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ABSTRACT

Climate change poses a significant threat to economic development and necessitates immediate action
to achieve net-zero greenhouse gas emissions. This study investigates the feasibility of hydrogen systems
as a comprehensive solution for decarbonizing the distillery industry, a sector often deemed “hard-to-
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treat” from service perspective. Through a qualitative case study of a whiskey distillery in Scotland,
insights from senior management at both the distillery and the hydrogen system provider reveal the
potential of hydrogen to not only serve as an energy source but also to address broader sustainability
challenges within the food and agriculture sector. While advantages are evident, the study also identifies
challenges related to infrastructure, cost, and the need for shifts in government policy, user attitudes, and
investor perspectives. This research serves as a precursor to broader sectoral studies aimed at developing
pathways toward net-zero emissions, emphasizing the importance of collaboration among stakeholders
to unlock the full potential of hydrogen as a transformative solution for achieving a sustainable future.

1. Introduction

Climate change has become one of the biggest global concerns
and threatens economic development (Bataille 2020; Davis
et al. 2018; Sofuoglu and Kirikkaleli 2023). To cope with it,
the international society has set the target of reducing global
temperature by 2°C by the end of this century, in compliance
with the Paris Agreement (Runsen et al. 2022). That commit-
ment was strengthened at the 26th United Nations (UN)
Climate Change Conference (COP-26) in 2021, when the
major economies agreed to reduce carbon emissions and even-
tually achieve net-zero emission targets in 30-40 years (UN
2021). At the local level, both the Scottish and the UK govern-
ments have set ambitious zero-emission targets to be achieved
by 2050 (UG n.d..). Net-zero emission, being defined as redu-
cing the impact of society on the climate and environment
(Runsen et al. 2022; UN 2018) is critical for the achievement of
UN’s sustainable development goals (SDGs).

The energy sector has traditionally been the primary focus
of emission reduction efforts, necessitating a significant expan-
sion of clean energy sources (ETC 2021). However, recent
attention has increasingly shifted toward “hard-to-treat” sec-
tors, including the food and agriculture sector (Davis et al.
2018; Fankhauser et al. 2022). While zero-emission solutions
are being developed for these sectors, they remain costly and in
their early stages of development (Fankhauser et al. 2022).

Within this context, the whiskey industry significantly con-
tributes to both the Scottish and UK economies. It represents
the largest food and drink sector in both regions, accounting
for 77% of Scottish food and drink exports and 26% of the total
UK food and drink exports. In 2022, the industry contributed

£7.1 billion to the Gross Value Added (GVA) of the UK (SWA
2024). However, as one of the largest spirit producers globally,
it also faces the challenge of intensive greenhouse gas emis-
sions generated throughout its production, storage, and trans-
portation processes.

As Figure 1 shows, the spirit sector in the UK produces
530,000 tonnes of CO2 equivalent in 2018, higher than any
European country other than Poland (Angleitner et al. 2021),
due to its reliance on fossil fuels for distillation (UG n.d..). The
largest driver of spirit-related emission is energy (Angleitner
et al. 2021). In Scotland, a total of 148 distilleries consumes 3.7
Terawatt hours (TWh) of energy every year, accounting for
10% of total energy in Scotland (SDI 2024). Therefore, dec-
arbonization of the Scottish whiskey industry by shifting to
green energy is critical for both the Scotland and the UK to
achieve their zero-emission targets (Friih et al. 2021; SG 2021).

Hydrogen has emerged as a potential solution for achieving
net-zero emissions. It serves not only as a green energy source
but also as a versatile energy carrier that facilitates other
decarbonization approaches (Dodds et al. 2015; IEA 2019b;
Ruth et al. 2017; Staffell et al. 2019; van der Spek et al. 2022).
However, widespread adoption of hydrogen for energy on
a large scale is hindered by barriers such as high costs, safety
concerns, and unstable supply (Antonini et al. 2020; Bedal
et al. 2020; EC 2020; van Cappellen, Croezen, and Rooijers
2018; van der Spek et al. 2022).

This challenge resonates across other manufacturing sec-
tors, highlighting the need for net-zero solutions implemented
at regional and national levels (Bataille 2020; Bistline and
Blanford 2021; Davis et al. 2018). The Scottish whiskey
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Figure 1. CO2 equivalent emissions of spirit industry by country. Source: Angleitner et al. (2021)

industry, for instance, has committed to achieving zero emis-
sions by 2040, a decade ahead of the government’s target
(Fraser 2021). As depicted in Figure 2, multiple pathways
have been identified to decarbonize whiskey production, uti-
lizing various approaches such as anaerobic digestion, bio-
mass, heat pumps, and hydrogen. Notably, hydrogen is
estimated to potentially contribute to 19% of emission reduc-
tions, surpassing the other three technologies (Raphael 2020).
Despite its significant potential in mitigating carbon emis-
sions, the adoption of hydrogen by the whiskey industry
remains in its nascent stage (Rennie 2023).

The successful implementation of hydrogen and its associated
systems necessitates a multi-faceted approach that transcends
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mere technological advancement. It requires a confluence of
political support, collaborative infrastructure development, effec-
tive policy frameworks, market design, and innovative business
models (van der Spek et al. 2022). Consequently, research in this
domain should embrace a broader value co-creation perspective,
engaging multiple stakeholders and considering social benefits
alongside economic factors when evaluating hydrogen system
investments, rather than solely relying on traditional cost-benefit
analyses (van der Spek et al. 2022). Furthermore, investigations
into the complex interactions between actors, technologies, and
institutions are crucial for comprehending the net-zero transition
and the integration of hydrogen within it (Andersen and Geels
2023; Kohler et al. 2019).
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Figure 2. Contributions of different measures to the reduction of emissions of the Scottish whisky industry. Source: Raphael (2020)



Given the multifaceted challenges and the necessity for
collaborative solutions in achieving net-zero emissions
with hydrogen, a broader theoretical lens is required.
Service-dominant logic (SDL) provides such a framework,
suggesting that economic exchange is fundamentally rooted
in service provision, rather than merely balancing produc-
tion and demand (Ralf et al. 2017; Vargo and Lusch 2008,
2016). Furthermore, SDL emphasizes the co-creation of
value among multiple actors (Lusch and Nambisan 2015;
Ralf et al. 2017). This approach not only reinterprets mar-
keting and other business activities but also aligns them
with resource integration (Lusch and Vargo 2014) and
environmental sustainability (Vargo and Lusch 2017).
From this service-oriented perspective, the present study
aims to investigate how the Scottish whiskey industry can
achieve its net-zero emission target by transitioning to
hydrogen.

The following research objectives help to achieve the
research aim:

(1) Understanding challenges facing the hard-to-treat food
and agriculture sector, their needs for support in the
transition to meet zero-emission, by a case of whiskey
industry.

(2) Exploring the opportunities for hydrogen-empowered
net-zero emission energy system to be implemented in
the hard-to-treat sector, and

(3) Eventually contributing to the development of
a regional transition pathway to net-zero emission.

As a part of the project, this paper, based on a pilot study in
Scottish whiskey industry, will present empirical evidence for
the potential of hydrogen to realize net-zero emission.

The next sections, we review the extant literature in service
dominant logic and research on the pathways to net-zero
emission. The research methodology and details of study
design is justified and provided. The results are then presented
and discussed. The paper concludes through summarizing the
key findings, identifying the limitations and suggesting future
studies.

2. Materials and methods
2.1. Literature review

The evolution and theoretical development of Service-
Dominant Logic (SDL) can be seen as a continuum.
Originating in the field of marketing in the 1980s, it has now
emerged as a general theory of the market and garnered sig-
nificant scholarly attention globally in recent years (Rust and
Huang 2014; Vargo and Lusch 2016). In contrast, the resource-
based Good-Dominant Logic (GDL) prioritizes the optimiza-
tion of internal and external resources (Mele et al. 2014).
However, such perspectives have been criticized for treating
services as mere outputs of products, technology, or other
tangible/intangible resources (Lusch and Vargo 2014; Mele
et al. 2014).

SDL, on the other hand, transcends the traditional bound-
aries between products and services, physical and intangible
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resources, and providers and users. It emphasizes the co-
creation of value, resource integration, and engagement
(Lusch and Nambisan 2015; Mele et al. 2014; Vargo and
Lusch 2016). Specifically, SDL highlights the importance of
operant resources, such as customer co-produced knowledge
(Blazevic and Lievens 2018; Gao and Yu 2023; Vargo and
Lusch 2016), cooperation and management (Hsu, Hsieh, and
Yuan 2013), values, brands, and service systems (Aal et al.
2016), and institutional arrangements (Vargo and Lusch
2016) for value co-creation. This contrasts with the role played
by operand resources, i.e., relatively static natural resources
(Vargo and Lusch 2016).

SDL conceptualizes service as a dynamic process involving
specialized competencies, such as knowledge and skills,
applied through actions, processes, and performance for the
benefit of another entity or oneself (Vargo and Lusch 2004).
Thus, from an SDL perspective, value is co-created collabora-
tively as an outcome of service exchange (Edvardsson,
Tronvoll, and Mi Dahlgaard Park 2013; Gao and Yu 2023;
Vargo and Lusch 2016). The key to value co-creation lies not
in the mere provision and utilization of natural resources but
in the continuous interplay of resource creation and applica-
tion facilitated through reciprocal exchange, differential
access, and integration.

This notion of value co-creation and service exchange
underpins the present study’s focus on service as a critical
factor in the adoption of hydrogen for achieving zero emis-
sions, rather than merely viewing hydrogen as a natural
resource.

While research has often contextualized SDL within the
service sector (Aal et al. 2016; Hsu, Hsieh, and Yuan 2013),
recent service research has highlighted the need for empirical
studies on how tangible and intangible resources can be
leveraged (Aal et al. 2016). This includes exploring the
implications for the manufacturing sector (Gao and Yu
2023; Rubalcaba, Gallego, and Den Hertog 2010) and how
SDL can be utilized to promote environmental sustainability
(Lusch and Vargo 2016; Matthies et al. 2016). This paper
addresses these gaps by focusing on traditional, non-
technologically driven SMEs within a hard-to-treat sector,
specifically the whiskey industry. It seeks to answer the
question:

How does the traditional whiskey industry shift to hydro-
gen as an energy source to achieve net-zero emissions?

The escalating recognition of climate change as
a paramount global challenge for current and future genera-
tions has fostered a consensus on the necessity of phasing out
fossil fuels in industrial processes and achieving net-zero emis-
sions (Adams et al. 2020; Bithas and Kalimeris 2018; Frodyma,
Papiez, and Smiech 2020; Hertwich et al. 2019; Shah, Quaid Ali
Shah, and Tahir 2022). Ambitious targets to curb greenhouse
gas emissions and mitigate the global temperature rise to 2°C
have been established by international bodies and national
governments (Bistline 2021). These targets are subsequently
disseminated to regional authorities, corporations, and other
stakeholders (Bistline 2021). Notably, the UK government has
committed to achieving net-zero emissions by 2050, while the
Scottish government has set an even more ambitious goal of
2045 (UG n.d.).
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Decarbonizing energy systems is crucial for achieving net-
zero emissions. However, reducing emissions from hard-to-
treat sectors, particularly food and agriculture, presents
a significant challenge (Fankhauser et al. 2022; Pye et al.
2021). Consequently, achieving net-zero emissions in this sec-
tor has become a focal point of current research (Fankhauser
etal. 2022). The Scottish whiskey industry, a major contributor
to UK exports and a substantial energy consumer, aims to
achieve net-zero emissions by 2040 (Angleitner et al. 2021;
Frith et al. 2021; Raphael 2020; Scottish Government 2021).
Yet, transitioning to net-zero while maintaining economic
growth is complex (Bataille 2020; Davis et al. 2018).

To aid policymakers, companies, and stakeholders in devel-
oping plans, identifying consensus, and clarifying challenges,
various energy system models have been proposed and imple-
mented (Bistline 2021). Pathways to net-zero emission systems
vary (Bistline 2021). Integrated Assessment Models (IAMs)
adopt a global, integrated perspective on interactions and
technological changes, linking net-zero emissions to macro
factors such as energy, land, climate, and the economy.
Conversely, other models concentrate on technological, regio-
nal, sectoral, and temporal solutions for energy and non-
energy challenges in sectors like agriculture, forestry, and
land use (Bataille 2020; Bistline 2021). Despite the advantages
of IAMs in analyzing climate mitigation, the latter approach,
adopted in this research, is increasingly utilized to study net-
zero systems at regional and sectoral levels (Bataille 2020;
Bistline and Blanford 2021; Davis et al. 2018; Waisman et al.
2019). Furthermore, developing a net-zero energy system
necessitates novel technological solutions targeting hard-to-
treat sectors like food and agriculture (Davis et al. 2018; Pye
et al. 2021).

Several prominent trends emerge from net-zero scenarios,
including widespread electrification, decarbonizing electricity
generation, energy efficiency improvements, fossil fuel reduc-
tion and substitution, carbon capture and storage, and beha-
vioral adjustments (Andersen and Geels 2023; IEA 2021;
Markard and Rosenbloom 2022; Krishnan et al. 2022).
Developing net-zero emissions energy systems, especially
ensuring reliable electricity, is considered essential (Axelson
et al. 2018; Bataille 2020; Bataille et al. 2016; Davis et al. 2018;
van Vuuren et al. 2017). Research is also needed to understand
the impact of emerging technologies like long-duration energy
storage (Dowling et al. 2020) and renewable power generation
fuels (Cole, Frazier, and Augustine 2021) on net-zero energy
systems (Bistline 2021).

Davis et al. (2018) emphasized that successful net-zero
energy systems require abundant, low-cost, emission-free elec-
tricity and mechanisms for rapidly and affordably balancing
fluctuating supply and demand, for which hydrogen is
a promising solution. Furthermore, hydrogen is recognized
as a crucial and viable green alternative to fossil fuels
(Bataille 2020; Davis et al. 2018; IEA 2019a). Its potential role
in achieving net-zero emissions is evident in the whiskey
industry, where it could account for 19% of emission reduc-
tions, surpassing other technologies (Raphael 2020). Existing
research indicates that hydrogen can reduce both material

footprint and emissions (Bataille 2020; Bistline 2021; Davis
et al. 2018; Nemet et al. 2018; Sofuoglu and Kirikkaleli 2023).

Davis et al. (2018) identified two research streams in this
area:

(1) focusing on technologies and approaches to decarbo-
nize hard-to-treat energy services, and

(2) on system integration for reliable and cost-effective
service provision.

Consequently, there is a call for research on innovative solu-
tions, particularly involving hydrogen and related services
(Bataille 2020; Bistline 2021; Davis et al. 2018; Victoria et al.
2021). Studies examining multi-system interactions between
actors, technologies, and institutions are valuable for under-
standing the net-zero transition (Andersen and Geels 2023;
Kohler et al. 2019). Locally tailored hybrid solutions, sensitive
to specific policies and stakeholders, are considered more
effective than generalized approaches for achieving net-zero
emissions (Bataille 2020). This service-perspective research
aims to address this call with a case study of a Scottish whiskey
distillery that has fully transitioned to a hydrogen energy
system.

2.2. Research methods

2.2.1. Empirical setting and case selection

An interpretivist case study was deemed the most suitable
methodology for this research for several reasons. First, an
exploratory qualitative case study facilitates understanding
the what, why, and how of research questions (Creswell
and David Creswell 2018), particularly regarding the
opportunities, challenges, and feasibility of adopting
hydrogen systems as a regional solution for achieving net-
zero emissions. Second, case studies allow researchers to
deeply understand a multifaceted and evolving context
(Yin 2018), which is crucial given the nascent and uncer-
tain nature of hydrogen’s role in energy transition
(Ricardo Confidential 2020). This study thus employs
a case study approach to clarify experiences and inform
decision-making regarding decarbonization and net-zero
emissions through hydrogen adoption. Third, case study
research enables the use of multiple data sources, includ-
ing interviews, field observations, and documents, enrich-
ing understanding through diverse perspectives (Stuart
et al. 2009).

Purposeful sampling was employed, aligning with the lim-
ited availability of participants possessing in-depth knowledge
of this specific context (Suri 2011). Due to the complex nature
of the research topic, both the case organization and intervie-
wees were required to have extensive experience in Scottish
whiskey industry, relevant policies, and hydrogen production
and supply. Consequently, participants were recruited from
a Scottish whiskey distillery, a hydrogen solutions provider,
and a non-governmental professional body, initially contacted
through an author’s personal network. A cover letter outlined
the study’s purpose and assured participant privacy.



Focus Group at HYDRO

INTERNATIONAL JOURNAL OF GREEN ENERGY e 5

Interview at ZERO

° ini - o

4 CEO Opinions about the Project 9 Owner
g | >
w

A
g 9 Marketing Director

e Opinions about the Project &

Business Director e
- Verification
Data Analysis

E Interviews
w
; |
3
é Associations Other Distilleries Other Stakeholders

Figure 3. Design of the interviews.

Primary qualitative data collection involved eight semi-
structured interviews conducted in two phases, as shown in
Figure 3, from May to June 2023 and from September to
October 2023. Data saturation was reached when no new
information emerged (Etikan 2017). The first phase investi-
gated how the hydrogen solutions company (HYDRO) facili-
tated hydrogen adoption for energy and storage at the whiskey
distillery (ZERO) to achieve zero emissions, interviewing
HYDRO’s CEO, business director, and marketing director.
Topics included their views on the research, advantages and
disadvantages of hydrogen for the whiskey industry, and chal-
lenges and potential solutions. ZERO’s owner was then inter-
viewed to verify the collected information. The second phase,
through the non-governmental professional body (NGO),
explored how other Scottish distilleries approached carbon
neutrality, including their reasons for adopting or not adopt-
ing hydrogen. Interviews lasted 75-95 min, aligning with rea-
sonable executive interview durations (Malone 2013).
Secondary data was gathered from internal documents, mar-
keting reports, and news articles.

Qualitative data analysis utilized thematic analysis to inter-
pret complex data and identify common themes (Gupta and
Levenburg 2010). Braun and Clarke’s six-step approach (Braun
and Clarke 2013) guided this analysis, with emerging codes
and themes presented in Tables 1, 2 and 3. The study’s validity
was enhanced through multiple researchers, multiple intervie-
wees within organizations, and secondary data (Paula, Smith,

and Lerman 2021). This triangulation of information strength-
ened validity and reliability while minimizing subjective bias
(Leech and Onwuegbuzie 2007).

Due to data collection from multiple participants, research-
ers used labels to identify cases before integrating the data
(Table 1). The names of individuals and organizations have
been changed to avoid identification.

2.2.2. Case profile
This research is contextualized in a project undertaken by
HYDRO, a hydrogen solutions provider, for ZERO, a farm-
based distillery in Scotland. The project aimed to reinforce
ZERO’s commitment to producing premium alcoholic bev-
erages while minimizing waste and environmental impact.
By installing their hydrogen facilities on-site, HYDRO
enabled ZERO to augment their existing clean energy system,
which included wind turbines and solar panels. This expansion
allows ZERO to use hydrogen for energy and steam genera-
tion, facilitating whiskey and other alcoholic products
(Figure 4).

3. Results and discussions
3.1. Motivations and advantages of adopting hydrogen

The success of HYDRO in re-designing the distillery into net-
zero-emission mode provides empirical evidence for how
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Table 1. Internal motivations for the commitment to net-zero emissions and adoption of hydrogen.

Internal Motivations for the Commitment to Net-Zero
Emissions and Adoption of Hydrogen

Data

Personal commitment of the owner and corporation target to Interviewee A 3: (Our) ultimate aim is to produce the best single malt in the world, was to have complete

minimalization of waste and sustainability

Corporate strategy to target at a niche market

Brand image as being the market leader in sustainability

Obtaining competitive advantage and “green credential”

traceability and also minimise any waste and be sustainable as possible which was relatively new in 2013.

Interviewee C 5: The challenge is being able to get our customers to think a bit differently to be able to
put their preconceptions to one side and say look, let us paint a picture for you and then see where
we go from there. And that’s where we'll come onto this later that the distillery (ZERO) has thought differently.

Interviewee A 10: ... it sets a perfect example of what a really small company like us can do. Generally,
in the Scotch Whisky Industry the companies are massive . . . They’re making billions a year. They haven't
done it. We who are privately owned, very small are actually showcasing an example of how you can actually do
something. So, | mean that for us is really important.

Interviewee A 10: | think we will be the first green hydrogen distillery in the world.

Interviewee A 33: .. .We will set standard and be the first one. So if anyone’s looking at what they’re going to
do, there’s no one else to look at the moment. So I think there’s that advantage.

Interviewee A 12: ... The fact that we have such a low carbon footprint and are leading the way in sustainability
gives us sort of competitive advantage with our spirits.

Interviewee A 14: We set out to do it (sustainability) for all the right reasons, . . . that we are ahead of the game.
And now the advantage we have is because we’ve been doing this for so many years, because we're
farm based, because we grow everything. The larger corporations who are looking at this novel lot more, will
look at us where years before they would not have. And they're looking at us because of our sustainable
credentials.

Interviewee A 36: | think that if Scotland adopts a green energy, and they've been doing that anyway.
But | think if we become a leader in green hydrogen as well . . . you (we) are competitive in terms of that box and
particularly the higher the premium levels, price is not what drives that it, it’s your story, it's your
credentials and | think that’s where and Scotland’s a small nation, so we have a problem with
Labour. So | think aiming at that premium market.

businesses from hard-to-treat sector can achieve zero-emission image as a leader in decarbonization (Interviewee A10,
target by adopting hydrogen. The interviews found that: Interviewee A33), and gaining competitive advantages

like “green credentials” (Interviewee A12, Interviewee

(1) ZERO has a strong commitment to net-zero emission A13, Interviewee A36). External motivations (Table 3)

()

and sustainability (Interviewee A3, Interviewee A14).
Interviewee A3: (Our) ultimate aim is to produce the
best single malt in the world, and to have complete
traceability and also minimize any waste and be sus-
tainable as possible which was relatively new in 2013.
This commitment arises from both internal and exter-
nal factors (Table 2). Internal motivations encompass
the owner’s personal dedication to waste reduction
(Interviewee A3, Interviewee C5), a corporate strategy
focused on a niche market (Interviewee A10), a brand

include the ongoing energy crisis (Interviewee Al4,
Interviewee B7), the need to align with market trends
(Interviewee All), and the technical feasibility of
hydrogen adoption (Interviewee A7, Interviewee A9,
Interviewee B15).

This suggests that, aligning with the arguments of Geels,
Berkhout, and Van Vuuren (2016), Li and Pye (2018),
McCollum et al. (2020), and Pye et al. (2021), business owners
consider not just engineering but also socio-economic factors,

Table 2. External motivations for the commitment to net-zero emissions and adoption of hydrogen.

External Motivations for the Commitment to Net-Zero
Emissions and Adoption of Hydrogen

Data

The ongoing energy crisis

Need for meeting the market trend

Technical probability

Interviewee A 14: In 2013, when we were talking about regenerative farming, about looking after our
natural environment, about minimising waste, there weren’t that many people doing that. So I think the
good thing about doing something like this, when the world is kind of waking up to the challenge of global warming,
that we are ahead of the game.

Interviewee C 7: We haven't had to think differently for a long, long time. Even within our generations
everything’s been very stable and static. What'’s happened with the Ukraine war is, we've realised that,
particularly in Europe, when you switch off that gas pipe that all of a sudden, we do not have the energy
that we need to heat our homes.

Interviewee A 11: And the opportunity then becomes and particularly with social media and everything more and more
people are aware of what we're doing here.

Interviewee A 7: | think the main thing (is that) there is a green hydrogen. So it has to be green. Actually, to
find someone that’s producing green hydrogen is extremely difficult, because it just doesn't really happen.

Interviewee A 9: The reason instead of batteries is there is not the capability in batteries to power either the
steam or a kind which are big agricultural implements. The size and weight of the battery at the moment is way
too much. So for us this (hydrogen) looked like the perfect solution.

Interviewee B 15: There are a number of distilleries that are relatively close to each other in various parts of
Scotland. So I said, we can help you sort this out because actually there’s a cluster of you together. So we
can provide you with sort of the electricity and hydrogen and whatever what you need. . . And you could
work together to do this. They are specialised in making whisky and then good whisky. And that’s their
process. So what they need is an energy company to come up with that solution. So that’s an opportunity for us to be
an energy (solution provider).
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Figure 4. The hydrogen system in ZERO.

Table 3. Information and codes of participant.

Organisations Roles of Participants Nickname Codes

ZERO Owner Tom Interviewee A

HYDRO CEO Brian Interviewee B
Director of Business Chris Interviewee C

particularly disruptive emergence, when contemplating the
shift to hydrogen. Additionally, as a new SME, ZERO demon-
strates a preference for partnering with businesses like
HYDRO for energy solutions. The key motivations for this
choice include efficiency (Interviewee A31), HYDRO’s con-
nection to research institutions (Interviewee A30), and most
importantly, their availability (Interviewee A30) (Table 4).

The case highlights the distinct advantages of hydrogen for
SMEs, particularly those in traditional manufacturing sectors
located in remote areas not serviced by large energy providers.
These advantages encompass cost, energy security, flexibility,
and reliability. This finding supports van der Spek’s et al.
(2022) conclusion that electrolysis-based hydrogen, in contrast
to large-scale fossil-based hydrogen production, is better sui-
ted to smaller installations and simpler infrastructure.
Hydrogen systems can unlock the potential of businesses like
ZERO to contribute to net-zero emissions, not merely as an
energy source or storage method, but crucially as a solution to
their specific challenges (Interviewee BI, Interviewee B2,
Interviewee B3) and a means to achieve energy independence
(Interviewee C1, Interviewee B6), security (Interviewee CI,
Interviewee C4, Interviewee B7), flexibility (Interviewee C2),
efficiency (Interviewee C1, Interviewee B6), and decarboniza-
tion (Interviewee C1).

Table 4. Motivations for adopting hydrogen.

v

Distillery

Interviewee B1: I think we don’t regard hydrogen as hydrogen. We
regard it as a way of solving problems.

Interviewee B2: One thing that’s very annoying is saying how
much is a kilo of hydrogen worth. Very annoying. Because no
one wants hydrogen . .. they want as a solution.

Interviewee B3: It is a method of solving a problem. It’s a way of
storing energy and moving it from electricity, renewable elec-
tricity, or potentially steam methane reformed natural gas, or
biogas.

Interviewee C1: We work with customers to find how we can give
them energy independence, security. And where possible,
a better cost for their energy. That might not always be possible,
but the first two and carbon reduction. Ultimately, it’s carbon
reduction. That’s what we try and agent.

Interviewee C2: Hydrogen gives you more flexibility than that. ..
And storage and transport of energy is something that is prob-
ably alien to a lot of people out there, ... with hydrogen you
don’t have to have a National Grid system, you can have regio-
nalized energy production and usage.

Interviewee B6: So that’s got nothing to do with hydrogen spe-
cifically, but hydrogen is key to that. That’s a way to store
energy, but that’s all converted to a some fairly like (fertilizer).

Interviewee C4: a number of farmers in a particular area. Maybe
we need to expand that out and find what is the best way of
doing this.

Interviewee B7: So it’s security of supply, it’s security of cost, it’s
low carbon potentially if they use their own resources. . .. and it
gives them stability, commercial stability, production stability.

Therefore, hydrogen is a potential source of energy storage for
any business that can adopt it, particularly farms and distil-
leries (Interviewee B3, Interviewee B 5, Interviewee B6,
Interviewee C12, Interviewee B15).

Motivations for Adopting
HYDRO

Data

Efficiency

Interviewee A 31 ... we always like smaller suppliers, when you're dealing with a big corporates, things are slow. ... | know how slow

you've got to go various things. So it tends to be slower in a big corporate.

Link of HYDRO to research
institutes
Availability

everything.

Interviewee A 30: ... And obviously (HYDRO is) based in Scotland and they (HYDRO)'ve got their ties with (Anonymous) University and

Interviewee C 30: ...When we were looking at the scheme and what was available. You then look at who is in each space and who is

leaders in space ... They just they were a natural partner for us to push forward.
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Interviewee B3: hydrogen, as we can see, is particularly suitable
for any particular issue.

Interviewee B5: Sectors are most likely to adopt hydrogen as
a new energy.

Interviewee C12: But ultimately, we can do it from one particular
element (which is hydrogen) ... So, when we come back to the
distillery, ... here’s an opportunity for you using hydrogen.

Interviewee B15: So another conversation I have with them (own-
ers of distilleries), is about there are a number of distilleries that are
relatively close to each other in various parts of Scotland . .. what
they need is someone, an energy company to come up with that
solution. So that’s an opportunity for us to be an energy (solution
provider).

3.2. Challenges of shifting to hydrogen system

Meanwhile, challenges are identified in the pilot study:

Both HYDRO and ZERO identify high cost and lack of
investment as the primary obstacles to wider adoption of
hydrogen systems. This is attributed to the technology being
perceived as expensive and unproven (Interviewee AlS5,
Interviewee B9).

Interviewee A15: The largest one (challenge) I would think for
anyone is cost. So, at the moment hydrogen is a new technology
and all new technologies tend to be expensive, unproven. So for
people to take the risk to go into hydrogen spending a lot of
money, I think it’s the unproven technology. It’s the only real
risk I see — cost.

Interviewee B 9: Quite often the reaction is, well, it can’t be that
expensive. I can’t afford that.

HYDRO emphasizes that insufficient support stems from
inadequate engagement with users and a failure to consider
the issue and its value from an integrated perspective
(Interviewee B9).

Interviewee B9: They (users) are not engaging with the problem,
they are reacting to the price. So we've developed a system that
they can have solar panels on their roof. They generate hydrogen
and use it and surplus they put into storage and then when they
have a deficiency, they take it from the storage. ..So hydrogen is
providing a solution for them to say we have roof space that is
a resource, because we can get sunshine on it and use that
sunshine, and we can drive our vehicles all year round on that
sunshine.

Both HYDRO and ZERO express a need for greater support,
particularly financial (Interviewee A16, Interviewee A21).
They perceive current government and financial institution
incentives as taking a generic, price-focused approach that
overlooks specific cases like small hydrogen solution providers
and their potential value.

Crucially, both entities believe that beyond financial incen-
tives, the creation of a “level playing field” that encourages
public and commercial investment is paramount for the tran-
sition to net-zero (Interviewee A38, Interviewee B9,
Interviewee B10). This aligns with van der Spek et al. (2022),
who note that businesses face commercial, political, and finan-
cial barriers to hydrogen adoption, requiring government
intervention with a “coherent strategic rationale for

investment” and collaborative support from multiple stake-
holders across the supply network and society.

Regarding hydrogen adoption, HYDRO stresses the impor-
tance of a broader perspective that recognizes its potential
value beyond mere cost (Interviewee B9, Interviewee B10).
This resonates with van der Spek et al. (2022) and Stern
(2019), who advocate for a model that considers societal
value and delivers integrated outcomes for multiple stake-
holders in implementing hydrogen systems. It also addresses
Fehrer, Kemper, and Baker’s (2024) call for a service-oriented
approach to circular economy studies, encompassing
a systemic view and multiple actors engaged in value co-
creation.

Interviewee A16: I think there’s always challenges. There’s always
challenges with putting anything that’s really new ... And what
should have happened is the UK government and the funders
should have increased funding slightly. Because everyone knows
the challenges of any kind of cost and the government is aware of
this. They should have looked upon as a special case and allo-
cated more money toward it.

Interviewee A21: The advantage the smaller ones potentially have
is they tend to be newer. They tend to be smaller. So actually, it
doesn’t take so much to change.

Interviewee A38: I think it (shifting to hydrogen) is hard. I think
what the government then must do is to put in the playing field
where it makes. . .. And whatever that investment structure is to
encourage private companies to enter that ... (the government
needs) to try and drive companies in the bigger investors and
companies to zero-emissions. And then and you see that every-
where when you get clusters as well, whether the technology and
Seattle or ... Once you get that cluster effect, you get more
innovation and more drive. And I think that’s what the govern-
ment can try to do.

Interviewee B9: Quite often the reaction is, well, it can’t be that
expensive. I can’t afford that. Someone’s got the government’s
got to do something about reducing the cost.

Interviewee B10: On the policy, there is a document out at the
moment for consultancy around how government is going to
subsidize hydrogen production. That comes back to a cost per
kilo of hydrogen, which comes back to they’re trying to solve the
wrong problem. Because people don’t want hydrogen. They
want (solutions).

An additional barrier hindering other distilleries from embra-
cing hydrogen, as noted by van der Spek et al. (2022), is its
novelty as an unproven technology, coupled with associated
risks (Interviewee A24, Interviewee A28). These risks have
been identified in other sectors adopting or exploring hydro-
gen, as evidenced by Andreas, Goldthorpe, and Avignon
(2020) and Goldthorpe and Avignon (2020). Addressing
these risks necessitates support and collaboration with
research institutions, including universities (Interviewee A25,
Interviewee A26).

Interviewer: In meanwhile, you just mentioned that you have lots
of stuff with strong technical knowledge about this kind of stuff. Is
this a kind of barrier for others they haven’t done it yet?

Interviewee A24: Yes, 400%. Yeah.

Interviewee A28: I think we’ve mentioned COVID already in
supply issues which is huge. I think when it’s new and innovative,
the challenges there are looking at things where there’s no real



blueprint for doing it. I know discussions took way longer than
they should because they couldn’t get their head round it a waste
product of oxygen and water, wasn’t dangerous ... when you’ve
got new technologies, there’s always elements you’re not 100%
sure of. So I think that’s probably the main aspects.

Interviewee A25: We embrace new technologies. We do a lot of
pilot schemes. Not everything’s going to work. And that’s where
many ways universities and government funding come in, because
we wouldn’t have done the intercropping project if we hadn’t been
paid for it, because we just can’t afford to do that. We’d be out of
business.

Interviewee A26: I think fundamentally it is research institutions
and universities backed by government and funding, putting the
right place, that is one of the wheels to make it work.

Apart from government and research institutes, commercial
investments are identified and stressed by both HYDRO and
ZERO as critical supports for distilleries to adopt hydrogen
(Interviewee A27, Interviewee C10).

Interviewee A27: The next thing is unquestionably is commercial
business. .. They are the people that should be stepping in and
doing partnerships and working with people like ourselves.

Interviewee C10: And those areas are going to be dependent on
investment coming in. because particularly in the UK, when it
comes to energy, we’ve privatized everything. Well, that means we
need private investment. Government handing out subsidies is
not going to help. It’s only a short-term gap and ultimately the
taxpayer pays for it. That’s not the way this will need to change. We
need government policy to allow people to come in and invest.

Extant literature calls for research on sector-specific and regio-
nal pathways to hydrogen adoption and net-zero emissions
(Bataille 2020; Bistline and Blanford 2021; Davis et al. 2018;
Waisman et al. 2019). The interview findings indicate insuffi-
cient awareness among government, investors, users, and
other key stakeholders about green hydrogen’s potential not
just as an energy source, but also as a solution to specific
problems (Interviewee C5, Interviewee C6, Interviewee B9,
Interviewee C10, Interviewee B12).

Local community and business perspectives, rather than
a solely UK-centric view, are necessary for recognizing hydro-
gen as a solution to local issues like energy storage, maximizing
renewable energy use, and gaining competitive advantages,
rather than solely as an energy source (Interviewee C8,
Interviewee B9, Interviewee B10). This finding aligns with
Goldthorpe and Avignon (2020), whose pan-European
research emphasizes the need to differentiate between macro-
economic and micro-economic models for hydrogen
adoption.

Interviewee C5: The challenge is being able to get our customers
to think a bit differently to be able to put their preconceptions
to one side and say look, let us paint a picture for you and then
see where we go from there. And that’s where we’ll come onto
this later that the distillery has thought differently.

Interviewee C6: We have huge reliance on one source, and we
can’t have that. We have got to think differently, and I think it’s
also made the rest of the world realize that actually we need to
accelerate. Obviously, decarbonizing is the most important thing.
We need to protect the environment. But step by step, that ability
to be able to produce locally, what you need is important.
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Interviewee B9: Quite often the reaction is, well, it can’t be that
expensive. I can’t afford that. Someone’s got the government’s got
to do something about reducing the cost. So they’re not engaging
with the problem, they are reacting to the price . .. Hydrogen is
providing a solution for them who have roof space that is
a resource, because we can get sunshine on it and use that sun-
shine ... even when it’s dark. Because we’ve stored overnight and
over the year, so it’s short term and long term . .. And it would be
sort of they would potentially need less this capital outlay. ..

Interviewee B10: This is government doing it (incentivization for
small users). So this collection of farmers that want to produce
their own ammonia ... And so they are completely missing the
energy problem. And they’re turning into a hydrogen problem
or solution or a hydrogen problem, in fact. So actually, you will
then get loads of people out there saying: “excellent, I can
produce all this hydrogen and I'll get paid to do it. Who’s
going to use it?” So you then created a problem of who’s going
to use it? It’s not necessarily the right answer for solving our
problems because they’re looking at it from a UK perspective.
They’re not looking at it from an individual community
perspective.

Interviewee B12: They (policy makers) need to talk to us to under-
stand policy and policies, . . . I mean so we have views on hydrogen.
But we also have views on the whole energy side of things as far as
sort of local production, centralized production ... We’re using
existing, proven technology in an innovative way.

Finally, there’s a perception that the market is not yet ready for
distilleries to fully embrace green practices (Interviewee A29).
Demand for net-zero products primarily comes from business
clients like retailers, rather than end-consumers (Interviewee
A29, Interviewee B14). This necessitates an integrated perspec-
tive encompassing the entire supply chain for a successful
transition to net-zero emissions or hydrogen adoption.

The literature acknowledges that the market for hydrogen
requires tailoring, emphasizing that despite substantial
demand, it needs to be actively created and matched to diverse
supply options (Bedal et al. 2020; Lewis 2020; van Cappellen,
Croezen, and Rooijers 2018; van der Spek et al. 2022).

Interviewee A29: It (the green market) is not mature enough, but
there is a growing amongst the big corporates and the big
buyers, there’s a growing need for them to be looking at sustain-
able supply.

Interviewee B14: So whiskey producers are . .. I don’t know why,
but their customers which are not you and me drinking whiskey,
they are the wholesalers, are demanding zero-carbon whiskey.

4. Conclusions
4.1. Theoretical implications

This research, based on a Scottish whiskey distillery case study,
examines how a business in the “hard-to-treat” sector achieves
net-zero emissions through a transition to a hydrogen system.
Interviews with managers from the distillery (ZERO) and the
hydrogen system provider (HYDRO) aimed to fulfill three
research objectives:

(1) Understanding the challenges faced by the hard-to-
treat food and agriculture sector and their support
needs in the transition to zero-emission.
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(2) Exploring opportunities for implementing hydrogen-
powered net-zero emission energy systems in the hard-
to-treat sector.

(3) Contributing to the development of a regional transi-
tion pathway to net-zero emission.

The research findings align with the conclusions of Davis et al.
(2018) and Pye et al. (2021), emphasizing the challenges inher-
ent in the transition of hard-to-treat sector businesses and the
necessity of novel technological solutions. The ZERO case
demonstrates the potential for businesses to achieve the three
pathways to net-zero emissions identified by Bataille (2020):
material efficiency, production decarbonization, and circular-
ity. Despite its significant advantages, hydrogen adoption faces
barriers that require overcoming through robust political and
financial support, collaborative infrastructure development,
market design, and business model innovation, as highlighted
by van der Spek et al. (2022).

The farm-based distillery ZERO utilizes its agricultural out-
puts for alcoholic beverage production and generates power
through wind and solar energy. However, their traditional
steam production for distillation relied on fossil fuels. By
adopting a hydrogen system, they have achieved a complete
energy cycle and clean production. Excess electricity generated
from wind turbines and solar panels is stored as hydrogen,
which can be used for steam generation or electricity produc-
tion when wind and sunlight are scarce.

Therefore, in this case, hydrogen serves not merely as an
energy source for ZERO, but as a solution for decarbonizing
production and enabling the circular economy within which
the distillery operates. This finding aligns with calls for mod-
eling that extends beyond net-zero emissions to encompass
a broader shift toward a sustainable circular economy, consis-
tent with the UN Sustainable Development Goals (SDGs) (Pye
et al. 2021; Waisman et al. 2019).

Furthermore, ZERO’s decision to accelerate its net-zero
emission efforts and adopt hydrogen due to external factors,
notably the ongoing energy crisis and the war in Ukraine,
underscores the significant impact of disruptive socio-
economic events on the transition to net-zero emissions
(McCollum et al. 2020). This highlights the importance of
such factors in research (Pye et al. 2021).

This research takes a service perspective. As stressed by
Davis et al. (2018): “People do not want energy itself, but rather
the services that energy provides and the products that rely on
these services.” The findings align with Davis et al. (2018),
Geels, Berkhout, and Van Vuuren (2016), Li and Pye (2018)
and Pye et al. (2021), suggesting that an interdisciplinary scope
which consider socio-political issues, engagement with multi-
ple stakeholders, and a service perspective are needed to eval-
uate the potential of hydrogen system and its provider for
empowering businesses. Particularly for SMEs from remote
areas, not only to achieve their net-zero emission targets but
also to implement corporate strategy and premium products.
From the perspective of the distillery, the hydrogen energy
system as well as relevant services is not only a source of
clean energy, but also a part of their brand image, premium
quality/services, and competitive advantage in stability, effi-
ciency, and flexibility. This aligns with Ahman, Nilsson, and

Johansson (2017), Bataille (2020) and Pye et al. (2021) who
argue that transition to decarbonized production requires
broader scope of measurement that includes the cooperation
with multiple actors including government, firms, and institu-
tions. Investors, policymakers, and researchers should con-
sider both the role of hydrogen as a fuel for carbon emission
reduction and the accompanying services that enable users to
achieve net-zero targets without compromising commercial
interests. This case reinforces the conclusions of Bistline
(2021) and van der Spek et al. (2022), highlighting the need
for funding and input from policymakers and industry in
research areas that benefit from collaboration. Both participant
companies strongly believe the support of government is
inadequate and, more importantly, too generic to help the
local SMEs. This finding aligns with the existing literature
that call for granular modeling at subnational and sectoral
levels that take overlapping policies and incentives into con-
sideration and address market barriers e.g. standards, tax cred-
its, etc. (Bistline 2021; van der Spek et al. 2022).

Furthermore, existing research employing Service-
Dominant Logic (SDL) calls for empirical evidence from the
manufacturing sector on how tangible and intangible
resources are leveraged to enhance environmental sustainabil-
ity (Aal et al. 2016; Gao and Yu 2023, Lusch and Vargo 2014;
Matthies et al. 2016; Rubalcaba, Gallego, and Den Hertog
2010). This research underscores that service involving multi-
ple actors is crucial for adopting hydrogen as a local solution,
empowering a circular economy, and ultimately achieving net-
Zero emissions.

In this context, service is not simply an output of the
hydrogen system and its installation, but, as highlighted by
Gao and Yu (2023), Lusch and Vargo (2016), and Mele et al.
(2014), the integration of resources like solar and wind energy,
the farm, and technology. This integration requires value co-
creation with multiple stakeholders. Hydrogen should not be
viewed as a static, operand natural resource. Its potential for
empowering the circular economy and realizing net-zero emis-
sions is unlocked when considered an operant resource, along-
side co-produced knowledge, cooperation, management,
values, brands, service systems, and institutional arrangements
for value co-creation (Aal et al. 2016; Blazevic and Lievens
2018; Gao and Yu 2023; Hsu, Hsieh, and Yuan 2013; Vargo
and Lusch 2016).

Therefore, SDL, which recognizes the ongoing interplay of
resource creation and application through reciprocal exchange
and differential access and integration (Gao and Yu 2023), is
essential for evaluating hydrogen’s contribution to net-zero
emissions.

Moreover, the ZERO case study extends beyond the mere
adoption of a hydrogen system for net-zero emissions. It
illustrates how this technology empowers a business in a hard-
to-treat sector to optimize its circular economy. This research,
therefore, responds to Fehrer, Kemper, and Baker’s (2024) call
for Service-Dominant Logic (SDL) to be embraced as a fresh
perspective and methodology that illuminates collaborative
value co-creation.

The findings support the notion that goods-dominant logic,
which upholds a narrative of economic exchange and hinders
the development of circular economy narratives (Vink et al.



2021), should be superseded by SDL. This shift entails a focus
on collaborative action involving path interdependency,
engagement in value proposition negotiations, and a pursuit
of mutually beneficial outcomes (Fehrer, Kemper, and Baker
2024).

Finally, the ZERO case study, along with feedback from
HYDRO, provides empirical evidence and a representation of
a new fuel pathway centered on hydrogen systems (Pye et al.
2021). This suggests that focusing solely on hydrogen as a fuel
might obscure its potential as a solution to specific problems,
such as the need for efficient and clean steam production in the
case of ZERO.

As demonstrated by ZERO, hydrogen systems offer compe-
titive advantages over other options in terms of efficiency,
stability, and flexibility for supporting diverse projects and
businesses requiring energy solutions (van der Spek et al.
2022). These systems enable and empower traditional SMEs
to achieve net-zero emission targets while realizing energy
independence, security, and commercial interests.

Therefore, transitioning to hydrogen systems presents
a potential pathway to achieve decarbonization without sacri-
ficing commercial interests, which is crucial for sustainable
solutions toward net-zero emissions (Davis et al. 2018; van
der Spek et al. 2022). These problems are often locally specific
and not directly related to energy provision or net-zero
emissions.

In essence, hydrogen’s potential for enabling businesses to
decouple growth from decarbonization (Sofuoglu and
Kirikkaleli 2023) and align near-term actions with long-term
net-zero goals (Pye et al. 2021) needs to be acknowledged and
further explored.

Specifically, this research highlights the advantages of
hydrogen generated by electrolysis, particularly using wind
and solar power, over fossil-based “blue hydrogen.” These
advantages include cost, security, flexibility, and the ability to
empower SMEs in hard-to-treat sectors like food and agricul-
ture to transition to net-zero emissions. This finding aligns
with van der Spek et al. (2022), who notes that oil-based
hydrogen systems are more prevalent in large-scale projects,
while electrolysis-based systems are favored for smaller
projects.

Furthermore, ZERO’s clear preference for partnering with
HYDRO, a smaller hydrogen solution provider, provides
empirical evidence supporting van der Spek et al. (2022) con-
clusion that electrolysis-based hydrogen, due to its positive
image as a low-carbon solution, will gain market share and
potentially replace fossil-based hydrogen as the primary sus-
tainable decarbonization solution.

4.2. Practical implications

The findings of this research offer practical implications for
businesses, policymakers, and other key stakeholders to better
understand the potential of hydrogen systems for decarboni-
zation and develop regional or community pathways to net-
zero emissions.

Specifically, government support and plans for zero-
emission are often inadequate and too generic to address the
specific challenges faced in different regions and communities.
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Businesses rely heavily on commercial support, which requires
policy endorsement and guidance. Therefore, both national
and regional governments need to create conditions that
attract commercial investment in hydrogen systems. These
conditions include not only financial incentives but also
research and accreditation initiatives that engage multiple
stakeholders.

Furthermore, pathways to zero-emissions should be devel-
oped to address regional and community problems beyond
energy-focused issues. Hydrogen can play a crucial role in
these solutions. This case study suggests that the current gov-
ernment policy, which primarily focuses on decarbonization,
may overlook opportunities to support businesses and com-
munities in achieving net-zero emissions indirectly.

Finally, a shift in mind-set and perspective is needed
regarding hydrogen as a tool for empowering businesses to
achieve zero-emissions. The potential of hydrogen systems
should be viewed through a service lens, recognizing them as
solutions to specific problems rather than just energy sources.
Governments and investors need to evaluate hydrogen systems
based on their value creation, such as increasing business and
community flexibility, energy security, independence, and sus-
tainability, rather than solely focusing on their price.

4.3. Limitations and future research

This paper presents findings and conclusions from a pilot
study exploring how traditional SMEs can achieve net-zero
emissions by adopting hydrogen systems. While the case
study findings require validation through perspectives from
other stakeholders within the sector, such as additional whis-
key distilleries and associations, the insights gleaned here will
inform a regional pathway to net-zero emissions. This pilot
study paves the way for the second research stage, commen-
cing in September 2023, which will investigate other distilleries
and textile manufacturers who have not yet achieved net-zero
emissions, or those who have done so through means other
than hydrogen adoption. The next stage aims to create
a nationwide case study based on the Scottish whiskey indus-
try, ultimately contributing to the development of regional and
sectoral pathways for decarbonization (Waisman et al. 2019).

Furthermore, future research should incorporate quantita-
tive data collection to examine the attitudes and opinions of
businesses in the region regarding net-zero emissions and
different approaches, including their advantages and
disadvantages.
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