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Abbreviations

AFV — Alternative Fuel Vehicles

Alternative fuel vehicles are an umbrella term for vehicles that are not powered by fossil-
fuels.

BEV - Battery Electric Vehicle
A battery electric vehicle does not have an internal combustion engine. They use an electric
motor for propulsion with power coming from battery packs.

CAPEX - Capital Expenditure
The upfront investment costs of a product.

COP 26 - United Nations Climate Change Conference 2021

COP26 was the 26th climate change conference arranged by the United Nations where the
world leaders met to discuss how to mitigate climate change in order to limit global warming
to 1.5 °C. It was held in Glasgow.

CSS - Carbon Capture and Storage
A process where carbon is captured before it is emitted into the atmosphere and stored.

FCEV - Fuel Cell Electric Vehicles

Fuel cell electric vehicles are fueled by hydrogen which is by the fuel cell converted to
electricity.

HYBRIT - The Hydrogen Breakthrough Ironmaking Technology

A joint project by LKAB, SSAB and Vattenfall to decarbonize the metal industry. They have
successfully managed to replace coal with hydrogen to produce

IEA — International Energy Agency
The International Energy Agency

IPCC - Intergovernmental Panel on Climate Change

LKAB - Luossavaara-Kiirunavaara Aktiebolag

PPF - Private Public Funding
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Abstract: Carbon emissions are one of the primary drivers of climate change and the transport sector accounts
for 24% of the global carbon emissions. A shift within the automobile industry towards more eco-friendly modes
of transportation is hence needed. Vehicles powered by hydrogen are a carbon emissions-free mode of
transportation and have been identified as a viable approach to de-carbonize the transport sector, yet, the number
of hydrogen-powered vehicles on the roads in Sweden as of 2022 is relatively low compared to the rest of the
world. The aim of this study was both to identify factors that are important for actors to invest in hydrogen
technology within the transport sector, and to identify how the collaboration between different actors was
formed during the adoption process. The study uses a multiple-case study research design where the five cases
of Storuman, Mariestad, Sandviken, Trelleborg and Ljungby were selected. Data was collected through eleven
semi-structured interviews over video calls. The study has examined the diffusion process of hydrogen
technology within the transport sector of each case according to the diffusion of innovations theory. An analysis
of the diffusion of hydrogen technology has not, to the best of my knowledge, been conducted in the examined
cases. Gaining an understanding of these processes can provide guidance for other municipalities or actors who
aims to reduce their emissions and can play an important role in achieving Sweden’s objective of becoming the
world’s first fossil-free welfare nation. The findings of the study were that investments in hydrogen technology
within the transport sector are currently not economically profitable. However, investments in the innovation
were still motivated in terms of a relative environmental advantage, reception of financial funding, the will to
take a leading role in the energy transition, geographical location, long-term economic benefits and indirect
economic benefits which mainly include that the municipality can market themselves as green and progressive
in order to attract competent workforce and business opportunities. The study also concluded that local political
support is an important pre-condition for a successful adoption of the innovation.

Keywords: Alternative fuels, Diffusion of Innovations, Fuel Cell Electric Vehicles, Hydrogen diffusion, Hydrogen-
powered vehicle, Sustainable Development
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important role in achieving Sweden’s objective of becoming the world’s first fossil-free welfare nation.

To fulfill the aim of the study, a qualitative research approach was used where data was collected through eleven
semi-structured interviews over video calls. The study further uses a multiple-case study research design where
the five cases of Storuman, Mariestad, Sandviken, Trelleborg and Ljungby were selected.

The study is based on the theory diffusion of innovations which aims to describe how an innovation is spread.
The theory is based on four elements which include the innovation, communication channels, time and the social
system and are used to explain how the innovation diffuses. The study is also based on the concept of diffusion
of contemporary goods which has identified that government incentivize are vital for the diffusion of hydrogen-
powered vehicles and refueling stations. These two theories formed the conceptual framework that was used to
analyze the five selected cases. An analysis of the diffusion of hydrogen technology has not, to the best of my
knowledge, been conducted in the examined cases.

The findings of the study were that investments in hydrogen technology within the transport sector are currently
not economically profitable. However, investments in the innovation were still motivated in terms of a relative
environmental advantage, reception of financial funding, the will to take a leading role in the energy transition,
geographical location, long-term economic benefits and indirect economic benefits which mainly include that
the municipality can market themselves as green and progressive in order to attract competent workforce and
business opportunities. The study also concluded that local political support is an important pre-condition for a
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1 Introduction

In the light of rising concerns about climate change, greater attention has been given by nations and
international organizations to decarbonize the economy (Moon et al., 2021). Carbon emissions have
been identified as one of the greatest environmental challenges that humanity faces, if not the single
most important (Singh et al., 2015). Carbon neutrality by 2050 is the buzz concept and it entails that
humanity must remove as much carbon from the atmosphere as they produce. The way forward is
hence to minimize carbon emissions and maximize carbon absorption to find a balance between the
two. These actions are part and parcel of limiting global warming to 1.5°C to avoid disastrous climatic
consequences (European Parliament, 2021). The prime culprit behind carbon dioxide emissions is the
burning of fossil-fuel and it constitutes 87% of global carbon dioxide emissions (Ritchie and Roser,
2020). The transport sector is responsible for 64% of the world"s oil consumption and 24% of the
world’s carbon dioxide emissions which makes it one of the most important sectors to transform to
achieve a carbon-low world (Moon et al., 2021). In fact, the road transport sector alone stands for
10% of global emissions and the emission from this sector are rising at a higher rate than of any other
sector (United Nations, 2021). The high carbon emissions found in the transport sector stem from
the majority of the international vehicle fleet having internal combustion engines. These engines are
powered by fossil fuels, a process that generates high levels of carbon dioxide which are emitted into
the atmosphere. A shift within the automobile industry towards more eco-friendly modes of
transportation would dramatically decrease emissions within the transport sector. The technology
needed to revolutionize the automobile industry is not a part of a futuristic utopian world, cars with
zero tail pipe emissions are today in service across the globe (Moon et al., 2021).

1.1 Fuel cell electric vehicle

Scholars mainly identify battery electric vehicles (BEV) and fuel cell electric vehicles (FCEV) as
the prime eco-friendly competitors to the traditional internal combustion engine vehicle driven by
fossil-fuels. The BEV uses an electric motor for propulsion with power coming from battery packs.
The BEV is well-known across the world and is best recognized for the Tesla Model 3. The BEV's
significantly more unfamiliar competitor, the FCEV, also uses an electric motor but with power
coming from hydrogen instead. More specifically, electricity is generated from the stored energy
source of hydrogen with the use of oxygen and fuel cells. The FCEV is equipped with a tank where
hydrogen gas is stored and they produce zero tailpipe emissions, the only residual product is warm
air and water vapor (Moon et al., 2021; U.S. Department of Energy, 2022).

1.1.1.  Why hydrogen?

Hydrogen has been identified as a solution within the transport sector to reduce carbon emissions to
limit global warming (e.g. Meyer and Winebrake, 2009; Engelen et al., 2016; Rievaj et al., 2019;
Thomas et al., 2020; Moon et al., 2021). Vehicles powered by hydrogen are mainly preferred for
their health and environmental benefits over traditional internal combustion engines. The pollutants
from the combustion of fossil fuels have environmental impacts such as smog, acid rain and most
notably climate change and global warming. The combustion of fossil fuels can also cause respiratory
problems such as asthma along with other health issues such as eye irritation and allergies. There are
zero emissions from driving an FCEV and utilization of the vehicles would not only improve local
air quality; it would also be an effective way of reducing carbon emissions to mitigate climate change
(Sing et al, 2015). Audi has recently decided to switch their focus from the production of BEVs to
FCEVs due to the environmental and humanitarian concerns of lithium and cobalt extraction, two
metals crucial for most EV batteries (Thomas et al., 2020). The charging time for BEVs are further
very long and could stretch from 30 minutes to hours to even half a day. Charging times can also
increase in cold temperatures (Moon et al., 2021; Kia, 2022). The driving distance for BEVs is also
shorter compared to hydrogen-powered vehicles and traditional internal combustion engine vehicles,
and this together with long refueling time can be dreadful for travelling long distances. The carbon
emissions reduction of a BEV is also highly dependent on the local power-mix. The environmental
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benefits of a BEV can hence be minimal if the vehicle is charged from a power-mix that is not eco-
friendly (Moon et al., 2021). In contrast, FCEVs run on hydrogen gas which can be refueled at any
gas station offering the fuel. The refueling duration and driving distance is also similar to a vehicle
powered by fossil-fuels. The main disadvantage of FCEVs and BEVs is that the separate technology
is relatively new to the market and hence have high upfront costs (Moon et al., 2021). On the other
hand, a report produced by the Royal Swedish Academy of Engineering Sciences (I'VA) compared
the different benefits with the use of hydrogen and batteries within the transport sector in Sweden,
mainly within heavy transportation. The report predicts that the costs for heavy transportation with
hydrogen-powered trucks will be 50% higher per kilometer in 2030 compared to heavy transportation
with battery electric trucks. This is mainly because the energy efficiency in fuel cell electric vehicles
is relatively low. Some parts of the increased costs can however be reduced thanks to quick refueling
times and larger carrying capacity for hydrogen-powered trucks (Kageson et al, 2022)

Rogers (2003) has developed the Diffusion of Innovations framework to show how an innovation
diffuses in a system and reaches the critical mass. He proposes five adopter groups: the innovators
are the first 2,5% to adopt the innovation, followed by the early adopters-the next 13,5%, followed
by the early majority-the next 34%, followed by the late majority-the next 34% and ultimately by the
laggards-the last 16% of the population (Rogers, 2003). The FCEVs must successfully replace the
traditional combusting vehicle and reach the early and late majority to successfully diffuse into the
market. The global sale share of FCEVs is however just 0.001%, meaning that the FCEV innovation
is still at the innovator phase and is far away from reaching full market penetration (Moon et al.,
2021).

1.1.2. Characteristics of hydrogen

Hydrogen is typically divided into three categories based on how it is produced. Grey hydrogen is
hydrogen produced from either natural gas or methane. This is the most common production method
across the world, and also by far the most environmentally damaging way with high levels of carbon
emissions. Blue hydrogen on the other hand is produced the same way as grey hydrogen but with the
addition that Carbon Capture and Storage (CSS) technology is added to the process. A major part of
the carbon is captured and stored below ground with this technology which reduces carbon emission
by about 80-90%, making the hydrogen carbon-low (van Hulst, 2019; Marchant, 2021). Nearly all of
the global hydrogen supply comes from grey and blue hydrogen (IEA, 2019) but the last small
portion, accounting for about 0.1%, comes from green hydrogen which is produced by renewable
energy sources. Green energy is referred to as clean-hydrogen and is produced through electrolysis,
a process where water, with the help of electricity, is split into one oxygen and two hydrogen atoms
(Marchant 2019).

In a report from 2019, The International Energy Agency, IEA, concluded that grey hydrogen
produced from natural gas was by far the cheapest way to produce hydrogen, followed by blue
hydrogen which includes an additional fee for CCS technology. The price gap between the two types
of hydrogen is however expected to shrink in Europe due to higher taxes on carbon emissions. The
report also stated that green hydrogen is the most expensive way to produce hydrogen (van Hulst,
2019), making it threefold the price of blue hydrogen (Taibi et al., 2020). Green hydrogen is mainly
expensive due to the high costs of electrolysis and renewable energy. The price of green hydrogen
could however drop by 70% in 7 years with significant improvements in electrolysis (van Hulst,
2019). A more moderate prediction expects the price of green hydrogen to drop with 30% by 2030
with mass production and a reduced price of renewable energy. The production costs of fuel cells are
also expected to decrease with future levels of mass-production (IEA, 2019). With such
improvements, green hydrogen can become cost competitive already by 2030 (Taibi et al., 2020).

Much has however happened since 2019 which has made green hydrogen more cost competitive.
First, in year 2020, it became cheaper to produce renewable energy than to produce energy from
fossil fuels which makes renewables the cheapest energy source in the world (Masterson, 2021).
Second, about 40% of the natural gas consumed in Europe is imported from Russia (IEA, 2022) and
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the war in Ukraine has dramatically increased the price of natural gas around the world. Due to the
rapid price increase of natural gas, green hydrogen has become cheaper to produce than grey
hydrogen in China, Europe, Africa and the Middle East (Collins, 2022). Third, the EU has also
stopped their import of oil from Russia by 2/3 which has resulted in a dramatic increase in petrol
prices in Sweden. The petrol prices are as of the end of May 2022 at record high levels in the country
(TV4, 2022) which indirectly makes green hydrogen more cost competitive.

1.1.3.  What can hydrogen be used for?

Hydrogen has been described as the fuel of the future, and this is by no means any surprise given the
many areas and sectors the gas can be used in (The Economist, 2021). For instance, hydrogen is used
within the steel-production industry. The Hydrogen Breakthrough Ironmaking Technology, best
known as HYBRIT, is a project initiated by Luossavaara-Kiirunavaara Aktiebolag (LKAB), SSAB
and Vattenfall with the intent to decarbonize the metal industry. They have successfully managed to
replace the core component of coal in steel-production with hydrogen to produce fossil-free steel for
the first time in the world (SSAB, 2021). Furthermore, the main message of United Nations Climate
Change Conference 2021 (COP26), was that global warming must be limited to 1.5°C to avoid
disastrous climatic consequences. The Intergovernmental Panel on Climate Change (IPCC) has
through modeling shown that in order to limit global warming to 1.5°C, around 70-85% of the
electricity production has to be produced from renewable energy sources by 2050 (Masson-Delmotte
et al., 2018). Renewable energy sources have however been identified as an unreliable energy source
dependent on weather conditions (Trainer, 2012; Parra et al., 2019). Hydrogen can be a great solution
to this problem. Mainly since hydrogen can be produced from most renewable energy sources, it can
be transported and most important of all, it is a great way of storing energy. The storage capacity of
hydrogen can hence be used to retain stability in an electrical system powered by renewable energy
sources (Parra et al., 2019). Hydrogen is further essential for the chemical industry since it is needed
to produce ammonia and methanol, making the sector the largest producer and consumer of the gas
(Ausfelder and Bazzanella, 2016). Hydrogen is however also growing in importance in the transport
sector, and despite hydrogen being key in several markets, it is predicted that the hydrogen vehicle
market will between 2020-2030 be the hydrogen market with the largest economic growth
(Bertuccioli et al., 2014).

1.1.4. Hydrogen-powered vehicles in the world

Hydrogen-powered vehicles require a system of refueling stations in order to be a logistical
alternative. The number of hydrogen refueling stations found in the world has increased from 184
stations in 2014 to 685 stations in 2021. Asia is the frontrunner when it comes to hydrogen within
the transport sector and the continent holds more than half of the refueling stations found in the
world, reaching close to 370 stations compared to Europe’s roughly 250 (H2stations, 2022). Japan is
at the forefront regarding hydrogen-power. The country has since 1993 expressed its ambition in
becoming a hydrogen society and economy, and can today boast with having more than 160 refueling
stations in operation across the country. The country further has set the target of having 320 refueling
stations by 2025, and 1.000 refueling stations and 800.000 hydrogen-powered vehicles by 2030
(Thomas et al, 2020; Nikkei Asia, 2021). China has set similar goals and aims to have 1.000 refueling
stations and a million hydrogen-powered vehicles on its roads by 2030 (Thomas et al, 2020).

Germany is Europe’s giant of hydrogen within the transport sector with just above 100 stations
compared to roughly 40 in France and 20 in Great Britain. Sweden and Norway can be found at the
bottom of this list with 4 stations respectively, just after Denmark with 5 stations (H2stations, 2022).
Acquiring data on the number of vehicles powered by hydrogen in the world is tough, but there were
only 36 hydrogen-powered passenger cars on the road in Sweden compared to a global total of 25,
932 in 2020 (Nohrstedt, 2018; Sénnischen, 2022). The Swedish hydrogen sector is evidently lacking
from the rest of the world, a statement which the business manager Bjorn Aronsson of the
organization Vatgas Sverige shares (Lindholm, 2021). The country is also missing a national
hydrogen strategy. A proposal for a national strategy for hydrogen has however been made by the
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Swedish Energy Agency in 2021 but has not yet been adopted. The proposed national plan is
considered to be highly ambitious, but it completely lacks economic commitments from the state
(Lindholm, 2021). In contrast, Germany has a National Innovation Programme for Hydrogen and
Fuel Cell Technologies from 2016 with a total funding of 3.4 billion Euros for 10 years, where 2
billion Euros is secured from private investors and the rest from the state (Thomas et al, 2020).

Sweden has set the ambitious goal of becoming the world’s first fossil-free welfare nation. The
Swedish government has acknowledged that all actors in the country have to contribute by
dramatically reducing the emission levels in order to achieve this goal (Swedish Ministry of the
Environment and Energy, 2015). The Swedish Environmental Protection Agency (Naturvardsverket)
has compiled an action list of what Swedish municipalities can do to reduce their negative impact on
the climate in order to achieve Sweden’s environmental objectives. It is highlighted in the list that
actions within the transport sector are an especially efficient approach for the municipalities to reduce
their emissions and positively contribute to reaching the environmental objectives (Sveriges
Miljomal, 2021). Lastly, a recent report from Aktuell Hallbarhet shows that the actions taken by
Swedish municipalities to reduce their emissions from the road transport sector are extremely low
where only 35% out of the 105 examined Swedish municipalities systematically works with
increasing the efficiency of transports (Aktuell Hallbarhet, 2022).

1.2 Aim and research questions

Hydrogen-powered vehicles are considered a viable approach to decrease emissions within the
transport sector to tackle climate change. Nationwide adoption of the technology would arguably be
a fruitful approach to achieving Sweden’s goal of becoming the world’s first fossil-fuel free welfare
nation. Yet, investments in the technology have only been made in a few locations in Sweden and the
country is lacking the rest of the world. Most of the investments made are however considered
successful and there are several cases where a decision to invest in the technology already has been
made. Behind these decisions rests various cost-benefit analyses showing that hydrogen investments
within the transport sector in Sweden are fruitful.

The aim of this project is to explain conditions for a transition in the transport sector in order to gain
an understanding of why the examined municipalities have adopted the technology while others
haven’t. This insight would be helpful and valuable for municipalities or companies looking for new
approaches to reduce their environmental impact. The first research question hence follows:

- What factors are considered important for making an investment in hydrogen technology in
the transport sector?

Investing in hydrogen within the transport sector and building up related infrastructure is a costly
and extensive process that usually requires coordination between different actors. Three of the most
prominent actors in the examined cases are the municipality, local politics and the business sector,
and gaining insight into the interplay between them are part and parcel for understanding the different
case’s diffusion processes. It is of interest to examine what role each actor had, which actor was the
most driving in the process and what communications channels were established. The second research
guestion hence follows:

- How was the collaboration between the municipality, politics and business sector formed in

the different cases during the adoption process?



2. Method

All the choices made with regard to the methodological approach in the thesis are presented in this
chapter. The choices and its relevance for the research problem and how it has affected the research
process are also discussed in order to ensure trustworthiness and transparency. The thesis is a
multiple case-study with the main source of evidence coming from semi-structured interviews
conducted on the video conference platform Microsoft Teams.

2.1. Research design

The relationship between theory and research varies between different studies. One of the main
research approaches is the inductive research approach which is mainly linked with a qualitative
research design. Research precedes theory in inductive research where the first step is to gather data
on the topic. Once this is done, the researcher analyses the data and tries to find patterns to either
create theory or to make use of a suitable theory (Bryman and Bell, 2011).

Theory hence becomes the outcome of research. Not to be confused, theory can be, and often is, used
as background material in inductive research, but the main idea is that the formation of a theory
becomes the outcome of the research (Bryman and Bell, 2011).

The approach of this study is to collect data from interviews, the data will then be analyzed to identify
patterns and make use of a theory. This study is hence of inductive research nature.

2.2.  Multiple-case study

Analyzing the diffusion process of hydrogen-powered vehicles in Swedish municipalities could be
done with a quantitative research method, for instance with a survey. The diffusion process of
hydrogen-powered vehicles is however at a very early stage in Sweden, with not much research
conducted on the topic. Only a small number of people hence know about or work with the innovation
wherefore it would be hard to know who to send the survey to. A qualitative research method of
interviews was therefore preferred over a quantitative research method since it allows one to get a
deeper understanding of the issue from each respondent.

The study analyses the diffusion process in the selected municipalities of Mariestad, Trelleborg,
Sandviken, Storuman and Ljungby, making it a multiple-case design since five cases are included in
the study. Multiple-case studies can in some cases also be referred to as comparative case studies.
Multiple-case studies are favorable over single-case studies since more cases are analyzed and hence
produce more compelling results, it also makes the study more robust (Yin, 2009).

2.2.1. Case selection

The diffusion of hydrogen technology within the transport sector is still at an early stage in Sweden
and it has not achieved market penetration in any geographical area. There are today only four
hydrogen refueling stations in operation in Sweden (Energigas Sverige, 2022). The innovation is
however growing in popularity and plans exist to build at least 15 new refueling stations by 2023 to
tie together major Swedish cities as well as the Scandinavian capitals (Vatgas Sverige, 2021a). Many
municipalities and private actors are investigating the option of investing in the technology but due
to the early stage of the innovation diffusion process, the majority of actors have not yet made any
investments or committed to making an investment in the technology.

The aim of this study was to analyze the diffusion process of hydrogen technology within the

transport sector in Sweden. The minimum criteria for the selection of cases are hence that they
through a document have committed in investing in hydrogen technology within the transport sector.
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The five cases were selected through a minor review of the current situation of hydrogen refueling
stations in Sweden. The review identified that Sandviken and Mariestad already had invested in the
technology and had one hydrogen refueling station each, as well as hydrogen-powered vehicles in
operation. In Ljungby, the private actor Strandmdéllen AB has been granted financial support of 50
million Swedish Krona from Klimatklivet and aims to have their refueling station in operation by
2023 (Lé&nsstyrelsen Kronoberg, 2021). Klimatklivet offers investment aid for climate-friendly
projects and is provided by the government body Naturvardsverket (Sveriges Miljomal, n.d.).
Trelleborg municipality and the company Everfuel have signed an agreement of cooperation with the
EU financed project Nordic Hydrogen Corridor and Trelleborg Municipality has committed to buying
up to 120-kilo of hydrogen a day (Véatgas Sverige, 2021b). The municipality owned company ILC in
Storuman has together with the energy company Svevind signed a letter of intent to produce
hydrogen. They are currently working on the permit process (tillstandsprocessen) (Storumans
Kommun, n.d.)

2.2.2. Data collection

The most common method within qualitative research is most certainly the interview, with
unstructured and semi-structured interviews as the two main options. The two interview-methods
differ vastly from each other and should be applied based on the type of study. The unstructured
interview resembles an everyday conversation where the interviewer decides the topic of the
interview and prepares just a few initial questions. The interviewee is given great freedom to respond
and the interviewer picks up and asks follow up questions on important points brought up in the
interview (Bryman and Bell, 2011).

The main idea of this study is to apply the theory Diffusion of Innovations (Rogers, 2003) to gain an
understanding of the hydrogen technology diffusion process within the transport sector in Sweden.
A more structured interview method with more set questions than the unstructured interview to guide
the conversation in order to cover the many aspects of the framework is arguably needed. A more
suitable approach is hence the semi-structured interview. The main difference between the two
approaches is that the semi-structured interview proceeds from an interview guide containing specific
topics and a large list of questions to be asked during the interview, making it more strict. The semi-
structured interview still allows for a flexible conversation where the respondent can answer freely
and the interviewee can still also ask follow-up questions not according to script (Bryman and Bell,
2011).

The qualitative semi-structured interview was considered the best method to cover all important
aspects of the diffusion of innovations theory and was hence used in the study. Semi-structured
interviews are also the most feasible method when conducting a multiple case-study since a structure
is needed to compare the results between the many cases (Bryman and Bell, 2011).

The interviews were conducted over the video conference platform Microsoft Teams and lasted from
20 — 40 minutes. The interviews were taped and transcribed to ensure that the results were exactly
recorded to eliminate any interpretations made by the interviewer when summarizing the results.
Video was used for all interviews. The interviews were held over the internet for two main reasons.
First, the interviews were conducted in April and early May 2022 during the covid-19 pandemic.
During this period of time the standard practice at workplaces was still to work from home and to
minimize physical meetings. Second, the interviews were held with people living in Trelleborg,
Ljungby and Mariestad in southern Sweden and with people living in Storuman in northern Sweden.
Face-to-face interviews would require large costs for travelling and accommodation wherefore it also
was a budget factor to have the interviews online.

Telephone interviews have been criticized for lacking the ability to establish rapport. Even though
the interviews conducted in this research were through video calls the two approaches are fairly
similar as they lack physical face to face communication. Rapport is a friendly and harmonious
relationship between the interviewer and the interviewee. Distractions caused by surrounding
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environment of the interviewee is another problem identified with phone interviews (Novick, 2008).
Various actions to increase the quality of the interview and the results were hence taken. First, the
meetings were planned at least 2 weeks in advance to ensure that the interviewee was able to arrange
a quiet location for the interview. | also established an initial relationship with each respondent by
contacting them in early February to inform them that | was conducting the research and asked if
they were willing to participate. | afterward sent an email to the respondents containing information
about who | am, why | am doing the interview, what my research topic is and what they can expect
from the interview. A script was also produced on beforehand to remind the respondents of the
interview topic. These actions were done in accordance with Novick (2008) who argues that it is
important to establish a relationship with the interviewees prior to the interview when done online in
order to increase rapport.

The absence of visual cues such as facial expressions and body language is another downside of
conducting interviews over the phone, mainly since it can lead to misinterpretations and loss of
contextual data which will have a negative impact on the data quality obtained from the interview
(Novick, 2008). All respondents agreed to do the interview through a video call to decrease the
absence of visual cues in order to improve the quality of the results.

2.2.3. Selection of respondents

To commence, theoretical sampling is a popular way to collect data within qualitative research and
entails that the researcher, in order to generate theory, both decides what data to collect and analyze,
but also where to find this data (Glaser and Strauss, 1967, as cited in Bryman and Bell, 2011).
Snowball sampling is an approach of selecting individuals to interview where the researcher makes
initial contact with a person of interest for the research and then uses this contact to further find
relevant persons to interview. Snowball sampling is primarily popular within qualitative research
since it is much more similar to a theoretical sampling strategy rather than a statistical sampling
strategy. The main downside of snowball sampling is hence that the sampling is lacking the statistical
aspect. The respondents will hence not be representative of the population, meaning that the results
cannot be generalized. Generalization of results, also known as external validity, is however not as
relevant in qualitative research compared to quantitative research (Bryman and Bell, 2011).

Snowball sampling has been used in this study to find individuals to interview. In all five cases of
Mariestad, Trelleborg, Sandviken, Storuman and Ljungby, | first called the telephone switchboard
(telefonvéxel) of each municipality and was by them directed to the person in charge of the hydrogen
transport project. This was the starting point and | was with the help of the initial contacts able to
identify relevant people to interview. The chairmen of the municipal boards (kommunstyrelsens
ordférande) were however solely identified through each municipality’s website and contacted by
telephone or e-mail. Eleven interviews were in total conducted (Table 1).



Table 1. Description of the interviews conducted in the multiple-case study

Respondent Role Municipality  Method Transcript Interview Transcript
date validated

Martina Wettin Co-founder Nilsson Mariestad Microsoft Yes 2022-04-05 2022-06-02
Energy Teams

Susanné Wallner Néringslivschef Mariestad Microsoft Yes 2022-04-08 2022-06-02
(Enterprise manager) Teams
Mariestad Municipality

Johan Duvdahl Naringslivschef Storuman Microsoft Yes 2022-04-14 2022-05-30
(Enterprise manager) Teams
Storuman Municipality
and CEO at ILC

Tomas Mortsell Chairman of the Storuman Microsoft Yes 2022-04-04 2022-05-31
Municipal Board Teams

Beatrice Schmidt  Pro tempore IT and Ljungby Microsoft Yes 2022-04-21 2022-05-31
service manager at Teams
Ljungby Municipality

Magnus Chairman of the Ljungby Microsoft Yes 2022-04-06 2022-06-01

Gunnarsson Municipal Board Teams

Anna Klasson Sustainability Business Sandviken Microsoft Yes 2022-04-13 2022-06-02
Developer at Sandbacka Teams
Science Park

Daniel Roos Project Manager at Sandviken Microsoft Yes 2022-04-19 2022-05-31
Sandvik Materials Teams
Technology

Peter Karnstrém Chairman of the Sandviken Microsoft Yes 2022-04-20 2022-06-02
Municipal Board Teams

Carl Koinberg Market and Sales Trelleborg Microsoft Yes 2022-04-04 2022-06-03

Herikson Engineer at Trelleborgs Teams
Energi AB

Erik Lundstrom Vice Chairman of the Trelleborg Microsoft Yes 2022-05-03 2022-05-31
Municipal Board Teams

It was from the snowball sampling identified that each diffusion process contained a cooperation
between three major actors, which includes the business sector, public sector (municipality) and
involvement from the political sector.

In the case of Mariestad, in February the Chairman of the Municipal Board accepted to do an
interview later in April. | sent an invitation for the interview over email in Mars but he never
responded. | later found out while conducting an interview with Susanné Wallner, the Enterprise
Manager of Mariestad Municipality, that he could not do the interview due to private reasons. Wallner
had however worked closely with the Chairman of the Municipal Board and explained the role of the
political sector in the diffusion process. Furthermore, in the case of Ljungby | on several occasions
tried to contact the company Strandméllen AB to conduct an interview. They however never
responded to any of my calls wherefore the business sector is not covered in the case of Ljungby. In
the case of Trelleborg, Carl Koinberg Henrikson initially worked with the hydrogen project at
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Trelleborg Municipality before bringing the project with him to Trelleborgs Energi AB. He has
therefore represented both the view of the municipality and the business sector. In Storuman, Johan
Duvdahl is both the Enterprise Manager of Storuman Municipality and CEO at ILC, one of the
companies involved in the project, wherefore he also represents both the municipal and business
sector.

2.2.4. Quality assurance

Yin (2009) stresses the importance of establishing validity, both external and internal along with
reliability to improve the quality of the case study design.

Validity entails that you measure what you aim to measure (Bryman and Bell, 2011) and requires the
researcher to develop operational measures that correctly measure the phenomenon. Constructing
validity is particularly hard for case studies. One way to overcome this problem is to “use multiple
sources of evidence” during the collection of data wherefore the study includes five different cases
with different sources covering the aspects of politics, municipality, and the business sector (Yin,
2009). One limitation with the sources of evidence found in the study is however that only one
respondent is used to represent each aspect of a case. The specific part of the study hence solely relies
on the view and interpretation of one respondent (Bryman and Bell, 2011), their answer yet overlaps
in many cases and each respondent has generally great insight in the other aspects as well. The
representative of the business sector in the case of Mariestad for instance had knowledge of the
municipality and political aspects as well since they have been working closely on the joint project.
Bryman and Bell (2011) further argue that using a single respondent to represent each view should
not automatically be rejected and states that this is an effective way to cover several different views
within a study. Limiting the sampling to only one person to cover each view has allowed the study
to not only cover five cases, but also three different sectors within each case. Covering the three
aspects of politics, business and municipality are arguably vital for giving a pervasive and adequate
picture of each diffusion process and is the main reason why the approach was applied. The
limitations of this sampling strategy have however been acknowledged but are considered appropriate
to increase the width of the study.

External validity concerns if the results of the case study are generalizable or not. This is a major
concern for single case studies (Yin, 2009) but also for qualitative studies in general as they usually
comprise small samples. One way however to increase the external validity of a case study design is
to conduct a multiple case study (Gibbert et al., 2008). As previously noted, external validity is not
as relevant in qualitative research since theoretical sampling is usually preferred over statistical
sampling (Bryman and Bell, 2011). Yin (2009) continues to argue that there is an incorrect view of
the nature of generalization from case study research. Unlike survey research and other quantitative
studies, case studies do not aim to achieve statistical generalization, where the results become
representative of the entire population, but they instead aim to achieve analytical generalization. A
theory that is analytical generalized is not automatic. This means that the theory cannot automatically
explain every case within the population, but it can be used as a tool for examining other cases (Yin,
2009). Most importantly, the aim of this study is to examine the diffusion process of hydrogen within
the transport sector in Sweden in order to make it easier for other municipalities or actors to make
similar investments. The aim is hence not to develop a generalizable theory but to show different but
successful approaches.

The study’s reliability and external and internal validity are followingly summarized and presented
to clarify how these factors have been taken into consideration and where they have been applied
(Table 2).



Table 2. The validity and reliability of the multiple-case study. Modified by the author

Case study design tests

External Validity

Internal validity

Reliability

Applied in this study

Multiple-case study design

Multiple sources of evidence through
highlighting three different aspects of
the business, municipal and political
sector

Analytical generalization through
presenting, analyzing and discussing
successful approaches of hydrogen
diffusion

Mainly relevant for explanatory studies,
this is an exploratory/descriptive study

Increase dependability by high
transparency

Peer review

Recorded interviews

Base the conceptual framework on one
main theory, the Diffusion of

More closely presented in

Section 2.2 — Multiple-case study

Section 2.2.3 Selection of respondents

Chapter 4 Results, Chapter 5 Analysis,
Chapter 6 Discussion

Section 2.2.4 Quality assurance

Section 2.2.1 Case Selection
Section 2.2.3 Selection of Respondents
Transcription of interviews

Opposition and subject reviewer

Section 2.2.2 Data collection

Chapter 3 Literature review and
conceptual framework

Innovations

Internal validity is only necessary for explanatory studies with the aim of explaining a causality why
x went to y (Yin, 2009). This study is more of an exploratory and descriptive dimension with the
intention to investigate the diffusion process of hydrogen-powered vehicles within the Swedish
transport sector and why each actor considered it as beneficial to invest in the technology.

The idea with reliability is that anyone else should be able to replicate your exact study and come to
the same findings and conclusions. The study should hence be free from error and biases. The case
study process should also be well documented in order for the study to be repeated (Yin, 2009). One
way to improve reliability is to increase the dependability of the study. According to Guba and
Lincoln (1994) as cited in Bryman and Bell (2011), dependability is achieved by being very
transparent throughout the entire research process and giving insight to potential auditors. This can
for instance be done by providing transcript records and by showing the selection process of
respondents which will make the study more trustworthy. These procedures have been done to ensure
the high reliability of the study. Other ways to increase reliability can according to Riege (2003) be
done by recording the interviews, by using peer review and by using the same framework for all the
sources of data. Similarly, Guban and Lincoln (1994) as cited in Bryman and Bell (2011) suggests
that it is important for qualitative studies to have good trustworthiness. The aspect of dependability
is important for a study to improve its trustworthiness. This is achieved by being very transparent
throughout the entire research process and giving insights to the auditors, for instance in the form of
transcript records and in the selection of respondents. Increasing the dependability of a research
increases external reliability (Guban and Lincoln, 1994, as cited in Bryman and Bell, 2011).
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2.3.  Delimitations

The study is delimited to investments made at local level in Sweden. The motive behind delimiting
the study to Sweden is because the Swedish government has the ambition of becoming the world’s
first fossil-free welfare nation and investments in hydrogen are an approach for the country to reduce
its carbon emissions within the transport sector, yet, Sweden is lacking the rest of the world. The
motive behind delimiting the study to investments made at local level is simply because the majority
of the investments made in Sweden have been at the municipal level with some sort of collaboration
between the private and public sector. The study will however also analyze policies and subsidies on
national level.

The study is further delimited to the road transport sector. The investments in hydrogen have
significantly increased in the previous years and the areas of application for hydrogen are many, for
instance within the metal-industry and in the road-, aviation- and railway transport sector. The study
was delimited to solely cover the road transport sector since these investments have a clear
connection to the local level in contrast to investments in other sectors. Lastly, the study is delimited
to only cover successful cases and cases that have committed to making an investment in the
innovation. The main reason behind this delimitation is because it is easier to find information and
arrange interviews with successful actors, actors that have failed are less likely willing to be
contacted. Analyzing successful cases also better address the first research question of identifying
important factors for investing in hydrogen transportation technology.

2.4. Ethics

It is important to make ethical considerations when conducting research and some of the important
ethical considerations to make include anonymity and invasion of privacy. Invasion of privacy entails
that the respondent should know what the purpose of the study is and that he or she understands what
their involvement will implicate. Anonymity concerns honoring the privacy of a participant if he or
she wishes to be anonymous (Bryman and Bell, 2011). These ethical considerations have been applied
in the study where each respondent has prior to the interview via e-mail been informed about the
purpose and the structure of the interview. This was also repeated at the start of each interview where
the respondents also agreed to be taped. All respondents were when | first contacted them informed
that their participation was voluntary and none expressed they wanted to be anonymous.
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3. Literature review and conceptual framework

This section includes a presentation of the theories on that the conceptual framework is based. The
theories include Rogers” (2003) Diffusion of Innovations and Meyer and Winebrake”s (2009)
Diffusion of Complementary Goods in the hydrogen transport sector. The chapter also includes a
literature review of diffusion research on hydrogen in the transport sector.

3.1 Diffusion of innovations

The Diffusion of Innovations is a theory developed by Rogers among others during the 1960s and
aims to explain how innovations are spread in a social system (Rogers, 2003). Roger’s Diffusion of
Innovations is the diffusions theory that has been cited the most. The theory has dramatically
increased in popularity and the number of publications that have cited the theory increased fourfold
between 2008-2012 (Fry et al., 2018). The theory is further popular within the study of diffusion of
hydrogen and electric powered vehicles which is usually referred to as the umbrella term of
Alternative Fuel Vehicles (AFV), see for instance (Huétink et al., 2010; Jansson et al., 2017; Fry et
al., 2018; Bogel et al., 2018; Moon et al., 2021). Most of the studies that have been conducted using
Roger’s theory have been done at the very end of a diffusion process when the technology already
has successfully diffused in society. Fry et al (2018) have henceforth identified a need for theoretical
contribution for studies to apply the theory at different stages of the diffusion process.

Rogers (2003; 11) defines diffusion: “as the process by which (1) an innovation (2) is communicated
through certain channels (3) over time (4) among the members of a social system”. Innovation,
communications channels, time and the social system are hence the four main elements found in the
theory, in fact, every diffusion of innovations process will contain all of the four elements (ibid.).
The four elements of diffusion of innovations will followingly be presented in sections 3.1.1 to 3.1.4.

3.1.1 Innovation

An innovation is first and foremost an idea, practice or object which is by an individual or by other
groups perceived as being new to the market. It hence does not matter when the idea, practice or
object first was discovered to be called an innovation, what matters is that the individual adopting it
perceives it as being new (Rogers, 2003). What determines if the innovation will successfully diffuse
or not is depending on what characteristics individuals perceives the innovation of possessing. The
two most important characteristics of an innovation are relative advantage and compatibility and will
hence be covered to a greater extent in this study. Other important characteristics include complexity,
trialability and observability (Rogers, 2003). These characteristics are important for persuading
individuals into adopting the technology.

Relative advantage entails that the innovation has to be perceived as being better than the idea it is
ought to replace. There is no exact definition for what composes a relative advantage and it varies
depending on perceptions and the needs of the people adopting it, but it can for instance be of
economic, social prestige or convenience aspects (Rogers, 2003; Robinson, 2009).

Compatibility refers to that the innovation has to be perceived as being compatible with existing
values, norms and practices of the individuals within a social system. An innovation that is not
compatible with existing values will diffuse at a slower rate than what a compatible innovation will.
The value system of a social system will have to change in order for an incompatible innovation to
spread. The difficulty to spread contraceptives in Catholic and Muslim nations with religious belief
systems of not supporting family planning is an example of the need for the innovation being
compatible with existing values to successfully diffuse (Rogers, 2003).
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Complexity concerns how difficult the technology is to comprehend and use. Technology that is easy
to learn is spread at a faster rate than innovations that require the adopter to acquire new skills
(Rogers, 2003). It is also important for the adopter to try the innovation first before fully committing
to it. This represents the trialability of the innovation and can reduce the uncertainties of the idea to
increase the adoption rates (Rogers, 2003). Lastly, individuals are more likely to adopt an innovation
if the product and its results are visible to others, making observability an important factor for an
innovation to diffuse (Rogers, 2003).

3.1.2 Communication channels

Rogers (2003) means that diffusion is a sort of communication where one individual communicates
the innovation forward to others. The diffusion process will always contain the innovation, an
individual with knowledge of the innovation, an individual without knowledge of the innovation, and
lastly a communication channel bridging the contact between the two units. Rogers argues that the
innovation cannot spread within a social system without communication (Rogers, 2003), making
communication a key factor for the innovation successfully diffusing (Rogers, 2003; Rogers, 1971
as cited in Bogel, 2018). The vital role of communication hence makes “communication channels”
the second element of the theory.

Mass media is a highly effective communication channel where a small number of individuals can
reach a large amount of adopters. This channel is not personal and aims to create “awareness-
knowledge” to the greater mass (Rogers, 2003). In contrast, face-to-face communication is a
successful approach of persuading individuals of adopting the innovation and is referred to as an
interpersonal communication channel. Studies have shown that individuals are more prone of
adopting an innovation from subjective evaluations made by people who already are users of the
innovation and have a similar background as themselves, rather than from scientific evaluations of
the innovation (Rogers, 2003). This is because adopting an innovation involves high levels of risk
and uncertainty, and trustworthy reassurance that the innovation is beneficial mainly comes from
people who already successfully adopted the innovation and whom we know and trust. l.e. media
spreads information about the innovation but adoption is spread through conversations (Robinson,
2009). Diffusion is hence a remarkably social process, making interpersonal communication channels
an effective approach. Scientific studies are however part and parcel for the first people adopting the
innovation, the so-called innovators and early adopters (Rogers, 2003).

3.1.3 Time

The third element of the theory is time and it is used to explain the innovation-decision process. The
innovation-decision process starts with an individual gaining (1) knowledge of the innovation and
ends in (5) conformation. In between occurs (2) persuasion where an individual creates either a
positive or negative opinion toward the innovation, followed by (3) a decision where the individual
either accepts or rejects the innovation, followed by (4) implementation where the individual adopts
the innovation. This is the process where the individual seeks information about the innovation in
order to decrease uncertainty and adopt it. The persuasion and decision stages are vital since it during
this time an individual examines if the innovation can be applied in a beneficial way to his/her
situation, interpersonal communication is key at this stage. Mass-media communication is primarily
effective during the knowledge stage since it effectively can transmit information about the
innovation to a large number of people (Rogers, 2003).

There is a variation in time for people to adopt an innovation. Rogers has developed five adopter
categories explaining why individuals adopt an innovation at different times. The two first categories
are the (1) innovators and (2) early adopters. The (1) innovators are visionary people and are the first
people to adopt an innovation, they are followed by the (2) early adopters. These groups are prone to
taking higher risks and have financial measures to deal with setbacks, they are vital for the diffusion
process as they “test” the innovation (Rogers, 2003; Robinson, 2009). The early adopters are often
looking to gain economic or social advantages by adopting the innovation at an early stage, this could
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include green technology such as solar panels or energy-saving technology. The early adopters are
followed by the (3) early majority, (4) late majority and (5) laggards (Robinson, 2009).

3.1.4 Social system

Diffusion of an innovation always takes place within a social system. The definition of a social system
is “a set of interrelated units that are engaged in joint problem solving to accomplish a common goal”
(Rogers, 2003; 23). The units found within the social system can either be individuals or different
types of groups such as an organization, and most importantly, these units must cooperate in order to
find a solution to the problem they all have in common, binding the system together. One crucial unit
of a social system are the opinion leaders. Opinion leaders are found within the communication
structure of a system and can either oppose or advocate change, i.e., rejection or adoption of the
innovation. Opinion leaders are recognized as highly innovative with great technical competence but
most importantly, opinion leaders not only have high social accessibility but they also have an
influential role in the interpersonal communications networks (Rogers, 2003)

3.2 Diffusion of Complementary Goods

Meyer and Winebrake (2009) have identified that the concept Diffusion of Complementary Goods is
a barrier to the diffusion of hydrogen within the transport sector. Complementary goods only fulfill
a purpose when used together wherefore the complementary goods must be consumed together. A
tennis racket and tennis balls are an example of complementary goods meaning that consumers only
will purchase a tennis racket if the complementary tennis ball also is sold, another example is a DVD
player and a DVD. This entails that both products have to successfully penetrate the market for either
of the products to successfully diffuse. This relationship between two goods can be found in the case
of hydrogen fuel cell electric vehicles and refueling stations (Meyer and Winebrake, 2009). Meyer
and Winebrake (2009) argue that consumers will not invest in hydrogen fuel cell electric vehicles in
a system with a very small number of refueling stations, and vice versa that investments in refueling
stations will not be made in a system if there is a low number of vehicles. This problem is best known
as the “chicken and the egg” dilemma and is considered a major barrier for the diffusion of hydrogen
technology within the transport sector (Meyer and Winebrake, 2009).

The government has been identified as a potential actor for energy-saving technologies to take-off
since they with the help of taxes and quotas can affect business decisions in the private sector,
potentially to stimulate the adoption of a technology (van Soest, 2005). Diffusion research has
similarly highlighted the important role of governments to increase the diffusion of hydrogen within
the transport sector (Meyer and Winebrake, 2009; Engelen et al., 2016).

Hydrogen-powered vehicles and refueling stations are complementary goods which can make the
incentives to invest in either technology limited, there is for instance not profitable to invest in a
refueling station in a system with a low number of hydrogen-powered vehicles. This vicious circle
must be broken for the innovation to achieve market penetration and successfully diffuse within a
system. One way to incentivize investments in the technology is through various policies where for
instance vehicle-subsidies might increase the willingness for individuals to purchase vehicles which
in turn might accelerate the development of refueling infrastructure, creating a virtuous circle (Meyer
and Winebrake, 2009). A government can also incentivize investments in the technology to increase
diffusion by investing in the technology of their own (Engelen et al., 2016), for instance through bulk
procurement of hydrogen fuel cell vehicles and funding of fuel stations and other infrastructure. Other
government measures to increase diffusion are through various fiscal policy activities to influence
market conditions such as subsidies and tax reduction for the production of hydrogen fuel and
construction of related infrastructure or through subsidies of hydrogen-powered vehicles for civilians
(Meyer and Winebrake, 2009).

That the government is an important actor in the diffusion of hydrogen technology within the
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transport sector is a common conclusion in diffusion research. A case study of the Netherlands
highlighted that there are large financial risks and demand uncertainties with hydrogen investments
in the country and argued that policy initiatives were mainly needed to overcome these barriers in
order to secure the large investments necessary (Konda et al., 2011). Moon et al (2021) have further
analyzed the diffusion of FCEVs from a consumer perspective by applying Roger’s five adopter
categories. They identified that for hydrogen fuel cell vehicles to successfully diffuse, government
policies such as subsidies and the construction of refueling stations had to be implemented since it
would make the vehicles competitive on the market (Moon et al., 2021).

3.3 Literature review

A small body of research has already been conducted on the diffusion of green hydrogen within the
transport sector based on Rogers (2003) framework and will followingly be presented. Most research
has been conducted on the first element of the diffusion of innovations framework, namely the
innovation and the five characteristics of relative advantage, compatibility, complexity, trialability
and observability. Research has also been done on the role that communication has in spreading the
technology.

3.3.1 Relative advantage

In terms of relative advantage, two economic barriers for the technology to successfully diffuse are
that hydrogen-powered vehicles are expensive and have high upfront costs. Two of the most
important aspects people consider when buying a car are fuel costs and the cost of purchasing the
vehicle (Huétink, 2010). In the light of hydrogen-powered vehicles, the economic cost is perhaps one
of the most crucial factors determining the success of hydrogen within the transportation sector.
Already in 2002, the US Department of Energy highlighted the consumer demand for low-cost energy
alternatives as a barrier to hydrogen market penetration (DOE, 2002). The concern is, however, still
present today since the largest challenge of large-scale hydrogen production in society is the ability
to produce green hydrogen with low carbon emissions at a competitive price (Thomas et al., 2020).
One reason for this could be the relatively high capital expenditure (CAPEX) for hydrogen energy
systems compared to other low-carbon energy sources. Capital expenditure is the upfront and usually
larger cost of a product and the reason for the relatively high CAPEX costs are due to expensive
installation costs, the need for stainless steel to prevent hydrogen embrittlement and since hydrogen
is explosive and hence requires advanced software and hardware to ensure safety (Parra et al., 2019).

Moon et al (2021) and Meyer and Winebrake (2009) further highlight the need for hydrogen-powered
vehicles of having an economic relative advantage. Hydrogen-powered vehicles compete with the
already existing traditional internal combustion engine vehicles found on the market. Hydrogen-
powered vehicles hence must become competitive on the market to successfully diffuse, this could
for instance be achieved through various policies and subsidies (Moon et al., 2021). Meyer and
Winebrake (2009) have developed four scenarios to model adoption rates of hydrogen-powered
vehicles and refueling infrastructure. They identified that (1) the scenarios that did not have favorable
market conditions for vehicles powered by hydrogen did not successfully diffuse and that (2) adoption
did only successfully occur in the scenarios where hydrogen fuel and the purchase price of a
hydrogen-powered vehicle were economically favorable over conventional fuel and vehicles prices.
(3) The technology solely spread in the scenarios where investments initially were made in both
refueling infrastructure and in hydrogen-powered vehicles, supporting the “chicken and egg”
dilemma and that investments in both complementary goods are vital. (4) Larger investments in
infrastructure lead to higher adoption rates (Meyer and Winebrake, 2009).

Rogers (2003) also identifies that convenience is an important aspect of relative advantage that can
hinder the diffusion rates of an innovation. Meyer and Winebrake (2009) argue that this is relevant
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for the diffusion of hydrogen within the transport sector and mainly since hydrogen-powered vehicles
and refueling stations are complementary goods which entails that a large investment in mainly one
of the goods will cause inconvenience and extra costs for the consumer, so called convenience costs.
Additional travelling time to refuel your car is perhaps the most prominent convenience cost and
occurs in a system with low numbers of refueling stations. To avoid such convenience costs, refueling
stations have to be high in density and conveniently placed around the system (Meyer and Winebrake,
2009).

3.3.2 Compatibility

One of the main compatibility issues with hydrogen in general is that it is considered as a dangerous,
flammable and explosive gas. The safety standards are hence questioned as they do not live up to the
current norms and values of society. Hydrogen is further considered a viable approach for achieving
a carbon-low society (Thomas et al., 2020), especially within the transport sector where hydrogen
can replace vehicles powered by fossil fuels (Meyer and Winebrake, 2009). These characteristics
coincide with the values and norms of the Swedish government which has set the ambitious goal of
becoming the world’s first fossil-free welfare nation which should make the technology compatible
with existing norms and values.

Compatibility in the case of diffusion of hydrogen technology within the transport sector does not
solely concern how compatible the technology is with existing norms and values, it also concerns
how large the need is for individuals to alter their behavior when adopting a hydrogen-powered
vehicle (Huétink et al., 2010). Huétink et al (2010) further suggest that issues of daily use and the
availability of refueling and, service and repair stations are the main compatibility concerns of AFVs.
Both the refueling and the driving experience of a hydrogen-powered vehicle are fairly similar to the
traditional vehicle containing an internal combustion engine wherefore issues of daily use are not
considered to be a major compatibility issue. Problems of repairing and service availability are
however expected to be a compatibility issue since most hydrogen-powered vehicles are equipped
with an electric motor and not with an internal combusting engine which most mechanics are trained
to fix. As already mentioned, the low availability of refueling stations can cause convenience costs.
Low availability of refueling stations is however also the main compatibility issue with the
technology since refueling is usually done close to people’s home or work and most people expects
that they can refuel their car at any gas station. Low availability of refueling stations, which today is
a major problem in Sweden, will require people switching to hydrogen-powered vehicles to increase
their planning and change their habits (Huétink et al., 2010).

3.3.3 Complexity, trialability and observability

Hydrogen-powered vehicles are as previously mentioned as easy as a traditional vehicle containing
an internal combustion engine to operate but there are still people who perceive hydrogen-powered
vehicles as complex. These issues are however expected to decrease once the technology becomes
more ordinary in society and common in people’s social environment since it will make people more
familiar with it (Huétink et al., 2010).

In terms of trialability, it will most likely not be a problem for hydrogen-powered vehicles once the
technology becomes commercially available since test-driving is usually standard practice for most
car dealers. Just like with the case of complexity, trialability is expected to improve once the diffusion
rates increases and more people in one’s social life adopt the technology since it makes it easier to
test the vehicle (Huétink, 2010).

Lastly, the observability of hydrogen-powered vehicles is twofold. The visual observability is
currently low since there are not many hydrogen-powered vehicles in operation across the world. The
observability is however higher from a social point of view, mainly since cars in general is a popular
subject of discussion (Huétink, 2010).
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3.3.4 Communication channels

Rogers (2003) concluded that communication channels are part and parcel for an innovation to diffuse
within a system and argues that media mainly can increase the awareness of the innovation, but that
interpersonal communication is needed for adoption. Bdgel et al (2018) conducted a recent study on
attitudes in hydrogen technology communication campaigns by addressing Rogers’ theory. The study
concluded that information campaigns are at an early stage of the hydrogen technology diffusion
process vital for the diffusion of the technology, mainly since such campaigns will not only increase
the public awareness of the technology but also the attitude in a positive way (B6gel et al., 2018).
The study by Bogel et al (2018) hence confirms that media has an important role in spreading
awareness about the technology. The study also shows that media can play a larger role in the case
of diffusion of hydrogen since it is an effective tool in changing people’s attitudes towards the
technology in a positive way, something which Rogers (2003) mainly believes that interpersonal
communications channels can make at an early stage of the diffusion process.

3.4 A conceptual framework

The conceptual framework, found in figure 1, is developed from Everett Rogers” Diffusion of
Innovations framework and from Meyer and Winebrake's identification of hydrogen refueling
stations and hydrogen-powered vehicles being complementary goods. Three variables have been
identified that are essential for the diffusion and adoption of hydrogen technology in the transport
sector and will followingly be presented.

Perceived characteristics of the
innovation: economic and
environmental relative advantage,
and compatibility

Hydrogen adoption

Government initiatives to

incentivize investments

Collaboration within the social

system: Opinion leadership and

the establishment of interpersonal

communication channels

Figure 1. Conceptual framework (based on Rogers, 2003; Meyer and Winebrake, 2009, with
modification).

The conceptual framework will followingly be explained in sections 3.4.1 to 3.4.3.
3.4.1 The perceived characteristics of the innovation

The first variable is the perceived characteristics of the innovation: economic and environmental
relative advantage, and compatibility. The focus of this variable is on the innovation itself and the
perceived characteristics and benefits of investing in hydrogen. The fourth stage of Roger’s
innovation-decision process, explained in section 3.1.3, is the actual investment. The two prior stages
of (2) knowledge, (3) persuasion is according to Rogers vital for an investment to occur since it is
during this period of time the potential adopter deepens its knowledge about the innovation, compares
it to existing technology and ultimately makes the decision to adopt or reject it. The perceived
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qualities of the innovation, presented in section 3.1.1, are part and parcel for the innovation to
successfully diffuse wherefore the perceived characteristics of the innovation and will be in focus.
Rogers (2003) further claims that relative advantage and compatibility are the two most important
characteristics wherefor extra focus will be put on them.

To commence with relative advantage, the two most important aspects of relative advantage in the
case of hydrogen diffusion are the economic and environmental relative advantage. Research has
shown that vehicles powered by hydrogen have zero tailpipe emissions and several environmental
benefits over conventional vehicles and BEVs. Investing in hydrogen refueling infrastructure and
vehicles is hence an approach to reduce emissions within the transport sector in order to limit global
warming to 1.5°C, highlighting the environmental relative advantage of the innovation and how it
results in hydrogen adoption. Research has also identified that economic relative advantage is part
and parcel for hydrogen within the transport sector to successfully diffuse. Hydrogen-powered
vehicles have to replace the already existing conventional vehicles powered by fossil-fuels making
the high upfront costs and high fuel prices for hydrogen-powered vehicles potential barriers for
diffusion. In contrast, favorable market conditions and that FCEVs and hydrogen fuel are
economically favorable over conventional vehicles and fuel has been identified as enablers for
diffusion.

Compatibility is also an important characteristic for an innovation to diffuse within a system. It is
important that the innovation is compatible with existing norms and values in the system because an
incompatible innovation will experience resistance and diffuse at a slower rate. Compatibility also
concerns the need for individuals to alter their behavior when adopting an innovation, in this case
when adopting a hydrogen-powered vehicle. A low number of refueling stations within a system
forces people to drive longer distances to refuel their vehicle which also increases their need for
planning, this is also known as convenience costs and are hard to avoid at the early stage of diffusion.
Construction of refueling infrastructure and strategic positioning is hence vital to increase
compatibility and to decrease convenience costs in order to accelerate FCEV adoption.

3.4.2 Government initiatives to incentivize investments

The second variable is government initiatives to incentivize investments. A large body of research
has identified that government initiatives such as subsidies and policies can accelerate the diffusion
of hydrogen technology within the transport sector. Hydrogen-powered vehicles and the related
refueling infrastructure are first and foremost considered as complementary goods which entails that
both products must be consumed together. This is referred to as the chicken and the egg dilemma
where investments in refueling infrastructure will not be made in a system with a low number of
vehicles and vice versa. This is where the government becomes important since they can create
favorable market conditions in order to incentivize investments in both goods through various
policies and subsidies and break the vicious circle.

3.4.3 Collaboration within the social system

The third variable is collaboration within the social system: Opinion leadership and the
establishment of interpersonal communication channels. A social system is defined as a system where
several different actors cooperate with the aim of accomplishing a common goal. Diffusion of an
innovation always takes place within a social system and different actors have different roles. One
influential actor found in a social system are the opinion leaders. They have high social accessibility
and can either oppose or advocate change which makes the opinion leader’s attitude towards the
innovation crucial for the innovation to diffuse. The actors found within a social system and how
they collaborate are hence important for the innovation to successfully diffuse.

The interpersonal communication networks and channels between the different actors are also of
importance. Diffusion cannot occur without communication which makes it a social process. Mass
media is an effective communications channel for spreading awareness and knowledge about an
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innovation but adopting an innovation requires risk-taking since an investment must be made. Face-
to-face communication, also known as interpersonal communication, with a trustworthy person who
already has adopted the innovation is hence considered the best way to spread an innovation.
Adoption of hydrogen technology requires large investments, especially in refueling infrastructure,
which makes the collaboration between actors in the social system and the establishment of
trustworthy interpersonal communication channels vital for the adoption of hydrogen technology.
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4 Results

The empirical results from the research are presented in this chapter. The results are obtained from
the semi-structured interviews and categorized into three different sections according to the
conceptual framework. The empirical results of the first variable “The perceived characteristics of
the innovation: economic and environmental relative advantage, and compatibility” will be
presented in section 4.1., followed by variable two “Government initiatives to incentivize
investments™ in section 4.2. and lastly by variable three “Collaboration within the social system:
Opinion leadership and the establishment of interpersonal communication channels” in section 4.3.

4.1 The perceived characteristics of the innovation

The empirical results of the first variable of the conceptual framework will followingly be presented
in sections 4.1.1 to 4.1.5. The dimensions of the perceived characteristics of the innovation include
environmental and economic relative advantage, and compatibility. The results are summarized and
presented to increase clarity (Table 3).

4.1.1 Storuman

Storuman Municipality is located in the northern parts of Sweden at the intersection of two European
highways, between E12 which connects Norway and Umea and E45 that connects Norrbotten and
southern Sweden. The two major railway systems of inlandsbanan and tvarbanan also intersects in
the municipality. Storuman hence has a geographic strategical position which makes them a logistical
hub. Storuman is further also an energy-municipality. They have rich availability of wind, water and
solar energy to the extent that the electricity grid is at times working at full capacity. This means that
the energy facilities at times produce more electricity than what can be stored and the electricity goes
to waste. The municipality has the ambition that they want to be leading the transition toward a fossil-
free society and conducted an analysis to identify how Storuman based on its rich availability of
renewable energy and its strategic position could take a leading role (Mértsell, 2022, Duvdabhl, 2022).
Johan Duvdahl highlights that they never had a specific focus on just hydrogen but were open to
alternatives, they however concluded that hydrogen was highly favorable for two reasons (Duvdahl
2022). Both since it provided an opportunity to store energy when the electricity grids are
overwhelmed and also since it is an emissions-free way of transportation and they have large volumes
of road and railway transportation passing through their municipality (Mortsell, 2022, Duvdahl,
2022).

In terms of economic relative advantage, the municipality will not invest any money in the project as
they perceive that they cannot take that risk. They have however identified that they want to support
the project in other ways and have municipal employees working on the project, mainly since they
predict that the project will bring economic benefits for local companies such as work opportunities
but also that the project will contribute to research, education and to a belief in the future (Duvdabhl,
2022).

In terms of environmental relative advantage, the environmental aspects have been central to the
decision of investing in hydrogen. The municipality’s main document and strategic plan is to work
with sustainable development (Duvdahl, 2022) and the main purpose of the investment in hydrogen
is to phase out the use of fossil-fuels. It is also unclear to what extent the municipality will invest in
vehicles for their operation, but they will most likely own a couple of vehicles as a symbol value
(Duvdahl, 2022). Hydrogen has also been identified as beneficial for heavy transports over trucks
with electric batteries since the carrying capacity significantly decreases due to the need for a large
and heavy electric battery (Mortsell, 2022).
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Table 3. Summary of the results from the first variable of the conceptual framework

Municipality
Factor

Environmental
advantage

Economic advantage

Indirect economic

benefits

Compatibility

Strategic position

Storuman

-Central in the
decision to invest
-In accordance with
the municipality’s
strategic plan
-Advantages over
BEVs

-To take the lead
and accelerate the
development of the
innovation

-Municipality will
not make any
investment in
infrastructure

-Expects adoption
to bring work
opportunities and a
belief in the future

-Compatible with
norms and values
-Resistance (seen
as dangerous)
based on a lack of
knowledge

-Daily routines to
slightly change

- Located along the
intersection of two
major highways
and railways
-Abundance of
renewable energy

Mariestad

-Central in the decision
to invest

-Advantages over
BEVs

-Importance of locally
produced green
hydrogen

-To take the lead and
accelerate the
development of the
innovation

-No short-term profits
-Benefits with large
scale adoption

-Initiative to re-
industrialize the
municipality

-Has become an
attractive municipality
for companies to
establish their business
in

Compatible with norms
and values

-Resistance (seen as
dangerous) based on a
lack of knowledge
-Similar to
conventional vehicles
to operate and refuel

-Not mentioned

Sandviken

-Central in the
decision to invest
-Political sector to
promote green
innovations
-Advantages over
BEVs

-To take the lead and
accelerate the
development of the
innovation

-Not economically
profitable today
-Environmental
aspects are also
important

-Communicative
project to showcase
the innovation

-To market the
municipality as
green and
progressive

-To bring jobs to the
municipality

-Compatible with
norms and values
-Resistance from
people on the
countryside
-Currently as a
compliment to
conventional
vehicles due to
various stoppages

-Alongside heavy
trafficked Europa
Road 16

Trelleborg

-Central in the
decision to invest
-Political sector to
promote green
innovations
-Advantages over
BEVs

-Approach to achieve
environmental
objectives

-To accelerate the
development of the
innovation

-Important, aims to
make a quick profit
(Hydrogen fuel solely
a small part)

-Marketing
opportunities

-Compatible with
norms and values
-Daily routines to
slightly change
-Similar to
conventional vehicles
to operate and refuel

-Electricity shortages
in southern Sweden,
the innovation does
not strain the
electricity grid as
BEVs does

Ljungby

-Central in the
decision to invest
-Advantage over
BEVs

-Approach to
achieve their
environmental
objectives

-To take the lead
and accelerate the
development of the
innovation

-No economic
incentives from the
municipality
-Expensive to
purchase vehicles
-Smart long-term
investment

-Marketing
opportunities to
attract competent
workforce

-Compatible with
norms and values
-Resistance (seen as
dangerous) based on
a lack of knowledge
-Daily routines
might change

-Located in the
intersection of two
major highways
-One of the best
locations in southern
Sweden

In terms of compatibility, both Mdrtsell and Duvdahl identify that it is hard to determine if hydrogen
is compatible with norms and values in society. They both believe that there are suggestions that
hydrogen is dangerous and explosive, and that this is mainly based on ignorance. On the other hand,
they believe that the innovation will play an important role in the transition towards a fossil free
society since green hydrogen has the quality of being free from emission and hence becomes highly
compatible in this sense. (Mdrtsell, 2022; Duvdahl, 2022). It was also identified that there is a need
for the knowledge about hydrogen from actors such as citizens, politics and representatives from the
business sector to increase for the technology to diffuse (Duvdahl, 2022). The need for the hydrogen
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of being green is also stressed since that’s the only type of hydrogen that contains the desired
characteristics of being a fossil-fuel free energy source (Mértsell, 2022). Lastly, Duvdahl highlighted
that they will have to adjust and perhaps alter their daily routines before the infrastructure is
widespread.

4.1.2 Mariestad

In terms of economic relative advantage, Martina Wettin at Nilsson Energy claims that they are at a
very early stage of the diffusion process and that the hydrogen industry currently is not an industry
for making quick profits. It is difficult to reach large scale production but the industry is currently
scaling up, it is also complex to work with hydrogen so Nilsson Energy is developing its knowledge
and practices along with it. They have experienced the chicken and the egg dilemma and a driving
force has been to be a leading example in order to show that the industry can flourish if someone is
brave enough to invest in the technology(Wettin, 2022). There are around eleven hydrogen-powered
cars in the municipality which makes the production costs relatively high, but calculations show that
an increase to about only 50 cars will make a large difference since the fuel costs and CO; emissions
will decrease. Wallner hence wants to operate on a system-level because it is at that level the larger
benefits appear, this is also important because large scale production is important to reduce the price
of hydrogen fuel to can compete with petrol and other fossil fuels. The investments in hydrogen were
also an attempt to re-industrialize the municipality and the investment has brought economic
advantages in the sense that Mariestad has become an attractive municipality for companies to
establish their businesses in (Wallner, 2022).

In terms of environmental relative advantage, the environmental benefits of green hydrogen as a
means of transportation have been central. The environmental upside of the innovation has been the
deciding factor and point of departure in making the investment and it was highly important that there
would be a local production of green hydrogen (Wettin, 2022). Wallner highlights the environmental
disadvantages of battery production for BEVs and claims that hydrogen is a cleaner process relevant
for their adoption.

It is highlighted that there are of course problems with convenience and compatibility since they only
have one refueling station in operation (Wettin, 2022), and they have experienced technology failure
and stoppages. This becomes a problem when you only have one refueling station (Wallner, 2022).
Other compatibility issues include that people believe that hydrogen is dangerous which has caused
resistance (Wallner, 2022). On the other hand, both Wallner and Wettin highlight that a fuel cell
vehicle, relative to a BEV, is very similar to a conventional car in terms of operation and refueling
practices wherefore they identify that the compatibility is high in this aspect (Wallner, 2022; Wettin,
2022). Wettin further identifies that the innovation is highly compatible with the norms and values
of society, but that the largest problem is that there is a general lack of knowledge of the benefits
with hydrogen. They hence offer different types of education forums to increase the knowledge of
the innovation (Wettin, 2022).

4.1.3 Sandviken

Sandviken is strategically located along the heavy trafficked Europa Road 16. It is not economically
profitable to invest and drive a hydrogen-powered vehicle in Sandviken today (Klasson, 2022) and
Roos claims that the project was initially not aiming to be financially profitable. It was rather a
communicative project to showcase the innovation. The decision to invest was based on the
identification that there was a large interest in the innovation but there was no location in Sweden
where you could test the vehicles and see that the environmentally friendly technology actually
worked (Roos, 2022). Klasson further argues that it is hard to solely look at the economic aspects
and believes that the system either must change so it becomes extremely expensive to emit CO,, and
until this occurs she believes that we must not look at the economic factors but instead put more
value to the environmental damage caused by different modes of transportation (Klasson, 2022). The
political sector was from an early stage very positive towards the project since they believed that it
would bring new jobs to the municipality, but also because they in general wants to support green
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technological solutions which this was a perfect example of (K&rnstrém, 2022).

A driving factor for making the investment was to be pioneers in the field in order to push the
development forward and increase diffusion. The environmental benefits are also many with
hydrogen as a means of transportation and a reason why adoption has occurred in Sandviken. It is
first and foremost emissions-free and is compared to battery electric vehicles missing the negative
environmental aspects of producing batteries. Battery electric vehicles also require charging
infrastructure that is difficult for our electricity grid to handle and the battery weight is also very
high for trucks. Klasson hence believes that hydrogen is a great complement for heavy traffic but
also for personal vehicles (Klasson, 2022). The communications perspective was central for the
investment and was used by the municipality to market themselves as a green and forward-thinking
municipality. This was mainly done through the establishment of Sandviken Pure Power which is a
cooperation network of other green projects in the municipality such as biogas production and a large
wind power park (Roos, 2022).

In terms of compatibility, Sandviken has had problems with its vehicles and they have solely been
used as a complement to conventional cars. They have experienced many “childhood diseases” with
the cars and they have had pretty short driving range but Klasson identifies that these are factors that
you have to count with when you are pioneers of adopting a technology (Klasson, 2022). They have
also had issues with the refueling station and there have been times when it has been out of order
which has been an issue since there is only one refueling station in the municipality (Roos, 2022;
Klasson, 2022). The innovation is also perceived as being compatible with the norms and values of
society since it is a way to decrease emissions to accelerate the energy transition. They have however
also experienced resistance from people living in the countryside but Klasson thinks that they are
relatively easy to convince since hydrogen-powered vehicles are very similar to operate and to refuel
with conventional vehicles compared to BEVs (Klasson, 2022).

4.1.4 Trelleborg

The economic incentives have been a driving factor in the decision to invest in hydrogen in
Trelleborg. Everfuel will invest in a refueling station where the hydrogen initially will be imported
from Denmark, but Trelleborg’s Energi will have a parallel project where they will construct a
production facility of green hydrogen. Trelleborg’s Energi aims to produce local green hydrogen at
a market competitive price and if they succeed, Everfuel will buy the hydrogen production facility.
Koinberg Henrikson hence concludes that Trelleborg’s Energi idea and interest are that the
investment in hydrogen will be a profitable deal, with the expectation that the production of hydrogen
will quickly show to be profitable to produce. Only a small share of the total production of hydrogen
made by Trelleborgs Energi will be used for transportation (Koinberg Henrikson, 2022). Koinberg
Henrikson further claims that the hydrogen-powered vehicles are currently very expensive.

Trelleborg is located in Skane in southern Sweden where there is a shortage of electricity. It was
therefore identified that it will be hard to transform the entire transport sector into battery electric
vehicles and that hydrogen as a means of transportation hence had a relative advantage. The
environmental benefits have been central in the decision to invest in hydrogen and several
environmental advantages over other conventional and battery electric vehicles have been identified.
Fuel cell electric vehicles are advantageous over battery electric vehicles since they have a short
refuel time of about 4 minutes and a long driving range. They also do not require the same amount
of metal extraction. BEVs require several hours of charging time and large charging areas whereas
one hydrogen refueling station can refuel several hundred vehicles per day which makes hydrogen-
powered vehicles more time- and space efficient (Koinberg Henrikson, 2022). They are also
emissions free which is an important environmental relative advantage over conventional cars. The
politicians have for a long time pushed for green innovations and they acknowledged that investing
in the technology would provide good marketing opportunities for the municipal but also that it was
a way for Trelleborg to achieve their environmental objectives (Lundstrom, 2022). Koinberg
Henrikson further claims that this is a highly interesting innovation that have good future prospects
which also is a reason why the want to support the development it.
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The refueling station is strategically located to reduce convenience costs and to increase
compatibility. It is located about 2-3 kilometers from the municipality’s park area and next to several
other conventional refueling stations, some extra planning will however be required since it will be
a short detour. Shifting to a hydrogen-powered vehicle also requires no major behavioral changes as
they are similarly operated. Koinberg Henrikson further thinks that the innovation is even more
compatible with existing norms and values than what people actually know. He highlights that the
production of batteries necessary for BEVs on the other hand are not practices and values that people
support as the extraction of the lithium and cobalt are environmentally harmful processes and often
associated with slavery (Koinberg Henrikson, 2022).

4.1.5 Ljungby

A study of the entire Konobergs county was conducted to investigate where the best place would be
to invest in hydrogen within the transport sector. The study identified that Ljungby municipality had
good prerequisites since they had the political support, a good geographical location and a large
company with experience of working with hydrogen. The municipality is located both along the major
highway E4 connecting northern and southern Sweden and along the road that connects the eastern
and western parts of the country in the south (Gunnarsson, 2022; Schmidt, 2022). Schmidt highlights
that this is perhaps the best location for the establishment of a hydrogen refueling station in all of
southern Sweden (Schmidt, 2022)

In terms of environmental benefits, Ljungby municipality has identified that hydrogen adoption
within the transport sector is a tool for the municipality to achieve their climate objectives and
achieve carbon neutrality (Gunnarsson, 2022; Schmidt, 2022). They have hence decided to replace
25% of their investments in the vehicle fleet with hydrogen-powered vehicles and are exploring to
invest in hydrogen-powered buses for public transport and in hydrogen-powered dust carts. Schmidt
also highlights that one major motivation behind the investment is the media marketing benefits and
that it will attract young and progressive people to move to the municipality (Schmidt, 2022).
Gunnarsson also highlights the marketing benefits of being viewed as an environmentally friendly
municipality (Gunnarsson, 2022). One advantage with hydrogen within transportation over battery
electric vehicles is that they are not to the same extent dependent on the extraction of metals in
African mines and in some cases the adhering child labour (Schmidt, 2022)

The investments in hydrogen have currently no economic incentives from the municipality. The strive
to replace 25% of the total costs of the municipality vehicle fleet is not predicted to be economically
favorable since fuel cell electric vehicles are for the moment very expensive, the main purpose of the
investments is for the municipality to achieve their climate objectives and help accelerate the
transition of the transport sector towards being emissions free. A study conducted to investigate the
perquisites for establishing public transportation in central Ljungby however identified that it would
be cheaper to have hydrogen-powered buses over conventional busses powered by fossil fuels
(Schmidt, 2022). Gunnarsson also highlights that investments in green hydrogen are a smart long-
term investment (Gunnarsson, 2022).

In terms of compatibility, Ljungby is by land area a very large municipality wherefore it is not optimal
to replace all vehicles if there is only one refueling station. They have investigated what vehicles to
replace to reduce potential convenience costs but it is ultimately the municipality’s vehicle manager
who is responsible for this. Schmidt further believes that hydrogen is 100% compatible with existing
norms and values in society if it is produced from renewable energy sources. They have however met
resistance in the municipality for investing in hydrogen and Schmidt believes that this is only based
on the lack of knowledge or ignorance and concerns beliefs that a vehicle will randomly explode etc
(Schmidt, 2022).
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4.2 Government initiatives to incentivize investments

The empirical results of the second variable of the conceptual framework will followingly be
presented in sections 4.2.1 to 4.2.5. The results are summarized and presented to increase clarity
(Table 4).

Table 4. Summary of the results from the second variable of the conceptual framework

Municipality ~ Storuman

Factor

Type of financial
funding received

-Funding from the
Swedish Energy
agency to
investigate
technical and
knowledge aspects
for adoption
-Applied for
funding from
Klimatklivet

The importance of
financial aid

-An important part
of adoption

Other factors -More long-term
initiatives wanted

from the Swedish

Mariestad

-EU funding for the
refueling station,

-They are not
dependent on
subsides

-Low interest from
the Swedish
government during

Sandviken

-EU funding

-Used to motivate
investments in the
innovation, to

convince sceptics

-Adoption before
Klimatklivet and the
Hydrogen Strategy

Trelleborg

-EU funding from the
project Nordic
Hydrogen Corridor
-Bonus Malus, bonus
for carbon-low
vehicles

-A motivator, but not
entirely crucial

-More financial
support needed that
target the purchase of

Ljungby

-Strandméllen AB and
PS Energi has
received government
funding from
Klimatklivet

-Extremely important

-1t is hard to apply for
funding which might
decrease diffusion

vehicles instead of rates

refueling stations

was initiated

- The interest and
action of the
government has
however increased in
recent years

government their adoption process

-The interest and
action of the
government has
however increased in
recent years

4.2.1 Storuman

To commence, the municipality has received 200.000 SEK from the Swedish Energy Agency to
increase the local knowledge of hydrogen. The money was mainly used to investigate what technical
and knowledge aspect that is needed to build a refueling station in the municipality. The Swedish
Energy Agency also currently have a call for applications for funding of the construction of hydrogen
refueling infrastructure, some actors are currently aiming to complete their applications to receive
the funding to construct a refueling station at Storumanterminalen (Duvdahl, 2022). Receiving
financial support is an important part of the adoption process (Duvdahl, 2022) and the application
period is still open wherefore they have not received any funding yet (Mortsell, 2022). Duvdahl
(2022) however also criticized government calls for applications for funding and advocates more
long-term initiatives to create security and to steer the development more.

4.2.2 Mariestad

Martina Wettin highlights that Mariestad has not made themselves dependent on subsidies in the
adoption of hydrogen. They have had a fairly different approach where the private sector has
cooperated with the public sector and the municipality has shown to be innovation driven and brave
enough to make large procurements. Some EU funding for building the refueling station has however
been received by the municipality. Wettin further highlights that the lack of knowledge, legislation
and the lack of the right preconditions are the main barriers for hydrogen market penetration (Wettin,
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2022). Hydrogen has been widely criticized and people have questioned why Mariestad invests such
large amounts in the technology. Wallner however identified that when the EU claimed that Europe
should be world leading within hydrogen and invest 430 million Euro the interest and acceptability
of hydrogen rose and people saw that it could be a solution to phase out the use of fossil-fuels
(Wallner, 2022)

Wallner further identifies that the public and private sectors are afraid of working together and that
it is not a part of the Swedish culture because it is sensitive to combine public funds with the business
sector. On the other hand, the EU has made calls for application for funding of hydrogen investments,
but the EU wants to see PPF — Private Public Funding — projects. Such constellations are not present
in Sweden wherefore Wallner suspects will further set back the diffusion of hydrogen in the country.
She believes that the ability of the public and private sectors to work together will largely determine
the successfulness of hydrogen diffusion in Sweden (Wallner, 2022).

4.2.3 Sandviken

The investment in hydrogen was made before the hydrogen strategy and Klimatklivet existed so they
did not receive any financial support from the Swedish government. The process was however part
of an EU-project wherefore they received EU funds which covered a large proportion of the capital
investment of the refueling station (Klasson, 2022). Investments in hydrogen technology within
transportation was not core business for Sandvik AB which raised concerns and resistance. To receive
financial funding was hence a way to push and convince sceptic people to invest in the innovation
because it would be less expensive (Roos, 2022). The work and assistance from the government have
been minimal for a long time and Klasson believes that this is due to a low knowledge of hydrogen,
this is however starting to change and the interest and support have grown from the government in
the last years (Roos, 2022, Klasson, 2022).

4.2.4 Trelleborg

It was important for Trelleborg to be a part of a larger project and that is why they joined the Nordic
Hydrogen Corridor initiative. The Nordic Hydrogen Corridor is a project that VVatgas Sverige has
initiated and is funded by the EU. Being a part of the project has provided Trelleborg with something
concrete to work with. Everfuel will build the refueling station and they have received financial
funding, this has been a motivator for making an investment but it was not an entirely decisive factor
(Koinberg Henrikson, 2022).

Hydrogen within the transport sector also falls under Bonus Malus, which is a system where
emissions free vehicles are rewarded with a bonus and vehicles with large emissions are punished
with higher taxes. Koinberg Henrikson further acknowledges that there is a lot of financial support
to receive for investing hydrogen infrastructure but he believes that more financial support should be
pinpointed to investments in vehicles instead. The main reason for this is because there are already
many actors willing to invest in refueling stations but the main problem and barrier are that hydrogen-
powered vehicles are very expensive. He would like to see more investments and projects from the
government to accelerate the diffusion of hydrogen-powered vehicles (Koinberg Henrikson, 2022).

4.2.5 Ljungby

Strandmallen AB received funding from Klimatklivet to fund 55% of the costs to build the hydrogen
production facility, just the electrolyzer costs 37 million SEK. PS Energi that will construct and
operate the hydrogen refueling station has been granted 70% of the investment costs for the refueling
station by Klimatklivet. The support will be around 19 million SEK. Schmidt believes that the
funding from Klimatklivet has been part and parcel for the entire process and she does not think that
Strandmaollen would have made the investment without the financial aid. Schmidt further thinks that
it should be easier to apply for funding because it is relatively hard with the current system and there
is a risk that we will experience too few investments in refueling stations and that the investments
solely become small pilot-projects that will close once the funding ends (Schmidt, 2022)
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4.3 Collaboration within the social system

The empirical results of the third variable of the conceptual framework will followingly be presented
in sections 4.3.1to 4.3.5. This variable will also cover the dimension of interpersonal communication
channels. The results are summarized and presented to increase clarity (Table 5).

Table 5. Summary of the results from the third variable of the conceptual framework

Municipality
Factor

Role of the political
sector

Role of the
municipality

Role of the business
sector

Interpersonal
communication
channels/networks

Opinion leadership

Storuman

-Enabler/facilitator

-Enabler/facilitator
-Considers
purchasing vehicles

-Will make the
investments in
infrastructure

-ldea to invest came
from within

-Mutual hydrogen
cooperation
-Support from
political sector

4.3.1 Storuman

The collaboration has occurred between many different actors that have different roles. The
municipality and the politics will not contribute with any funding to the actual production of the
hydrogen or in the construction of the refueling station. Their roles are mainly as an enabler for the
project to become successful (Mdortsell, 2022; Duvdahl, 2022) as they believe that hydrogen
production is not a core business for a municipality (Mértsell, 2022). The role as an enabler includes
actions such as providing appropriate locations or contributing with knowledge, and the municipality
has already agreed to offer surfaces at Storumanterminalen to set up a refueling station and a facility
to produce green hydrogen (Duvdahl, 2022). The municipal nor the municipality owned company
ILC will not own the refueling station since this is not within their expertise. Several private investors

Mariestad

-Driving and brave
actor

-Enabler/facilitator
-Owner and investor
in the refueling
station

-Owner of vehicles

-Invested in the
hydrogen production
facility

-Arranges educational
activities and hosts
field-visits to spur
diffusion

-The chairman of the
municipal board used
his political mandate
to push for adoption
which was crucial for
adoption

Sandviken

-Enabler/facilitator

-Responsible for
communication
-Relatively small
investments in
educational activities
etc.

-Owner of vehicles

-Initiative from the
business sector
-Identified as the best
actor to own the
refueling station
-Investor of
infrastructure

-Establishment of a
regional network with
Gavleborg and
Dalarna to spread
knowledge and spur
diffusion

-Professor Mats W
Lundberg pushed for
adoption
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Trelleborg

-Driving actor /
initiated the project

-Enabler/facilitator
-Will purchase
vehicles once the
refueling station is in
operation

-Plans on running
parts of public
transportation on
hydrogen

-Will make the
investments in
infrastructure

-Worked closely with
other actors who has
already adopted the
innovation or that has
knowledge

-Mutual hydrogen
cooperation
-Support from
political sector

Ljungby

-Initiated the project

-Enabler/facilitator
-Will purchase
vehicles once the
refueling station is in
operation

-Plans on running
parts of public
transportation on
hydrigen

-Will invest in
infrastructure

-Started with the
politics but has been
transferred to the
private sector

-Political support has
been crucial



are however interested thanks to the strategic position in the intersection between two large European
highways and two major railway systems (Mértsell, 2022; Duvdahl, 2022). Lastly, Mortsell does not
identify that any of the actors have been more driving in the process or that any of the actors had
more knowledge of hydrogen at the beginning of the process. He instead believes that each actor
involved in the project had their own interest and that these processes coincided and resulted in a
hydrogen cooperation. The different processes that coincided were the strive to engage in fossil-free
means of transportation, energy-producing company’s willingness to improve their energy-saving
capabilities and the municipality to take advantage of their strategic geographic position and of
becoming more environmentally friendly (Mértsell, 2022).

4.3.2 Mariestad

The politics have been identified as a driving actor for hydrogen adoption in Mariestad and one of
the most driving forces is the chairman of the municipal board Johan Abrahamson. The politics have
been identified as very brave since they from the very start have had a positive attitude towards the
initiative (Wettin, 2022). The investment probably never would have occurred in Mariestad without
Abrahamsson since he pushed this question and convinced the politics (Wallner, 2022). Once the
municipality and the politics already had identified that they wanted to invest in hydrogen to re-
industrialize the city, they raised the question of who could and was willing to locally produce green
hydrogen. This is when Nilsson Energy accepted the challenge and joined the collaboration.
Hydrogen has been used in the Swedish industry for a long time wherefore they entered the
collaboration with prior knowledge of hydrogen production, but they are in Sweden pioneers with
the application of hydrogen within the transport sector wherefore they have learned a lot and
increased their knowledge along the journey (Wettin, 2022). The municipality has also had a large
role in the project, they have made an investment of close to 21 million SEK in the refueling station
and are the owner of it (Wallner, 2022). Nilsson Energy is responsible for the facility that produces
hydrogen from solar power and they are responsible for the drift of the refueling station (Wettin,
2022, Wallner, 2022).

4.3.3 Sandviken

The application of hydrogen within the transport sector began with that the company AGA, which is
now Linde, produced green hydrogen from wind power in Sandviken which they through a pipe
transported to Sandvik AB for usage in their industry. Professor Mats W Lundberg worked at Sandvik
and in 2014 identified that they should build a refueling station somewhere along the pipeline that
was used to deliver the hydrogen from AGA to Sandvik. Lundberg together with Anders Lundell
became very committed to the initiative and they were very driving in the adoption of hydrogen
within the transport sector (Klasson, 2022). Daniel Roos at Sandvik became project manager and
started to investigate the opportunities of a refueling station and how to collaborate between partners
(Roos, 2022). The initiative hence came from the business sector but they contacted the municipality
at an early stage to ask if they had any interest to be a part of the project, which they did. The idea
to have a close relationship between the business sector and the municipality was vital at the
beginning of the adoption process (Roos, 2022).

The adoption of hydrogen within the transport sector was mainly a communicative project and the
project was divided between the municipality, AGA and Sandvik AB. The municipality was
responsible for communication and arranged various campaigns, lectures and funded the opening
ceremony (Roos, 2022). The total economic investment made by the municipal has been fractional
(Klasson, 2022) in relation to AGA and Sandvik who made the investment in the refueling station.
The political sector has from a very early stage supported the initiative which allowed the project to
quickly be reality. The role of the political sector has mainly been to assist in the project and provide
the best prerequisites for the business sector to work with hydrogen (Roos, 2022; Kéarnstrom, 2022),
they have for instance assisted with the allocation of property and signed a document that the
municipality will buy a certain amount of hydrogen each year as a form of insurance. The political
sector was from the very beginning very clear with that the investments should come from the market
and not from any public actor (K&rnstrom, 2022)
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The most important and driving actor was initially Mats W Lundberg because he managed to get
AGA and the municipality on board on the project. Sandvik has also been an important actor because
they had the most competence in the innovation as they had been working with fuel cells production
for a long time, the competence has very much come from inside the collaboration.

Klasson is also a part of a network where municipal representatives in the regions of Gavelborg and
Dalarna cooperate and share knowledge about hydrogen in order to accelerate the diffusion of the
technology in the regions. It all started in Sandviken and it has thanks to this network of cooperation
ignited a snowball effect where many municipalities either have decided to invest- or are
investigating in the possibility of investing the technology (Klasson, 2022)

The refueling station has recently switched ownership from AGA to Linde Gas AB. The main reason
behind this constellation is that AGA first and foremost is a producer of gases, they do not have the
experience or interest in operating a refueling station which has led to that the station has been out
of service for longer period of times (Klasson, 2022; Roos, 2022). It was concluded that a refueling
station should be owned by a company specialized in the matter and not any other actor, including
the municipality (Klasson, 2022).

4.3.4 Trelleborg

The interest in hydrogen came from the political sector with the chairman of the municipal board and
municipal director attending a hydrogen fare in Germany. The political sector had for a long time
promoted sustainable technical solutions and they identified that this was a way for the municipality
to achieve their environmental objectives. The initiative hence came from the political sector and
was passed on to the municipality owned energy company Trelleborg Energi. The directives from the
political sector have ever since been very clear and supported the initiative (Lundstrom, 2022).

Koinberg Henrikson started working on the hydrogen project at the municipality but he was only
granted to devote about 5% of his time to the project wherefore he started working at Trelleborgs
Energi and brought the project with him. The interest of the municipality has however increased over
time and they are now working closely with Trelleborgs Energi. The municipality is currently active
in the process of assisting Everfuel with building permit application and will also make investments
in vehicles once the refueling station is in operation, they see this as an interesting green innovation
that they want to support. (Koinberg Henrikson, 2022). It is very important that the municipality
wants to contribute to the project and make investments in vehicles and buses to show that they are
devoted and that Everfuel will have a profitable business (Lundstrom, 2022). Trelleborg Energi was
founded in 2019 and has a very progressive CEO who wants to take a leading position in the energy
transition, they are as earlier mentioned planning to invest in a hydrogen production facility so that
local and green hydrogen can be used in the refueling station. Everfuel will make investments in the
refueling station with the help of EU funding through Vatgas Sverige. Trelleborgs Energi has further
worked closely with Viatgas Sverige who has assisted them in different ways, they have also
established contact with other energy companies and actors that are working with hydrogen and have
knowledge on the topic. They have made several field visits to learn from them and establish
cooperation (Koinberg Henrikson, 2022).

4.3.5 Ljungby

The interest in hydrogen first came from the political sector after the chairman of the municipal board
Magnus Gunnarsson attended a presentation on the topic. He contacted Beatrice Schmidt who was
head of development at the municipal by that time and she started working on the project. She was a
part of a steering group for “energikontor sydost” and they investigated the opportunities to invest in
hydrogen within the transport sector in Konobergs county. The study identified that Ljungby
municipality had good prerequisites for establishing hydrogen production and a refueling station
(Schmidt, 2022).

The municipality will not have any role in producing the hydrogen or in operating the refueling
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station. Instead, their role is mainly to facilitate the process around the investment which includes
everything from arranging meetings, identifying actors to engage in the project and doing research
on different safety and operation standards. Strandmdllen AB is a gas company and they will own
the hydrogen production facility and Ljungby Energi will invest in two wind power plants that will
provide Strandmollen AB’s hydrogen production facility with 100% renewable energy. PS Energi
will construct and operate the hydrogen refueling station. Ljungby municipality has signed a letter of
intent that they aim to assist and facilitate in the hydrogen investment process. They will also replace
25% of the municipality’s vehicle fleet with hydrogen-powered vehicles once the refueling station is
in operation (Schmidt, 2022)

There are only a handful hydrogen refueling stations in Sweden and the technology is fairly new.
This makes it hard to invest in hydrogen because there is not really any existing legislation and there
are many different permits needed which have required cooperation between all the actors involved
(Schmidt, 2022). The involvement of the political sector has also been crucial. First, investments in
wind power plants in the municipality have always been a hot topic and there has been a strong
resistance, but the political sector has been very fond of this project and has now given permission
for the construction of two power plants to provide the hydrogen production facility with renewable
energy (Gunnarsson, 2022; Schmidt, 2022). Granting them permission to construct the wind power
plant was an extraordinary decision since it does not go in hand with the municipal wind power
strategy. Second, they have also been involved in providing Strandméllen AB with land to enable the
construction of a hydrogen production facility (Gunnarsson, 2022)
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5 Analysis

The empirical results, presented in the previous chapter, will in this chapter be analyzed by applying
the three variables of the conceptual framework which are considered essential for the diffusion and
adoption of hydrogen in the transport sector. The first variable “The perceived characteristics of the
innovation: economic and environmental relative advantage, and compatibility” will first be
analyzed in section 5.1., followed by variable two “Government initiatives to incentivize
investments™ in section 5.2. and lastly by variable three “Collaboration within the social system:
Opinion leadership and the establishment of interpersonal communication channels” in section 5.3.

5.1 The perceived characteristics of the innovation

Rogers (2003) argues that an innovation will only successfully diffuse if it has a perceived relative
advantage over the technology it is ought to replace, which in this case is mainly conventional
vehicles powered by fossil-fuels and BEVs. To commence with economic relative advantage,
Trelleborg is the only case that expects that the investment and the production of hydrogen fuel to
become economically profitable in short-term. One explanation for this could be because the
hydrogen in Trelleborg will be used in several different industries and to support the electricity grid,
only a small amount will be used for hydrogen fuel. A general result from the remaining cases was
that investments in hydrogen technology within the transport sector is currently not economically
profitable. This is mainly due to high fuel and vehicle costs and since implementation so far has only
been on local level. Many actors have still adopted the innovation knowing that they are pioneers and
that it will not be profitable but with the argument that someone has to take the lead in the diffusion
process to break the chicken and the egg dilemma. Large scale production of hydrogen and
application of infrastructure and vehicles on system-level would however make the innovation more
profitable which highlights the potential long-term economic benefits and why actors at this early
stage have made large investments.

The results underline that purchasing hydrogen-powered vehicles is not economically profitable over
purchasing conventional vehicles powered by fossil-fuels and that it is not economically profitable
to produce and sell hydrogen fuel. Even though there are currently no direct economic benefits of
investing in hydrogen transportation technology, all five cases show that there are several indirect
economic benefits of hydrogen investments. An indirect economic benefit in this study entails that it
brings an economic value to another sector. An indirect economic benefit can motivate an investment
in the technology even though the technology per se is not profitable. Investing in hydrogen has
shown to be a marketing approach for a municipality to demonstrate that they are a green and
responsible municipality to attract business opportunities and competent workforce to the area.
Ljungby is a perfect example of this as they aim to make Ljungby an attractive municipality for
educated people to live in, which they believe can be achieved through being progressive and taking
the lead in the transition towards a fossil-fuel free society. Storuman Municipality and the political
sector have made a similar analysis, they have identified that even though they will not invest in the
hydrogen production facility nor in the refueling station they will facilitate and enable the adoption
of hydrogen since it can benefit local companies, bring work opportunities and to provide optimism
for the future. This has further also proven to be a successful approach in this sense, and Mariestad
has thanks to taking the lead in hydrogen within the transport sector and from extensive marketing
experienced a significant increase in companies who wants to establish their business in the
municipality.

Furthermore, another relative advantage relevant to the diffusion of hydrogen technology within the
transport sector in the examined municipalities is environmental relative advantage. The
environmental benefits of investing in hydrogen within the transport sector were for all examined
cases highly central and important. Hydrogen-powered vehicles have zero tailpipe emissions which
is the main reason why they are preferred over conventional vehicles powered by fossil-fuels. Even
though battery electric vehicles also have zero tailpipe emissions, hydrogen-powered vehicles were

32



preferred for a few reasons. It was in most cases identified that hydrogen-powered vehicles have a
long driving range and a high time- and space efficiency thanks to a quick refueling time. Battery
electric vehicles can also put strains on the electricity grid, are not optimal for heavy transport and
can cause environmental degradation from the extraction of cobalt and lithium. Hydrogen-powered
vehicles were hence not only identified as a way to reduce emissions within the transport sector, but
also as the most preferable way to do it, highlighting the great environmental relative advantage of
the innovation. The positive environmental aspects were preferred for two main reasons, first since
it would bring good marketing opportunities for the municipalities as previously discussed, and
second since it was identified as a tool for a majority of the municipalities for them to achieve their
environmental objectives.

All municipalities identified that the innovation had great environmental benefits but this was not the
only reason why the innovation was adopted in each case. Another factor that has proven to be highly
important is that all actors consider that the innovation is an approach to significantly reduce carbon
emissions within the transport sector wherefore the innovation has great future prospects as well.
Many actors therefore want to the take lead and push the innovation forward in order to accelerate
the diffusion and contribute to the de-carbonizing of the transport sector. They are also aware that
long-term economic gains can be made if the innovation successfully penetrates the market when
they have been amongst the first to have adopted it. This is also the reason why the geographical
location of the municipality has been an important factor in the decision of making an investment. In
all cases except for Mariestad it has been stressed that the geographical advantage of being located
along or at the intersection of highly trafficked roads or railways has been important for investing in
hydrogen transportation technology. This shows that the motive to invest in the technology is not
solely an approach for the municipality to become green and achieve their environmental objectives.
The motive stretches beyond just the municipality as they do not want to exist in isolation but instead
want to become an important hydrogen hub that is a part of a larger transportation network so that
they can reap the economic benefits of vehicles passing by.

Local condition has also proven to be of importance. For instance, a major reason behind the decision
to invest in hydrogen in Storuman is because hydrogen is a way to store energy when the carrying
capacity of the electricity grid is full. Trelleborg had a contrary issue as southern Sweden has
electricity shortages wherefore a large adoption of battery electric vehicles can be challenging for
the electricity grid. The adoption of hydrogen-powered vehicles can hence ease the pressure on the
power grid.

Rogers (2003) further argues that the innovation has to be compatible with existing norms and values
of society to successfully diffuse within a social system. The most prominent characteristic of green
hydrogen is that it is an emissions free energy source. It is also applicable in the transport sector and
hence becomes important for enabling the transition to a fossil-fuel free society. These characteristics
of green hydrogen have been identified as highly compatible with the norms and values of society
and are a major reason why adoption of the innovation has occurred in the cases. The adoption process
has however not been painless and most cases have experienced some sort of resistance. This
resistance has mainly been built on ignorance and the lack of knowledge and concerns the perception
that hydrogen is dangerous and explosive. In contrast, the innovation has also experienced broad
support as well. One prominent example is Ljungby Municipality where the ruling political majority
strongly ha opposed the construction of wind power plants. The idea to construct two wind power
plants in order to locally produce green hydrogen however faced unanimous approval from the
political sector and an extraordinary exception to the local wind power strategy was made to ensure
that the project can occur.

Compatibility also concerns the need of altering one’s behavior when adopting the innovation
(Huétink et al, 2010). Huétink et al (2010) identify that issues of daily use and low availability of
refueling stations are the main compatibility issues with the diffusion of hydrogen within the
transport sector. Something that will most likely result in increased convenience costs such as
increased travelling time or increased planning to refuel your car (Meyer and Winebrake, 2009). The
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results of the study confirm the literature and shows that compatibility in these terms is a larger
challenge for the diffusion of hydrogen transportation technology. Compatibility issues were
however not identified as a major barrier but instead something you must account for at the early
stage of adoption. Most of the cases identified that convenience costs of driving extra distances to
refuel the car either have or will appear with adoption, mainly since diffusion at an early stage entails
a low level of refueling station availability. It was hence identified that large efforts and planning
were needed to identify the most optimal location for the refueling station to avoid convenience costs
to increase compatibility. Some convenience costs and compatibility aspects are however hard to
avoid wherefore the technology at the early diffusion phase cannot completely replace the use of
conventional cars, and might initially serve as a complement to other modes of transportation. A
prominent example of this is Ljungby. Ljungby is by land area a very large municipality wherefore
it is not optimal to replace all municipality owned vehicles if there is only one refueling station,
mainly since it will increase planning and require detours for refueling the vehicles. Two further
prominent examples are Mariestad and Sandviken who both have experienced a malfunction of their
hydrogen-powered vehicles as well as technical failures and stoppages with their refueling station.
The municipalities only have one refueling station each wherefore it has for longer periods of time
not been possible to refuel and use the hydrogen-powered vehicles.

5.2 Government initiatives to incentivize investments

Meyer and Winebrake (2009) have identified that hydrogen-powered vehicles and hydrogen refueling
stations are complementary goods. This means that the diffusion of hydrogen technology within the
transport sector suffers from the chicken and the egg dilemma where investments in for instance a
hydrogen-powered vehicle will not be made in a system without or with a low number of refueling
stations, and vice versa. The government has been identified as an important actor to break this
vicious circle through various policies and subsidies to incentivize investments (Meyer and
Winebrake, 2009).

All cases of Trelleborg, Storuman, Ljungby, Mariestad and Sandviken have in some way received
funding or are planning to receive funding for their investment in the technology necessary for the
adoption of hydrogen within the transport sector. The investment in Ljungby and in Storuman are
however the only cases out of the total five that have received funding from the Swedish government.
The investment in the refueling station and the green hydrogen production facility in Ljungby was
partly financed through Klimatklivet and the government support is considered as part and parcel for
the adoption to occur. Storuman has previously received funding from the Swedish Energy Agency
to increase their knowledge and analyze Storuman’s preconditions of an investment. Financial actors
in Storuman are further in preparation for submitting applications to Klimatklivet to receive
governmental funding, which is an important part of their adoption process.

Financial aid from the Swedish government has shown to be important for the diffusion of hydrogen
transportation technology, yet, the remaining three of the five cases have not received any funding
from the Swedish government. Trelleborg has instead received EU funding through the Nordic
Hydrogen Corridor project. In the cases of Sandviken and Mariestad, the main explanation for why
they have not received funding from the Swedish government is that both municipalities were very
early in the adoption process. During this period of time, the general interest in hydrogen as a means
of transportation was very low from the government and they also lacked knowledge of the
innovation. The interest from the EU was however larger and Sandviken and Mariestad instead
received EU-funding for their investments. The interest from the Swedish government has however
increased when the EU claimed that Europe should become world leading within hydrogen and
explains why government funding is widely available now.

Mariestad has had a relatively different approach and they have not made themselves dependent on
funding. The general collaboration between the public and the private sector has been that the private
sector has made the investments in the hydrogen production facility and in the refueling station and
the public sector on the other hand has taken the role of an enabler and a buyer of hydrogen fuel and
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vehicles. On the contrary, the cooperation between the private and the public sector in Mariestad has
been different where the municipality has contributed to the investments in the refueling station. Such
constellations are not very common in Sweden where public interference with the business sector is
very sensitive. This has been identified as a barrier to further diffusion of hydrogen transportation
technology in Sweden since most EU-funding requires such constellation of Private Public Funding.

Furthermore, Meyer and Winebrake (2009) also identify that governments and local governments
must “act as a first-use consumers of FCVs and refueling infrastructure developers”, which partly
includes direct payments of vehicles and direct investments in refueling stations, to ensure that
hydrogen within the transport sector achieves market penetration by the next half-century (Meyer
and Winebrake, 2009; 89). In support of this, this study has identified that the local government, the
municipality, have in all five cases either made an investment in hydrogen-powered vehicles or are
committed to making such investments once the refueling station is in operation. In terms of the need
for local governments to make investments in refueling infrastructure, the study only identified that
only one out of the five municipalities examined made an investment of such character, namely
Mariestad.

Lastly, another barrier identified for the diffusion of the innovation is the system that actors have to
make an application to receive funding from the Swedish government. This is an extensive and
complicated process and there is a risk that too few investments in hydrogen infrastructure are made
and that each investment becomes an isolated pilot-project that cannot survive once the funding stops.
More long-term initiatives to create security and to steer the development are hence also wanted.

5.3 Collaboration within the social system

The collaboration between the public and the private sector has in general been very explicit. The
main role of the municipal and the political sector has been as an enabler and facilitator for the
adoption of hydrogen transportation technology. This has included activities such as providing the
private actors with property, assisting the building-permit process, marketing activities and arranging
educational activities to increase and spread knowledge about the innovation. The municipalities
have also had an important role as an investor of hydrogen-powered vehicles and in providing
insurances to the private sector that they will purchase hydrogen fuel. The costs from the municipality
have hence been fractional in comparison to the private sector which has accounted for the large
investments required for the refueling station and the production of green hydrogen facility. There
has however been an exception in the case of Mariestad where the investment in the refueling station
was made by the municipality.

Opinion leadership is according to Rogers (2003) crucial for the innovation to successfully diffuse.
An opinion leader is an innovative individual with high social accessibility who can use this
influential role to advocate change (Rogers, 2003). Opinion leadership has been present in the
examined cases and they have mainly come from the political sector. The main reason for this is
because the political support has shown to be an important precondition for adoption of hydrogen
technology within the transport sector. Opinion leadership has in several cases come from influential
actors in the political sector that has advocated for the adoption of the innovation. Their leadership
has been vital in the way that they have guided and showed the private sector and the municipality
that the investments are supported by the political sector. This is highlighted in the case of Mariestad
where the investment probably never would have taken place without the chairman of the municipal
board, Johan Abrahamsson. Abrahamsson was a driving actor and gathered a large political mandate
in support of investing in the hydrogen refueling station. Similarly in Ljungby, the idea to invest in
green hydrogen came from the political sector and namely from the chairman of the municipal board
Magnus Gunnarsson. The political sector was hence highly pro hydrogen adoption which proved to
be crucial as the political majority went against the municipality’s wind power strategy and allowed
the construction of two wind power plants to ensure that Ljungby could locally produce green
hydrogen.
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To continue, Rogers (2003) claims that diffusion is a remarkably social process where the innovation
is best spread through interpersonal communication channels. Interpersonal communication is face-
to-face communication and is mainly an effective approach since adoption involves high levels of
risk. Interpersonal communication with an actor who already has successfully adopted an innovation
is a great way to establish trust and reassurance that the innovation is beneficial which is needed for
an individual to adopt an innovation (Rogers, 2003). This study shows how the establishment of
interpersonal communication channels across different sectors and municipalities has been key to the
diffusion of the innovation. It was from the cases identified that the actors working with hydrogen
within the transport sector are pioneers in Sweden wherefore the existing information, knowledge
and legislation of the technology are limited. Much knowledge about the technology has been
obtained throughout the process which makes the communication channels and networks highly
important since actors can learn from experiences achieved by other actors. Mariestad and Sandviken
were first to adopt the innovation and they have engaged in substantial communications- and
knowledge increasing activities to spread the innovation. Trelleborg for instance made field visits to
various actors, where one was Nilsson Energy in Mariestad, to increase their competence which
among other visits was a vital part of their decision to adopt the innovation as well.

The need for interpersonal communication channels to establish trust was also central in Sandviken’s
motive to invest in the innovation since they wanted to showcase that the environmentally friendly
technology actually worked and could be implemented. There is also a communications network in
the region of G&vleborg and Dalarna that was initiated by representatives from Sandviken with the
aim to increase cooperation and share competence and knowledge of hydrogen within the transport
sector. The network has been highly successful and several investments in hydrogen transportation
technology have either been made or are planned within the regions. The adoption of hydrogen in the
region of Dalarna and Gavleborg hence started in Sandviken, but is now about to successfully diffuse
within the entire area thanks to the establishment of interpersonal communication channels through
the communications network.
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6 Discussion

This chapter aims to answer the research questions presented in section 1.2. by addressing how the
empirical results and the analysis of the study relates to other research, the political development in
Sweden and the world, policies and other trends.

6.1 What factors are important for making an investment in
hydrogen technology in the transport sector?

The first research question follows What factors are considered important for making an investment
in hydrogen technology in the transport sector?

The research has identified that the environmental relative advantage has been central in the
examined cases” decision for making an investment in hydrogen technology within the transport
sector. The municipalities have in various ways supported the adoption process of the innovation and
the municipalities have already invested or are aiming to invest in fuel cell electric vehicles once the
local refueling station is in operation. One explanation behind this interest from the municipalities is
because the innovation has been identified as an emissions free mode of transportation, making it an
approach for the municipalities to achieve their environmental goals. The research has also shown
that the innovation is perceived to be compatible with existing norms and values of society for exactly
this reason. Furthermore, results from Mariestad show that the major environmental benefits becomes
evident once adoption has occurred on a larger level. In the light of current trends in Sweden, the
actions taken by Swedish municipalities to reduce the emissions from the road transport sector are
generally low. This is problematic because the road transport sector has been identified as a sector
where the municipalities can make a large contribution in terms of emissions reduction and to limit
their overall impact on the climate. This study has shown that the adoption of hydrogen technology
within the transport sector is an approach for municipalities to reduce their carbon emissions and
widespread adoption could potentially be a way to break the current negative trend found in Swedish
municipality’s work concerning efforts of reducing emissions within the road transport sector.

The solution is however not that simple and previous literature has identified that favorable market
conditions for hydrogen transport technology are an essential pre-condition for the technology to
successfully diffuse, i.e. hydrogen-powered vehicles and hydrogen fuel has to be economically
favorable over other means of transportation. This study shows that investments in the technology
are currently not economically profitable and could hence explain why nation-wide adoption has not
occurred yet. On the other hand, diffusion has however occurred in a few cases in Sweden. A common
denominator between these cases is that all cases have received financial funding which has made
the investments more economically favorable. This shows that the economic aspects are part and
parcel for adoption of hydrogen technology within the transport sector and supports the claim that
favorable market conditions are important for diffusion. On the contrary, the study has however
identified that indirect economic benefits also can be an important factor for making an investment
in the technology. The indirect economic benefits mainly come from the ability of the municipality
to market themselves as a green and progressive municipality to attract businesses and competent
workforce. In this sense, since adoption of the innovation has occurred in the examined municipalities
the upsides with a perceived environmental relative advantage, indirect economic benefits and
financial funding has been considered as larger than the downside of not being economically
profitable. This study hence shows that an economic relative advantage for hydrogen technology
within the transport sector over other modes of transportation is not vital for adoption as other factors
are also of importance.

On the other hand, the need for the innovation of being economically favorable over conventional
vehicles and BEVs have however been identified by other research as vital for the innovation to
successfully diffuse and penetrate the market. As previously mentioned, this study has shown that
the technology is currently not economically profitable. Two separate trends experienced in Sweden
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and globally are however making hydrogen technology more economically favorable in Sweden
which might spur diffusion rates. First, this study has shown that the initiatives from the Swedish
government have increased in recent years with financial funding from Klimatklivet. High upfront
costs of hydrogen technology have been identified as a barrier of diffusion and funding to decrease
such costs will inevitably make the innovation more cost competitive. One actor however identified
that more government actions should be targeting the purchase of hydrogen-powered vehicles instead.
Secondly, Europe imports large quantities of natural gas from Russia which partly is used to produce
grey hydrogen. Russia’s invasion of Ukraine has however increased the costs of natural gas which
has made green hydrogen cheaper than grey hydrogen in Europe. The EU’s stoppage of import of oil
from Russia has also dramatically increased the petrol prices in Sweden, making green hydrogen
more cost competitive towards fossil-fuels.

Furthermore, this study shows that hydrogen technology within the transport sector was preferred
over BEVs in several of the examined cases. The perceived relative advantage of hydrogen was
mainly in terms of environmental benefits, mainly since it was identified that BEVs require extraction
of lithium and cobalt which is an environmentally harmful activity that also is connected to other
issues such as child labor. Slow charging times and large land areas required for charging facilities
were two further disadvantages identified with BEVs. On the contrary, fuel cell technology has been
identified as having a low level of energy efficiency. Predictions from the IVA report show that the
costs for heavy transportation by truck per kilometer will be significantly higher with hydrogen
technology compared to BEVs. Most of the examined municipalities however did not specifically put
a focus on heavy transportation, except for the cases of Storuman and Ljungby. The chair of the
municipality board of Storuman for instance expressed that hydrogen was beneficial for heavy
transports over trucks with electric batteries since the heavy battery in a BEV reduces the carrying
capacity. The IVA report acknowledges this benefit with heavy transportation powered by hydrogen
and claims that the costs in some cases will decrease in relation to BEVs thanks to this, to what extent
the costs will decrease and if it will become sufficiently competitive is however unclear.

6.2 How was the collaboration between actors formed during the
adoption process?

The second research question follows How was the collaboration between the municipality, politics
and business sector formed in the different cases during the adoption process?

Rogers (2003) shows that diffusion of an innovation cannot occur in a social system without
communication and the establishment of interpersonal communication channels are the best way for
the innovation to successfully diffuse. Mainly because already successfully adopters of an innovation
increase the trustworthiness that the innovation is beneficial. This study has shown that the
establishment of interpersonal communications channels and networks has been important for
hydrogen technology within the transport sector to successfully diffuse. Sandviken and Mariestad
were among the first to adopt the innovation in Sweden and have engaged in various networks and
competence building activities to assist other actors in adopting the innovation. It is complex to work
with hydrogen within the transport sector because the technology is fairly new, there are only a
handful of refueling stations in the country and legislation is lacking which has made it hard to apply
for various permits and to set safety standards. The establishment of networks and competence
building activities has hence been important for the diffusion of the innovation in the examined cases
since it has provided guidance and support for other adopters. These informal channels arguably
appeared in the vacuum of guidance and legislation coming from the Swedish government and the
political sector. More guidance and support from the Swedish government are requested and
finalizing the Swedish Hydrogen Strategy would provide adopters and potential adopters with more
clarity and security. The proposed hydrogen strategy has however been criticized for lacking
economic measures to achieve the strategy’s goals. On the other hand, large funding for hydrogen
related projects is now available from Klimatklivet and is one possible explanation for why the
diffusion of the innovation has accelerated in recent years. Improved legislation and safety standards
are further also requested as this would facilitate municipality’s workload.
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Opinion leaders are people with an influential role in the social system, with high social accessibility
and can either oppose or advocate change. The research has identified that opinion leadership has
been vital for the adoption of the innovation. Opinion leadership has in several cases come from
influential actors in the political sector that has advocated for adoption of hydrogen related
technology within the transport sector. Their leadership has been vital in the way that they have
guided and showed the private sector and the municipality that the investments are supported by the
political sector. They have facilitated various permit application processes, granted the private sector
land area and provided the private sector insurance for their investment. The political sector and the
municipality have met resistance from the public for making the investment and people have been
skeptic. There has hence been a need for risk-taking and for innovative and progressive politicians
with a large political mandate who are willing to take the lead for the innovation to diffuse. Many of
the investments have been considered bold and ahead of its time. Reducing the pressure and the
dependency of a local risk-taking political sector in support of a hydrogen investment arguably would
increase diffusion rates in Sweden. The development of a national document that declares that
Sweden should focus on hydrogen would reduce such dependence since investments in hydrogen
technology would become more established and politically accepted. The Swedish Hydrogen Strategy
is a perfect example of such document which further stresses the need for the strategy to be finalized.
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7 Conclusions

7.1. Answer to the aim

Adoption of hydrogen technology within the transport sector has only occurred in a few cases in
Sweden. The innovation has been identified as a viable approach to reduce carbon emissions within
the transport sector but the implementation in Sweden is yet lacking many countries in the rest of the
world. Investments in the technology is expensive but adoption has still occurred in a few cases in
Sweden. The aim of this research was hence to identify why the adoption of hydrogen technology
within the transport sector has occurred in the examined cases, with the purpose to highlight how
similar investments by other municipalities and actors in hydrogen technology can be beneficial for
them. To facilitate the adoption process of other actors, the study also aims to identify how the
collaboration between different actors was formed.

Environmental benefits and indirect economic benefits such as business opportunities and marketing
benefits associated with investments in the innovation have been identified as important factors why
the examined cases have made an investment in the innovation. Other important factor for adoption
is that the innovation is compatible with the norms and values of society, the will to take a leading
role in the energy transition, the strategical geographical location of the municipality and the potential
long-term economic benefits. The study has shown that adoption can occur despite the innovation is
currently not economically profitable thanks to the above mentioned aspects, other research however
shows that there is a need for the hydrogen technology of being economically favorable in order to
reach large diffusion levels. The results however stress that the economic factors are highly important
since all of the examined cases have received financial funding. Only two of the cases however have
received funding from the Swedish government, mainly since there has been lacking guidelines and
support on a national level. The governmental support for hydrogen within the transport sector has
however increased in recent years and financial funds are available through the initiative Klimatklivet
which can spur diffusion further.

A collaboration between the public and the private sector has been formed in all of the examined
cases. The role of the municipality and the political sector was mainly as an enabler and facilitator
whereas the private sector accounted for the large investments in refueling infrastructure and
hydrogen production facilities. An exception from this is the case of Mariestad where the
municipality procured the refueling station. The municipalities also had the important role of
purchasing FCEVs to provide insurance to the private sector that they will buy hydrogen fuel. The
study has further identified that the actors working with the innovation are pioneers in Sweden which
means that the knowledge and legislation available are limited. The establishment of interpersonal
communication channels and networks has hence been important for both the diffusion of the
innovation but also for a successful adoption process. Lastly, the study has also identified the
importance of local political support for the investment in hydrogen technology within the transport
sector to occur.

7.2. Limitations

The results of the study explain what factors that were important for the examined municipalities to
invest in hydrogen technology. The results are hence limited to factors for investment on local level
and governmental decisions on a national level. Individual aspects of the adoption of hydrogen are
therefore not covered, such as the consumer perspective.

Only the cases where the innovation successfully had diffused or where a commitment to invest in
hydrogen has been made were examined in this study. This entails that the results of the study is
limited to the factors that have proven to be successful or identified as beneficial as well as successful
collaborations between actors. In contrast, analyzing unsuccessful cases and cases where a decision
not invest in the innovation has been made could identify different important factors for investing in
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hydrogen or highlight how the collaboration between actors should not be formed.

7.3. Suggestions for continued research

This study has identified that the environmental benefits have been central in the decision to invest
in the hydrogen technology within the transport sector. An important factor for adoption has also
been that the municipalities have identified the innovation as an approach to achieve their
environmental objectives, the depth of the results however stops here. A suggestion for future
research is to analyze and calculate how much a municipality can reduce their carbon emissions
through investments in hydrogen transportation technology, and when/if these investments are
expected to become economically profitable over BEVs and conventional vehicles. This would
provide valuable insights to municipalities and actors aiming to reduce their emissions.

The diffusion of hydrogen technology within the transport sector in Sweden is increasing and several
new refueling stations are planned across the country, many of these projects are a part of a regional
network. This study has solely analyzed different individual diffusion processes across Sweden, but
it would be of interest for continued research to analyze the diffusion process within these different
regional and inter-regional networks to see if collaboration can spur diffusion. Examples of these
networks are the Nordic Hydrogen Corridor which Trelleborg is a part of and Mid Sweden Hydrogen
Valley which Sandviken is a part of.
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Appendix
Appendix 1. Interview guide

How far have you come in the diffusion process?
What perceived relative advantage was important for the decision to adopt the innovation?

- Relative economic advantage
- Relative environmental advantage

Are the innovation compatible with existing norms and values of society?
Does adoption of the innovation require any alterations of behavior?

- required any major changes to the daily operation?
Was the investment funded by any government policy or subsidy?

- If yes, how important was the support for adoption?

What role did you/your company/municipality have in the process?

Did one actor on beforehand have more knowledge about hydrogen within the transportation sector
than other actors?

How did the communication and cooperation between the different actors work?

Who was most driving in the process?

Additional questions:
Are the results of the innovation observable?
Is the innovation complex to work with?

Are the innovation trailable?
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