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How much Hs in 2030 — where, to whom and with what probability?
Quantifying hydrogen production in Sweden under different scenarios
EBBA BJORSTRAND

TOVA JACOBSSON

Department of Mechanics and Maritime Sciences

Chalmers University of Technology

Abstract

Hydrogen is widely regarded as a key enabler of decarbonization in hard-to-abate
sectors, yet its market development remains highly uncertain. This thesis investi-
gates the potential scale and conditions for green hydrogen production in Sweden
toward 2030 by combining project mapping, stakeholder interviews, and scenario-
based modeling. The study aims to quantify future hydrogen production, identify
key demand sectors, and analyze the main drivers and barriers influencing market
development.

The results indicate that potential production outcomes vary significantly depending
on realization conditions. While an upper-bound estimate suggests a possible pro-
duction capacity of approximately 660,000 tonnes of hydrogen per year, the most
probable outcome is substantially lower under current conditions. The analysis
identifies a limited number of large-scale industrial projects as system anchors that
largely determine overall production volumes.

A total of 43 hydrogen production projects were assessed using a probabilistic frame-
work based on four core factors: project status, electricity bidding zone, public
funding, and sector readiness. These were evaluated under three socio-economic
scenarios (SSP1, SSP2, SSP3), complemented by Monte Carlo simulations to cap-
ture uncertainty in project realization.

Key barriers include high production costs, uncertain demand, infrastructure lim-
itations, and persistent coordination challenges between producers and consumers.
The study concludes that hydrogen market development in Sweden is highly inter-
dependent, relying on progress across both the hydrogen value chain and the regu-
latory landscape, and remains embedded within a broader global system. Achieving
large-scale deployment therefore requires coordinated action, including strengthened
and coherent policy frameworks, demand-side support mechanisms, and improved
alignment between supply and demand.

Keywords: Green Hydrogen, Hydrogen Production, Scenario Analysis, H2Ignite,
Market Analysis, Policy Landscape, Energy Systems, Decarbonization, Energy Tran-
sition
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1

Introduction

Climate change is an urgent challenge for our generation that requires both societal
transformation and technological advancement. Since the combustion of fossil fuels
is a major driver of greenhouse gas (GHG) emissions, addressing climate change
requires transitioning from fossil-based systems [1].

Given society’s dependence on fossil fuels, decarbonization requires coordinated cli-
mate policy, technological innovation, and structural transformation across energy
systems and markets [2]. Renewable energy sources are central to this transition. In
this context, hydrogen has gained importance as a potential enabler of decarboniza-
tion, when produced by sustainable energy sources. Hydrogen can serve as an energy
carrier and feedstock, enabling emission reductions in sectors that are difficult to
electrify directly, such as industry, heavy transport, and long-term energy storage [3].

Hydrogen is recognized as a key component of the European Union’s strategy for
sustainable development and decarbonization. As part of its 2030 climate ambi-

tions, the EU has set a target of producing 10 million tonnes of renewable hydrogen
annually by 2030 [4].

Several Nordic countries have developed national hydrogen strategies and targets
to contribute to this broader European vision. Finland, for example, has estab-
lished a target of producing 1 million tonnes of hydrogen annually, while Denmark
and Norway have also introduced national hydrogen strategies to support the tran-
sition towards a low-carbon economy [5].

However, unlike neighboring countries, Sweden currently lacks an official national
hydrogen strategy with a defined production target. Nevertheless, Hydrogen Swe-
den, a national industry organization, has formulated its own operational objective
of creating the conditions necessary for Sweden to enable production capacity cor-
responding to 1 million tonnes of hydrogen annually. This is not an official gov-
ernmental target, but rather an industry-driven ambition intended to support and
align with the broader European hydrogen vision [6].

Hydrogen can be produced through various methods, often referred to by color
classifications that indicate the energy source and associated emissions. Most of the
hydrogen used globally as well as nationally in Sweden is fossil-based, which does
not contribute to emission reductions and constitutes a gap between ambition and
reality. In contrast, hydrogen produced from renewable energy (referred to as green
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hydrogen) has the potential to decrease emissions [7].

Green hydrogen has become a current focus with many projects aimed at produc-
ing green hydrogen as part of a transition away from fossil-based hydrogen. The
projects are strongly dependent on market conditions and policy support and several
planned projects have been postponed or canceled due to economic, political, and
technological uncertainties [5, 8, 9, 10].

The future availability and the role of renewable hydrogen will differ depending
on how the world develops, creating a range of potential scenarios. Current hy-
drogen projects vary considerably in terms of maturity, level of commitment, and
likelihood of realization [11]. The outcomes are still uncertain and will depend on
how successfully technical, economic, and regulatory challenges are addressed, pos-
sibly leading to substantially different development trajectories. At the same time,
demand for hydrogen is not yet firmly established and is expected to evolve in re-
sponse to changing policies, the economic situation, and market conditions [5]. In
order for the industry to determine its strategic direction, it is crucial to understand
the potential availability of renewable hydrogen under different development path-
ways.

Since both hydrogen supply and demand are still developing and strongly interde-
pendent, there is a need for updated and comprehensive assessments of the current
situation. Existing figures may quickly become outdated as projects progress, are
delayed, or canceled. This creates a knowledge gap regarding the realistic scale of
hydrogen production in the near-to-medium term.

In this context, scenario analysis provides a valuable tool for exploring plausible
futures under conditions of uncertainty. It allows researchers and policymakers to
consider how different assumptions about technology, policy, and market develop-
ment may affect outcomes, while also making clear both the value and the limitations
of such an approach [12]. By systematically mapping potential pathways, scenario
analysis helps create a foundation for strategic planning and decision-making in the
rapidly evolving hydrogen sector.

To enable further analysis of hydrogen production scale-up and future opportunities,
a solid foundation based on up-to-date data is required. This includes an assessment
of the current status of hydrogen projects as well as an analysis of the key factors
influencing their development. By mapping the current situation and exploring pos-
sible future scenarios, this study contributes to a more robust understanding of how
renewable hydrogen production may evolve towards 2030 and beyond.
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1.1 Aim

The aim of this thesis is to estimate green hydrogen production in Sweden towards
2030 and beyond.

The study aims to map the Swedish hydrogen market by identifying current and
prospective hydrogen producers, as well as actors interested in hydrogen consump-
tion. Based on this mapping, the thesis will quantify projected hydrogen production
and demand until 2030.

Furthermore, the thesis also aims to identify and analyze the main drivers and
barriers influencing hydrogen production, distribution, and consumption. The study
will conduct a scenario analysis to explore how different assumptions, drivers, and
barriers affect future green hydrogen deployment.

1.2 Research Questions

This thesis investigates the following research questions:

o Where and in what quantities is green hydrogen estimated to be produced in
Sweden 2030 and beyond?

o Which sectors are expected to generate demand?

o What drivers and barriers can be identified for the green hydrogen market?

o Which factors most significantly influence the development of this market?

o What realization outcomes can be expected for planned green hydrogen projects
in Sweden, according to scenario-based modelling?

1.3 Delimitations

To narrow the scope of the study and ensure analytical focus, some limitations are
applied:

The spatial scope of this study is limited to hydrogen production within Sweden.
This delimitation allows for a detailed assessment of domestic market developments,
while excluding imports.

The primary temporal scope of the study is from the present up until 2030, al-
though this thesis also extends to analyze possible developments in a near future
after 2030. This time horizon is chosen to align with key milestones in both EU and
Swedish climate and energy strategies, which emphasize significant emission reduc-
tions by 2030.

The mapping of the Swedish hydrogen market focuses exclusively on green hydrogen.
Other hydrogen production technologies will not be included in this study.
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Theory

This chapter presents the theoretical framework that underpins the study, focusing
on key concepts related to hydrogen production, applications, and system integra-
tion. It also outlines relevant perspectives on technological development and system
dynamics, which are essential for understanding the opportunities and challenges
associated with scaling green hydrogen.

2.1 Green Hydrogen

This section outlines the fundamental concepts, production pathways, and applica-
tions of green hydrogen, providing the theoretical basis necessary to understand its
role within future energy infrastructures.

2.1.1 Classification and Definition of Green Hydrogen

Hydrogen is commonly categorized using a color-based classification system that
reflects the energy sources and production processes used. The most widely used
categories are grey, blue, pink, and green hydrogen [13]. This classification helps
to distinguish between hydrogen production methods based on the associated car-
bon emissions and their primary energy inputs. Regardless of production pathway,
hydrogen is chemically identical and can therefore be used in the same end-use ap-
plications [14].

Grey hydrogen is produced from fossil fuel feedstock, mostly natural gas or methane.
The typical production method is steam methane reforming (SMR), a process that
results in significant carbon dioxide (CO,) emissions released into the atmosphere

[15].

Blue hydrogen is also produced from fossil resources using similar processes to grey
hydrogen, such as SMR. However, in this case, carbon capture and storage (CCS)
technologies are used to capture the CO, generated during production, thereby
reducing the amount of emissions released [15]. Despite this, the overall climate
performance of blue hydrogen remains subject to debate. Capture rates are not
always complete, and residual emissions can still be significant depending on the
efficiency of the CCS system.

Pink hydrogen refers to hydrogen produced using nuclear energy. Since nuclear
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power does not emit CO, during operation, pink hydrogen is considered a low-
emission option. However, it still relies on fissile feedstock such as uranium, which
is a finite resource [16].

Green hydrogen, defined within the EU regulatory framework as RENBO (Renew-
able Fuels of Non-Biological Origin), is produced using strictly renewable energy
sources such as wind or solar power [17]. As a result, its production process does not
generate greenhouse gas emissions. Some definitions also include hydrogen produced
from biomass, but typically only when combined with CCS technologies [16, 18].

Within the context of sustainable energy systems, green hydrogen is therefore defined
as hydrogen produced from renewable energy sources with minimal or no associated
greenhouse gas emissions, distinguishing it from other hydrogen production path-
ways that rely on fossil fuels or finite energy resources [18]. In the Swedish context,
the electricity mix is largely composed of renewable sources such as hydropower,
solar and wind power, which means that hydrogen produced through electrolysis
using the Swedish energy system can generally be considered green [19].

2.1.2 Production Processes of Green Hydrogen

Several technological processes exist for producing hydrogen using renewable energy
sources. Among these, three commonly referenced mature renewable hydrogen pro-
duction technologies include water electrolysis, biogas steam reforming and biomass
gasification [15].

2.1.2.1 Electrolysis

Water electrolysis is one of the most widely discussed methods for producing green
hydrogen. This process splits water molecules into hydrogen and oxygen by apply-
ing electrical energy. In electrolysis, water undergoes an electrochemical reaction in
which it is decomposed into hydrogen gas and oxygen gas when an electric current
passes through the system [20]. When the electricity used in this process originates
from renewable sources such as wind or solar power, the resulting hydrogen is con-
sidered green hydrogen [18].

Electrolysis systems are based on electrolyzers, and the main technologies can be
distinguished on the basis of the type of electrolyte used in the electrolysis cell. Two
of the most prominent technologies are alkaline (ALK) electrolysis cells and proton
exchange membrane (PEM) electrolysis cells [18].

ALK electrolysis cells are the most established and widely used technology for water
electrolysis. These systems use an alkaline solution as the electrolyte and are capa-
ble of operating at relatively high temperatures and pressures. On the one hand,
ALK systems are considered technically mature and are associated with relatively
low capital costs, which has made them widely applied in hydrogen production. On
the other hand, they generally have lower operational flexibility and slower dynamic
response, making them less well-suited for integration with variable renewable en-
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ergy sources [18].

PEM electrolysis is a relatively recent technological development that employs a
solid polymer membrane as the electrolyte, which separates the electrodes and en-
ables proton transport within the cell. On the one hand, PEM technology offers
advantages in terms of scalability, higher current densities, and system flexibility,
making it well suited for integration with intermittent renewable electricity genera-
tion. On the other hand, PEM systems are associated with higher capital costs and
rely on scarce and expensive noble metal catalysts, such as platinum and iridium,
which raises concerns regarding both economic feasibility and material availability
[21].

Compared with ALK systems, PEM electrolysis cells generally operate at lower
temperatures and pressures while offering higher efficiency. However, these advan-
tages come at the cost of increased material requirements and system complexity,
illustrating the trade-offs between technological maturity, cost, and performance
across different electrolysis technologies.

2.1.2.2 Biogas Steam Reforming

Another pathway for renewable hydrogen production is biogas steam reforming. In
this process, biogas (from e.g. anaerobic digestion of household waste) as the feed-
stock in a reforming reaction similar to the conventional steam reforming of methane.
The methane component of the biogas reacts with steam at high temperatures to
produce hydrogen and carbon monoxide, which can be further processed through a
water—gas shift reaction to increase hydrogen yield. When biogas originates from
renewable biomass sources, this pathway can provide a renewable route for hydrogen
production [15].

2.1.2.3 Biomass Gasification

Biomass gasification provides a pathway for syngas production from solid biomass.
The biomass is dried and pretreated to enhance performance as a feedstock, and is
then converted into syngas, containing hydrogen, carbon monoxide, carbon dioxide
and methane. The syngas goes through a water-gas shift reaction which increases
hydrogen yields.

The syngas may be used directly as a process gas for industrial applications due
to its hydrogen content, or it can be further processed to produce hydrogen. Both
this method and Biogas Steam Reforming can be considered a carbon-negative route
for hydrogen production when coupled with CCS [22].

2.2 Roles and Applications of Hydrogen

Hydrogen has the potential to play a versatile role as an energy carrier in various
fields and branches of applications. When produced sustainably (green hydrogen),
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it supports decarbonization across sectors where direct electrification is difficult or
currently not feasible.

2.2.1 Transport Sector

One of the most prominent applications of hydrogen is in the transport sector.
Hydrogen can be used as a fuel in fuel cell vehicles, where it is converted into
electricity to power electric motors, or in hydrogen combustion engines. These
technologies can be applied across several transport modes, including road transport,
maritime transport, rail, and aviation. In addition to direct hydrogen use, hydrogen
can also be used as a feedstock for the production of electro-fuels (e-fuels), which can
then be used in conventional combustion engines (with no or minor modifications)
in sectors where electrification is more difficult [18, 23].

2.2.2 Industry Sector

Another important area of use is the industrial sector. Hydrogen can be used as
a fuel to provide high-temperature heating for industrial processes, representing a
form of indirect electrification when the hydrogen is produced using renewable elec-
tricity. It can also function as a feedstock in chemical production processes, such as
the manufacture of ammonia, methanol, and other chemical products.

Furthermore, hydrogen is already widely used in sectors such as oil refining and
fertilizer production, where it plays a key role in chemical conversion processes [24].

2.2.3 Energy Sector

Hydrogen can also support the power sector. It can be used for energy storage and
electricity generation. In this context, hydrogen allows surplus renewable electric-
ity to be converted into a storable energy carrier, which can later be reconverted
into electricity when needed. This function can contribute to balancing electricity
systems with a high share of variable renewable energy [25]. It should, however, be
noted that all energy conversions have energy losses and by converting electricity
to hydrogen and further into a synthetic hydrocarbon that is easy to store (e.g.
methanol or methane), less than 20% of the initial electricity remains when the
synthetic fuel is converted back to electricity again [26].

2.2.4 Heat and Power

Hydrogen can further be used in combined heat and power (CHP) systems and for
domestic heating, where it can provide both heat and electricity for buildings [25].
In CHP systems, hydrogen is typically converted into electricity through fuel cells or
gas turbines, while the waste heat generated in the process is recovered and utilized
for heating purposes [27].

However, the overall efficiency of hydrogen for heating applications is generally



2. Theory

lower than direct electrification options, such as heat pumps, due to the multi-
ple conversion steps required in hydrogen production and utilization [27]. As a
result, hydrogen-based heating is often considered more suitable for applications
where alternative low-carbon solutions are limited.

2.2.5 Mixing into Natural Gas Grid

Another potential application of hydrogen is the partial integration into existing
natural gas infrastructure. This approach involves injecting limited proportions of
hydrogen into natural gas grids, typically at low volumetric shares, while natural
gas remains the primary energy carrier, utilizing existing pipelines and end-use tech-
nologies. This approach offers a way to reduce the carbon intensity of gas systems
without major infrastructure changes. In addition to direct hydrogen blending, hy-
drogen can also be converted into synthetic methane through methanation processes.
Synthetic methane is chemically compatible with conventional natural gas systems
and can be distributed and used in the same way as natural gas [28, 29].

2.3 Infrastructure

Currently, most hydrogen is produced and consumed locally. However, as hydrogen
production expands and supply chains develop, efficient storage and transportation
solutions become increasingly important [30].

2.3.1 Storage

There is a variety of hydrogen storage technologies. Common storage options include
compressed hydrogen gas, liquid hydrogen, and chemical carriers such as ammonia
(30, 31].

One of the most widely used storage methods is where compressed hydrogen gas
(CGHy) is stored in pressurized containers. Typically, hydrogen is stored at pres-
sures in either 350 or 700 bar tanks. Compressing hydrogen allows a larger amount
of gas to be stored in a smaller volume, making it a practical solution for many
applications. The most common approach is to store compressed hydrogen in steel
cylinders at pressures up to 700 bar. However, alternative storage technologies are
emerging, including lightweight carbon-fiber-reinforced composite tanks [23, 32].

Another approach is underground hydrogen storage, which can be used for large-scale
energy storage. Hydrogen can be stored in geological formations such as salt cav-
erns, depleted gas fields, and aquifers, allowing for the storage of very large volumes
of energy. However, a key challenge is that suitable geological formations may not
be located in close proximity to industrial sites. In such cases, additional infrastruc-
ture is required to transport hydrogen to and from the storage location, leading to
increased costs and system complexity [30].

Hydrogen can also be stored as liquid hydrogen (LHj). To liquefy hydrogen, it
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must be cooled to cryogenic temperatures, typically below -253 °C. The liquid hy-
drogen is then stored in insulated cryogenic tanks, often designed as double-walled
vessels with vacuum insulation to minimize heat transfer and reduce boil-off losses.
These tanks are typically made from materials such as stainless steel or aluminum
alloys. After storage and transport, liquid hydrogen is vaporized back into gaseous
hydrogen at high pressure for final use. Liquid hydrogen storage allows for a higher
energy density compared to compressed gas, but requires energy-intensive cooling
processes and careful thermal management [30, 31].

In addition to physical storage methods, hydrogen can also be stored and trans-
ported using chemical carriers. One important example is ammonia. Ammonia of-
fers a relatively high volumetric energy density, while also functioning as a carbon-
free chemical energy carrier [30, 31]. Other potential hydrogen carriers could be
methanol and methane, which can also be used to store hydrogen in chemical form.

2.3.2 Transportation

Due to the complex physicochemical properties of hydrogen, its handling requires
careful management during both storage and transportation. Transportation condi-
tions are often less stable than stationary storage, which makes safety considerations
particularly important when moving hydrogen between locations [33].

One common method of transporting hydrogen is via trucks or tankers, especially
when hydrogen is used as a fuel for vehicles. In these cases, hydrogen is transported
in pressurized gas cylinders or tube trailers from production sites to distribution
points such as refueling stations [33, 34].

Hydrogen can also be transported through pipelines in a manner similar to nat-
ural gas. Compared with road transport, pipelines are generally considered a more
cost-efficient solution for transporting large quantities of hydrogen over longer dis-
tances [33, 31].

2.4 Technological Diffusion

Understanding how technologies diffuse over time can help estimate their maturity
level and potential future development.Technological diffusion is often described
using an S-shaped curve, where the adoption of a new technology follows a charac-
teristic temporal pattern. In the early stages, diffusion tends to be slow, followed
by a period of accelerating growth, and eventually a slowdown as the technology
approaches market saturation. This pattern reflects the broader dynamics of tech-
nological change, where new technologies gradually replace or compete with existing
technologies within a market [35].

The S-curve is commonly divided into three main phases, see Figure 2.1. The
first stage is the formative phase, which is characterized by experimentation, pi-
lot projects, and the involvement of innovators and early adopters. During this
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phase, markets are typically uncertain and technologies are still under development
[36]. Emerging technologies are often developed within protected niche environments
where experimentation and learning can take place before large-scale diffusion oc-
curs [37].

The second stage is the growth phase, during which the technology begins to scale
rapidly. In this phase, increased deployment often leads to cost reductions, techno-
logical improvements, and expanding markets. Finally, in the maturity phase, the
technology becomes widely established and growth slows as the market approaches
saturation. Technological development continues in this stage, but improvements
are typically incremental rather than transformative [35].

Maturity

Growth

Level of adoption

Formation

Time

Figure 2.1: S-curve: The typical shape of technical diffusion

Studies of technology diffusion show that growth trajectories for clean technologies
often accelerate faster than anticipated, creating advantages for early movers that
invest in innovation and scaling [38].

The position of green hydrogen on the S-curve varies across sectors. Current hydro-
gen initiatives indicate that adoption remains in a formative, pre-commercial phase
across all sectors. The aviation sector is still at the earliest stage of technological
and market development, while sectors such as agriculture and steel have progressed
further through pilot and demonstration projects, indicating a higher level of techno-
logical readiness. However, deployment in these sectors remains limited in scale and
has not yet transitioned to widespread commercial adoption [38]. Targeted policy
interventions are likely to play a decisive role in accelerating diffusion across sectors
with slower initial uptake [38].
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2.4.1 Technological Competition and Path Dependency

Technological change in energy systems rarely occurs in isolation. Instead, new
technologies typically emerge in environments where multiple technological options
compete to provide similar services. The substitution of one technology by another
can therefore be understood as part of a broader process of technological competi-
tion [35].

The speed of technological diffusion also depends on the scale and complexity of
the technology involved. Large-scale technological systems, such as energy infras-
tructures or transport networks, typically diffuse much more slowly. These systems
involve extensive physical infrastructure, large investments, and complex institu-
tional arrangements. For example, the diffusion of canal networks in the United
States took approximately 31 years to increase from 10% to 90% adoption. Sim-
ilarly, transitions involving large energy systems—such as the decarbonization of
energy infrastructures—are often characterized by long time frames due to their
scale, complexity and interdependencies [35].

Technical diffusion depends on the knowledge base surrounding the innovation, such
as organizational and institutional forms (including markets), norms and attitudes,
this sets the rate at which they become incorporated into a socioeconomic setting

[35).

Positive feedback mechanisms and increasing returns can lead to situations where
technologies become “locked in”, even if they are not necessarily the most efficient
alternatives. This phenomenon is commonly referred to as path dependency, where
early advantages or historical investments reinforce the continued use of a particular
technology over time [37].

In the context of the energy transition, green hydrogen competes with several alter-
native technologies and energy carriers. These include direct electrification, bioen-
ergy, fossil fuels and other hydrogen production pathways such as grey, blue or pink
hydrogen.

2.4.2 Technological Learning and Cost Reduction

Technological diffusion is often accompanied by processes of technological learning
that lead to declining costs over time. As production and deployment increase, firms
gain experience in manufacturing, installation and operation, which can lead to im-
proved efficiency and lower production costs [35].

Empirical studies suggest that technological cost reductions may occur in differ-
ent phases. An early phase of rapid cost reduction is often associated with research,
development and technical demonstrations during the innovation stage. This may
be followed by slower cost reductions during the commercialization and diffusion
phase as technologies scale up and mature [35].
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In the case of hydrogen, current costs vary significantly depending on the production
pathway, energy input, and regional conditions.

In addition to production costs, system-level factors play a critical role in deter-
mining the cost of hydrogen. The utilization rate of production, transport and
storage infrastructure has been identified as a key cost driver, as low utilization
increases the cost per unit of hydrogen by spreading fixed investments over smaller
volumes [39]. This is particularly relevant in early-stage markets, where demand is
still limited and infrastructure is not yet fully developed.

These characteristics illustrate that hydrogen is currently in a relatively early phase
of technological and market development, where costs remain high but are expected
to decrease over time as deployment increases, technologies mature, and system
utilization improves.

2.4.3 Policy Directionality

The development and diffusion of new technologies are not driven solely by technical
performance or market dynamics. Instead, technological pathways are shaped by the
strategic choices and coordinated actions of policymakers, firms, and other actors
within the broader innovation system. This phenomenon is commonly described as
the directionality of technological change [40].

Within this perspective, policy plays a central role in guiding emerging technologies
such as green hydrogen toward societal objectives. By designing targeted support
instruments, such as public procurement schemes, investment subsidies, or dedicated
funding programs, policymakers can reduce uncertainty, mitigate early cost disad-
vantages, and signal long-term commitment to the technology. Such interventions
help create the conditions under which early adopters are willing to invest despite
high initial costs, thereby accelerating the market along the S-curve [38].

2.5 The Swedish Electricity System

The development of green hydrogen production is closely linked to the characteristics
of the electricity system, in which electrolysis takes place. Sweden has a favorable
context for green hydrogen production. The energy mix in Sweden has a large share
of fossil-free electricity, mostly from hydro power, nuclear power, wind power and
bio power, while solar power constitutes a small but growing part of the market.
Less than 2% comes from fossil fuels and residues from steel industry [41].

The Swedish electricity market is divided into four bidding zones from north to
south. Electricity prices are determined separately in each zone based on market
conditions, reflecting regional differences in electricity supply, demand, and trans-
mission capacity within the grid [41].

Electricity prices are primarily determined by the balance between supply and de-
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mand and by the available transmission capacity between regions. The Swedish
electricity market follows a marginal pricing principle, meaning that the price at a
given time is set by the cost of the last unit of electricity required to meet demand.
On the supply side, both the volume of electricity generation and the type of energy
sources used influence market outcomes [41].

External factors may also affect electricity prices. These include geopolitical cir-
cumstances, political decisions, and regulations at the European Union level, as well
as cross-border electricity trade through imports and exports [42].

These structural characteristics are particularly relevant for hydrogen production
through electrolysis, which is electricity-intensive. At the same time, electrolysis of-
fers a degree of operational flexibility, allowing hydrogen production to be adjusted
in response to electricity market conditions. In periods of high electricity genera-
tion, such as during strong wind conditions, electricity supply may exceed demand,
leading to very low or even negative prices. In such situations, hydrogen production
can act as flexible energy storage, utilizing excess electricity that would otherwise
have limited economic value or require producers to curtail generation or face costs
for feeding electricity into the grid.

Large-scale hydrogen production will increase electricity demand and thereby place
additional pressure on the electricity grid. However, if strategically deployed, it
may also contribute to improved system balance by absorbing surplus generation.
The expansion of the Swedish electricity system will therefore play a central role in
determining where and when green hydrogen production may emerge.
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Methods

This project is based on three main parts: a literature search, interviews, and an
analysis phase. Although these components are presented in the order in which
they are generally carried out, they overlap and are partly conducted in parallel
throughout the research process. The study begins with a literature review to build
a basic understanding of key concepts relevant to the research topic. The focus of
the methodology, however, is data collection, mapping, and analysis through further
literature studies and interviews. A more detailed description of each method is
provided in the following sections.

3.1 Literature Review

In the initial phase of the thesis, a literature review is conducted to gain a knowledge
base of the relevant topics. The findings are presented in the theoretical framework,
providing the reader with essential background information and context. The litera-
ture review supports and complements the interviews throughout the project. More
specifically, the review serves as a foundation for the development of the interview
guide, for quantitative data collection and helps to identify factors that drive or
hinder hydrogen production.

Unlike a fully systematic review, this study intentionally adopts a semi-structured,
integrated and iterative approach [43]. The review evolves throughout the research
process, allowing flexibility in order to capture the most relevant and timely sources.
The semi-structured approach combines traditional literature searches with comple-
mentary sources. This includes grey literature (material produced outside academic
publication channels), expert recommendations and industry data, to ensure that
both academic and real-world perspectives are considered.

This approach is particularly suited to this specific research context, as the study is
interdisciplinary and the field is rapidly evolving and highly driven by market and
real-world developments [43]. Many important insights, such as project updates,
technical reports, and other industry data, are not yet published in academic jour-
nals. Including these sources ensures that the review captures the most current state
of the field, bridging the gap between theory and practice.

To capture the most recent developments, grey literature is therefore deliberately
included, such as project reports, industry publications, policy briefs, and other
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non-academic sources. In addition, expert and industry recommendations are used
to identify additional relevant literature through snowballing, helping to uncover
sources that may not appear in conventional databases. This combination of ap-
proaches allows the review to remain both comprehensive and up-to-date.

3.1.1 Literature Search Strategy

The literature search begins with a broad exploration of the research topic in or-
der to identify relevant publications and gain an overall familiarity with the field.
This initial exploration help map central themes and concepts related to hydrogen
production, applications, and market development. The primary database used for
the initial academic literature search was Google Scholar. To ensure transparency
and reproducibility, a set of structured search strings are applied, including: (Green
OR Renewable*) AND Hydrogen® AND (production™ OR process*), (Green OR
Renewable) AND Hydrogen™ AND (application* OR product®* OR end-use®* OR
usage® OR utilization*), Hydrogen AND Sweden AND (product® OR usage* OR
utilization® OR end-use® OR application*), Electrolysis AND (cell OR electrolyzer
technology), and Scenario AND Analysis*. These searches are iteratively refined as
the study progresses.

Expert consultation is used to complement formal database searches, where super-
visors and field specialists provide recommendations for relevant literature, enabling
a snowballing approach. Based on these findings, key terms and search words are
identified and used to refine and deepen searches [44]. As the research progresses,
insights from the interviews are also used to generate additional keywords and guide
further literature searches. This iterative approach ensures that the literature review
remains relevant and closely aligned with both the theoretical development and the
empirical findings of the study.

For grey literature, a more flexible search approach is adopted without strict search
strings. Instead, combinations of Swedish and English keywords are used, such
as “viatgas” + “Sverige”, “vatgasprojekt Sverige”, "eFuels Sverige" and “vitgas”
combined with specific stakeholders or company names. This iterative and adap-
tive search strategy ensure that the literature review remained relevant and closely
aligned with both the theoretical development and the empirical findings of the
study.

3.2 Stakeholder Identification

Identifying relevant stakeholders is a crucial step of the study to ensure validity
and completeness of the analysis. The study aims to find stakeholders who both
influence and are influenced by the green hydrogen market, including present and
prospective actors.

Identification is done through literature searches and are complemented by expert
consultation. Supervisors and field specialists involved in the project provided rec-
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ommendations for relevant actors, using existing networks and enabling a snow-
balling strategy. The snowballing approach is also adapted during the interview
process, meaning that the interviewed stakeholders are asked to suggest additional
relevant actors, which allows the stakeholder network to expand. This approach
enables the collection of diverse insights and supports the development of a rigorous
system mapping.

Additionally, relations between producer and current as well as future consumers
will be identified to the biggest extent. Finding these interconnections helps cap-
ture the structure of the hydrogen system and minimizes the risk of overlooking
influential actors that could significantly affect green hydrogen production and mar-
ket development.

3.3 Interviews

The goal with the interviews is to collect data that can be used to quantify hydrogen
production, as well as to gather information that maps the current position of the
identified stakeholders.

Furthermore, the interviews aim to identify key factors that drive or hinder the
production of green hydrogen. These findings will then be used as the foundation
for the scenario analysis.

3.3.1 Planning and Preparing Interviews

The planning and preparation of the interviews are based on the development of an
interview guide constructed from the literature review. This interview guide serves
as a foundational tool for the interviews and ensures that relevant topics identified
in previous research are addressed. The interview guide is not fixed; instead, it
evolves over time as interviews are conducted and new topics and perspectives are
introduced by the interview participants. Preliminary research on the stakeholder
interviewees’ roles and contexts are conducted ahead of the interviews to support
well-informed discussions and improve the analytical value of the interviews.

3.3.2 Conducting Interviews

The interviews are primarily conducted using a semi-structured format. An inter-
view guide is used as a baseline to ensure a degree of consistency across interviews,
while still allowing conversations to evolve and diverge into related topics as they
naturally arose. This approach enable the collection of comparable data while main-
taining flexibility to explore emerging themes in greater depth.

However, due to practical constraints such as the limited time frame of the thesis
and the availability of interviewees, the format vary across cases. Some interviews
are conducted in a more informal and unstructured manner, often in shorter ses-
sions where the focus is placed on mapping the current status of ongoing projects
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and an overview of market dynamics rather than following the full interview guide.
In addition, a number of responses are collected via email when interviewees do not
have the opportunity to participate in a scheduled meeting. This variation in data
collection methods allow for broader coverage of relevant actors while accommodat-
ing time constraints, though it also results in differences in depth and level of detail
across the collected data.

3.3.3 Documentation and Summarizing

There is no assigned note taker during the interviews to promote and ensure active
dialog and open discussions. Instead, the interviews are recorded, with the help of
Al dictation tools, provided that informed consent is given. The dictations are then
rewritten into a clean copy afterwards, which is then used as a base for the analysis.
After publication of the thesis, the recordings are deleted.

3.4 Data Processing

The data processing aims to transform qualitative and quantitative inputs into a
consistent format that enables comparison across projects and supports the subse-
quent scenario analysis.

3.4.1 Insight Summarization

Insights from the literature and interviews are compiled into structured tables cover-
ing the identified hydrogen projects within the scope of the study. For each project,
key characteristics such as location, production capacity, targeted sector, and project
status are documented.

In addition, insights from the interviews are synthesized to identify key drivers,
barriers, and critical factors influencing the development of the hydrogen market.
These insights are organized using a thematic approach, allowing recurring patterns
and perspectives across stakeholders to be captured and integrated into the analysis.

3.4.2 Anonymization of Stakeholders

The stakeholders who contributed to the study through interviews are anonymized
to ensure full confidentiality for all participants. The stakeholder groups represent
different roles across the hydrogen value chain and related support functions. By
presenting the interviewees in anonymized form, the analysis can draw on their in-
sights without disclosing sensitive organizational or personal information.

Stakeholders categorized as Only mapping are not interviewed but contributed infor-
mation relevant to the project mapping. All interviewed participants are presented
in anonymized form in Table 4.5, together with an assigned participant number and
the market role represented by their organization.
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The stakeholder roles are categorized based on the primary function of the repre-
sented organization in the hydrogen system. The categorization reflects the current
and anticipated role of the actors in the hydrogen system up until 2030. In Table 3.1
the abbreviations and chosen categories are presented.

Table 3.1: Abbreviations and Categories

Abbreviation Stakeholder category
P Production actors
D Distribution actors
I Industrial actors
M Mobility actors
RES Research actors
GOV Government actors
ORG Trade organization actors

Only mapping  Actors contributing solely to project mapping

3.5 Scenario Analysis

The study applies a combined qualitative and quantitative scenario analysis to ex-
amine possible future developments of hydrogen production. By integrating these
approaches, the analysis captures both the underlying mechanisms shaping the sys-
tem and the range of potential outcomes. The qualitative component provides an
understanding of the structural and contextual conditions influencing project re-
alization, while the quantitative component enables the exploration of how these
conditions translate into different future trajectories.

In addition to a baseline scenario reflecting current conditions, two alternative sce-
narios are developed to capture possible developments in the external environment.
These scenarios reflect variations in key contextual conditions, such as policy sup-
port, market development, and energy system constraints. Changes in these condi-
tions lead to adjusted project probabilities, which in turn result in different projected
outcomes. In this way, the scenario analysis enables a structured comparison of how
different future contexts may influence hydrogen production.

These scenarios are based on three different shared socioeconomic pathways (SSPs)
(SSP1 - Sustainability, SSP2 - Middle of the Road and SSP3- Regional Rivalry),
which are narratives that outline plausible trajectories of demographic, economic,
technological, and institutional change, and are designed to capture how different
societal conditions influence sustainable development challenges [45].
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3.5.1 SSP2 - Middle of the Road

The first scenario represents a business as usual trajectory, aligned with the SSP2
“Middle of the Road” storyline. In this world, current trends continue without ma-
jor disruptions or breakthroughs. Social, economic, and technological developments
follow historical patterns, and no dramatic policy shifts occur. Existing structures
dominate, and progress is incremental rather than transformative [46].

This creates a stable environment in which hydrogen deployment grows, yet not
fast enough to fundamentally transform the energy system in the near term. The
scenario does not introduce strong accelerators or strong barriers; instead, it rein-
forces the structural conditions already present in the Swedish energy and industrial
landscape.

In short, SSP2 reinforces the existing hierarchy of project readiness: mature projects
remain likely, early projects remain uncertain, and structural constraints persist.
Projects with strong fundamentals—advanced status, secured funding, favorable lo-
cation, and established sectoral demand score well. Projects that rely on future
policy shifts, rapid grid expansion, or breakthrough cost reductions do not receive
scenario-driven uplift.

3.5.2 SSP1 - Sustainability

SSP1 describes a world where countries, companies, and individuals actively work
together to achieve long-term sustainability goals. It is a stable, cooperative, and
predictable future, shaped by high trust between actors and strong alignment across
political, industrial, and societal priorities. The global system is characterized by
coordination rather than fragmentation, and by long-term planning rather than
short-term crisis management [45].

Technological development in sustainable energy accelerates quickly, supported by
ambitious climate targets and clear, long-term policy frameworks. Investments in
renewable energy, grid expansion, and enabling infrastructure are prioritized, and
regulatory environments are harmonized across the EU and internationally. Financ-
ing risks are low, as both public and private capital flow toward green technologies.

In this world, climate and sustainability are overarching goals. Policy, industry,
and the energy system move in the same direction, reinforcing each other rather
than working at cross-purposes. The result is a future where the broader system
actively supports the realization of hydrogen projects: permitting is faster, funding
is more accessible, electricity systems expand in line with demand, and cross-sector
coordination reduces uncertainty.

SSP1 is therefore a scenario in which the world helps projects succeed. Structural
barriers are systematically addressed, long-term strategies guide investment, and
hydrogen development benefits from a policy environment designed to accelerate
the transition rather than just accommodating it.
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3.5.3 SSP3 - Regional Rivalry

This scenario represents a future characterized by unfavorable conditions for the de-
velopment of green hydrogen production. The global context is marked by increasing
regional rivalry, a strong focus on national self-sufficiency, and limited international
cooperation. Climate and sustainability concerns are not prioritized on the polit-
ical agenda, and governance is largely reactive rather than guided by long-term
strategic planning. Economic growth is weak, resulting in limited access to cap-
ital for large-scale investments, while technological development progresses slowly
[45]. This delays cost reductions for key technologies such as electrolyzers, keeping
them relatively expensive. Reduced trade and international collaboration further
constrain access to technology, expertise, and critical resources. In addition, the
energy system evolves in a more nationally oriented direction, with lower levels of
integration between countries and regions. Taken together, these conditions create a
context in which the development of hydrogen projects is significantly constrained,
affecting investment, technological progress, and market formation.

3.5.4 Factor Analysis

The scenario analysis is designed to evaluate future production outcomes based on
identified hydrogen projects. Drawing on the literature and conducted interviews,
a set of key factors influencing project realization is established. Each project is as-
sessed against these factors, assigned points (1-10), which are then weighted accord-
ing to their relative importance. Based on this assessment, each project is assigned
a probability of realization. These probabilities form the basis for the quantitative
analysis, including timeline visualizations and Monte Carlo simulations.

Based on interviews and literature, a set of assessment factors is identified and
used to evaluate each project. These factors are assessed through a structured scor-
ing approach, where each project is assigned a relative score (1-10) depending on
how well it fulfills certain criteria. The scoring reflects the degree to which a factor
supports or hinders project realization, rather than representing exact quantitative
measures.

The factors are further weighted to reflect their relative importance for project
realization. For example, in some scenarios, greater weight is assigned to factors
considered strong predictors of whether a project will be realized, such as overall
project maturity and decision status, while other factors, such as geographical or
sectoral conditions, are given moderate influence. In cases where information is lim-
ited or uncertain, a neutral assessment, relative to the grading scale, is applied.

To support interpretation, the resulting probabilities are translated into a quali-
tative classification using a traffic-light system, as seen in Figure 3.1. Projects are
categorized into high, medium, or low likelihood of realization, providing an overview
of the distribution of project feasibility across scenarios. This classification serves
as a bridge between the qualitative assessment and the quantitative modeling.
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Figure 3.1: Visualization of the factor analysis method to sort hydrogen projects
in different probability categories

For the SSP1 and SSP3 scenario, the factors are reevaluated from the Business as
Usual trajectory (SSP2) factors. This is done by evaluating which factors are most
affected by the SSP scenario, both through adjusting the points, as well as the
weights for each scenario.

3.5.5 Timeline

To visualize how hydrogen production may develop over time, a timeline analysis
is conducted. In this step, projects are plotted based on their expected start year
and probability classification, allowing for a temporal representation of potential
production capacity. The timeline illustrates how different categories of projects
contribute to total capacity over time and highlights the role of uncertainty by
distinguishing between projects with varying likelihoods of realization. This provides
insight into both the pace and structure of the potential market development. When
the reported start of production (SOP) dates span two different years, the later year
is selected. Projects lacking an SOP date are placed after 2030 in the timeline.

3.5.6 Monte Carlo Simulations

A Monte Carlo simulation is used to quantify the uncertainty associated with project
realization. While each project is assigned a probability of realization, this does
not imply that projects are automatically realized even under favorable scenario
conditions. Real-world project development is subject to stochastic influences, un-
foreseen factors, that are not fully captured by scenario assumptions alone. The
simulation addresses this by generating a large number of possible future scenarios
through repeated random sampling based on these probabilities, thereby introduc-
ing a stochastic “realization layer” that reflects real-world uncertainty beyond deter-
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ministic scenario inputs. Monte Carlo simulation introduces a realistic uncertainty
dimension, where projects are more likely, but never guaranteed, to be realized, even
under favorable scenario conditions.

In this study, each project is represented as a Bernoulli variable, meaning that
it can either be realized or not. For each simulation, a random draw is performed
for every project, where the outcome is determined by comparing a randomly gener-
ated number with the project’s assigned probability (See figure 3.2). Projects with
higher probabilities are therefore more likely to be realized across simulations, while
those with lower probabilities are realized less frequently. This reflects a fair and
consistent treatment of the assigned probabilities over many iterations.

Each simulation produces a possible realization outcome across all projects, from
which metrics, such as the number of realized projects can be calculated. By re-
peating this process a large number of times, a statistical distribution of possible
outcomes is obtained. This distribution captures the variability and uncertainty
inherent in the system and is summarized using mean value, as well as visualized
through histograms.

The Monte Carlo approach thus complements the deterministic elements of the
scenario analysis by providing a probabilistic perspective. Rather than describing a
single expected outcome, it allows for the exploration of a range of possible futures
and highlights the degree of uncertainty associated with hydrogen market develop-
ment.

é 1. Input: Project probabilities

List of all projects with their pre-determined
probability of realization.

These probabilities are estimated through factor

\_ analysis.
E 2

s ™
2. Random draw for each project

For each project, the code generates a random
number between 0 and 1.

3. Realization rule
The project’s probability of realization is compared
to the random number.

h

Project probability > Random number + Realized
Project probability < Random number + Not
realized

Projects with higher probabilities will be realized
more frequently across simulations.

s Output of one simulation )
Count the total number of realized projects.
This represents the outcome of one simulated

L future. )

h 5

: 5. Repeat 10,000 times

Repeat steps 2-4 many times (e.g., 10,000
simulations) to generate a distribution of possible
outcomes.

Visualize the results using a histogram.

Figure 3.2: Visualization of Monte Carlo method
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3.6 Ethical Aspects

This section presents the ethical considerations guiding the study, including source
evaluation, stakeholder privacy and data protection, and the interpretation of re-
sults.

3.6.1 Critical Assessment of Sources

Critical thinking is essential in the literature review process. Given the high de-
gree of uncertainty regarding future developments of the hydrogen industry, it is
particularly important to select sources with high credibility, such as peer reviewed
academic literature, reports from established institutions, governmental publications
and industry organizations. This approach reduces the risk of misinformation and
strengthens the reliability of the analysis [44].

3.6.2 Stakeholder Privacy and Data Protection (GDPR)

Ethical considerations related to stakeholder privacy, company confidentiality, and
data protection have been carefully addressed throughout the study. During the
interview process, particular attention was given to handling potentially sensitive
information, and informed consent was obtained from all participants prior to in-
cluding any direct quotations in the thesis. In accordance with the General Data
Protection Regulation (GDPR) [47], stakeholders are referred to by their role in the
hydrogen market rather than by personal name, ensuring anonymity. To further
ensure transparency and accuracy, the final thesis was shared with participating
stakeholders, allowing them to review the cited material and identify any informa-
tion considered sensitive or unsuitable for public disclosure; such information has
subsequently been excluded or presented in an anonymized form.

3.6.3 Accuracy and Interpretation of Results

The accuracy and interpretation of results are considered throughout the research
process. Interview-based data are subjective and reflect the experience and per-
spectives of the selected stakeholders. In the context of this thesis, this subjectivity
is a strength, as industry actors provide valuable knowledge that is essential for
understanding and anticipating developments in the hydrogen market. However,
it is acknowledged that these insights represent informed expectations rather than
objective and definitive predictions.
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Results

This chapter presents the results in three parts. First, the mapping of green hydrogen
projects identified within the scope of the study, followed by key insights derived
from interviews with relevant actors associated with these projects or the hydrogen
market in general.

4.1 Mapping of Green Hydrogen Projects

The projects identified within the scope of this study are visually presented in the
map (Figure 4.1). Project colors indicate different categories based on the role of
hydrogen in the business model, these include pure production (Blue), integrated
production-consumption systems (Pink), consumption (Orange) and projects linked
to distribution (Green). In total, 26 production projects, 17 integrated production
and consumption projects, 2 consumption projects, and 23 distribution projects were
identified. Electricity bidding zones are also visualized in the map, illustrating the
bidding zone in which each project is located. More information about each project
on the map can be found in Tables 4.1 - 4.4. The numbers found to the far left in
these tables correspond to the numbers on the map.
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Figure 4.1: Map of Swedish green hydrogen projects in different electricity bidding
areas.
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Table 4.1: Producers of Green Hydrogen

Production Norm.
Company Project name (Hydrogen Sector Location Status/Start of production Reported Capacity capacity:
carrier) H2 [ton/y]
Strandmollen H2 Road transport/ Industry Ljungby Operating 3 MW (15% used today) 477.82
Skovde Energi,
Rabbalshede Kraft Risatorp H2 Aimed at Industry Skévde Awaiting permits, SOP 2028 7 MW, 1135 ton Ha/y 1135
i i Off-take discussions, Awaiting
. Aimed at Chemistry Industry / i i
Rabbalshede Kraft Hogen H2 Lilla Edet grid approval, 1 MW, ca 120 ton Ha/y 120
Road transport
SOP 2028/2029
Scandinavian Horizion, i i . . Off-take discussions, Permit 5 MW (scalable up to 20 MW),
Libra Horizon H2 Aimed at Industry/ Road transport | Trollhdttan 775
EnBW phase, SOP 2028 775 ton Hy/y
Hoping for investor and FID 150 MW, 22 000 ton Ha/y,
LiquidWind - eMethanol Maritime/ Aviation / Chemistry Ume3d ping Ay, 22000
2026, SOP 2028/2029 100 000 ton eMethanol/y
150 MW, 22 000 ton H
LiquidWind - eMethanol Maritime/ Aviation / Chemistry Sundsvall Unclear timeline ! Ay, 22000
100 000 ton eMethanol/y
. Planning, Ready for FID end of 150 MW, 22 000 ton H
LiquidWind - eMethanol Maritime/ Aviation / Chemistry | Ornskéldsvik e v ’ Ay, 22000
2026, SOP 2029/2030 100 000 ton eMethanoal/y
Uniper, JamtKraft, 30000 maH, /h,
LiquidWind NorthStarH2 eMethanol Maritime/ Aviation / Chemistry Ostersund | Currently in FEED, SOP 2029 112 000 ton eMethanol/y 21280
30000 m3 H; /h,
Uniper BothnialinkH2 eMethanol Maritime/ Aviation / Chemistry Lulea Pre-study, SOP 2031 112 000 ton eMethanol/y 21280
Skellefta Kraft Pilotprojekt H2 Road Transport Skelleftea SOP 2027 330 ton Hp/year 330
Skelleftea Kraft, SkyNRG SkyKraft eSAF Aviation Transport Skelleftea SOP 2030 100 000 ton eSAF/y 74000
Lhyfe - H2 Aimed at Road transport / Refinery| Vaggeryd SOP 2028/2029 10 MW, 4.4 ton H,/day 1606
Lhyfe - H2 Aimed at Road transport / Refinery| Jordberga SOP 2028/2029 10 MW, 4.4 ton H2/day 1606
Lhyfe SoutH2Port H2 Aimed at Maritime/ Aviation Tr. | Séderhamn Beyond 2030 240 ton H,/day, 88 000 ton H,/year| 88000
Skargardens X N Phase 1: 450 kW (65 tons Hz/y)
Supreme Hydrogen N X H2 Road transport Ljusterd SOP 2026 130
Vatgasfabrik Phase 2: 1 MW (130+ ton Ha/y)
Phase 1: 7,5 MW
H2, Green Road transport /Industry
Supreme Hydrogen - i . Laholm SOP 2028 Scalable to: 22 MW (2100 ton 2100
Ammonia, e-SAF /Agriculture/Energy Storage
H,/year)
Supreme Hydrogen - H2 Energy storage Norrsundet SOP 2027 5.2 MW 828.22
Supreme Hydrogen - H2, e-Fuels Maritime Tr./ Road Tr./ Industry Hultsfred SOP 2027 10 MW, 1000 ton H,/year 1000
Supreme Hydrogen - H2, e-Fuels Road Tr./ Aviation Tr. / Energy storag{ Enkoping SOP 2028 22 MW, 2100 ton H,/year 2100
Capital, RES Project ALBY eSAF Aviation Transport Ange SOP 2030 e-fuels/y 42000
Karlstad Energi, Everfuel | Hedenverket H2 Road Transport/ Industry Karlstad SOP 2029/2030 20 MW, 2-8 ton H,/ day 2920
0X2, Sodra, TES - eMethane Aimed at Industry Varg Pre-FEED phase 1.2 TWh e-NG/y 43000
NH3 GREENTECH Akerbar Green Ammonia Agriculture/ Maritime Kalix Pre-FEED phase 300 MW, 250 000 ton NH3/y 45000
Abro Bryggeri - H2 Any sector Vimmerby Comissioning, SOP 2026 1MW 158.27
Road Tr./ Maritime Tr./ N Phase 1: 7.5 MW
HYDS - H2 . Goteborg SOP 2029 3185.45
Construction Phase 2: 20 MW
HYDS - H2 Road Transport/ Construction Karlstad SOP 2030 20 MW 3185.45

References (in order of appearance): [48], [49], [50], [51], [52], [53]
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4. Results

Box 4.1: Clarifications and Disclaimers regarding Tables 4.1 - 4.4

All green rows marks projects that are currently operating.

The symbol ” — 7 indicates that no information regarding the respective
subject was either confirmed or denied.

The values presented in column Normalized Capacity is based on as-
sumptions explained in Appendix C, while the values in column Reported
Capacity is given through interviews or through publicly available web
sources.

In cases where reported capacities correspond to different development
phases, the maximum reported capacity is used for normalization.
Unless otherwise stated, all information without a reference originates
from interviews conducted within the scope of this study.

In the tables, cells marked with a purple corner indicate that sources
have been used. The corresponding references are presented below each

table.

. J
Table 4.2: Producers and Consumers of Green Hydrogen
Project Norm. |Pressu
Company name Production for: Sector Location | Status/timeline Reported Capacity capacity | re
Hz [ton/y] | [Bar]
Construction, 740 MW, 100 000 ton Ha/y,
STEGRA H2 for steel Steel Industry Boden SOP 2027 150 000 Nm3 H,/h 100000 -
SSAB, Linde Gas H2 for steel Steel Industry Borlange Operating 2 MW, ca 400 m3 Ha/h 318.55 -
SSAB H2 for steel Steel Industry Lulea SOP 2029 5 MW 796.36 -
SSAB, LKAB, Vattenfall | HYBRIT H2 for steel Steel Industry Luled Operating 2 MW, ca 400 m3 Hy/h 318.55 -
Awaiting
permits,
SSAB, LKAB, Vattenfall | HYBRIT H2 for steel Steel Industry Gillivare SOP 2030 600-700 MW 111490.9 -
Ovako H2 for steel Steel Industry Hofors Operating 20 MW, 8 ton H,/day 2920 -
Alleima, Linde Gas H2 for steel Steel Industry Sandviken Operating - - -
Trelleborgs Energi AB Energy storage Energy Storage | Trelleborg FID 2026 10 kW 1.59 -
Planning, SOP
Greenlron, TBD H2 for steel Steel Industry TBD 2030 25 MW 3981.82 -
Skellefted kraft ZeroSun Energy storage Energy Storage Skellefted Operating 2000 m3 H,, 6000 kWh 0.18 -
. FEED study, SOP Gasification of biomass,
FerroSilva, Ovako H2 for steel Steel Industry Hofors A 10384.69 -
2029 50 000 ton sponge iron/y
AGP-Europe melting Glass Industry Limmared Operating 5 MW 796.36 -
eMethanol for Conducted
Perstorp Project air | own circular use |Chemistry Industry|Stenungsund Prestudy 5 MW, 500kg H/h, 8000 prod. h 4000 -
Sjobohem Hydrobust Energ-y storage, A Sjobo Operating 4x2.5kw 1.59 350
Refueling station | Road Transport
Uppvidinge Hydrogen | Alghult 0.5MW electrolyzer, 100 kg 350 &
AB, Metacon refueling | Refueling station | Road Transport Alghult Operating H,/day 79.64 700
Botnia H2 AB Refueling station | Road Transport Pited Commissioning 1 MW, 400 kg H,/day 159.27 350
350 &
Botnia H2 AB Refueling station | Road Transport | Arvidsjaur | Commissioning 0.5MW, 100 kg H»/day 79.64 700

References (in order of appearance): [54], [55], [56], [57], [58]
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Table 4.3: Consumers of Green Hydrogen

Norm,.
Company Sector Location Description Status/Timeline Reported Capacity| capacity: H2
[ton/v]
23 Greenlron Steel Sandviken Green H2 in steel Operating
H2: Ferry boat
51| Gotlandsbolaget Maritime Tr. "Horizion X" 2029 100 GWh/y 3030.3
Table 4.4: Distribution of Green Hydrogen
Reported Norm.
Company Sector Location Description Status/Timeline Capacity H2 | capacity: H2 | Pressure [bar]
[kg/day] [ton/y]
59 PS Energi Road Transport | Ljungby Refueling station Operating 1500 547.5 350 and 700
55 PS Energi Road Transport [ Oskarshamn Refueling station Operating 1500 547.5 350 and 700
Construction,
61 PS Energi Road Transport | Halmstad Refueling station Commissioning 2026 2000 730 350 and 700
Construction,
31 NB oljor Road Transport | Eskilstuna Refueling station Commissioning 2026 2000 730 350 and 700
41| Fundin olja AB |Road Transport Mijolby Refueling station Construction 2000 730 350 and 700
47 0OKQ8 Road Transport | Goteborg Refueling station Operating 2000 730 350 and 700
43 0KQ8 Road Transport | Goteborg Refueling station Operating 2000 730 350 and 700
10 oKQs Road Transport | Storuman Refueling station Operating 2000 730 350 and 700
14 OKQ8 Road Transport Umea Refueling station Operating 2000 730 350 and 700
63 HYDRI Road Transport Bastad Refueling station Operating 2000 730 350 and 700
57 HYDRI Road Transport | Varnamo Refueling station Operating 2000 730 350 and 700
46 HYDRI Road Transport | Goteborg Refueling station Operating 2000 730 350 and 700
43 HYDRI Road Transport [ Odeshég Refueling station Operating 2000 730 350 and 700
38 HYDRI Road Transport | Gotene Refueling station Operating 2000 730 350 and 700
37 HYDRI Road Transport | Mariestad Refueling station Operating 2000 730 350 and 700
39 HYDRI Road Transport Haby Refueling station Operating 2000 730 350 and 700
36 HYDRI Road Transport | Nyk&ping Refueling station Operating 2000 730 350 and 700
35 HYDRI Road Transport | Nykvarn Refueling station Operating 2000 730 350 and 700
33 HYDRI Road Transport Vdse Refueling station Operating 2000 730 350 and 700
Uppsala Water
28| and Waste AB [Road Transport| Uppsala Refueling station Operating 1500 547.5 350 and 700
27| MaserFrakt AB [Road Transport [ Borldnge Refueling station Operating 450 164.25 350
) Aviation Tr. H2 (Infrastructure
Swedavia o Beyond 2030 N/A N/A N/A
/Distribution owner)
North-East
2| Nordion Energi | Distribution Sweden [ Hydrogen gas network Earliest 2030 N/A N/A N/A

References (in order of appearance): [59], [60]
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Table 4.5: Interviewee Organizations’ System Function and Abbreviations

Abbreviation Market role
P1 Hs Producer
P2 Hs Producer
P3 Hs Producer
P4 Hs Producer
P5 Hs Producer
P6 Hs Producer
P7 Project Developers of e-Fuel Production
P8 Hs Production Actor
P9 Hs Production Actor
P10 Hy Producing Actor
D1 Gasgrid Company
D2 Refueling Station
D3 Refueling Station
D4 Refueling Station
11 Hy Producing Steel Company
12 Hs Producing Steel Company
13 Hs Producing Steel Company
14 Hs Producing Steel Company
15 Steel Company
16 Refinery Company
17 Refinery Company
18 Chemistry Company
19 Chemistry Company
110 Fertilizer Company
M1 Passenger Shipping Company
M2 Truck Producing Company
M3 Airport Company
RES1 Research Actor
RES2 Research Actor
RES3 Research Institute
GOV1 Public Funding Actor
GOV2 Public Funding Actor
ORG1 Industry Organization
ORG2 Industry Organization

Only mapping
Only mapping
Only mapping
Only mapping

Hy Producer
Hsy Producer

Ammonia Production

Refueling Station Developers/e-Fuel Production
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4.2 Interviews and Literature Insights

In total, 34 were conducted, complemented by 3 additional Only mapping stake-
holder interactions (shown in Table 4.5). This section presents the results derived
from the conducted interviews, structured thematically to reflect the key dimensions
relevant to the study. The interview material has been analyzed using a thematic
analysis approach, through which recurring patterns and central topics were iden-
tified. This approach enables the identification of common viewpoints, challenges,
and opportunities as perceived by the interviewed actors. For each theme, individual
responses have been synthesized and grouped to capture overarching trends rather
than isolated statements.

The themes identified as most relevant to the study are: Geopolitics and global
situation, Political governance and policy instruments, Economy and investments,
Market and consumer relations, Electricity and infrastructure, Technical maturity,
and Competences and standardizations.

4.2.1 Geopolitics and Global Situation

The interviews show clearly that politics and the global situation play a critical role
in the development of the hydrogen market. All actors emphasise that geopolitics
shape the market conditions and are vital to the deployment of hydrogen, both as a
driving force and as a barrier, through their impact on energy prices, the investment
climate, and political priorities. It is also pointed out (P9) that less mature markets
risk being more severely affected by instability and uncertainty.

The drivers behind the transition are no longer solely climate-related but increas-
ingly concern resilience and energy security (I1, RES3, P9). Hydrogen is described
as a key component in Sweden and Europe becoming more independent, offering
value beyond climate mitigation. This includes resilience thinking and enhanced
energy security, benefits closely connected to the risks associated with import de-
pendence (M2, RES3, P5, P6, P9, 11, 110, GOV1, P10, D1).

Several actors highlight the importance of demonstrating leadership in the climate
transition (D3, D2, 13, 15, M1, M2, M3). The ambition to contribute to a more
robust and flexible energy system is also emphasized (P10). Developments in China
are pushing the pace for hydrogen development globally, and the EU aims to avoid
falling behind (RES3, P3). Competition is another central aspect, with companies
underscoring the importance of not lagging behind global competitors (M2).

4.2.1.1 Global Economic Conditions

Economic conditions have a significant impact on hydrogen market development.
Previous drivers, such as low electricity prices, favorable financing conditions, and
strong momentum for hydrogen development, diminished over time (P4, 11). At
the same time, geopolitical tensions and conflicts have contributed to rising electric-
ity prices (P4, I7), further complicating investment conditions for hydrogen-related
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projects. In parallel, developments in the international context have driven up oil
prices, which has increased interest in alternative fuels (M2). Diesel prices are also
expected to rise, driven both by the effects of ongoing conflicts and by stricter reg-
ulatory requirements (D2). Together, these developments point to a complex price
environment, in which rising costs both encourage a shift toward alternative fuels
and place increasing pressure on investment conditions.

In addition, macroeconomic downturns form a clear barrier to development. Under
recessionary conditions, companies tend to prioritize core business activities, while
climate-related investments are postponed or deprioritized (I3, RES2, RES3). These
economic pressures affect the entire value chain, and constraints on the climate tran-

sition are further reinforced by weakening demand for green and low-carbon products
(13, 19, M3).

The combined effects of the COVID-19 pandemic and ongoing conflicts have led
to delays in multiple projects. These disruptions have occurred through disturbed
supply chains and delayed wind power expansion, particularly along the east coast,
which has affected related hydrogen developments (M2).

4.2.2 Political Governance and Policy Instruments

Policy instruments are underscored as essential for enabling development. Recom-
mendations include designing smart policy tools that link requirements to tangible
measurable outcomes (ORG2), as well as emphasizing the need for political involve-
ment to initiate market development (P3). At the same time, a lack of market
competence and political decision-making is identified as a cause of delays (ORG2).

4.2.2.1 Strategy and Direction

The transition away from fossil fuels represents a substantial systemic change, as
existing regulations, institutions, and market structures have largely been shaped
around fossil energy (ORG1). This structural lock-in creates significant challenges
for the development of alternative energy systems such as hydrogen.

A barrier identified is that current policy frameworks are primarily oriented to-
ward electrification and battery solutions (D2), with hydrogen often treated as a
subcategory of electrification rather than as a distinct system solution in its own
right (ORG2). In addition, there is a lack of regulatory drivers and an overarching
hydrogen policy framework (P1, GOV1), including the absence of a coherent na-
tional hydrogen strategy (P1, P3, D2, RES2, I5). Such challenges are compounded
by insufficient national coordination, and it is argued that energy policy should be
approached from a broader socio-economic perspective, given that energy affects all
sectors of society (P3).

Uncertainty surrounding political governance and long-term regulatory frameworks

creates additional challenges (RES2, P9). Actors point to the absence of a stable,
long-term, and economically viable political strategy, which undermines investment

31



4. Results

confidence (P3, P9, P10, 17, RES3, GOV2, ORG2). This uncertainty is reinforced
by a shifting political narrative around the climate transition (P4, 11, RES2), mak-
ing it difficult for companies to assess long-term conditions.

A recurring finding is that actors call for clearer political targets and the explicit
inclusion of hydrogen in national strategies (P10, D2, P1, P4, P8, GOV2, I5,
ORG1, ORG2). Market development and demand are described as being largely
policy-driven, underscoring the central role of political direction. Several respon-
dents stress that regulatory requirements and clear national guidelines are needed
to create momentum for hydrogen development. Without binding requirements,
many industries remain in a wait-and-see position, as the current policy framework,
such as the EU ETS (European Union Emissions Trading System), is perceived as
insufficient for a transition, partly because environmental costs are not fully inter-

nalized (P1, P3, P4, P9, P10, I5, 16, GOV1, GOV2, RES2).

At the European level, the EU’s increasing focus on energy self-sufficiency and re-
duced dependence on fossil fuels is viewed as a positive trend that should be further
strengthened (P9). Meeting the goals of the Paris Agreement will require, among
other measures, a large-scale transition of existing fossil-based hydrogen production
(P9). In this context, it is stressed that Sweden needs a stable, clear, and cross-party
energy policy to enable long-term investment in new energy production. Without
such stability, the risk of losing industrial investments due to uncertainty and rising
energy prices is significant (I5).

4.2.2.2 Regulatory Frameworks and Policy Requirements

Future regulatory frameworks and expected requirements emerge as one of the most
critical factors influencing investments in hydrogen (I3, P9, RES3). Several actors
stress that, as long as hydrogen and e-fuels remain significantly more expensive
than fossil alternatives, market uptake depends on targeted incentives and regu-
latory intervention. This includes both policies that actively steer markets toward
sustainable solutions and regulations that phase out fossil alternatives, ensuring that
societal climate ambitions are reflected in policy frameworks (P7, I3, ORG2). See
Box 4.2 for an overview of key instruments mentioned by the actors.

A recurring policy insight is that demand must be actively created through regula-
tion and mandatory requirements in order to trigger large-scale green investments.
Without such demand-side drivers, producers are unlikely to commit capital. At
the same time, actors warn that delayed policy action risks creating supply short-
ages once requirements are eventually introduced (RES3). Consequently, multiple
stakeholders emphasize the need for policies that steer markets toward sustainable
solutions, increase the relative cost of fossil alternatives, and mandate the gradual
phase-out of fossil fuels (P4, P7, RES3, 19, ORG2, P5, P3, M3, D1).

Several actors argue that stronger forms of regulatory pressure, rather than vol-
untary incentives, are needed to accelerate transition, alongside green quotas and

robust incentive structures (I3, 19). At the EU level, RED III (Renewable Energy
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Directive IIT) introduces binding targets, including a requirement that 42% of hy-
drogen used in industry be renewable (RFNBO) by 2030 [61]. Several actors stress
that achieving these targets will require a combination of incentives and regulatory
pressure, commonly described as a balance between “carrots and sticks” (P1). Sta-
ble political frameworks, reliable support schemes, and effective enforcement of EU
regulations are considered essential to enable industry investment and ensure that
regulatory objectives translate into real market outcomes (P9, P8). EU regulations
must not only be introduced, but also consistently enforced (P8).

Clear and long-term policy instruments, such as binding quotas, for example for
RFNBOs in aviation, alongside the EU ETS, are therefore regarded as decisive for
market development (I16). However, actors highlight substantial variation in how
regulatory frameworks affect different sectors. EU regulations are expected to drive
the strongest momentum in the transport and refining sectors (P1), while the chem-
ical industry remains largely dependent on the EU ETS as its primary and, in some
cases, sole regulatory driver (RES1). In the near term, several regulatory develop-
ments are anticipated, including restrictions on diesel sales and a gradual contraction
of the fossil fuel market (D2, P1), as well as broader climate transition requirements
affecting multiple sectors (D3, M1, M3, P8).

Industry Sector

Despite regulatory developments, significant market barriers remain. The chemical
industry is currently described as facing a crisis, with crackers in Europe shutting
down, as regulatory pressure and global competition undermine competitiveness,
causing production to shift to lower-cost countries (I8) [62]. Furthermore, CBAM
(Carbon Border Adjustment Mechanism) does not currently cover all product cat-
egories, for example it does not apply to plastics, which weakens incentives for
transitioning parts of the chemical sector (I8).

Several actors also highlight that markets for green chemicals currently lack sufficient
willingness to pay, with companies awaiting EU quotas or higher fossil costs before
investments become economically viable (19, I8). Similarly, lower-than-expected EU
ETS prices have weakened the financial incentives for emission reductions (I3). At
the same time, increasing emission requirements throughout the value chain are
placing pressure on the food and agricultural sector (I10). For ammonia in par-
ticular, the EU ETS, CBAM, and overarching EU climate targets are described as
central determinants of future market conditions (I110).

Transport Sector

In the maritime sector, EU regulations on emissions and mandatory blending of
e-fuels are identified as important drivers (P7, M1, GOV2), although expectations
regarding IMO regulations (International Maritime Organization Net-Zero frame-
work), initially seen as a key strategic trigger, have been postponed (P7). Despite
this, the maritime sector continues to act as a significant driver for hydrogen and
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e-fuel development (P5, P8).

Additional sector-specific drivers include the Alternative Fuels Infrastructure Reg-
ulation (AFIR), which supports the roll-out of hydrogen refueling infrastructure
(GOV2). In aviation, transition efforts are described as almost entirely regulation-driven,
notably through initiatives such as ReFuelEU Aviation (M3), although uncertainty
remains regarding whether hydrogen can be fully accounted for within these frame-
works (M3). Depending on whether it can be included, this may constitute a driver

for hydrogen investments.

Within transport infrastructure, the Sustainable Transport Investment Plan STIP
is highlighted as a strategic EU initiative aimed at accelerating deployment of re-
newable and low-carbon fuels for aviation and maritime transport (ORG1) [63]. The
plan is considered to imply temporary losses for investors, effectively functioning as
an indirect subsidy to support the long-term transition (ORG1).

Box 4.2: Key policy instruments mentioned in this chapter

« EU ETS: A cap-and-trade system where companies must acquire emis-
sion allowances for their CO, emissions [64].

o CBAM: An EU mechanism that applies a carbon price on certain im-
ported goods to prevent carbon leakage and ensure fair competition with
EU producers [65].

« RED III: An EU directive that sets binding targets for renewable en-
ergy, including requirements for renewable fuels and hydrogen use in
industry and transport, as well as targets for RENBOs by 2030 [61].

o« AFIR: An EU regulation establishing binding targets for alternative
fuel infrastructure, including hydrogen refueling stations deployed at
regular intervals (with a maximum distance of 200 km between stations)
along the Trans-European Transport Network [66].

o ReFuelEU Aviation: An EU regulation requiring the uptake of sus-
tainable aviation fuels (SAF) as a key measure to reduce emissions from
the aviation sector [67].

e IMO Net-Zero Framework: A global framework for the maritime
sector, aimed at achieving net-zero GHG emissions from international
shipping by around 2050, through emission limits and market-based
measures [68].

o STIP: An EU roadmap aimed at mobilizing investments in renewable
and low-carbon transport solutions, supporting the deployment of in-
frastructure and production of renewable fuels in aviation and maritime
sectors [63].

4.2.2.3 Public Support

Public support is widely highlighted as a critical enabler for the development of
a hydrogen economy. In both Sweden and the EU, investment support needs to
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remain in place over the long term, signaling a clear governmental direction and a
willingness to share risks with private actors (GOV2). This is particularly impor-
tant given that green hydrogen is still far from being competitive with fossil-based
hydrogen, which creates a strong rationale for continued financial support through
mechanisms such as Klimatklivet (GOV2).

Despite the recognized importance of public support, several challenges remain.
There are relatively few calls for public funding (D2), and existing schemes are
highly competitive, limiting the number of supported projects (GOV1). In addi-
tion, Swedish investment support is considered relatively small compared to that of
many other countries (I110). It is also argued that the current way of distributing
smaller amounts of funding across many projects is inefficient, and that a greater
impact could be achieved by concentrating resources on fewer, larger, and more es-
tablished actors (D2).

Access to financing has become more difficult compared to the period around 2021-
2022, partly due to reduced market interest around hydrogen (RES2). Financial
institutions today are perceived as acting with a short-term perspective (P5), and
capital provision remains a major bottleneck due to low investor knowledge of hydro-
gen and a general reluctance among companies to invest in alternative technologies,
reflecting a lack of private risk capital and risk appetite (P5). Public support there-
fore play a key role in reducing the financial burden on project developers and is
considered essential for ensuring that EU targets are met (GOV2, P9). Investment
support can also lower capital costs by reducing the required loan amounts and by
involving the state as a co-financier (GOV2).

At present, virtually all hydrogen projects require some form of support to reach
a final investment decision (FID), as green hydrogen remains too expensive due to
high capital expenditures (P3, P5, P9). At the same time, uncertainty surrounding
public support mechanisms is delaying FIDs (P9). There is a broader need to better
coordinate support instruments and policy efforts in order to achieve greater overall
efficiency in project outcomes (ORG2). More broadly, investment support and risk-
sharing mechanisms are viewed as decisive factors for enabling project development.
Stakeholders emphasize the need for future support mechanisms that further reduce
investment risks (P2, P1, I8). It is also emphasized that sharing risks early in the
development and establishing shared value chains is of importance (I8, P1, P10, 14).

Stable support schemes covering both capital expenditure (CAPEX) and opera-
tional expenditure (OPEX) are also considered necessary (P9, I5, I7). In certain
cases, operational support may be necessary, for example for hydrogen refueling sta-
tions before sufficient market demand has developed and sufficient vehicle demand
materializes (ORG2, GOV1, D4, D3, P10). In addition to investment support, there
is a growing call for production support (ORG1, I5, ORG2, P5). Additional sup-
port needs are also identified for infrastructure related to hydrogen logistics and
local production (P10).
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Furthermore, there is an emphasis on shifting parts of the support further down
the value chain to stimulate demand. So far, support schemes have largely focused
on investments, but incentives targeting end-users could help drive demand for hy-
drogen solutions (D3). This includes support mechanisms that make the business
case viable for more expensive fuels (M1), as well as broader political instruments
and market incentives aimed at stimulating demand (GOV1). Support on the user
side is particularly important to enable consumers to make sustainable choices by
creating clear incentives to opt for green alternatives (P4). To reach reasonable
price levels for green hydrogen, support for hydrogen usage is necessary (RES1, D3,
GOV1).

4.2.2.4 Administrative and Permitting Processes

Administrative and permitting processes are identified as an additional challenge
for hydrogen project development, as they can affect actors across the entire value
chain. In particular, permitting procedures are often described as lengthy and vari-
able, contributing to project delays. From this perspective, administrative processes
related to permits and support schemes are seen as an additional layer of complexity
that can slow down implementation across projects and organizations (D2, P4, P2,
12, 19, P9, P10, D1).

The perception of permitting processes and interactions with authorities also plays
an important role in whether they are viewed as a structural barrier or as a nor-
mal part of project development (P3). In many cases, the application processes for
support schemes such as Klimatklivet (Sweden) and EU funding mechanisms are
considered administratively heavy and complex (P2, I5, P5, M2, P10). In addition,
application processes are sometimes described as fragmented, with short and irregu-
lar application windows, making it difficult to align suitable projects with available
funding calls (I7). Stakeholders also emphasize that permitting processes are par-
ticularly challenging in new and emerging contexts, where established routines and
standardized procedures are lacking (P4). However, experience appears to reduce
this burden, as first-time permitting processes are described as difficult, while sub-
sequent processes become more manageable as actors gain experience (P7, 13).

Specific experiences further illustrate these challenges. For example, funding schemes
such as Klimatklivet have in some cases been strictly tied to specific site locations,
meaning that projects could not be relocated even when physical constraints were
identified, and applications to adjust locations were rejected (D4).

Against this background, there is a clear call for more predictable and transpar-
ent permitting frameworks (P2, P4, P9), as well as faster and more harmonized
permitting processes across jurisdictions and authorities (P10).

4.2.3 Economy and Investments

Green hydrogen is currently more expensive than fossil-based alternatives, which
constitutes a major economic barrier to large-scale deployment (P8, 12, 13, P3, P4,
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I8, 17, 16, D1, ORG1). Hydrogen projects are associated with very high investment
costs, particularly in the early development phase and before production volumes
increase (P10, I3, P5). This significantly affects project viability and increases fi-
nancial risk.

Several hydrogen projects have experienced delays due to financial constraints. In
many cases, projects proved significantly more expensive than initially anticipated,
with limited possibilities to absorb or manage the cost overruns (RES2, ORG1, 17,
GOV1). A lack of financing and uncertainty regarding future funding have also been
identified as key barriers to project development (I5, 14, P9).

To make projects economically feasible and enable the delivery of more competi-
tively priced hydrogen, financial support schemes are widely regarded as necessary

(P3, 16, ORG1, RES3, M2). Several actors highlight a continued dependence on
public support mechanisms in the current market landscape (P9).

The high initial price of green hydrogen is partly explained by characteristics of
a young market: A limited customer base and uncertainty regarding the ability to
sell the full production volume (P2, P3). In addition, hydrogen production projects
are generally still in early development stages, which temporarily affects cash flow
and investment attractiveness (P9).

Additionally, a lack of anticipated rise in carbon prices related to the EU ETS
has also negatively impacted the business case for green hydrogen in the short term
(I6, I3, ORG1).

Several additional factors further contribute to high costs. Hydrogen storage is ex-
pensive and associated with significant technical complexity (P9). Rising inflation
and higher interest rates have increased both capital expenditures and operational
costs, particularly for raw materials and system components (P9). The high price of
key technologies, especially electrolyzers, remains a dominant cost driver (P2, P4,
P3, RES2, 13, RES3, 17, GOV1), alongside generally high component costs (M2).

Electrolyzers represent a central but costly technology in green hydrogen produc-
tion. Contrary to earlier expectations of declining prices, electrolyzer costs have
instead increased in recent years (P4, 13, RES3, RES2). Nevertheless, cost reduc-
tions in electrolyzer technology are considered a decisive factor for the long-term
development of the hydrogen market (I7).

As a result, hydrogen investments are currently characterized by long payback peri-
ods, which has discouraged market entry for many actors. Several stakeholders note
that stronger demand for green products would significantly improve investment
conditions (I3).

At the same time, continued technological development is expected to reduce costs
over time. First-of-a-kind projects are typically expensive, but as operating ex-
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perience is gained, costs are expected to decrease (RES3). Such cost reductions
would also lower barriers for subsequent customers and project developers (P9).
Furthermore, if additional hydrogen production facilities are established in Sweden
and across Europe, electrolyzer costs could decline through economies of scale and
increased manufacturing capacity (GOV2).

4.2.4 Market, Demand and Consumer Relations

A broad societal transition is considered necessary, but stakeholders emphasize that
transforming the energy market takes time (P3, P5, P9). Views on the current rate
of development of the hydrogen market differ. The actors agree that the market is in
an early phase, and while some actors envision a clear growth trajectory, others point
to recent stagnation in development. According to P9, the market is expected to
evolve from pilot projects to large-scale, system-critical production facilities, driven
by political support and the EU’s ambitions related to climate targets and energy
self-sufficiency. In contrast, several actors note that although market sentiment was
strongly positive a few years ago, momentum has since slowed (P6, P4). Tt is worth
noting that this does not necessarily mean that the actors mean that the develop-
ment stopped.

Despite this uncertainty, several drivers for market development are identified. There
are multiple potential customer sectors that could create demand for hydrogen (P2),
and collaboration between actors on technology development and standards, partic-
ularly related to refueling infrastructure, is seen as an important enabler (D2). At
the same time, there appears to be an emerging market for products with a lower
climate footprint, indicating demand for greener alternatives (110).

However, stakeholders stress that certain conditions must be met for a function-
ing hydrogen market to develop. Fossil-based alternatives need to be phased out, as
green hydrogen cannot compete if options such as diesel remain cheap (P4). Several
actors argue that there is no market space for green hydrogen if it remains a costly
option, as current price levels of green hydrogen limit its competitiveness (P3, M2).
Several actors report difficulties in finding end customers who are prepared to pay
a premium for fossil-free hydrogen or hydrogen-based products (I3, RES3, M3). At
the same time, it is noted that green hydrogen does not necessarily need to become
significantly cheaper; if diesel prices return to the higher level prior to tax reduc-
tions, it could be sufficient to improve the market position for hydrogen (P3).

Securing off-take agreements and committed end customers is repeatedly highlighted
as a decisive factor for project realization, as these agreements reduce risk and en-
able investment decisions (P4, P7, P1). Furthermore, actors emphasize that once
a market is established, companies will have stronger incentives to actively reduce
costs and optimize production (RES3).

Several reasons for project delays are also identified. In some cases, expectations
regarding the speed of market and project development are considered unrealistic
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given the scale and complexity of hydrogen investments (ORG2). Other delays have
been caused by external factors, such as end customers going bankrupt (P5). In
addition, multiple projects encounter significant challenges when transitioning from
the planning phase to implementation, highlighting execution-related risks in the
current market environment (GOV1).

4.2.4.1 Demand Formation and Market Synchronization

From a market perspective, the scarcity of green hydrogen has both positive and
negative implications. On the one hand, limited availability can incentivize produc-
ers to invest and position themselves early in the market (P5). At the same time,
the hydrogen market is widely described as young and immature, which increases
risk and requires actors to be willing to invest under uncertain conditions (All ac-
tors). At this early stage of industry development, there is significant uncertainty
regarding both market development and future demand (P10, P9, 15, D2). This
uncertainty makes it difficult for individual actors to justify investments on their
OWN.

Several stakeholders emphasize that the investment burden becomes particularly
heavy when market actors do not develop in symbiosis across the value chain (D2,
P3, GOV2). Infrastructure and production assets are costly to maintain even when
utilization is low or nonexistent, which further strains project economics in the ab-
sence of solid demand (D2, D4). These challenges are especially pronounced for
start-ups, which face substantial difficulties in establishing entirely new value chains
while simultaneously driving industrial transition (I5).

Despite these barriers, producers actively develop hydrogen solutions both for sec-
tors where demand already exists and for areas where they anticipate significant
future demand growth (P10). The transport sector is an example of this, as both
transport buyers and logistics operators express a willingness to transition, driven
by a clear need for zero-emission mobility solutions (P3, P10).

The market is often described as being locked in a classic "Catch-22" situation,
where producers and consumers wait for each other to take the leap (D2, P4, P1,
GOV2). While both sides are generally willing to transition to hydrogen-based so-
lutions, investment decisions are postponed due to uncertainty about the actions of

others (P4, P1, GOV2, D2).

This dilemma is particularly evident in the transport sector, where a clear Catch-22
exists between freight operators and vehicle manufacturers on the one hand, and re-
fueling companies on the other. Freight operators and vehicle producers are hesitant
to scale up hydrogen vehicle deployments due to the lack of a sufficiently dense re-
fueling infrastructure to ensure operational viability. Importantly, interviewees note
that even if the Swedish hydrogen refueling network were to meet the minimum
requirements set out in the AFIR directive, this would not necessarily be sufficient
to trigger large-scale investment in hydrogen vehicles. At the same time, actors de-
veloping hydrogen refueling infrastructure remain reluctant to expand the network

39



4. Results

beyond minimum levels without a critical mass of hydrogen vehicles on the road, as
increased capacity would otherwise risk being underutilized (D2, D3, D4).

A similar dynamic can also be observed between market actors and policymakers.
Limited or inconsistent policy enforcement reduces the perceived need for consumers,
especially in hard-to-abate sectors, to transition, resulting in weak demand signals
(RES3). This, in turn, discourages producers from investing in supply. When the
policies are finally realized, the lack of transition can be justified by pointing to
insufficient supply from producers, reinforcing the perception of a stalled transi-
tion. This “chicken race” reinforces market inertia, as neither supply nor demand
materializes at scale (RES3). To break out of these lock-in effects and overcome
the prevailing Catch-22 situations, stakeholders highlight the need for clear political
direction and targeted economic support to stimulate coordinated action across the
entire value chain (P4).

4.2.4.2 Coordination and Institutional Alignment

Several actors emphasize that national-level coordination is necessary to initiate
and scale the hydrogen market and ultimately reduce fossil dependency (RES3,
P9). Collaboration and coordination across the value chain are considered partic-
ularly important, as hydrogen development involves multiple interconnected actors
spanning production, infrastructure, and end use (M2, D1, P2).

At the same time, there is also a need for coordination between regulatory frame-
works and permitting authorities to ease the development. Improved alignment and
coordination between authorities are considered necessary to simplify development
processes and reduce administrative complexity (P10).

Local political initiatives are highlighted as important drivers that can accelerate
the development, especially the development of local hydrogen ecosystems within

municipalities, promoting coordination, holistic planning, and alignment between
stakeholders (P6).

Early involvement of authorities and key stakeholders is repeatedly identified as
critical to project success (P10). Early engagement enables smoother permitting
processes and allows risks to be addressed proactively. In addition, several actors
stress that standardized technical solutions can reduce both costs and risks, while
clear dimensioning of projects based on actual demand is essential for maintaining
economic viability (P10).

Examples from industrial clusters illustrate the benefits of coordinated action. In
Stenungsund, for instance, collaboration within the chemical cluster has facilitated
the expansion of electricity capacity, demonstrating how joint efforts can enable in-
frastructure development (I8). At the same time, authorities are described as being
in a learning phase with respect to hydrogen-related processes. While this learning
curve is acknowledged, closer coordination among authorities and with other actors
such as emergency services is seen as desirable to ensure safety and efficiency (P4).
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4.2.4.3 Consumer Commitment and Off-take Dynamics

To address the prevailing “Catch-22” situation in market development, companies
may use non-binding instruments such as Letters of Intent to signal future demand
or supply commitments (GOV2). However, producers highlight that it is challeng-
ing to maintain meaningful dialogue with off-takers when they cannot guarantee a
specific SOP or delivery timeline (P4, P1).

Producers therefore face significant challenges in securing binding long-term con-
tracts, which are widely regarded as necessary for financing and scaling up hydrogen
projects (P7, P8). Matching demand volumes presents another key difficulty. Many
current hydrogen projects operate at pilot or intermediate scale, while potential cus-
tomers, particularly in sectors such as the chemical industry, often require large and
continuous hydrogen volumes. This mismatch makes alignment challenging in early
project phases (P4, P8). Investment contracts are consequently seen as essential for
producers to commit capital and move beyond pilot stages (P7).

In the absence of firm off-take agreements, determining the most suitable design
for hydrogen production becomes difficult. Decisions about production location,
whether it should be closer to the electricity generation or to end users become
difficult. While proximity to electricity generation can reduce power-related costs,
locating production closer to consumers minimizes hydrogen transport requirements,
creating trade-offs that are hard to resolve without confirmed demand (P4).

A fundamental market mismatch is frequently highlighted. End customers tend
to prefer short-term contracts for more flexibility, when producers require long-term
agreements, often up to ten years, to reduce risk and secure financing (P8, ORG1,
D2, P7, D3). The divergence in preferences creates a barrier to market formation.
Publicly owned actors, however, are perceived as more willing to enter into longer-
term contracts due to more predictable and secure market conditions, which can
reduce overall investment risk (M1).

Several potential solutions are proposed. Compromises on contract length between
producers and end users, especially within the transport sector, are seen as neces-
sary to enable progress (P8). In addition, actors call for market mechanisms that
can act as a “shock absorber” between investors seeking long-term price and volume
certainty and customers preferring short-term commitments, thereby reducing over-
all risk exposure (P7, P1, P8). Broad coordination across the market is repeatedly
emphasized, with stakeholders noting that synchronized development is essential to
prevent individual actors from carrying disproportionate risk (D1, P1, P8, I8, I5,
ORG2).

Financial support mechanisms are also viewed as a way to reduce producer risk
and potentially increase their willingness to accept shorter contracts (P8). Con-
cepts such as contracts for difference are discussed as possible tools to guarantee
a certain price level and contract duration for investors. Some actors suggest that
additional mechanisms, such as auctions or other price-stabilizing instruments, may
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be required (P7, P8, ORG1, ORG2). Risk-sharing arrangements in the early devel-
opment phase are considered particularly important (P10, I8, D1).

At the EU level, the European Commission has introduced the Hy Mechanism plat-
form, which enables producers to register hydrogen and raw material volumes and
allows potential buyers to view available supply. This initiative is seen as a step
toward improved market transparency and coordination (P3).

4.2.5 Electricity and Infrastructure

The development of a hydrogen market requires extensive expansion of both hy-
drogen and electricity infrastructure (P10, P9, 18, 15, GOV1, ORG2). Investments
in grid connections, transmission capacity, and storage infrastructure are therefore
considered essential enablers for large-scale hydrogen deployment (P9, P10, GOV1,
I8, D1).

4.2.5.1 Electricity

Hydrogen is widely viewed as a valuable way to utilize surplus electricity from re-
newable energy sources, creating additional system value and flexibility (P4, P3,
P5). Together with eMethanol, hydrogen is also highlighted as an important en-
ergy carrier within energy trading and system balancing contexts (P8). Across the
majority of the interviewed actors, electricity capacity, electricity generation, and
electricity prices are identified as key factors influencing hydrogen development.

Compared to the rest of Europe, Sweden has relatively low electricity prices, which
is considered a potential competitive advantage for hydrogen production, provided
that sufficient grid capacity and supporting infrastructure can be secured (I110).
Within Sweden, electricity prices vary significantly between electricity price areas.
Hydrogen production is considered particularly advantageous in SE1 and SE2, where
prices are generally lowest (P8, ORG2). Conversely, high electricity prices, especially
in SE3 and SE4, are viewed as a barrier to hydrogen investments, making it costly
to establish electrolysis capacity in these regions (I3).

For hydrogen market development to take shape, access to fossil-free electricity at
reasonable and stable prices is repeatedly emphasized as a prerequisite (P9, 110, I8,
GOV2, 13, 19). Several actors stress that stable and affordable access to fossil-free
electricity is one of the most decisive factors for scaling hydrogen production (P9, I3,
I8, 17, 16, GOV2, 110). At the same time, a paradox is noted: electricity prices are
perceived as too high to enable competitive hydrogen production, yet too low to suf-
ficiently incentivize investments in additional electricity generation capacity (RES3).

The energy system is shaped by both electricity capacity (power) and energy vol-
umes (kWh), and stakeholders stress that both dimensions must be addressed in
parallel, as neglecting either would constrain hydrogen development (P3). Chal-
lenges related to accessing fossil-free electricity at the right price and in the right
location are therefore frequently highlighted (P9, 110, I8, GOV2, I3, 19).
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Grid capacity is widely identified as a major bottleneck for hydrogen development.
In several parts of Sweden, limited or lacking transmission infrastructure restricts
where and at what scale hydrogen facilities can be established (P8, 12, P10, P9, I8,
19, RES2, M1). Many actors report insufficient electricity capacity and difficulties
in obtaining grid connections, particularly for large industrial projects (RES1, 12,
16, RES2, RES3, ORG2, M3, P8).

Dialogue with grid operators regarding available capacity is often described as chal-
lenging, with limited transparency during application and permitting processes (P3,
P10, P9). Improved coordination and collaboration with energy suppliers and grid
operators are therefore seen as important enablers for securing electricity capacity
and grid connections (P5, D1). Lengthy grid connection processes are frequently
cited as a major source of project delays, and faster procedures related to grid
investigations and connections are considered important to facilitate industrial es-
tablishments and hydrogen refueling infrastructure (RES2, ORG1, 15, P9, P10, D1).
It is also noted that hydrogen refueling stations have relatively modest power de-

mands, typically around 400 kW, comparable to a single fast charger for passenger
vehicles (D2, D4).

Looking ahead, several actors warn that current and planned electricity production
may be insufficient to support future hydrogen demand, highlighting the need for
continued expansion of fossil-free electricity generation (RES2, RES3, P9, P10, 110,
I8, GOV2). While forecasts indicate increasing electricity production, this expan-
sion is perceived as slower than required (P8). Finally, digital tools such as digital
twins are highlighted as promising instruments to support system optimization and
improve the efficiency and cost-effectiveness of hydrogen production (GOV1).

4.2.5.2 Infrastructure

Hydrogen infrastructure in Sweden is currently limited, which constitutes a signifi-
cant barrier to market development (RES1, ORG1, 17, I5, GOV1, P8). The absence
of gas infrastructure is described as both a driver and a constraint for the hydro-
gen market. The lack of fossil gas pipelines in eastern and northern Sweden, limits
the ability to rely on fossil-based gas and thereby incentivizes investments in green
hydrogen (I2). On the other hand, the absence of gas infrastructure severely limits
access to customers and makes production highly location-dependent, forcing pro-
ducers to increasingly co-locate hydrogen production facilities close to end users (P8,

12, 17, GOV1).

To bypass this co-location constraint, hydrogen transmission infrastructure is crit-
ical. By enabling the transport of hydrogen between regions, such infrastructure
would allow production and consumption to be decoupled, facilitating larger-scale
production, improving system efficiency, and connecting supply with demand more
effectively (P5, P9, 17, D1).

Moreover, hydrogen is difficult and costly to transport, particularly over long dis-
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tances, which further limits flexibility in infrastructure planning and reinforces the
need for localized production (12, P4, I3, M3). Therefore, targeted support for
hydrogen logistics infrastructure is considered necessary to enable early market de-
velopment (P10).

In addition, Sweden has limited options for large-scale hydrogen storage. The ab-
sence of salt caverns, combined with the lack of economic viability for cryogenic
storage and storage in bedrock, poses a structural challenge for long-term and large-
scale storage solutions (GOV1, P5).

4.2.6 Technical Maturity

Technical maturity is identified by the actors as a decisive factor for the development
of a hydrogen economy, particularly as hydrogen is seen as a compliance pathway
for meeting future emission reduction requirements (M2). This is especially relevant
given the scale of transition required across both transport and industrial sectors
(P9, P10, M2, P8), where hydrogen is positioned as an important enabler alongside
other solutions.

Overall, hydrogen technologies are increasingly regarded as sufficiently mature to
be brought to market, and technical readiness is therefore described as a driver for
deployment (P1, P3). At the same time, interviewees highlight that high technology
costs and persistent early-stage operational challenges remain significant obstacles
(I8, D3, RES2, I3, D4, GOV1). In particular, challenges related to scaling are iden-
tified as overarching barriers to widespread implementation.

A recurring theme is that hydrogen is not viewed as a standalone solution, but
rather as one component within a broader portfolio of decarbonization technolo-
gies. Several actors note that direct electrification and battery-based solutions are
insufficient in certain applications due to limitations related to material availabil-
ity, ethical considerations, and technical feasibility (D2, P3, P7, I3, P5, M2). It is
therefore emphasized that not all sectors can be directly electrified, and that these
sectors will require alternative renewable fuels such as hydrogen, e-methanol, or
biogas, with fossil-free production being the primary goal (P7). In this context,
hydrogen is highlighted as particularly important for heavy transport (where elec-
trification has grid and battery limitations), maritime and aviation (which require
high-energy-density solutions, making e-fuels especially relevant (RES3)) and heavy
industry (P6, P3, I7).

4.2.6.1 Technical System Integration

Certain industrial sectors are described as being structurally dependent on hydrogen
or hydrogen-derived fuels. In existing industrial processes, hydrogen is sometimes
produced as a by-product but also serves as a central input that is deeply integrated
into fossil-based production systems (16, I8). Several actors stress that hydrogen is
embedded throughout the entire production process, meaning that changes cannot
be made incrementally without affecting the system as a whole. Instead, transi-

44



4. Results

tioning away from fossil hydrogen often requires a comprehensive redesign of en-
tire facilities, making system integration complex and capital-intensive (I8). In the
cracker process, it is possible to use renewable feedstocks such as bio-based inputs
to a limited extent without major retrofitting. However, actors note that there is
currently no customer willing to pay the resulting cost premium, which constrains
implementation (I8). Instead, CCS is brought up as a more feasible solution, which
is possible to integrate with current systems, as a possible way to fulfill emission
requirements.

In this context, one actor distinguishes between different strategic objectives. Ac-
tors primarily aiming to reduce their carbon footprint may prioritize solutions such
as CCS, whereas actors pursuing true sustainable, fossil-free production are more
likely to rely on green hydrogen produced through electrolysis (110).

Methanol is described as a mature and well-understood molecule, and e-methanol
is highlighted as a relatively accessible entry point into renewable fuels due to es-
tablished handling procedures, existing transport infrastructure, and compatibility
with current engines, with no or minor modifications (P7). However, the production

of e-methanol requires secure access to biogenic CO,, creating an additional system
dependency (P7, P8).

4.2.6.2 Technical Pathways

For companies that already use hydrogen in their industrial processes, primarily
fossil-based hydrogen, additional challenges arise. Industries aiming to reduce their
emissions report that feasibility studies indicate that replacing grey hydrogen with
green hydrogen produced through electrolysis is not economically viable under cur-
rent conditions (I6, I8). Instead, they are exploring alternative decarbonization
pathways, such as increasing the share of renewable feedstock or implementing car-
bon capture utilization and storage. These pathways appear to involve lower in-
vestment costs (16, I10) and can more easily be integrated into existing processes,
making them a more immediate and accessible option compared to integrating hy-
drogen across the entire production system (I8).

The goal of reducing emissions is also reflected in the choice of decarbonization
strategy. One interviewee highlights that actors primarily aiming to comply with
policy requirements are more likely to opt for lower-cost solutions such as CCS,
whereas those pursuing true climate mitigation tend to favor electrolyzers and green
hydrogen instead (110).

With regard to green hydrogen production pathways, two main perspectives emerge
among the interviewed actors, reflecting differing views on the most suitable tech-
nological route. On the one hand, electrolysis is described as the dominant and, in
many cases, most realistic pathway for new hydrogen production in Sweden. Several
actors highlight that the market currently appears more ready for electrolysis, and
that any new production facilities are expected to be based on fossil-free pathways
rather than fossil alternatives (P9, 110). From this perspective, electrolysis is con-
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sidered the most viable option, particularly given concerns that biomass resources
may not be available in sufficient volumes to support large-scale hydrogen produc-
tion (110).

On the other hand, some actors emphasize the limitations and risks associated with
an exclusive focus on electrolysis. These include unresolved challenges related to
technological maturity, high electricity demand, and cost, as well as the risk of
technological lock-in (I4). From this viewpoint, biomass-based hydrogen production
through gasification is presented as a promising complementary pathway (14). This
pathway is highlighted for its potential advantages in terms of cost and energy ef-
ficiency, particularly through the utilization of residual biomass (GROT), which is
described as a substantial untapped energy resource. Furthermore, it is character-
ized as potentially carbon-negative, less electricity-intensive than electrolysis, and
capable of contributing additional value by integrating carbon into downstream in-
dustrial processes (I4). The Nordic region is also considered particularly well-suited
for such pathways due to favorable access to biomass resources, energy availability,
and industrial competence (14).

Taken together, these perspectives illustrate a tension between a dominant pathway
centered on electrolysis and a more diversified approach that incorporates alterna-
tive technologies. While electrolysis is widely regarded as the most immediately de-
ployable option, actors caution that neglecting complementary pathways may limit
long-term system efficiency.

4.2.6.3 Technical Difficulties

Several technical challenges related to hydrogen infrastructure and deployment are
covered in the interviews. For hydrogen refueling stations operating at 700 bar,
cooling requirements are described as particularly complex (D2, D4). During refu-
eling, hydrogen heats up as it flows, requiring rapid cooling, often to temperatures
around -40°C, to avoid damage to vehicle tanks. This places high demands on both
hardware and control systems, as cooling systems must be able to activate instantly
without operating continuously due to high electricity consumption and associated
costs (D2). Testing and optimization of such equipment is further complicated by

the limited number of current vehicles, which restricts opportunities for operational
learning (D4).

Beyond infrastructure, actors also point to significant technical challenges in scaling
up electrolyzers (I3, RES3, P4). Large-scale deployment has not previously been
achieved, and several respondents emphasize the importance of collaboration to
overcome these challenges (RES3, P4). Supplier-side constraints are also reported,
with increased demand driven by support schemes and investment programs leading
to longer delivery times for key technologies (D3, D2, P5, P10).

Finally, several actors stress the need for more reliable and cost-effective electroly-

sis technologies (I110). The establishment of production facilities on a large scale is
considered essential for driving down electrolyzer costs over time (GOV2). In par-
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allel, there is also a call for further research and development in hydrogen storage
technologies to reduce storage costs and improve overall system efficiency (P9).

4.2.7 Competences and Standardizations

Sufficient competences and standardization is important for the development of a
hydrogen economy, largely due to the inherent complexity of hydrogen systems and
value chains. The hydrogen system is described by the interviewees as large and
highly complex, involving interconnected value chains and a high technical level
that requires detailed understanding in order to grasp the system as a whole. This
includes knowledge across customers, technology, permitting, contracts, energy pro-
duction, transport, policy coordination, business models, and industrial symbiosis
concepts (P3, P9, ORG2, RES3). It is emphasized that a strong system-level com-
petence in hydrogen is needed to support development (ORG2, RES3, M1), and
that significant information and expertise are required simply to initiate projects.
A key lesson is therefore that all processes tend to take more time than anticipated.

A broader challenge is the limited level of hydrogen-related competence and ex-
perience in Sweden (P2, 12, D3, P1, P5). This includes both technical and practical
experience in integrating hydrogen systems. In this context, one actor highlights that
there are advantages to making projects as standardized and similar as possible, as
this can facilitate learning curves, improve coordination, and enhance efficiency in
operations and maintenance. It is also noted that standardization can help align
project scale with available grid capacity and infrastructure constraints (P8).

Beyond technical competence, societal understanding and perception also play an
important role. From a regulatory and institutional perspective, there is a strong
need for coordinated frameworks governing hydrogen handling, particularly regard-
ing safety measures and operational standards (P5). Concerns about safety among
the general public are highlighted as a relevant factor (D3, M1), and the way hy-
drogen is discussed in media narratives can significantly influence acceptance and
development trajectories (M2, 12). Understanding of safety requirements related to
gas handling is also very important (I12). Safety is emphasized as a particularly im-
portant dimension given that hydrogen remains a relatively young industry, which
is highly sensitive to societal trust and discourse. Negative media attention, for
example in the event of accidents, is seen as having the potential to significantly
impact the sector (12).

The interviewees call for coordination of national competence, regulations, guide-
lines, and standards across the system (P3, P2, ORG2, P5, P10, D4). At the same
time, progress is being made through collaborative efforts, for example in the devel-
opment of standardized procedures for hydrogen permitting processes in cooperation
with Energigas and the Swedish civil defense and resilience agency, as well as the
development of standardized guidelines for hydrogen refueling station design (P3).
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4.3 Scenario Analysis Outcomes

In this chapter, the analysis focuses only on projects that aim to produce hydro-
gen. Identified projects that exclusively focus on consumption or transmission are
excluded, as demand volumes and off-take structures remain too uncertain at this
stage to be meaningfully quantified. In total, 47 production projects are assessed.

The future conditions explored in this chapter are structured around three SSP
narratives. These narratives define the broader global context in which hydrogen
development takes place, shaping the policy environment, technological progress,
economic conditions, and the overall pace at which projects can move toward real-
ization.

Based on the interview responses, the following four factors were selected as quantifi-
able decisive factors for realization: Project status, Electricity bidding zone,
Securement of public funding and Sector readiness.

4.3.1 Factor Analysis

Each project is evaluated across the four key factors to assess the probability of
project realization.

4.3.1.1 Scenario Case 1: SSP2 - Middle of the Road

This scenario represents a continuation of current trends, where no major structural
shifts occur. The following section outlines how key factors influence project real-
ization under these conditions.

Status: Status is, in this case, the strongest predictor of realization. With no
major policy push or rapid technological leap, projects that are already mature con-
tinue to dominate the probability distribution. Early-stage projects struggle to gain
momentum, not because of new obstacles, but because the system does not change
fast enough to reduce their risks.

Public funding: Public funding is important for hydrogen projects, although they
can come in late in the project development. Therefore this gets a lower weight
amongst the factors. Public funding remains selective and constrained. SSP2 does
not introduce new large-scale hydrogen support schemes, nor does it remove existing
ones. Instead, funding availability mirrors today’s landscape: competitive, targeted,
and often insufficient for large CAPEX-heavy projects.

Bidding zones: Electricity price differences and grid constraints are influencial fac-
tors connected to bidding zones. SSP2 assumes slow grid expansion and persistent
bottlenecks, meaning that bidding zones continue to shape project competitiveness
in much the same way as today.

Based on electricity prices and available net transmission capacity, SE1 and SE2 are
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considered equally favorable bidding zones, followed by SE3 and then SE4. Large-
scale projects are assigned a lower score for this factor than small-scale projects,
reflecting the greater difficulty of accessing large volumes of net capacity. Projects
that rely on alternative production pathways than electrolysis, or that have dedi-
cated on-site electricity generation, are assumed to be independent of bidding zone
constraints and therefore receive full scores in this category.

Sector: Sectoral readiness and policy direction continue to matter. In SSP2, indus-
trial hydrogen use is assumed to grow gradually, driven by EU-level commitments
and existing decarbonization plans. Other sectors: transport, maritime, aviation
expand more slowly due to cost barriers and limited policy pressure.

Weight distribution:
Bidding zone: 20%
Status: 35%

Public funding: 20%
Sector: 25%

4.3.1.2 Scenario Case 2: SSP1 - Sustainability Future

This scenario reflects a highly supportive policy and market environment, where
strong climate ambition and coordinated action accelerate the development of the
hydrogen sector. The following are the production outcomes given SSP 1 conditions.

Bidding Zone: In SSP1, differences between bidding zones lose much of their sig-
nificance. Rapid expansion of renewable generation, accelerated grid investments,
and politically driven efforts to remove bottlenecks reduce regional price disparities.
As a result, electricity becomes more accessible and predictable across the country.
This creates a strongly positive effect on project probability.

Status: Project status also benefits from the SSP1 environment. Faster permitting
processes, greater availability of capital, and strong market demand shorten devel-
opment timelines and reduce uncertainty.

Public funding: Public funding becomes highly favorable. Ambitious climate
goals, long-term policy stability, and EU-wide harmonization lead to generous and
predictable support schemes. Both CAPEX and OPEX instruments are strength-
ened, and financing risks decrease substantially. This factor therefore contributes
to a very strong positive adjustment, reflecting that SSP1 is a world where public
institutions actively enable hydrogen investments.

Sector: Sector readiness improves significantly. Climate policy is prioritized, and
industry is steered decisively toward hydrogen adoption. Hard-to-abate sectors re-
ceive strong regulatory and financial support, and cross-sector coordination accel-
erates the shift away from fossil fuels. This creates a very strong positive effect on
project probability.
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Based on these assumptions, all factors were deemed to experience a positive ef-
fect under the SSP1 scenario. Each factor was therefore adjusted upward on the
scoring scale, with the magnitude of the increase depending on how strongly the fac-
tor is expected to benefit from the improved system conditions. Electricity bidding
zones, public funding, and sector readiness receive the largest positive adjustments,
while project status is also positively affected, although to a lesser extent. The
relative weighting of the factors remains unchanged, as the scenario influences all
factors without altering their underlying importance.

Overall, these adjustments resulted in a total increase of +23% for each project
probability compared to SSP2.

Taken together, these conditions create a world with minimal structural barriers,
where the broader system actively helps projects move forward. Because the sce-
nario improves the environment for all projects rather than changing the relative
importance of individual factors, the factor weights remain unchanged.

Weight distribution:
Bidding zone: 20%
Status: 35%

Public funding: 20%
Sector: 25%

4.3.1.3 Scenario Case 3: SSP3 - Regional Rivalry Future

In this section presents the outcomes given a scenario which represents a fragmented
and constrained development pathway, where economic and geopolitical challenges
limit the expansion of hydrogen projects.

Bidding zones: Slow grid expansion combined with increasing market fragmen-
tation makes bidding zones highly binding constraints. Political decision-making
becomes more locally focused and less coordinated at the European level, reinforc-
ing regional price differences and transmission bottlenecks. Hydrogen production in
southern Sweden (SE3 and SE4) is particularly negatively affected due to structural
grid constraints and higher electricity prices. Project location is therefore makes a
big difference in project realization and this factor is weighted of high importance.

Public funding: Overall budget constraints significantly limit the scope of public
support, which is assumed to be largely restricted to mandatory or security-critical
investments. Funding for climate innovation is largely withdrawn, while reduced
EU coordination results in fewer European support mechanisms. Projects linked to
energy security and resilience, such as hydrogen storage or emergency production ca-
pacity, remain more likely to receive public funding. Given the anticipated scarcity
of future funding availability, having already secured financial support becomes a
key determinant toward project realization, and this factor is therefore assigned high
importance.
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Status: Project development timelines lengthen as capital scarcity constrains in-
vestment capacity. Limited access to financing, combined with higher capital costs,
slows down the maturation of new projects. In parallel, the import of critical tech-
nologies and equipment becomes more expensive and logistically challenging, further
increasing project risk. Permitting and approval processes are increasingly politi-
cized, creating regulatory uncertainty and prolonging decision-making. Under these
conditions, only projects that demonstrate a clear and direct societal benefit, most
notably contributions to security of supply or strategic autonomy, are prioritized by
policymakers and authorities.

Sector: Reduced harmonization at the EU level leads to weaker regulatory pres-
sure from European institutions. This results in a more fragmented policy landscape,
with greater reliance on national frameworks and fewer common standards guiding
sector development.

Based on the SSP3 assumptions, factor values were adjusted relative to SSP2 to
reflect a less favorable system environment. Electricity bidding zone conditions and
sector readiness display strongly negative shifts, while project status remains broadly
unchanged, though constrained by the SSP3 context. With respect to public fund-
ing, reduced funding availability is assumed to affect project scale and scope more
than the probability of project realization within the funding factor itself.

Overall, these adjustments result in a uniform decrease of -24% in project prob-
abilities compared to SSP2.

Weight distribution:
Bidding zone: 25%
Status: 25%

Public funding: 30%
Sector: 20%

4.3.2 Timeline

Figure 4.2 illustrates the projected development of hydrogen production capacity
over time under the SSP2 (Business as Usual), SSP1 (Sustainability), and SSP3
(Regional Rivalry) scenarios. The projects are categorized according to their proba-
bility of realization (low, medium, high), based on the factors evaluated in the factor
analysis (see Chapter 4.3.1).
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Figure 4.2: Hydrogen production capacity over time, sorted by probability, across
different surrounding environments. From left to right, the panels show SSP2, SSP1,
and SSP3.

The total estimated hydrogen production capacity reaches approximately approxi-
mately 660,000 tonnes of Hy per year, assuming that all probability categories are
included and that all projects planned for 2030 and beyond are realized. However,
this figure should be interpreted as an upper-bound estimate rather than a guaran-
teed outcome, as it includes projects with varying likelihoods of realization. Notably,
the total remains the same across all scenarios when considering all probability cat-
egories.

Focusing only on the most probable (“green”) projects under each set of surrounding
conditions, SSP2 is estimated to reach approximately 100,000 tonnes of Hy per year
by 2030. Under SSP1, where structural barriers are reduced and a broader set of
projects can progress, the distribution reflects a significantly more favorable system
environment, resulting in an estimated capacity of around 320,000 tonnes of Hy per
year by 2030.

In contrast, SSP3 the total projected capacity is substantially lower, and the growth
trajectory remains relatively flat, indicating delayed or canceled project develop-
ment. This reflects the persistence of structural barriers such as constrained public
funding, weak policy support, and limited electricity infrastructure capacity. As a
result, only projects that are already operational are expected to remain in operation
by 2030. The estimated hydrogen production from the most probable projects in
2030 is approximately 5,000 tonnes of Hy per year, indicating a highly constrained
development pathway.

4.3.3 Monte Carlo Simulation

To account for uncertainty in project realization, a Monte Carlo simulation was
conducted based on the assigned probabilities for each project. The results are
presented in Figure 4.3 as a probability distribution of the total number of projects
realized. The distribution follows an approximately normal shape, indicating that
most outcomes cluster around a central value, with fewer extreme scenarios.
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Figure 4.3: Normal distribution curve of number of projects realized. From left to

right, the panels show SSP2, SSP1, and SSP3.

For SSP 2, the mean number of realized projects is approximately 31, which can
be interpreted as the most likely outcome under SSP2 conditions. Under SSP1, the
increased project probabilities raise the expected realization rate, resulting in a most
likely outcome of about 38 projects. When incorporating the reduced probabilities
that reflects the constrained system environment SSP3, the mean number of realized

projects decreases to approximately 23.
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Methodology Consideration

This chapter reflects on the methodological choices made in the study and discusses
how these may have influenced the results. Particular attention is given to potential
sources of uncertainty and bias, as well as to explaining why the findings appear as
they do in relation to the current state of the hydrogen market.

5.1 Choice of Stakeholder Interactions

One important limitation of the stakeholder mapping is the under-representation
of end users or pure consumers of hydrogen. This can largely be explained by
the current stage of market development. The hydrogen market, particularly in
the Swedish context, is still emerging and has not yet reached a level of maturity
where demand is clearly defined across sectors. As a result, many potential future
consumers may not yet identify themselves as hydrogen users, or may not have
evaluated hydrogen as a viable alternative. Consequently, such actors are difficult
to identify and include in the mapping process, which may lead to an incomplete
representation of future demand. This reflects a broader structural characteristic of
early-stage markets, where supply-side actors are more visible and established than
demand-side actors.

5.2 Data Collection

The interpretation of the interview results should also be considered in light of inher-
ent uncertainties in qualitative data collection. During interviews, participants may
not explicitly address all relevant drivers, barriers, or perspectives, either because
certain aspects are perceived as self-evident or because the conversation naturally
shifts focus toward specific topics. In some cases, interviewees may also not reflect
on particular issues in the moment, even though they might have agreed with them
if they had been explicitly raised. As a result, the findings reflect the themes that
emerged within the context of each interview rather than a complete representation
of each actor’s perspective.

Furthermore, the interviews were not conducted in a fully standardized way. Due
to practical constraints, it was not always possible to arrange the same type of in-
teraction with all stakeholders. As a result, the format, duration, and focus of the
interviews varied. In some cases, time limitations meant that not all questions were
covered, while in others the discussion focused more narrowly on specific aspects of
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the actor’s role. Consequently, not all stakeholders were asked identical questions
and were not given the opportunity to comment on all topics.

It is important to note that the data collection was conducted during the early
stages of the project, specifically between February and April 2026. The hydrogen
sector is currently undergoing rapid development, and significant changes may occur
within short timeframes. Consequently, the findings presented in this study reflect
the state of the market during this specific period. Developments occurring after
the data collection phase, such as changes in policy, market conditions, or the fi-
nancial status of key actors, including recent bankruptcy filings, may not be fully
captured in the analysis. This should be considered when interpreting the relevance
and timeliness of the results.

5.3 Interview Responses

Interpretation of the interview responses was also influenced by analytical choices
made during synthesis of the findings. In particular, emphasis was placed on drivers
and barriers that were raised by multiple interviewees and that could be considered
relevant across several actors in the hydrogen market. This approach was adopted
to identify patterns and systemic challenges rather than company-specific circum-
stances. Therefore, barriers or perspectives that appeared to be unique to a single
actor or organization may be underrepresented in the results. While this enhances
the generalization of the findings, it may also introduce a bias toward more frequently
mentioned themes, which should be taken into account when interpreting the results.

Taken together, these factors imply that certain statements presented in the results
may be supported by more stakeholders than explicitly indicated. Some perspec-
tives may not have been captured simply because they were not discussed during
the interview process, rather than because stakeholders disagreed with them. This
should be considered when interpreting the breadth and representativeness of the
findings.

5.4 Scenario Analysis

The scenario analysis conducted in this study should be understood primarily as an
exploratory tool rather than a predictive model. The scenarios are not intended to
forecast the future development of the hydrogen market, but rather to provide an
approximate indication of how market conditions may evolve under different high-
level assumptions. By structuring uncertainty into distinct scenarios, the analysis
aims to support comparison between alternative development paths.

A key source of uncertainty in the scenario analysis lies in the translation of qual-
itative insights into quantitative inputs. The probability scores and weighting of
factors are inherently subjective and were constructed based on interview insights
and synthesis of stakeholder perspectives. While these estimates are grounded in
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empirical input, they remain informed judgments rather than empirically measur-
able quantities. This reflects a broader methodological challenge in scenario analysis,
where qualitative narratives must often be operationalized into simplified numerical
representations. The chosen scale and weighting system were specifically designed
for this study and should therefore be interpreted as approximate and indicative
rather than precise.

Furthermore, the relative differences between the scenarios, particularly between
SSP1 and SSP3 compared to the baseline SSP2,; are difficult to estimate with a
high degree of confidence. While it is possible to identify which factors are likely to
be more positively or negatively affected under different socio-economic pathways,
assessing the magnitude of these differences is more challenging. For example, im-
proved policy support or technological learning in one scenario may clearly influence
hydrogen market development, but determining whether this effect is marginally or
significantly stronger than in another scenario is subject to considerable uncertainty.
As a result, the scenario outcomes should be interpreted in terms of relative direc-
tion and sensitivity rather than exact quantitative deviation.

Another limitation is that the scenarios necessarily simplify complex, interdependent
dynamics within the hydrogen market. Interactions between policy, infrastructure
development, technological maturity, and demand evolution are treated as separa-
ble factors, even though in practice they influence each other in non-linear ways.
This simplification is common in scenario-based methodologies but may lead to an
underrepresentation of feedback effects and tipping points that could accelerate or
delay market realization.
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Analysis

This chapter synthesizes the key findings of the study through a combination of
quantitative insights derived from the scenario analysis and qualitative interpreta-
tions based on interview findings and project mapping.

6.1 Hydrogen Production Towards 2030

The current development of green hydrogen production in Sweden can be character-
ized as expanding but structurally heterogeneous, reflecting an early-stage market
with a wide range of actors and project types. Importantly, the project mapping
evolved over the course of the study, as projects were both added and withdrawn,
illustrating the fluid nature of investment decisions in this emerging market. This
highlights the dynamic and uncertain nature of the hydrogen market, where stake-
holder positions and project feasibility can change rapidly.

The mapped hydrogen production landscape in Sweden towards 2030 reveals a sys-
tem characterized by both diversity and fragmentation. This diversity indicates
a system in an early formative phase, where multiple technological pathways and
business models are being explored in parallel.

A key observation is the significant variation in project size. While a few large-
scale industrial projects dominate in terms of potential output, a substantial share
of projects remain small to medium in size. This heterogeneity makes direct com-
parison between projects challenging, as they differ in maturity, scale, and purpose.
Smaller projects are generally easier to realize due to lower capital requirements and
fewer infrastructure dependencies, whereas large-scale projects represent transfor-
mative system investments associated with considerably higher risk.

From a system perspective, this project mix creates both resilience and uncertainty.
Diversification across project types and scales enhances robustness in early market
development, but the absence of standardization and large-scale deployment limits
system-wide efficiency.

Importantly, large industrial projects function as system anchors: if realized, they
enable stepwise increases in production capacity; if delayed or canceled, they signif-
icantly reduce the expected total output. As a result, market development is not
incremental, but characterized by non-linear dynamics tied to individual investment
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decisions. The successful realization of such large-scale projects would demonstrate
the feasibility of green hydrogen production and use at industrial scale, providing a
strong signal for further market expansion.

The geographical distribution of projects further reflects underlying system con-
ditions. Smaller projects, particularly within transport and mobility applications,
are often located close to major road corridors, particularly in the south of Sweden.
In contrast, larger production projects tend to cluster within established industrial
regions, notably along the coast of northern Sweden. These locations benefit from
proximity to industrial demand, access to electricity, and, in some cases, existing
infrastructure and logistical advantages.

This spatial pattern suggests that hydrogen production does not emerge indepen-
dently, but is embedded within existing energy and industrial systems. While such
clustering may support efficient early deployment, it also implies potential regional
imbalances if grid capacity and supporting infrastructure do not expand in parallel.
Regions facing higher electricity prices or limited grid access risk falling behind,
reinforcing unequal market development.

6.1.1 Hydrogen Production Levels

Based on the projects identified within the scope of this study, the total potential
hydrogen production capacity in Sweden is approximately 660,000 tonnes of Hy per
year. Importantly, this production level should not be interpreted as a guaranteed
outcome, but rather as a conditional upper-bound dependent on project realization.
The scope of this study extends to “2030 and beyond”, meaning that several of the
mapped projects are unlikely to be fully realized before 2030. Many early-stage
projects have long development timelines, and their expected start of production
may likely occur after 2030. Consequently, the comparison implicitly assumes full
project realization within the given time frame, an optimistic and unlikely assump-
tion.

This estimated production level assumes ideal conditions. In practice, delays, can-
cellations, and extended timelines are likely to reduce the actual production capacity
achieved by 2030. Also, achieving this theoretical level of production is highly de-
pendent on the realization of a limited number of large-scale projects, indicating a
strong concentration risk in the projected output.

This sensitivity becomes particularly evident when considering only projects clas-
sified as most probable (Green), the resulting production capacity then decreases
significantly to 107,000 tonnes of Hy per year.

These findings indicate that Swedish hydrogen actors are making measurable progress.
However, when comparing the aggregated production capacity identified in this
study with the targets and strategies observed in other Nordic countries, a clear
gap becomes evident. Under current conditions, the Swedish project pipeline ap-
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pears insufficient to reach similar levels by 2030. Consequently, Sweden is at risk of
falling behind in the Nordic context.

6.2 Demand and Sectoral Development

Hydrogen demand in Sweden is currently heterogeneous across sectors and relatively
immature. As a result, demand is often uncertain, fragmented, and not yet formal-
ized through binding off-take agreements. Many investments are therefore based
on expectations of future market development rather than established demand. At
the same time, it is reasonable to assume that demand will increase in parallel with
expanding hydrogen production.

The industrial sector, for example steel and fertilizer production, represents the
most structured and high-volume demand potential. These sectors are relatively
more mature due to existing hydrogen use and clear decarbonization pathways, but
demand remains highly dependent on economic conditions and policy incentives.
Their demand is often linked to large-scale projects, reinforcing the importance
of integrated production-consumption systems where supply and demand are co-
developed.

Similarly, the refinery and chemical industries also already rely on hydrogen as an
input, but switching to green hydrogen is not economically viable today. In partic-
ular, existing carbon pricing mechanisms, such as the EU ETS, do not yet provide
sufficient incentives to justify the higher cost of green hydrogen. For the chemical
sector, additional challenges arise from policy gaps such as the limited scope of the
CBAM, which does not fully cover products like plastics. As a result, there is limited
economic incentive for emission reductions in these segments. This highlights the
importance of well-designed policy frameworks that both strengthen incentives and
prevent carbon leakage in international markets.

The aviation and maritime sectors are also identified as important long-term de-
mand drivers, although their development is strongly policy-dependent. Demand
in these sectors depends heavily on regulatory instruments such as fuel mandates
and sustainability requirements. Without clear and stringent policy enforcement,
demand risks remaining limited despite technological potential.

The road transport sector emerges as one of the most frequently discussed sec-
tors. Even in projects where it is not considered the primary off-take sector, it is
often described as a “fallback” option due to the market’s flexible demand. Several
hydrogen producers highlight that, in the absence of secured off-take agreements,
hydrogen can be redirected to the transport sector as an alternative outlet. This
suggests that demand in this segment is not always project-defining, but can func-
tion as a residual or balancing market if primary demand does not materialize.

Smaller-scale applications, such as local energy systems, represent a different type
of demand. These applications are typically easier to implement but have a more
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limited impact on overall market volumes. At the municipal level, hydrogen is in-
creasingly considered as part of integrated energy systems, where it can serve multi-
ple functions, including energy storage, backup power, and sector coupling between
electricity, heating, and transport. For municipalities pursuing hydrogen solutions,
system integration and coordination across applications are critical to achieving ef-
ficiency gains and enhancing energy system resilience.

The emission reduction potential associated with hydrogen use also varies signif-
icantly between sectors. Industrial applications, particularly within steel, chemical,
and fertilizer production, represent the largest potential for absolute emission re-
ductions due to their high fossil fuel consumption and large hydrogen volumes. As
a result, these sectors are likely to have the greatest systemic impact if green hydro-
gen is successfully implemented at scale. In contrast, road transport applications
generally involve smaller hydrogen volumes and therefore lower total emission re-
duction potential, but they offer greater modularity and flexibility, enabling faster
implementation and earlier market development. Aviation and maritime transport
also present considerable long-term decarbonization potential, particularly in seg-
ments where direct electrification is difficult, although realizing this potential will
require substantial technological development, infrastructure expansion, and sup-
portive regulatory frameworks.

Overall, hydrogen demand is closely linked to policy frameworks, sector-specific
conditions, and the ability to coordinate actors across the value chain. Demand
is not absent, but rather fragmented, uncertain, and highly dependent on effective
coordination mechanisms and policy support.

6.3 Key Factors for Market Development:
Drivers and Barriers

The results from the 34 interviews and the reviewed literature show that the devel-
opment of a Swedish hydrogen market is influenced by a combination of strongly
interrelated structural conditions related to governance, infrastructure, cost struc-
tures, and demand formation. Market development is therefore not limited by a
lack of ambition or technological feasibility, but by difficulties in coordinating par-
allel progress across the system.

External conditions play a decisive role in shaping market dynamics. Geopoliti-
cal uncertainty and adverse macroeconomic conditions increase investment risk and
weaken firms’ willingness to commit capital to long-term, capital-intensive hydrogen
projects. During economic downturns, hydrogen investments are often deprioritized
in favor of lower-risk alternatives, reinforcing delays in market formation.

Hydrogen market development is strongly dependent on clear, stable, and coor-

dinated political direction. Stakeholders emphasize that long-term policy frame-
works, binding regulatory requirements, and well-designed support mechanisms are
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essential to create investment security and stimulate demand. EU-level regulation
currently plays a central role by shaping incentives and reducing uncertainty, as the
market is not yet self-propelling.

At the national level, the absence of a coherent hydrogen strategy in Sweden is
identified as a key barrier, particularly in relation to infrastructure planning and
long-term investment conditions. In this context, policy consistency and credible
long-term commitments are critical for building investment confidence. Binding in-
struments such as quotas, mandates, and guaranteed demand mechanisms are seen
as decisive, as they create stable demand signals and enable coordinated investments
across the value chain.

Economic conditions constitute another major constraint. High production costs,
expensive electrolyzer technologies, long payback periods, and uncertain future de-
mand limit the financial viability of projects. Stakeholders highlight that green
hydrogen is still not competitive with fossil-based alternatives or other decarboniza-
tion pathways. Therefore, demand-side incentives and OPEX support are critical in
early market phases, as capital subsidies alone are insufficient.

These economic challenges form part of a broader system-level dynamic. High costs
suppress demand, resulting in low utilization rates of infrastructure and production
assets, which in turn further increases unit costs. This dynamic suggests that the
economic barrier is not static, but self-reinforcing, creating a lock-in where both
producers and consumers hesitate to commit.

Infrastructure emerges as a central bottleneck, as constraints related to electricity
availability, especially grid capacity and connection timelines, limit the feasibility
of hydrogen production. Moreover, transport, storage, and refueling infrastructure
play a key role in enabling system expansion and demand growth, particularly in
road transport, where actors view current refueling requirements as insufficiently
dense.

At the core of these issues lies a persistent coordination problem between supply
and demand. Producers are reluctant to invest without secure off-take agreements,
while potential consumers hesitate due to uncertain supply and pricing. This in-
terdependence is reinforced by mismatches in contract preferences, where producers
favor long-term agreements and consumers prefer shorter commitments. The result
is a “Catch-22” situation across the value chain, where producers, infrastructure
providers, and end users wait for each other before acting.

This lack of synchronized development increases investment risk and slows mar-
ket formation. Off-take agreements, risk-sharing mechanisms, and stronger policy-
driven demand are therefore identified as critical tools for overcoming these barriers
and enabling market maturation. At present, the market remains immature, char-
acterized by uncertainty regarding future demand, volumes, and timing.
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6.3.1 Political Governance and Policy instruments

Political governance plays a central role in shaping the hydrogen market. Many
stakeholders identify fossil-based alternatives as one of the main barriers to hydro-
gen deployment, primarily due to their cost competitiveness and established infras-
tructure. However, this perspective must be nuanced. There is a broad political
consensus, both nationally and internationally, to phase out fossil fuels, as reflected
in agreements such as the Paris Agreement. This suggests that fossil competition
is not a static barrier but a transitional one. Over time, policy instruments such as
carbon pricing, regulatory mandates, and subsidies are expected to shift the compet-
itive balance. The key challenge is therefore not the existence of fossil alternatives,
but the speed and consistency of policy implementation. Uncertainty regarding fu-
ture regulation creates hesitation among investors and slows down decision-making
processes.

Still, the challenge of getting sufficient policy regulations in place for deployment
of green hydrogen is identified as a key decisive factor, indicating that there is a
notable gap between EU-level ambitions and national-level implementation. While
the European Union has established ambitious targets and regulatory frameworks to
accelerate hydrogen deployment, their translation into concrete national measures
remains uneven. This creates friction in market development, as actors must navi-
gate differing timelines, support schemes, and regulatory clarity across governance
levels. In the Swedish context, this gap is further reinforced by the absence of a fully
coherent and comprehensive national hydrogen strategy. Such a strategy would be
essential not only for aligning national actions with EU ambitions, but also for en-
suring that policy measures effectively stimulate demand and enable coordinated
infrastructure and market development.

6.3.2 Public Support

The hydrogen market remains in a formative phase, which means that its devel-
opment is highly sensitive to external conditions and continued policy support. In
this context, public support plays a systemic role by reducing risk and enabling
coordination in a market that is not yet commercially self-sustaining. Long-term
support frameworks at both the EU and national levels therefore function not only
as financial instruments, but as signals of political commitment and risk-sharing.

A key analytical insight is that support mechanisms focusing solely on investments
are insufficient. Hydrogen projects are characterized by high capital expenditure
and long payback periods, with investment risk concentrated at early project stages.
While CAPEX support can lower entry barriers, it does not address the operational
risks that come with underutilization. Actors therefore emphasize the importance
of OPEX support before sufficient demand materialize, which can help bridge the
gap between production and consumption and reduce the risk of underutilized in-
frastructure and assets.

From a system perspective, shifting parts of public support further down the value
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chain is critical for market formation. Incentives targeting end users and hydrogen
consumption can stimulate demand and improve project success, complementing
production-side support.

At the same time, several actors point to limitations in existing support schemes,
which are often described as rigid and narrowly designed. For example, funding
programs have in some cases been tied to specific locations, reducing flexibility and
preventing project adaptation when physical or system constraints emerge. This
highlights the need not only for continued support, but for support mechanisms
that are sufficiently adaptive to evolving system conditions.

6.3.3 Market Formation

To accelerate the development of the hydrogen market, certain key projects play
a particularly important role. Large-scale initiatives such as Stegra and HYBRIT
represent a substantial share of the planned hydrogen production capacity. As such,
their successful implementation would demonstrate the feasibility of large-scale elec-
trolyzer deployment. This could serve as a proof of concept and reduce perceived
risks for subsequent projects.

If these projects are successfully realized and operate as intended, they may con-
tribute to technological learning and cost reductions over time. As first-of-a-kind
installations, they are associated with high initial costs; however, accumulated ex-
perience and increased deployment are expected to improve efficiency and reduce
costs. This learning process could incentivize further investments in hydrogen pro-
duction, potentially generating a positive feedback loop. In such a development, the
market may transition into a new phase of the S-curve, not by supply expansion,
but by technological maturity and increased confidence among market actors.

Notably, these industrial large-scale projects often have integrated systems, mean-
ing that hydrogen production is directly linked to internal consumption. While this
reduces project risk and facilitates investment decisions, it limits the amount of hy-
drogen exposed to an open market. As a result, the broader development of a supply
market may remain constrained, despite increasing production capacity.

To address this limitation, an alternative model could be considered. Integrated pro-
ducers could allocate a share of their production capacity to external sales, thereby
contributing to the emergence of a functioning supply market. Since these actors al-
ready have established production systems and internal demand, the additional risk
of producing surplus hydrogen is lower compared to standalone production projects.
Excess production capacity could be utilized flexibly, either through long-term con-
tracts or on-demand supply, depending on market conditions.

Such an approach may improve the overall market dynamic by gradually intro-

ducing larger volumes of hydrogen supply into circulation. Selling even a relatively
small share of output could have a meaningful impact if originating from large in-
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dustrial facilities. These actors, with large production volumes, may also contribute
to reducing unit costs through economies of scale affecting OPEX. Lower hydrogen
prices would improve the business case for downstream applications and stimulate
demand, further reinforcing market development.

This surplus of hydrogen could be supplied to the open market at competitive prices,
while simultaneously providing an additional revenue stream for producers. It may
also support further decarbonization within these industries, particularly in their
transport and logistics operations. Given the scale of industrial transport activities,
such hydrogen volumes could contribute to emission reductions, especially within
the heavy transport sector.

However, the realization of this pathway is highly dependent on the successful im-
plementation of the initial large-scale projects. If such projects are delayed or fail to
materialize, there is a significant risk that the overall development of the hydrogen
market will be slowed. In such a scenario, fewer investments may be undertaken,
limiting both technological progress and market expansion.

It should also be noted that expectations of declining costs over time are not un-
problematic. Limited cost reductions in electrolyzers challenge the assumption of a
straightforward learning curve. This suggests that external factors such as supply
chain constraints, material availability, and broader macroeconomic conditions may;,
at least temporarily, outweigh the effects of technological learning. Consequently,
cost development must also be viewed in relation to evolving market conditions.

6.3.4 Technical Maturity

While hydrogen technologies are generally mature at the component level, their in-
tegration into industrial processes remains a key challenge. Large-scale deployment
therefore requires coordination across production, storage, transport, and end-use
applications.

Issues related to competences and standardization were not identified as critical
barriers in the current stage of market development. However, this may be partly
explained by the limited extent of large-scale deployment to date. As the hydrogen
market expands, the need for new competences, particularly related to system inte-
gration, scaling of production, and cross-sector collaboration, is expected to increase.
In this context, standardization can play a key role by reducing costs, mitigating
risks, and simplifying permitting processes, thereby facilitating more rapid deploy-
ment.

Furthermore, the results indicate a degree of tension regarding technological path-
ways. While electrolysis emerges as the dominant and most widely supported hy-
drogen production method, particularly due to its compatibility with renewable
electricity and alignment with EU policy frameworks, some stakeholders highlight
alternative technologies such as biomass gasification as potentially more optimal un-
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der certain conditions. This raises important questions for market development. A
diversified technology portfolio could provide a more balanced and resilient pathway.

At the same time, the use of biomass for hydrogen production introduces its own
challenges. The availability of sustainable biomass resources is limited, and there is
competition with other sectors where biomass may create higher value or be more
difficult to substitute. Ensuring that biomass used for hydrogen production orig-
inates from genuine residues and is managed in a sustainable manner is therefore
critical. Without such safeguards, large-scale reliance on biomass could lead to un-
intended environmental or economic trade-offs.

In addition, the sustainability of biomass-based hydrogen remains contested, its
climate impact depends on assumptions related to lifecycle emissions, carbon ac-
counting, and time horizons. Claims of carbon neutrality or even negative emissions
are therefore dependent on methodological assumptions and time horizons, making
biomass a more complex and debated resource compared to wind- or solar-based
electricity.

As a result, biomass is often treated as a separate category within renewable energy
policy frameworks - separate from RFNBO, which affects how it is incentivized and
integrated into hydrogen strategies. This creates differences in how technologies are
supported, potentially influencing investment decisions alongside technical and eco-
nomic considerations.

Similarly, an overly narrow focus on electrolysis may be problematic. Expectations
that future hydrogen production will be based predominantly on electrolysis assume
sufficient expansion of renewable electricity generation and grid infrastructure, which
remains uncertain. A combination of technological pathways could therefore help
mitigate risks associated with resource constraints and infrastructure limitations,
while also avoiding technological lock-in. Such an approach may support a more
flexible and adaptive market development.

6.3.5 Electricity Bidding Zones

Electricity prices represent a critical factor influencing the development of hydrogen
production, particularly for electrolysis-based pathways. However, both the current
structure of electricity price areas and the uncertainty surrounding future develop-
ments introduce significant complexity for investment decisions. While current price
patterns provide a strong incentive to locate production in low-cost regions, these
patterns are not static and may change as grid infrastructure expands and market
conditions evolve. As a result, electricity bidding zones function as an important
but uncertain planning signal, creating locational risk for long-term investments.
Consequently, investors must not only consider current price differences but also
form expectations about future market conditions, which introduces an additional
layer of risk.
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Current location patterns may reinforce a geographically concentrated system. As
projects cluster in regions with favorable electricity conditions, spatial path depen-
dencies emerge, potentially leading to lock-in effects that shape future infrastructure
needs and industrial development. While such clustering may be economically ra-
tional for individual actors, it does not necessarily align with system-wide efficiency,
particularly if transmission capacity and regional electricity balances evolve over
time.

Taken together, regional electricity price differences and the uncertainty surround-
ing their future development are likely to play a decisive role in shaping both the
spatial distribution of new hydrogen projects and the operational strategies of ex-
isting ones. Electricity prices and their volatility influence the utilization rates of
electrolyzers, affecting both profitability and overall system efficiency.

6.4 Realization Outcomes Across Scenarios

The scenario analysis demonstrates that hydrogen project realization is highly sen-
sitive to external conditions. Small changes in the broader socio-economic and
political context lead to significant shifts in project probabilities, highlighting the
non-linear nature of market development.

This highlights the non-linear nature of market development, where improvements
in framework conditions can unlock realization of a wide range of projects, while
deteriorating conditions can significantly constrain market growth. In this context,
policy coherence affecting sector demand, a favorable electricity system, project sta-
tus, and institutional support emerge as critical determinants of realization.

When considering only projects categorized as most probable (green), the result-
ing production capacity in the SSP1 scenario is approximately 331,000 tonnes of Hs
per year. In contrast, the SSP3 scenario results in a substantially lower production
capacity of 5,000 tonnes of Hy per year.

In the SSP2 scenario, which represents a continuation of current trends, structural
barriers, such as grid constraints, investment risks, and immature demand, limit
the probability of full project execution. This reinforces the conclusion that the
hydrogen market is not constrained by a lack of planned supply, but by the abil-
ity to realize projects in practice. The SSP2 scenario represents a middle-ground
outcome, where development occurs gradually through incremental additions rather
than rapid scaling. The distribution of projects across probability categories is rel-
atively balanced, with a mix of green, yellow, and red projects. Notably, projects
with longer timelines tend to exhibit higher uncertainty and are more frequently
categorized as less probable, reflecting the risks associated with early-stage project
development.

Under the SSP1 scenario, characterized by strong policy support, improved financ-

ing conditions, and accelerated technological diffusion, realization rates increase sub-
stantially. Projects previously categorized as uncertain (yellow) are shifted toward
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higher likelihoods, and no projects remain in the lowest probability category. The
timeline shows a more rapid and pronounced increase in production capacity com-
pared to SSP2, reflecting a system where institutional support, infrastructure devel-
opment, and market formation actively facilitate project realization. Some projects
remain uncertain, indicating that even in an optimal environment, full realization
is not guaranteed. This highlights the inherent complexity and risk associated with
large-scale industrial transformation.

Beyond 2030, if early projects are successfully implemented, they may generate
positive feedback effects by demonstrating feasibility, reducing perceived risks, and
enabling technological learning. Such developments could attract further invest-
ments and participation, resulting in increased production capacity.

In contrast, under unfavorable conditions represented by SSP3, realization rates
decline sharply. Limited access to capital, weak policy support, and slower techno-
logical progress create a constrained environment in which only a small number of
robust and strategically prioritized projects are realized. The analysis indicates that
no new projects beyond those already in operation are likely to be commissioned
under such conditions. As a result, market development remains limited, and the
hydrogen sector does not achieve significant scale.

Beyond 2030 in the SSP3 scenario, the lack of successful project realization may
lead to a loss of momentum in the hydrogen market. Reduced investor confidence
and unfavorable external conditions could result in a slowdown in new project ini-
tiation, potentially delaying market development until a future phase of renewed
interest or improved conditions emerges.

Overall, a key insight from the scenario analysis is that project realization is not
only determined by project-specific characteristics, but is fundamentally system-
dependent. Even well-developed projects with strong underlying fundamentals may
fail to materialize in unfavorable conditions, while less mature projects may succeed
in a supportive environment.
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7.1 Answers to Research Questions

Where and in what quantities is green hydrogen estimated to be pro-
duced in Sweden 2030 and beyond?

Green hydrogen production in Sweden is expected to be geographically concen-
trated in regions with strong industrial clusters and access to low-cost electricity,
see project mapping in Chapter 4.1. The project pipeline indicates a production ca-
pacity of 660,000 tonnes of Hy per year by 2030+, although actual volumes remain
uncertain and rely on project realization (See Chapter 6.1).

Which sectors are expected to generate demand?

Demand is primarily expected to originate from hard-to-abate sectors. Several sec-
tors emerged as potential target areas for green hydrogen use. These include in-
dustrial applications, such as steel production, fertilizer manufacturing, and other
process industries, where hydrogen can replace fossil-based inputs or gases. The
chemical and refining industries were also frequently highlighted. The transport
sector is also expected to play an important role, including road transport, mar-
itime applications, and aviation. Finally, hydrogen is seen as a potential solution
for energy storage within the broader energy system.

These sectors differ in terms of readiness and required support. Some are closer to
large-scale implementation, while others depend more heavily on the development
of infrastructure, financial incentives, and regulatory frameworks. These aspects are
discussed further in Chapters 4.2 and 6.2.

What drivers and barriers can be identified for the green hydrogen
market?

Key drivers include the growing need for decarbonization and reduced fossil fuel
dependency, supported by policy frameworks that incentivize green energy. At the
same time, increasing concerns related to energy resilience and security, together
with global technological competition, further reinforce the momentum for hydro-
gen development.

However, this development is constrained by several interrelated barriers. High pro-

duction costs, limited infrastructure, and regulatory uncertainty continue to pose
significant challenges. Persistent coordination problems between supply and de-

68



7. Concluding Remarks

mand slow market formation. The absence of a coherent national hydrogen strategy
in Sweden further amplifies these issues by weakening long-term investment signals
to market actors. Read more about drivers and barriers in Chapters 4.2 and 6.3.

Which factors most significantly influence the development of this
market?

The development of the hydrogen market is highly dependent on policy support,
regulatory frameworks, electricity supply, and coordination mechanisms such as
risk-sharing arrangements and off-take agreements. In particular, market evolu-
tion relies on clear, stable, and coordinated political directions. EU regulation plays
a key role in shaping incentives and reducing uncertainty and the establishment of
a coherent national hydrogen strategy is crucial for enabling effective policy mech-
anisms and coordination across the value chain. Given that the market is not yet
self-sustaining, continued and expanded support is widely regarded as essential. This
includes facilitating early-stage investments as well as stimulating demand further
downstream through targeted support. For a more in-depth discussion, see Chapters
4.2 and 6.3.

What realization outcomes can be expected for planned green hydrogen
projects in Sweden, according to scenario-based modeling?

Scenario-based modeling shows that realized production capacity is not determined
solely by project-specific characteristics, but varies significantly depending on sur-
rounding conditions. In the SSP2 scenario, production from the most probable
projects reaches approximately 107,000 tonnes of Hy per year. Under the more fa-
vorable SSP1 scenario, this increases significantly to around 331,000 tonnes of Hy
per year, while the SSP3 scenario yields a substantially lower production capacity
of only about 5,000 tonnes of Hy per year. Further details can be found in Chapters
4.3 and 6.4.

7.2 General Insights

The Swedish hydrogen market is characterized by high ambition, with numerous
planned projects, particularly at pilot and smaller scales. At the same time, a lim-
ited number of large-scale industrial projects account for a substantial share of the
total projected production capacity, functioning as system anchors, whose realiza-
tion determine future trajectory of the market. At present, market development is
constrained by a persistent coordination problem, where producers face high risks
without secured off-take agreements, while consumers hesitate to commit in the ab-
sence of reliable supply. Overcoming this “Catch-22” requires coordinated business
models, risk-sharing arrangements, and contract structures.

In this early market phase, active governance and intentional orchestration are
essential. Uncertainty regarding future demand highlights the need for stronger
demand-side drivers. Green hydrogen remains uncompetitive under current condi-
tions, with limited willingness to pay, implying continued and expanded support
is necessary. While policy has primarily focused on CAPEX support, there is a
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growing need for OPEX and production support, as well as mechanisms targeting
end-users to stimulate demand and provide clear investment signals.

These findings underscore the importance of a coherent and long-term policy frame-
work, including a national hydrogen strategy, binding regulatory requirements, and
well-designed policy instruments that link targets to measurable outcomes. Support
mechanisms must be adapted to different market phases to enable cost reductions
and scale-up.

Ultimately, hydrogen development in Sweden toward 2030 and beyond is not con-
strained by a lack of projects, but by realization conditions. Policy coherence,
electricity system conditions, project maturity, and institutional support emerge
as critical determinants. Enabling coordinated development across the value chain
will be essential for translating ambition into realized production capacity. These
conditions are embedded within a broader global system, where external dynamics
continuously shape the possibilities for national market development.

7.3 Recommendations for Future Research

Given the complexity and early-stage nature of the hydrogen market, future research
should further develop scenario analysis methodologies to better capture system dy-
namics. Expanding the range of included variables could improve the depth and
robustness of scenario outcomes, and allow for a more comprehensive representation
of system-level interactions.

A central area for further investigation concerns the development of hydrogen de-
mand. In particular, future research should examine formation of binding off-take
agreements, how risks are allocated between actors, and demand across different
sectors. Better understanding of sector-specific demand volumes would provide a
stronger foundation for assessing market growth and investment needs.

Building on this, future studies could quantify the potential emission reduction im-
pacts of hydrogen deployment across different sectors. By linking estimated demand
volumes to decarbonization pathways, it would be possible to assess the contribution
of hydrogen to climate targets and to compare its effectiveness relative to alternative
technologies.

Finally, given the strong policy dependence of hydrogen market development, future

research should analyze the effectiveness of different policy instruments in stimulat-
ing both supply and demand.
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Appendix A

Interview (Guide - Original

Introduktion

Berétta lite kort om dig sjélv. Din roll, vad du gor pa foretaget.
Var i utvecklingsfasen befinner sig ert projekt?

Tematiskt

Vilket &r det mest realistiska scenariot for er verksamhet ar 20307

Hur stor kapacitet planerar ni att ha? Hur stor elektrolysér vs. hur mycket
vitgas motsvarar det hos er?

Lardomar: Vilka ar de viktigaste lardomarna ni har dragit fran processen att
utveckla vatgasprojekt hittills?

Vad drev er till att satsa pa vitgas?

Vad har ni upplevt som de storsta hindren?

Vilka faktorer ar mest avgorande for att den generella vatgasmarknaden viaxer
till 20307

Forseningar och gron vatgas

Forseningar: Relativt ofta blir vatgasprojekt fordrojda. Beror det framst pa
personalfragor, utmaningar med tillstandsprocesser eller andra faktorer? Fol-

jer ni er tidsplan?

Gron vatgas: Hur central ar gron vétgas for era projekt, och hur verifierar ni
dess grona ursprung?

Teknik

Elektrolysor: Vilken typ av elektrolysor har ni valt — alkalisk eller PEM — och
varfor valde ni just den tekniken?

Lagring: Vilken strategi har ni for lagring av vatgas pa produktion/station-
somradet, och hur stor ér er totala lagringskapacitet?
Koldioxiduppskattning: Vilka fossila branslen eller processer ersatter er vét-
gas? Har ni rdknat pa hur mycket CO, ni kan undvika genom att byta till
vatgas?

Ar det nigot steg i produktionen som ni ser som en risk / flaskhals / tekniskt
utmanande?



A. Interview Guide - Original

o Standardisering: Ser ni ett behov av tydligare eller nya standarder inom vét-
gaskedjan, till exempel for tryck eller sdkerhetsprotokoll?

Infrastruktur

o Pipeline: Har ni nagra planer pa att ansluta stationen till en framtida vét-
gaspipeline? Vilka tidsperspektiv och eventuella kostnadsberakningar ser ni
for det?

o Elnatet: Har ni stott pa utmaningar med elnétskapaciteten for er verksamhet?
Hur har samarbetet med det lokala nétbolaget fungerat?

Affarsmodeller

e Producerar ni er produkt for att ni ser en efterfragan bland era nuvarande
konsumenter eller for att skapa efterfragan (och ligga i framkant)?

o Niétverk & kunder: Hur arbetar ni for att bygga upp ett lokalt och regionalt
nitverk av kunder (sdrskilt nir det géller kopplingen till dkerier?)

o Kundunderlag: Har ni redan nu regelbundna kunder som tankar hos er? Vilken
typ av fordon handlar det i sa fall om?

e Har ni en bild av vilka som kommer bli era framtida kunder?

o Kontrakt: Stravar ni efter att teckna langsiktiga leveranskontrakt med era
kunder, och hur ser i sa fall ett sadant upplagg ut?

Policy och regelverk

o Offentligt stod: Vilka former av offentligt stéd har ni tagit del av, till exempel
fran Klimatklivet eller regionala elektrifieringspiloter?

o Stodprocessen: Vilka ar era erfarenheter av sjalva ansokningsprocessen och
administrationen kring dessa stod?

o Myndighetskontakt: Hur omfattande har er kontakt med olika myndigheter
(t.ex. kommun, lénsstyrelse) varit under projektets gang, och vilka &r era
frémsta erfarenheter fran det?

o Framtida stodbehov: Vilken typ av politiskt stod eller vilka regeldndringar ser
ni som mest angeldgna pa bade kort och lang sikt for att underlitta er och
branschens expansion?

o Réddningstjénst: Hur har samarbetet med den lokala rdddningstjénsten fungerat,
sarskilt géllande tillstand, riskbedomning och sédkerhetsaspekter?

o Myndighetsstod: Finns det nagot specifikt som myndigheter eller andra of-
fentliga aktorer skulle kunna gora annorlunda for att underlatta for liknande
vatgasprojekt i framtiden?

Allmin acceptans

o Allménheten: Hur har allmidnheten/grannar/néarliggande foretag reagerat pa
vitgasprojektet? Ar de informerade — saknas kunskap — har ni behévt arbeta
med fragorna, till exempel kopplat till bygglov?

IT



A. Interview Guide - Original

Information och kompetens

o Kompetens: Vilka kompetens- och utbildningsbehov ser ni generellt i bran-
schen? Om en aktor som [H2Ignite] skulle anordna en utbildning, vad vore
viktigast att fokusera pa?

ITT



Appendix B

Interview Guide - Translated

Introduction

o Could you briefly introduce yourself? Your role and what you do at the com-

pany.
o At what stage of development is your project currently?

Thematic

o What is the most realistic scenario for your operations in 20307

o What capacity are you planning to have? How large is your electrolyzer capac-
ity, and how much hydrogen does that correspond to?

o What are the most important lessons you have learned from the process of
developing hydrogen projects so far?

o What motivated the investment in hydrogen?

o What have you experienced as the main barriers?

o Which factors are most critical for the overall hydrogen market to grow by
20307

Delays and Green Hydrogen

o Hydrogen projects are often delayed. Is this mainly due to staffing issues, per-
mitting challenges, or other factors? Are you following your planned timeline?

o How central is green hydrogen to your projects, and how do you verify its green
origin?

Technology

o Which type of electrolyzer have you chosen — alkaline or PEM — and why did
you choose that technology?

o What is your strategy for hydrogen storage at the production/site level, and
what is your total storage capacity?

o Which fossil fuels or processes does your hydrogen replace? Have you estimated
how much COs emissions you can avoid by switching to hydrogen?

o Are there any steps in the production process that you see as a risk, bottleneck,
or technically challenging?

o Do you see a need for clearer or new standards within the hydrogen value chain,
for example regarding pressure levels or safety protocols?

IV



B. Interview Guide - Translated

Infrastructure

o Do you have plans to connect your facility to a future hydrogen pipeline? What
timelines and potential cost estimates do you foresee?

e Hawve you encountered challenges related to the electricity grid capacity for your
operations? How has the collaboration with the local grid operator worked?

Business Models

o Are you producing based on existing demand from your customers, or are you
aiming to create demand and be a first mover?

e How are you working to build a local and regional customer network, particu-
larly in relation to transport and logistics companies?

o Do you already have reqular customers refueling at your station? If so, what
type of vehicles are they?

e Do you have a view on who your future customers will be?

e Do you aim to establish long-term supply contracts with your customers, and
what would such arrangements look like?

Policy and Regulation

o What forms of public funding or support have you received, for example from
programs such as Klimatklivet or regional electrification initiatives?

o What are your experiences with the application process and administration
related to these support schemes?

o How extensive has your interaction with authorities (e.q. municipalities, county
administrative boards) been during the project, and what are your main take-
aways?

o What types of policy support or requlatory changes do you see as most impor-
tant in the short and long term to enable your and the industry’s expansion?

e How has the collaboration with local emergency services worked, particularly
regarding permits, risk assessments, and safety aspects?

o Is there anything that authorities or public actors could do differently to facil-
itate similar hydrogen projects in the future?

Public Acceptance

o How have the public, neighbors, or nearby businesses responded to the hydrogen
project? Are they well-informed, is there a lack of knowledge, and have you
needed to actively address these issues?

Information and Competence

o What competence and training needs do you see in the industry in general? If
an actor such as [H2Ignite] were to organize a training program, what should
be the main focus?



Appendix C

Energy Conversion Calculations

To enable a consistent comparison of expected hydrogen production across different
data sources, several methodological assumptions and conversion steps are required.
All production values are normalized to the common unit ton Hs per year, which
serves as the reference metric throughout the analysis.

C.1 Assumptions for hydrogen output per installed
MW of electrolyzer capacity

The conversion from installed electrolyser capacity (MW) to annual hydrogen pro-
duction (ton Hy/year) is based on the following assumptions:

o Full load operation: The electrolyser is assumed to operate continuously
throughout the year (load factor = 1), enabling a direct conversion from daily
to annual hydrogen output.

» Electrolyser efficiency: The conversion from electrical power input (MW)
to hydrogen mass output requires an assumed efficiency. This is expressed as
the ratio between the specific energy content of hydrogen and the electrical
energy required for its production. The specific energy content of hydrogen
is assumed to be 33.3 kWh/kg Hy [69], and the typical electricity demand for
electrolysis is assumed to be 55 kWh/kg Hy [69].

These values provide the basis for estimating the hydrogen yield per unit of
installed electrical capacity.

C.2 Conversion Factors for e-Fuels and Derived
Products

In cases where collected data were reported in terms of end product rather than
hydrogen mass, additional conversion factors were applied to determine the corre-
sponding hydrogen demand:

Conversion Factors for e-Fuels and Hydrogen Derivatives

e H; to eMethanol: Producing 1 kg of eMethanol requires approximately
0.189-0.20 kg H, [70].

VI



C. Energy Conversion Calculations

e H; to eSAF: The production of e-kerosene requires 1 kg Hy per 0.74 kg
e-kerosene [71].

« H, to eMethane: Based on the stoichiometry of the Sabatier reaction, 4
moles of hydrogen (Hy) are required for the formation of 1 mole of methane
(CHy) [72]. Using molar masses, this corresponds to a theoretical conversion
factor of approximately 2 kg CHy/kg Ha.

e H; to Ammonia: The production of 1 kg NH3 requires approximately 0.18
kg Hs, based on the hydrogen content of ammonia and the stoichiometry of
the Haber-Bosch process [73].

Gasification of biomass for DRI reduction
o In cases where hydrogen or syngas is produced via biomass gasification, and
hydrogen is subsequently used as the reducing agent in iron ore reduction, the
equivalent conversion factor between produced syngas and DRI amounts to
493 kg syngas/ton DRI [74].
o The hydrogen content of the syngas amounts to 42%. [74].

These conversion factors ensure that all reported production volumes, can be trans-
lated into a consistent hydrogen-equivalent metric.

VII
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Appendix D

Code for Monte Carlo Simulation

import numpy as np
import pandas as pd
import matplotlib.pyplot as plt

# _____________________________

# Data

# _____________________________

projects = pd.DataFrame ({

"project_name": ["P1", "P2", "P3", "P4", "P5", "PE", "PT7",

"Pg", "P9", "P10", "P11", "P12", "P13", "P14", "P15",
"Pi6","P17", "P18", "P19", "P20", "P21", "P22", "P23",
"p24", "C1", "C2", "C3", "C4", "C5", "C6", "C7", "C8",
"co", "Cto", "C11", "C12", "C13", "C14", "C15", "C16",
"ci7", "Cc18", "C19"],

"start_year": [2025, 2028, 2029, 2028, 2029, 2031, 2030,
2029, 2031, 2027, 2030, 2029, 2029, 2031, 2026, 2028,
2027, 2027, 2028, 2030, 2030, 2031, 2031, 2026, 2027,
2025, 2029, 2025, 2030, 2025, 2025, 2031, 2030, 2025,
2029, 2025, 2031, 2025,2025, 2026, 2026, 2029, 2030],

"norm_production": [477.82, 1135, 120, 775, 22000, 22000,
22000, 21280, 21280, 330,74000, 1606, 1606, 88000,
130, 2100, 828.22, 1000, 2100, 42000, 2920, 43000,
45000, 159.27, 100000, 318.55, 796.36, 318.55,
111490.9, 2920, 0, 3.98, 3981.82, 0.18, 10384.69,
796.36, 4000, 1.59, 79.64, 159.27, 79.64, 3185.45,
3185.45] ,

"probability": [1, 0.725, 0.815, 0.69, 0.57, 0.395,

0.615, 0.535, 0.43, 0.815, 0.495, 0.645, 0.605, 0.36,
.85, 0.45, 0.695, 0.69, 0.705, 0.345,0.715, 0.62,
.515, 0.975, 0.82, 1, 0.845, 1, 0.75, 1, 1, 0.785,
.475, 1, o0.68, 1, 0.375, 1, 1, 0.865, 0.865, 0.645,
.495],

O O O O

"sppl_probablities": [1, 0.955, 1.045, 0.92, 0.8, 0.625,
0.845, 0.765, 0.66, 1.045, 0.725, 0.875, 0.835, 0.59,
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D. Code for Monte Carlo Simulation

1.08, 0.68, 0.925, 0.92, 0.935, 0.575, 0.945, 0.85,
0.745, 1.205, 1.05, 1.23, 1.075, 1.23, 0.98, 1.23, 1,
1.015, 0.705, 1.23, 0.91, 1.23, 0.605, 1.23, 1.23,
1.095, 1.095, 0.875, 0.725],

"spp3_probablities": [1, 0.44, 0.595, 0.415, 0.31, 0.185,
0.405, 0.285, 0.21, 0.595, 0.295, 0.42, 0.37, 0.16,
0.62, 0.175, 0.44, 0.415, 0.415, 0.145, 0.485, 0.46,
0.29, 0.745, 0.56, 1, 0.61, 1, 0.51, 1, 1, 0.515,
0.24, 1, 0.44, 1, 0.16, 1, 1, 0.62, 0.62, 0.42, 0.25]

n_simulations = 10000
n_projects = len(projects)

def run_monte_carlo(probabilities, n_simulations=1000):
probabilities = np.clip(np.array(probabilities), 0, 1)
n_projects = len(probabilities)

random_draws = np.random.rand(n_simulations, n_projects)
realized = random_draws < probabilities
realized_counts = realized.sum(axis=1)

return realized_counts

def print_summary(name, realized_counts):
histogram = pd.Series(realized_counts).value_counts ().
sort_index ()

print (f"\n{name}")

print ("Histogram: antal realiserade projekt")

print (histogram)

print(f"Medelv rde: {realized_counts.mean():.1f}")

print (£"P10: ,{np.percentile(realized_counts,10):.1£f}")

print (£"P50,(median) : ,{np.percentile(realized_counts, ;50)
L1E3F")

print (£"P90: {np.percentile(realized_counts,,90):.1£f}")

def plot_histogram(realized_counts, title):
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D. Code for Monte Carlo Simulation

bins = np.arange(realized_counts.min() - 0.5,
realized_counts.max() + 1.5, 1)

plt.figure(figsize=(10, 6))

plt.hist(realized_counts, bins=bins, edgecolor="black",
alpha=0.7)

plt.xlabel ("Number of realized projects")

plt.ylabel ("Frequency")

plt.title(title)

plt.grid(axis="y", alpha=0.3)

plt.show ()
# _____________________________
# Scenario 1: original probabilities
# _____________________________
scenario_1_counts = run_monte_carlo(projects["probability"],

n_simulations)

print_summary ("Scenario SSP2: ,0riginal probabilities",
scenario_1_counts)

plot_histogram(scenario_1_counts, "Monte Carlo_ histogram -
Scenario ;SPP2: ,0riginal probabilities™")

# _____________________________
# Scenario 2: new_probabilitiesl
# _____________________________
scenario_2_counts = run_monte_carlo(projects["

spp3_probablities"], n_simulations)
print_summary("Scenario SPP3: ,Alternative probabilities",
scenario_2_counts)
plot_histogram(scenario_2_counts, "Monte Carlo_ histogram -
Scenario ;SPP3: ,Low ,probabilities")

# _____________________________

# Scenario 3: new_probabilities_plus_015

# _____________________________
scenario_3_counts = run_monte_carlo(projects["

sppl_probablities"], n_simulations)

print_summary ("Scenario SPP1: ,Alternative probabilities +0.15
", scenario_3_counts)

plot_histogram(scenario_3_counts, "Monte Carlo_ histogram -
Scenario ;SPP1: High probabilities")
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