often highlighted as the reason
for the successful adoption of EVs in Norway. As seen in this investigation, many
actors have shaped these political incentives. Still, the incentives are highlighted as the
actor. Another example is the car company Tesla. Tesla seems to have become a
translator-spokesperson for the vast developments in EV technology and EV adoption

over the last decade.

5.1.1 Punctualization

As mentioned previously in chapter 2.2.1, the process of black-boxing is also called
punctualization. When two or more actors are connected together, they form what is
understood as an actor-network. In ANT research, these networks always consist of
actors. At the same time, these actors can themselves consist of a whole new network of
actors when the researcher opens them up for investigation. Sometimes, these
connections can be challenging to understand fully, and an actor (that again consists of a
network of actors) can be taken for granted or black-boxed. This black box arises when
people no longer question how a particular technology or knowledge is constructed.
During the investigation of the development of the EV initiative, the thesis attempt to

open up some of these technologies or pieces of knowledge arguably have become
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black-boxed to a certain degree. As EVs have become increasingly integrated into
everyday lives for Norwegians, these technologies or bits of knowledge have become
black-boxed.

First, 1 would argue that some of the potential motivations behind the development of
the first EV incentives have to some degree become back-boxed as the development has
stabilized. To use an example, the Norwegian EV Association summarises the

Norwegian EV policy with these words on their website:

The Norwegian success story is first and foremost due to a substantial package of
incentives developed to promote zero-emission vehicles into the market. The incentives
have been gradually introduced by different governments and broad coalitions of parties

since the early 1990s to speed up the transition (Norsk Elbilforening n.d.).

The text above is correct. However, in this summary, some of the important actors
behind the EV incentives are hidden. Here, the process of punctualization has made an
entire network of actors into a single actor in another network, in this case, the package
of incentives. The actors that shaped and reshaped the EV incentives network have been
black-boxed. As the investigation in chapter 4 shows, many actors were involved in
shaping the first EV incentives during the 1990s. Together with Harald Rgstvik and the
pop-group a-ha, environmental organization Bellona pressured the government to
implement the first incentives through actionism. Also, the hopes of a Norwegian
industry adventure through the establishment of Think certainly impacted the formation
and durability of the EV incentives. To revisit a statement by Odd-Einar Dgrum, he
explained that Think also was an important actor. “The government looked at the
possibility of starting new industry here. Think was a great tool for us to start asking for
zero-emission cars. We rooted for technology development that led to the development
of zero-emission vehicles.” The international influence, especially the ZEV mandate,
has also been investigated in this thesis. This global influence on the Norwegian EV
initiative was discovered when actors and their motivations were investigated more

thoroughly.

Secondly, as the electric vehicle has become increasingly common in the Norwegian
market, the knowledge about the electric vehicle's inner workings has also become
increasingly black-boxed. Arguably, those who bought electric cars in the early period

were perhaps more interested in the car's inner workings than those who purchase EVs
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in the mass market today. The niche market during the 1990s perhaps contained more
technology nerds interested in the technological aspects of the car than what many of
the buyers today are. This EV network is increasingly stabilized, and people have an
increasingly strong trust in the technology's quality. However, as the popularity of EVs
is still relatively recent, many customers are investing time and effort in understanding
the technical sides of the car and the variables that may influence the range and
performance of the vehicle. As well, the charging network demands user knowledge. As
technological development becomes more and more successful, fewer people focus on
its internal complexity. Interestingly, the digitalization and technological advancements
on the inside of the car arguably make the car's inner workings increasingly black-
boxed. The car’s inside network of actors is becoming increasingly complicated and

digitalized, therefore also increasingly black-boxed for its users.

5.2 What Next? The Way Forward

Norway has committed itself to reducing greenhouse gas emissions by 50% -55 % by
2030, compared to 1990-levels. To achieve these reductions, deep cuts in the transport
sector are required, as the sector stands for about one-third of the total emissions in the
country. Norway has set ambitious targets for significant cuts in CO2 emissions in the
sector. By the end of 2025, all new passenger vehicles and light vans shall be zero-
emission vehicles. Also, all new buses should be zero-emission vehicles or use biogas
by 2025. In addition, by 2030, the target is that all heavy-duty vehicles, 75 % of new
long-distance coaches, and 50 % of trucks should be zero-emission (Regjeringen
2021a).

Electric vehicles represent over 60 % of the new passenger vehicle sales so far in 2021.
Therefore, the trajectory to reach 100 % seems possible within 2025. As director of
OFV in Norway, Qyvind Solberg Thorsen, explains: “The pace of registrations for new
passenger vehicles is clear. People want electric cars, preferably SUVs or others, that
meet space, equipment, range, and price demands. Many new electric vehicles fulfill

these demands, and they are coming in an increasing number” (OFV 2021b).

The transport sector entails more than just passenger vehicles. Not only passenger

vehicles are being electrified. By 2030, most of the transport segments should be zero-
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emission vehicles. There is currently a lot of developments happening in the transport
sector. By the end of 2021, Norway should have 57 ferries running on batteries
(Energiogklima n.d.). Hydrogen solutions for freight transport and heavier vehicle
segments are also being developed, and actors like Posten, Coop, and Schenker have set
a target to have at least 100 freight vehicles running on hydrogen within 2025 (Hovland
2021). The Norwegian Hydrogen Plan by the Norwegian Ministry of Petroleum and
Energy and the Norwegian Ministry of Climate and Environment (2020, 34) states that:

Heavy goods transport by road is an area in which hydrogen could potentially play a
role in reducing emissions. This is thanks to its lower weight-to-range ratio compared to
batteries, and to the fact that there could be limited access to sustainable bio-based fuel.
A hydrogen tank can also be refilled as quickly as a tank of diesel, which is significantly

faster than the time needed to charge an equivalent battery vehicle.

The hydrogen plan was launched in 2020 and emphasizes that hydrogen can have an
important role in transitioning to a cleaner transportation sector, particularly in the
maritime industry, aviation, and freight transport. To decarbonize the transport sector, a

holistic approach to the challenges and solutions is required.

5.2.1 Life-Cycle Analysis

As mentioned, the EV is at least twice, and perhaps even four times, as energy-efficient
as a vehicle with an internal combustion engine (IEA 2021, 9). According to Figenbaum
and Kolbenstvedt (2013), this means that the total emissions of the EV from energy
source to the wheels will be lower than the fossil cars, even with electricity produced
with an average European energy mix. Especially for Norway, the emission cuts could
be more than 95 % as Norway is very much supplied with electricity from their
hydroelectric power system (Figenbaum and Kolbenstvedt 2013). All energy

production, however, will have an environmental impact.

As mentioned, electric vehicles have no tailpipe emissions. However, it is essential to
remember that the electric car still represents an environmental burden. Life cycle
assessments (LCAS) are necessary to understand the electric cars' total environmental
impact. The life cycle assessments are used as a holistic approach to assessing the
environmental effects of the electric vehicle through its life cycle. That includes
production, use, and the end-of-life phase (Chordia et al. 2021). The minerals used in
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the batteries, and the dismantling of the batteries when they have deteriorated, both
involve substantial carbon emissions. The same also applies to the manufacturing and
transport of vehicles to customers worldwide. The EVs are promoted as “zero-
emission” vehicles, but in reality, they also represent an environmental burden. Marius
Valle explained his view when asked about how environmentally friendly the electric

car is:

Marius Valle: “My answer is I don’t know. Yes, it is environmentally friendly
because you create no local pollution and particles when you drive around the
city. But I spoke with an expert on LCA analyses, and after | spoke with her, |
understood that there is a difference between climate and environment. The
more you read about something, the more you understand that you don’t
understand, you know. But my perception is that: yes, in sum, it is positive both
for climate and the environment to drive an EV, especially in Norway. And most
likely most places.”
One of the biggest arguments against EVs is that the battery production for an electric
vehicle is much more detrimental to the environment than the internal combustion
engine. The initial environmental footprint from current EV production is larger than
the production of ICE vehicles. The mining processes produce a large extent of climate
emissions. Lithium is especially central here—cobalt causes ethical dilemmas.
Recycling is also an issue. The numbers used in the LCAs on EVs differ considerably.
As Ellingsen et al. (2017) explains, the LCA studies find emission levels from
production ranging from 38 — 356 kg CO2-eq/kWh (Elligensen et al. 2017, 1). The main
reason for this massive variation in results is the different assumptions regarding energy
need both in the manufacture of the battery cells and battery pack. In 2019, a report by a
leading German economy institute claimed that electric vehicles emit more than diesel
vehicles. Their study investigated life-cycle emissions from EVs and concluded that
electric cars emit between 11 and 28 % more than their diesel counterparts (Brussels

Times 2019). This report received a lot of criticism.

Another LCA analysis, made by the International Council on Clean Transportation
(Bieker 2021), explains that the life cycle-emission of EVs are already much lower than
that of gasoline cars. This report demonstrates that the life-cycle emissions in Europe
are already 66-69 % lower. Also, the emissions are 60-68% lower in the US, 37-45 %

lower in China, and 19-34 % lower in India. As the electricity mix is expected to
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continue to decarbonize in the future, the emission gaps between EVs and gasoline
vehicles are only likely to increase. Also, modern EV production is in its relative
infancy compared to the manufacture of ICE vehicles. So as time goes on and new
processes come into play, the environmental impacts are expected to be reduced.

As seen, the LCA analyses have different results. What is certain is that the production

of electric vehicles comes at an environmental cost also.

5.2.2 International Impact

The Norwegian EV development does not exist in a vacuum, unaffected by global
events. Internationally, electric vehicles are now obtaining an increasing momentum in
market sales. In 2020, electric vehicle sales globally exceeded 10 million cars(Cui et al.
2021). EV sales represented a 4,6 % market share of total passenger vehicle sales. There
was a 46 % increase in the number of high-volume EV passenger vehicle models and a
12 % reduction in battery pack costs from the previous year. Also, the number of EV
public chargers increased by 48 %. Europe has overtaken China as the largest market
for electric vehicles (Cui et al. 2021). It is important to notive that these numbers
represent both battery electric vehicles (BEVs) and plug-in hybrid electric vehicles
(PHEVS), where BEVs represent around 70 %.

China holds a dominating position in the total number of EV sales. In 2020, the Chinese
people bought 1,3 million EVs, representing 41 % of the total EV sales globally. Six of
the top ten countries registered an incredible annual growth rate in 2020. According to
Cui et al. (2021, 7) these countries were Germany (270%), Italy (247%), France
(200%), Belgium 171%, the UK (135%), and Sweden (134%).

The Norwegian market is not so substantial globally regarding the total number of EVs
sold. However the market share of EVs in Norway's total passenger vehicle sales is still
far ahead of any other country. The country seems to have paved a path that other
countries around the globe seem to adopt on a growing scale. Therefore, there is a
noticeable tendency that the Norwegian market increase might also transmit over to
other countries in the world. Other countries are now setting targets only to sell zero-

emissions vehicles within specific dates.
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It's easy to be carried away when looking at the sharp incline in sales numbers of EVs
around the world. Therefore, it is essential to mention that there is still a long way to go

before the transition to zero-emission passenger vehicles is fully implemented.

To measure whether the Norwegian EV initiative has had any international effect is not

the easiest.

One argument is that the Norwegian EV initiative has helped push the development of
better EVs and battery technology globally. DNV GL’s report by Alvik and Bakken
(2020) support this claim. In the conclusion of their report, they explain that the
Norwegian EV initiative has helped pressure global battery prices down. According to
the report, the effect may seem marginal at first, but it has produced significant CO2
emission reductions in global developments. They explain that a higher volume of
electric vehicles in Norway will slightly reduce the price of EVs elsewhere as the price
of batteries and technology decrease. This creates a self-reinforcing effect — as the price
of technology and batteries decrease, more people will purchase EVs, which again
pushes the development and price of the technology. It is complicated to measure how
much the Norwegian EV initiative has contributed to emission cuts globally. Still, the
prediction in the DNV GL report is that the emissions globally would be close to 400
million tonnes higher over the period 2010-2050 without the Norwegian EV initiative
(Alvik and Bakken 2020, 6). These calculations are highly debatable, but they serve as
an example to show the potential global effect of the Norwegian EV initiative.

Elon Musk, CEO at Tesla, expressed his view on the Norwegian EV initiative in an
interview (Frydenlund 2016) with the Norwegian EV Association in 2016: “Norway is a
world leader when it comes to electric mobility. Your political incentives represent a
great catalyst for the fantastic EV adaptation, and you have fought for sustainable
transport for more than 20 years.”

The number of electric car models is increasing rapidly. In 2020, 370 different EV
models were available globally on the market (IEA 2021, 23). That was a 40 % increase
from 2019. Most of the traditional international car manufacturers are now announcing
increasingly ambitious electrification plans for their vehicle fleets. According to the
latest IEA report, 18 out of the world’s top 20 vehicle manufacturers have now stated

goals to rapidly scale up their production of electric vehicles and their portfolio of
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different EV models (IEA 2021). Volvo has announced that they will only sell electric
cars from 2030. Already by 2025, their aim is that 50 % of their sales are electric
vehicles. In a statement, Volvo’s chief executive Hakan Samuelsson explains: “To
remain successful, we need profitable growth. So instead of investing in a shrinking
business, we choose to invest in the future — electric and online. We are fully focused on
becoming a leader in the fast-growing premium electric segment” (Volvo Cars 2021).
Audi has announced that they will only develop electric vehicles by the end of 2026
(Automotive News Europe 2021), and VVolkswagen will only sell electric cars in Europe
by 2035 (Reuters 2021). Although these developments are in the early stages in many
places, the transition in transport from producing EVs instead of ICE passenger vehicles
seems more and more likely as the traditional car manufacturers are in growing fashion

turning their production strategies over to making an increasing number of electric cars.

However, the transition is moving slower than wished. Transportation habits and

preferences for the users are seemingly hard to change.

5.2.3 A New System of Automobility?

As mentioned in chapter 3.1, electric vehicles are part of a broader complex system of
automobility. As Urry argued, the car is part of a system that involves many different
elements. Through the investigation of the EV initiative in Norway, it is evident that
electric vehicles are part of a system that involves more than just the vehicle. It also
involves car drivers, roads, charging stations, energy supply, signs, politics, industry,
environmental concerns, parking spots, habits, preferences, and other factors. The
electric vehicle seems to provoke different feelings amongst people, as some see it as a
solution and others only see it as a counterproductive, expensive political symbol.
Therefore, | would argue that the EV can be interpreted as a technological sublime
representing something outside of only its technology. It represents a part of the
transportation system's future transition, which can provoke different feelings amongst

people.

Urry argued that we might see automobility tipping into a new system, which he called
the “post-car system” (Urry 2004). It is interesting to consider whether the Norwegian
transport sector is indeed in such a transition over to a new system of automobility. The

fossil car has been the dominating transport option in Norway for a long time, and the
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“fossil lock-in” has seemed very challenging to break. However, there are signs that the
Norwegian transport system is indeed changing. The transition to electric vehicles is
one of these. Urry mentioned electric cars as a potential tipping point. As this thesis has
shown, Norway seems to have moved beyond a tipping point regarding integrating
electric vehicles. The tendency is clear. More and more people are substituting their
fossil vehicles with electric cars. The automobile vehicle industry is also increasingly
transforming its businesses to make electric vehicles, thereby also increasing the model
options for Norwegian buyers. Therefore, Norway seems to have passed a tipping point
when it comes to adopting EVs, especially as the government has stated that 100 % of

new passenger vehicle sales should be electric by 2025.

Other transformations that Urry argued could help tip automobility into a new system
were innovations in materials used in the manufacture of vehicles, increased demand for
smaller “micro-cars” for urban areas, the development of ‘smart-card’ technology, car-
sharing, increased political focus on a more holistic mobility service integrating other
types of mobility, and the advancements in internet and communication technology
(2004, 34-35). Norway and other countries around the world are indeed experiencing
many of these transformations today. Digitalization, software, and automatization are at
the forefront of mobility changes of both people and goods. The network of connected
services in GPS systems, sensors, and online communication technology creates an
increased seamless web of services. It has resulted in more intelligent transportation
systems (ITS) where car-sharing, car-renting, e-scooters, e-bikes, and so on are
becoming increasingly popular. All of these services are also increasingly easy to access

through different apps and integration within other systems.

A report by the Institute of Transport Economics in Norway (Cyriac and Julsrud 2018)
investigates car sharing in Norway. They explain that car sharing is a service in rapid
development. It has long been perceived as a niche service, but there is an increase in
the number of users of the services and the number of platforms available, especially in
urban areas. Car sharing is challenging the current mobility system, dominated by
privately owned cars. It can reduce the number of vehicles on the road and the total

amount of driving per user.

The future might also see autonomous vehicles. Oslo, Norway's capital, is currently
testing out a pilot project with autonomous shuttle buses in the city (Pokorny et al.
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2021). Hyperloop trains, which can travel at a speed of about 1000 km/h (Solberg
2017), are another mobility option under testing. All the developments mentioned might
spur the transition process, both at the behavioral level for people and policy-making.
The EV initiative also illustrates the importance of financial incentives for accelerating

disruptive innovations in the transport sector.

A central issue is that the entire passenger car park is continuing to grow in Norway. In
1950, 81 000 passenger vehicles were registered in Norway. By the end of 2003, the
number had increased to 2,3 million cars, while by the end of 2019, Norway had about
2,9 million vehicles registered (Holtsmark 2020). The Norwegian government has set a
target about zero-growth of the total amount of passenger vehicles in and around cities —
focusing on increased access to walking, biking, and use of public transport
(Regjeringen 2021b).

It remains to see whether the innovations and transformations currently taking place in
the Norwegian transportation system today are enough to push the system into a new
era, a “post-car system,” as Urry argued. In chapter 2.1.2, researcher Keith Smith
introduced two types of innovations and their potential influence on the current fossil
paradigm that countries are struggling to move beyond. Incremental innovations are less
significant modifications to already established products and processes, while disruptive
and radical innovations can significantly upset the current structure, transforming the

market.

Although the electric vehicle itself is by no means a recent phenomenon, my argument
is that it is not until recently that it has become a disruptive innovation. Many actors
have had played a part, contributing to the improvement of EV technology. The
company Tesla has undoubtedly been a disruptive factor in the EV market, challenging
the very perceptions of a car. Herbert Diess, the chairman of the board of management
of Volkswagen Group, recently stated Tesla is setting the new standard in the car
industry. He explains that Tesla has changed the market. Not only by mass-
manufacturing electric vehicles but also by developing software in their vehicles that
are far superior to their competitors (Valle 2021b). Having no ties to the old car
manufacturing industry, Tesla came in with disruptive and radical innovations that

changed the passenger vehicle market.
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It is essential that the transition the electric cars do not become the only transition in the
Norwegian transport sector. Electric vehicles alone are by no means a sufficient
transition in the transport sector. The transition requires structural changes in all the
transportation segments, and the issue with growing ownership of passenger vehicles
must be addressed as the population increases. A holistic approach to the transition
required in the Norwegian transportation system is essential, looking at ways to reduce
emissions and resource use. As Smith explains, reducing greenhouse gas emissions "is a
challenge that requires more than just incremental innovations tied up with existing
technologies. Not even disruptive technologies are sufficient. The transition requires a
complete regime change" (Smith 2011, 31). The transportation system consists of a
network of actors, including businesses, actors, resources, finances, politics, and
society. The transportation system is changing, but it remains to see whether these
changes will be sufficient for transport to move into a sustainable path.
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6 Conclusion

Electric vehicles are recognized as a crucial measure to reduce emissions from the

transport sector around the world.

Structural changes in most parts of society are required if the world is to have a chance
at avoiding the worst scenarios of climate change. The transport sector is directly
responsible for about 24 % of the carbon emissions globally (IEA 2020). Transportation
is a central driver of social and economic development, connecting people to work,
education, trade, health care, leisure, and each other. Privately owned passenger
vehicles are a central part of this. According to United Nations Environment
Programme calculations, 1.2 billion new vehicles are expected to be deployed within
the following decades (UNEP 2021). With the current trajectory, where fossil fuels
dominate the sector, the emissions from the transport sector will rise by 30 %. That
raises worrying concerns both for the climate, local air, and energy security as there will
be an increased need for both gasoline and diesel for fuel. Therefore, a drastic transition
to a more sustainable transportation system is needed, with rapid reductions in climate
emissions from the sector. Electrifying the transport system is considered a crucial step

in this process, hence why the electric vehicle (EV) plays an important role.

Norway, the country investigated in this thesis, is at the forefront of the adoption of
electric vehicles in the world. 14,8 % of the Norwegian passenger vehicle fleet is now
represented by electric vehicles (Elbilforeningen 2021), far ahead of any other country,
with the other European countries Iceland (4,4 %), Netherlands (2,7 %), and Sweden
(2,0 %) following (IEA 2020, 44).

This thesis has investigated the development of the Norwegian EV initiative through the
Actor-Network Theory (ANT) approach, which has been the theoretical and
methodological framework for this investigation. In line with ANT, the research has
“followed the actors” from the EV initiative (Law and Callon 1988, 284), taking all they
have said and done into account. The data has been collected through in-depth semi-
structured interviews with Odd Einar Dgrum (a former politician involved in the
forming of EV politics), @ystein Asphjell (EV expert and former employee at Think),

Ole Gudbrann Hempel (works with Norwegian charging infrastructure), and Marius
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Valle (runs a Norwegian EV podcast and knows a lot about the different EV models in
Norway). Secondary data from news articles, books, government articles, corporate
articles, and journal articles have also been utilized to provide further context and
extend the insights of the different roles and connections between the various actors in

the Norwegian EV development.

Through the research, a complex web of actors has revealed itself, involving actors from
the categories of technology, industry, politics, environmental organizations, interest
organizations, economy, social society, and the international landscape. How the actors
from the mentioned categories have been shaped and reshaped in the development, have
been investigated. Through 30 years of development, it is evident that the Norwegian
EV initiative's actor-network has become extensive. Therefore, this investigation has
not included every possible entity playing a part in the network of actors. That would
have moved beyond the available space of this research. However, this thesis has
investigated key moments and actors that have been central to the formation and
durability of the actor-network of the Norwegian EV initiative. It might appear arbitrary
in ANT research for the researcher to choose critical moments, but by “following the
actors” as the ANT approach suggests, the actors themselves have decided the critical
moments and central actors. Through interviews and extensive research, the actors have
been allowed to tell their own stories. This is a rather complex network of actors all
influencing each other, allowing or denying specific actions. Gro Harlem Brundtland,
previous Norwegian Prime Minister and Director-General of the World Health
Organisation, once said that “everything is connected to everything” (Johnsen 2015).
This statement fits in well with this investigation. All the different actors in the network

have connections, and without one, the story might have been different.

Having investigated the development through an ANT lens, this research has used three
ANT concepts— assemblage, translation, and punctualization. Assemblage has looked
at the process of how multiple actors have linked together to form the actor-network of
the Norwegian EV initiative. The concept of translation has been concerned with how
actors within the network have influenced and shaped other enrolled actors.
Punctualization is the third ANT concept this thesis uses. Often, when the Norwegian
EV initiative is described, the explanations for the success are oversimplified. As stated

in a Forbes article: “The answer is simple, favorable environmental math, and financial
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incentives” (Nikel 2019). However, the financial incentives are a sum of actors
assembled to form the actor financial incentives. These actors behind might be hidden
from view. In ANT, this process is called punctualization or black-boxing. When
closed, the box is seen as simply a box (one actor). However, when the box is opened,
all the elements inside become visible. As this research has explored the initiative in
greater detail and opened up these black boxes, several other central actors have

revealed themselves.

The starting point of this research is the beginning of the 1990s, when environmental
organization Bellona, famous pop group a-ha, and EV pioneer Harald Rastvik,
pressured the Norwegian government to implement the first political EV incentives like
the free EV passing in toll roads and exemption from registration tax. They
accomplished this through dedication, hard work, and a few stunts that caught the
media’s eyes. Another important actor that has revealed itself through this research is
the Norwegian car company Think, which tried to make it in the automobile industry by
manufacturing small electric vehicles. It is not certain that all the political EV incentives
that came at the end of the 1990s and the beginning of the 2000s would have been
implemented if it had not been for the Norwegian car company. Odd Einar Dgrum, who
was active in politics in this period, explains that Think was a central actor and that
“Think was a great tool for us [politicians] to start asking for zero-emission cars” (see
chapter 4.1.2). When international car manufacturers started producing more EV models
in 2010, Norway had already established a favorable electric vehicle “foundation,” with
financial incentives, charging infrastructure, and other advantages that helped spur the
interest amongst Norwegian buyers. The electric vehicle became an option that made
sense, both in terms of the environment, economy, and car quality. Especially Tesla
entering the center stage in the car manufacturing world has shown that electric vehicles
offer both quality and comfort. Combined with the favorable economic EV incentives
from the Norwegian politicians, a strong Norwegian EV Association, and a rapid
improvement in battery technology and charging infrastructure, the network of the
Norwegian EV initiative seems to have solidified and strengthened. The goal that all
new passenger vehicles sold by 2025 should be zero-emission appears to be a unifying
vision as well (Det Kongelige Samferdselsdepartement 2021).
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Electric vehicles are far superior to internal combustion engine (ICE) vehicles in terms
of energy efficiency. The EVs are also free of tailpipe emissions, contributing to
minimal air pollution and noise compared to the ICE vehicles. They provide reduced
emissions during their use, depending on the energy mix and over their lifecycle.
Increased use of electric vehicles will also lead to less dependency on fossil fuels in
gasoline and diesel. However, EVs also comes with an environmental burden. Life
cycle assessments (LCAS) are necessary to see the holistic picture of the environmental
impact of the electric vehicle. One of the key challenges for electric vehicles lies in
production. Especially the material resources in the EV batteries, like cobalt, nickel, and
lithium, must be extracted, which requires significant energy use. The extraction
represents carbon emissions, pollution of soil and water, as well stress on water

supplies.

However, as the rapid increase in EV development is relatively recent, it is expected
that the battery technology, materials used, and manufacture of electric vehicles will
only improve as the development continues. It is crucial to remove fossil fuels both in

the transport sector and from electricity production.

The number of passenger vehicles in the world is projected to increase in the following
decades. Therefore, it is doubtful that the passenger vehicles will be gone any time
soon. Because of this, EVs are an essential innovation to reduce emissions from the
transport sector. However, electric vehicles alone will not provide the shift needed in
the transport sector. It is only part of the solution. A holistic approach to the transport
sector and sustainable solutions are required to accomplish the transition needed. The
future might see a change in the “system of automobility,” as Urry (2004) argued.
Expansion and improvement of public transportation systems, walking opportunities in
the cities, bike lanes, small electromobility solutions, like privately owned and shared e-
bikes/bikes and e-scooters, can all contribute to fewer vehicles on the road. Digital
transportation systems and e-mobility is growing. Also, services like car-sharing and
carpooling are becoming increasingly popular. Renewable energy sources must power
the transport system in the future. The electric vehicle is a crucial step towards a more
sustainable transportation system. Norway is at the forefront of EV adoption, and there
is a complex network of actors to thank for this successful Norwegian EV initiative.
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