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Hydrogen is emerging as a cornerstone of global energy transitions, with its potential to drive economic
growth and transform energy systems. As hydrogen can be produced by utilizing renewable resources and
investing in production technologies, it has the potential to create new energy powers. The spatial nature of
hydrogen systems in terms of where and how it is produced, stored, transported and used, means associated
investments will have an impact on the economy and inherent regional inequalities within a nation. Using a
systematic literature review, we find that there are comparatively fewer macroeconomic models that analyze
the regional dimensions of the hydrogen transition than those examining national level impacts. By synthesizing
our findings, we make the following contributions: (i) we show that the regional impacts of the hydrogen
economy are realized through three mechanisms: the production method chosen, the hydrogen system segment
a region hosts, and the geographic pattern of investment, (ii) we argue that whether these impacts alleviate or
exacerbate regional inequalities is governed by two overarching forces: the spatial comparative advantage
and local value creation capacity, (iii) we highlight that current macroeconomic models lack the spatial,
technological and segmental resolution necessary to capture forward and backward linkages that hydrogen
systems may instigate, pointing to the need for closer collaboration between regional scientists and engineers
to understand how these opportunities and challenges may shape regional economies, and (iv) the conceptual
framework we offer can help with supporting hydrogen’s role to alleviate regional inequalities by recognizing
the interplay between economic, technological, and policy factors through three mechanisms, two overarching
forces, and the feedback loops linking policy and distributive outcomes.

1. Introduction

Hydrogen plays a critical role in achieving net-zero emissions tar-
gets by enabling the decarbonization of hard-to-abate sectors like man-
ufacturing industry, especially when produced from renewable sources.
In 2024, global hydrogen demand reached 100 million tonnes (Mt)
which is mainly produced via steam reforming of fossil fuels (IEA,
2025). Of this, less than 1Mt is produced via less carbon-intensive
methods. To keep global warming to 1.5C, International Energy Agency
predicts global hydrogen demand to reach 530 million tonnes (Mt,
equivalent to 33 exajoules) by 2050 (IEA, 2023). This five-fold increase
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in global hydrogen demand implies almost a 700-fold increase in
electrolyzer capacity (from 5.2 gigawatts capacity to 3600 gigawatts),
currently main commercially available technology' to utilize renew-
able energy for hydrogen production.? Hydrogen can be produced via
various technological pathways, each with distinct emissions profiles
depending on their feedstock and production technology, as illustrated
in Table 1. These pathways range from green hydrogen, produced using
renewable electricity sources with minimal greenhouse gas emissions,
to fossil-based methods such as gray, blue, brown, and black hydrogen,
each associated with higher emission intensities. For a detailed explo-
ration of hydrogen production routes and the constraints associated

1 There are a number of alternative electrolyzer technologies. The more mature ones are alkaline based which have limited operational flexibility to ramp up
or down depending on the availability of renewable power in the grid. Proton exchange membranes, main types deployed across Europe, offer this operational
flexibility. However, they require the use of precious metals the production of which are limited. For a review of these technologies, please see Arsad et al.

(2023).

2 The Global Hydrogen Production Technologies Center focuses on a very new nascent technology, solar photocatalysis which uses sunlight directly to help

water break apart into oxygen and hydrogen.

3 The Global Hydrogen Production Technologies Center focuses on a very new nascent technology, solar photocatalysis which uses sunlight directly to help

water break apart into oxygen and hydrogen.
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Table 1
Classification of hydrogen production methods.
Source: Adapted from Cheng and Lee (2022).
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Brown Hydrogen
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Gasification Brown coal (Iignite) High

Black coal

with their deployment, including high production costs, infrastructure
limitations, and efficiency challenges, readers are referred to Yue et al.
(2021). Once hydrogen is produced, it needs to be stored and trans-
ported for utilization in sectors like marine, road and air transport,
power generation, and manufacturing industry, requiring some degree
of end-use technology® In this paper, the term “hydrogen system” en-
compasses the full segments of production, storage, transportation, and
end use sectors. replacement to deliver carbon savings. As hydrogen
can be produced by utilizing renewable resources, it has the potential to
create new energy powers, resulting in a mix of developed and develop-
ing countries, including Japan, Germany, South Korea, Chile, and Saudi
Arabia, to develop hydrogen strategies (IRENA, 2022a). For example,
the UK government has positioned hydrogen as a “home-grown” fuel
in its Energy Security Strategy (UK, 2022), doubling its production
targets to reduce reliance on energy imports and support the transition
to net-zero. Similarly, other countries in Europe, including Denmark,
Portugal, Spain, France, Belgium, Italy, Germany, Austria, the Nether-
lands, and Switzerland have established hydrogen targets focusing on
electrolyzer capacity and hydrogen production (S&P Global, 2021).
Germany, for instance, has committed €7.9 billion of euros, approxi-
mately 0.19% of its GDP in 2023, to develop its hydrogen infrastructure
and projects, aiming to become a leader in green hydrogen technolo-
gies (Nunez and Quitzow, 2024). France has launched a €7 billion
plan, about 0.23% of its GDP, to support the clean hydrogen industry
as part of its broader energy transition strategy (Bouacida, 2024).
The Netherlands is focusing on leveraging its extensive gas pipeline
network to transport hydrogen (Stam et al., 2024). Furthermore, the
European Commission has approved substantial public funding for
Important Projects of Common European Interest on hydrogen (IPCEI),
covering technology development (namely Hy2Tech), end-use applica-
tions (Hy2Use), infrastructure development (Hy2Infra), and mobility
solutions (Hy2Move), totaling over €18.9 billion (Zabanova, 2024).
In addition to Europe, Japan has set ambitious targets for hydrogen
use and exports, focusing on creating green jobs and reducing carbon
emissions (METI, 2023).

Beyond its potential for contributing to decarbonization, energy
security and causing geopolitical shifts in energy markets, pursuit of
hydrogen economy is paving the way for new industries to emerge
across its production, transportation, and storage segments. The UK
government designates clean energy industries sector, including hy-
drogen, as one of eight sectors with the highest potential to increase
national productivity, strengthen economic security and resilience, and
support environmental goals and the net-zero transition (HM Govern-
ment, 2025). Academic scholars share this ambition as the expansion
of hydrogen infrastructure will likely stimulate industrial growth by
establishing new supply chains and fostering technological innovations,
particularly in heavy industries (Magazzino et al., 2024). This growth in
the hydrogen sector is anticipated to generate substantial employment
opportunities (Hepburn et al., 2020), not only through direct job

creation but also by driving regional* development and strengthening
local economies. Such multiplier effects such as generating new supply
chains and significantly boosting regional economies are noted for
renewable energy projects like wind and solar power (IEA, 2024a).

Given the spatial nature of hydrogen systems in terms of where and
how they are produced, stored, transported and used, to what degree
and how they may fulfill their potential to stimulate economic growth
across related sectors — including impacts on regional inequalities and
long-term growth — are unknown. More explicitly, decisions about
where, when and through which policy mechanisms, say, Germany
allocates 0.2% of its GDP, would impact its national economy and
inherent regional inequalities. Yet to date, the potential impacts of
the development of hydrogen systems on both national and regional
economies have been overlooked. The aim of this paper is to fill this
gap by systematically reviewing the macroeconomic literature to under-
stand not just the scale of hydrogen’s economic impacts, but the spatial
mechanisms that determine how these impacts may be distributed
across regions. We aim to address the following research questions: (i)
what are the macroeconomic impacts of the development of hydrogen
systems and how do they depend on policy mechanisms? (ii) how
do macroeconomic models represent different segments of hydrogen
systems in terms of production, storage, distribution and end-use? (iii)
in what ways might the development of hydrogen systems alleviate
or exacerbate regional inequalities? Fig. 1 summarizes our conceptual
framing: regional outcomes are driven by the joint interaction of the
characteristics of hydrogen system with underlying regional and na-
tional economic conditions. As hydrogen systems both influence and
react to these national and regional economic structures, they create
mechanisms that can either exacerbate or alleviate disparities. Our
analysis yields four key findings. First, we show that the regional im-
pacts of the hydrogen economy are realized through three mechanisms:
the production method chosen, the hydrogen system segment a region
hosts, and the geographic pattern of investment. Second, we argue that
whether these impacts alleviate or exacerbate regional inequalities is
governed by two overarching forces: the spatial comparative advan-
tage and local value creation capacity. Third, existing macroeconomic
models represent only a narrow set of hydrogen production methods
and provide even thinner coverage of storage, distribution and end-use
segments, so we still know little about how hydrogen systems generate
forward and backward linkages across regions. This highlights the need
for closer collaboration between regional scientists and engineers to
better understand how these opportunities and challenges may shape
regional economies. Fourth, we propose an analytical framework de-
signed to mitigate the risk that hydrogen systems exacerbate existing
regional inequalities.

The remainder of this article is structured as follows: Section 2
outlines the literature review methodology employed in the analysis.

4 In this paper, a region is defined as a sub-national unit-a state, province,
county or metropolitan area.
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Fig. 1. Overall approach of the study.

Section 3 delves into the findings related to specific research questions.
Section 4 synthesizes our findings, interprets inequality-relevant mech-
anisms, presents our integration framework, and identifies research
gaps. Finally, Section 5 concludes.

2. Methodology

This section outlines the systematic literature review process and
provides details on the data collection process and results.

2.1. Systematic review

This paper aims to systematically review the literature that exam-
ines the macroeconomic implications of hydrogen, focusing on eco-
nomic growth and employment, while also considering how environ-
mental impacts are integrated into these analyses.

Following Pickering and Byrne (2014), this review is conducted in
several key stages. First, the topic is precisely defined, and research
questions are formulated to guide the review. Second, relevant key-
words are selected to construct search strings for querying databases.
Third, detailed inclusion and exclusion criteria are established to filter
studies that are directly relevant to the macroeconomic analysis of
hydrogen. Finally, a structured database is created to collect and an-
alyze the data from the selected studies. Critically, this review process
is structured to capture not only the national-level macroeconomic
implications but also to explicitly identify and synthesize findings on
how these impacts vary at the regional level.

2.2. Data search and selection

The methodology was applied to analyzing the macroeconomic
impacts of hydrogen by breaking down broad questions into more
detailed research inquiries. To answer this, several sub-research ques-
tions were formulated related to: (i) the macroeconomic indicators
used to measure the impact of hydrogen, (ii) the extent to which
these outcomes are disaggregated to capture regional variation, (iii) the
modeling frameworks applied in the reviewed papers, and (iv) the ways
in which hydrogen systems are characterized.

In alignment with the research questions, a structured search string
was developed, composed of different categories of keywords to iden-
tify relevant studies. These categories included: (i) hydrogen end use
(e.g., “hydrogen”,“h2”, “fuel cell”) (ii) hydrogen production meth-

»

ods (e.g., “*hydrogen”, “CCS”, “electrolysis”, “biohydrogen”, “steam

” @

reforming”, “methane”, “fossil fuel”, “gas”), (iii) macroeconomic mod-

%«

eling approaches (e.g., “CGE”, “input-output”, “macroeconom*”, “gen-
eral equilibrium”, “social accounting”), (iv) economic and environ-

”

mental outcomes (e.g., “GDP”, “output”, “production”, “employment”,

“emission”, “export”), (v) regional elements (e.g., “regional”, “sub-
national”, “state”, “province”, “city”).> The keywords within each
category were combined using the Boolean “OR”, and the categories
were linked using the Boolean “AND” to ensure that the selected
studies addressed both hydrogen systems and macroeconomic analysis.
To reflect the evolving nature of this research area, the review also
includes selected working papers.

To refine the search results, two additional specifications were ap-
plied: first, articles that did not align with the research questions (such
as those focused purely on engineering or technical aspects) were ex-
cluded, and second, only studies published in English were considered
to ensure accessibility for a broad audience. The search was conducted
using the Scopus and Web of Science databases, chosen for their wide
interdisciplinary coverage and relevance to energy economics, covering
literature published from 2010 to 2025.

The initial search yielded 727 results. The titles and abstracts of
these papers were screened to assess their relevance to the research
topic (see Fig. 2). If a paper was deemed relevant or if there was
any uncertainty, a full-text review was conducted. To be included
in the final analysis, studies had to meet specific criteria: they must
employ macroeconomic models to assess hydrogen systems, focus on
the economic and environmental impacts of hydrogen, and provide
quantitative analyses of key macroeconomic outcomes, such as GDP,
employment, sectoral outputs and carbon emissions.

2.3. Search analysis

Table A.3 describes the key findings from studies. The analysis of
the selected studies is organized to include the year of publication, the
journal affiliation, and model characteristics.

All 44 papers included in this review were published between 2010
and 2025. Fig. 3 shows the breakdown of papers by publication year,
with a noticeable increase in publications in recent years, reflecting
growing academic interest in hydrogen’s economic potential. Of the key
journals, the International Journal of Hydrogen Energy and Renewable
and Sustainable Energy Reviews feature a blend of technical and eco-
nomic studies, while Energy Policy and Energy Economics are more
focused on economic analysis and energy policy.

Fig. 4 presents the modeling methodologies used across the various
studies in this review. A significant portion of the studies employed
CGE models, which are well-suited to analyzing the macroeconomic
effects of hydrogen technologies. Many of these studies built on pre-
established models rather than developing entirely new approaches.
For example, the widely known Global Trade Analysis Project (GTAP)

5 Due to the scarcity of studies explicitly modeling hydrogen’s macroe-
conomic impacts at the sub-national level, an alternative search using the
regional keyword block via a Boolean ‘OR’ was conducted.
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Search Strings:

(“hydrogen” OR “h2” OR “fuel cell”)

OR “gas”)

“general equilibrium” OR “social accounting”)
ment” OR “emission” OR, “export”)

OR “city”)

AND (“*hydrogen” OR “CCS” OR “electrolysis” OR “biohy-
drogen” OR “steam reforming” OR “methane” OR “fossil fuel”

AND (“CGE” OR “input-output” OR “macroeconom*” OR,
AND (“GDP” OR “output” OR “production” OR “employ-

OR (“regional” OR “sub-national” OR “state” OR “province”

Comprehensive
Search
(n=727)

Title and Abstract

systems?

— Screening
Inclusion Criteria: (n = 234)
- Studies using macroeconomic models (e.g., CGE, 10, equilib-
rium) published between 2010 to 2025. l
- Focus on economic and environmental impacts of hydrogen.
Exclusion Criteria: .
- Engineering or technical papers. L Full-text Review
- Non-English studies. (n = 90)
- Duplication.
Does the paper address the research questions?
- What are the macroeconomic impacts of the development of
hydrogen systems? Evaluation
- How do they vary regionally? (n = 44)

- To what degree do these economic models represent hydrogen

Fig. 2. Literature review paper selection process.
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Fig. 3. Number of papers per year.

model was applied in a study (e.g., Lee (2014)). Additionally, models
such as the WEGDYN model, which allows for an investigation of the
macroeconomic effects of sectoral production changes, and country-
specific models like UKENVI (UK), REMES (Norway) and TAIGEM-CE
(Taiwan) were also applied in the sample. These models were useful for
conducting in-depth regional and country-specific analyses of hydrogen
technologies. Lee et al. (2011b) offers the fundamental comparison
among different modeling methodologies of biohydrogen development.

Some studies integrated CGE models with other approaches to offer
a more holistic perspective on hydrogen adoption. For example, Espe-
gren et al. (2021) utilized a framework that combined a CGE model
with an energy system model to analyze the energy transition in the
context of hydrogen. Similarly, Lee (2020) linked the data envelopment
analysis (DEA) with their CGE study to analyze the impact of hydro-
gen production efficiency. This combination of methods allowed for a
more nuanced analysis of economic and environmental implications of

different hydrogen production methods. Overall, approximately 32%
of the papers in the sample applied such hybrid modeling approaches,
reflecting a growing trend in energy-related economic research. In ad-
dition, the review shows that Input-Output (I0) models were frequently
employed to assess the socio-economic and environmental impacts of
hydrogen. A variety of IO models, including Hybrid I0 and Recursive
10, were used to capture the broader economic impacts of hydrogen
systems, particularly in sectors such as transportation and heavy indus-
try. It is worth noting that IO models were integrated with life-cycle
assessment (LCA) to assess the environmental and economic trade-
offs of hydrogen technologies. This approach was especially useful
for studies evaluating hydrogen’s role in decarbonizing high-emission
sectors. The review did not reveal any significant patterns in the choice
of modeling methodologies based on publication year.

As shown in Table 2, the geographic focus of the studies reviewed
varies significantly. Approximately 18% of the papers conduct a global
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Table 2
Countries covered by geographic classification.
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Geographic classification Papers (%)

Countries

Global 18%
Developing 23%
Developed (European) 23%
Developed (Other) 36%

Multiple countries

China, India, Brazil, Saudi Arabia

Norway, Italy, Switzerland, Germany, Romania, France, and UK
Japan, South Korea, Taiwan, US

Others

CGE Models
11%
27%

0
2% Hybrid Models

30%

Input-Output Models

Fig. 4. Model methodologies of the sample.

analysis, integrating both developed and developing countries. Studies
focusing solely on developed countries represent around 59%, while
those addressing developing nations account for 23% of the sample.
On average, papers that take a global perspective encompass a broad
range of countries, though the exact number varies. For instance, some
studies specify the number of countries, such as one (Zhang et al.,
2024) that includes 32 countries. However, many studies adopt a
single-country approach, particularly in Asian countries. For example,
multiple papers focus on Japan, South Korea, China, and Taiwan.
European countries also feature prominently, with studies analyzing the
hydrogen economies of Norway, Germany, and the broader European
Union.

The time horizons in the studies reviewed reflect a wide range
of projections for hydrogen adoption and impact. Many studies focus
on 2050 as a key milestone, while others set nearer targets, such as
2025 for fuel cell vehicles and 2030 for broader hydrogen goals. Some
papers extend their projections up to 2060. In several cases, the time
horizon aligns with life cycle assessments or multi-decade projections,
typically spanning 10 to 15 years for specific end use like hydrogen
vehicles or fuel cells (e.g., Gupta et al. (2023), McKenzie and Durango-
Cohen (2012), Hienuki (2017)). Given this extended time frame in
the hydrogen-related CGE literature, dynamic models are widely used,
with 13 studies in our sample taking this approach (e.g., Lee et al.
(2011a), Lee (2020), Espegren et al. (2021)). These models capture
the gradual adoption of hydrogen and its sustained economic impacts,
offering insights into evolving market and policy landscapes. Addition-
ally, four studies applied recursive-dynamic models (e.g., Mayer et al.
(2019), Liang et al. (2022)), reflecting a growing trend toward using
this approach to account for the evolving nature of hydrogen adoption
and its long-term impacts on the economy.

3. Thematic findings

3.1. What are the macroeconomic impacts of the development of hydrogen
systems?

The diverse research findings across multiple studies underscore
hydrogen’s important role in catalyzing economic growth and industrial
advancement. Investment in hydrogen systems is shown to bring GDP
growth and job creation, although these estimates vary depending on

whether they account for net job impacts after substitution effects and
the specific timeframes under consideration. For instance, in South
Korea, the implementation of hydrogen and fuel cell technologies is
not only expected to create approximately 7.7 new jobs for every
KRW 1 billion invested but also to stimulate substantial GDP growth,
to around 2013 billion KRW annually by 2030 due to increased in-
dustrial activity (Kim et al., 2024). Moreover, the hydrogen sector
is expected to generate 13,484 billion KRW in production by 2040,
driven by domestic industrial activity in sectors like industrial gases,
machinery manufacturing, and transportation equipment (Chun et al.,
2014). Notably, this estimate primarily reflects direct job creation and
industrial expansion, with indirect or substitution-related job impacts
less clearly delineated. In Brazil, input-output simulations indicate
significant job creation during the construction phase, with the estab-
lishment of paired electrolytic hydrogen and green ammonia plants
expected to mobilize approximately 12000 jobs and expand value-
added in machinery, electrical equipment, and wholesale trade sectors.
However, during the operational phase, a loss of around 10000 jobs
and a GDP decline were observed due to substitution effects from fossil
to electrolytic hydrogen (Brito et al., 2025). In Saudi Arabia, construc-
tion investments in hydrogen infrastructure capture the majority of
domestic economic gains (Miiller et al., 2024).

The development of hydrogen systems, including the construction
of electrolysis plants and steam methane reforming (SMR) facilities,
leads to significant demand for intermediate goods in sectors such as
chemical processing and materials manufacturing by requiring special-
ized inputs to operate these infrastructures. This stimulates the supply
chain and creates positive spillover effects. In the United States, the
expansion of the hydrogen industry, supported by increased demand
for related sectors such as chemical materials, biomass, and electric-
ity, is projected to lead to considerable employment increases and
GDP enhancements (Lee and Chiu, 2012). These findings demonstrate
hydrogen’s capability to act as a major economic stimulant within
various economies. In China, the transition toward hydrogen-based
technologies, particularly within the steel industry, illustrates hydro-
gen’s ability to catalyze both economic and environmental benefits. The
adoption of hydrogen in steel production is anticipated to reduce total
emissions by 70%, while simultaneously inducing positive ripple effects
across related industries. As hydrogen-based steelmaking integrates
with upstream industries, it drives decarbonization in manufacturing,
renewable energy, and energy supply chains (Ren et al., 2021). The
macroeconomic benefits of hydrogen adoption are further emphasized
through its impact on international trade dynamics. For instance, global
analyses indicate that hydrogen trade could significantly reduce hydro-
gen prices, leading to improved trade balances and potentially boosting
cross-country GDPs by 1%-6% in areas such as the EU, Japan, and
Korea (Zhang et al., 2024). However, realizing these macroeconomic
gains hinges on domestically manufacturing and servicing both (i)
electrolysers and (ii) downstream green-ammonia PtX plants, as demon-
strated by recent input-output studies for Saudi Arabia and Brazil
(Miiller et al., 2024), (Caiafa et al., 2023).

Country-specific studies provide deeper insights into how hydrogen
adoption influences specific sectors. In Japan, hydrogen initiatives in
the manufacturing sector have resulted in substantial socio-economic
benefits, including temporary employment gains of 44% during the
adoption phase. These gains were primarily driven by the construc-
tion of hydrogen production facilities, fueling stations, and related
infrastructure like hydrogen storage and distribution systems. The key
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initiative involved the use of naphtha reforming for hydrogen produc-
tion to integrate hydrogen into Japan’s energy system. Employment
increases were particularly significant in industries such as civil en-
gineering, pumps and compressors manufacturing, and chemical ma-
chinery (Hienuki, 2017). In the European context, Germany’s focus on
hydrogen in the aviation sector highlights the broader macroeconomic
implications. Gronau et al. (2023) finds that hydrogen aviation could
positively impact the macroeconomy by creating new jobs and increas-
ing demand for renewable energy, impacting sectors like machinery,
motor vehicles, electricity, gas distribution, and maintenance.

Furthermore, the literature suggests that hydrogen adoption has
the potential to stimulate economic growth across various sectors.
Specifically, hydrogen deployment in sectors like steel production,
transportation, and energy can significantly contribute to GDP growth
and job creation. For example, in the UK, the development of a hy-
drogen transmission sector is projected to increase GDP by 0.20% and
create 30,000 full-time jobs by 2050 (Turner et al., 2023). Similarly,
in France, the hydrogen sector’s construction and operation phases are
expected to generate up to €1 billion per year, supporting over 12,000
jobs (Guionie et al., 2023). Notably, the initially negative macro impact
of Germany’s electrolyzer project becomes positive when regulatory
frictions are relaxed (Lagemann and Sacht, 2025).

While these projections point to promising macroeconomic bene-
fits, it is important to consider how underlying modeling approaches
treat uncertainty and future technological developments. Across the
literature, uncertainty and technological progress are handled almost
uniformly through deterministic “what-if” scenarios that yield point
estimates rather than probability ranges. Input-output studies typically
freeze their coefficients and test only a handful of techno-economic
snapshots—Gupta’s three demand cases for Switzerland, Lee’s stylized
20% annual cost decline for Taiwan, and Conte’s three renewable-grid
mixes for Italian steelmaking (Gupta et al., 2023), (Lee and Hung,
2012), (Conte et al., 2022). The CGE papers for California and Northern
Germany follow the same pattern, contrasting a moderate with an
aggressive roll-out path and hard-wiring learning curves and fuel-price
trajectories (Wang, 2011), (Lagemann and Sacht, 2025). Only a few
works push beyond this: Miiller’s Saudi PtX analysis runs 160 sensitivity
draws that vary local-content shares and cost splits, while Gronau’s
aviation study scales a range of external employment coefficients, yet
even these stop short of Monte-Carlo sampling or endogenous learning
(Miiller et al., 2024), (Gronau et al., 2023). Across the corpus, improve-
ments in electrolysers, fuel cells or grid decarbonization are imposed
exogenously and labor coefficients remain static.

Policy design therefore acts as a critical mediator between hydrogen
deployment and macroeconomic performance. Supply-driven policies,
such as government subsidies and tax incentives, are acknowledged as
fundamental drivers in reducing hydrogen production costs, particu-
larly for green hydrogen. For example, the U.S. Inflation Reduction Act
(IRA) includes a tax credit of up to $3 per kilogram for clean hydrogen
production and provides investment tax credits for hydrogen-related
infrastructure, such as refueling stations and electrolyzer expansion
(Suéarez-Cuesta and Latorre, 2024), (U.S. Department of Energy, 2024).
A Greek study reveals that GDP falls by 1.5% when households fund
heavy-duty transport conversion to hydrogen, but rises by 2.6% when
external grants cover capital costs (Koutsandreas and Keppo, 2025).
Similarly, Bae and Cho (2010) shows that subsidies effectively support
hydrogen production, potentially boosting GDP and job creation. Fur-
thermore, integrated policy frameworks, which combine supply-driven
and demand-driven elements, are emerging as an essential approach
to maximize hydrogen adoption. A dynamic CGE assessment for China
shows that combining carbon pricing with infrastructure subsidies lifts
GDP by 0.4% by 2040 (Su et al., 2025). At the international level,
the importance of coordinated policy efforts to establish international
hydrogen trade routes, including standardizing regulations and safety
protocols, is underscored by studies like Meng et al. (2024). However,
the literature highlights that certain sectors, such as aviation and
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maritime, are underrepresented in policy frameworks, with primary
focus often on transportation and heavy industry (Ikonnikova et al.,
2023).

Table A.1 provides details on the impacts on GDP growth, em-
ployment, and policy drivers which are drawn from two main mod-
eling approaches, input-output and CGE models. While the studies
reviewed in this subsection provide important evidence on national
GDP, employment, and sectoral effects, these aggregate results do
not, on their own indicate whether hydrogen development alleviates
or exacerbates regional inequalities. National gains can mask highly
uneven spatial outcomes, with benefits and adjustment costs distributed
differently across regions depending on where production occurs and
which hydrogen system segments are developed. This motivates the
next subsection, which examines how macroeconomic models represent
hydrogen system segments.

3.2. To what degree do macroeconomic models represent hydrogen systems?

An essential criterion for evaluating economic models of hydrogen
systems is the extent to which they represent the different segments of
hydrogen system. In this section, we assess how the literature models
four system segments — production, storage, distribution, and end use
— and whether this representation is rich enough to capture spatial and
interregional interdependencies. Table A.2 presents how the coverage
of hydrogen segments varies across different studies.

Among these methods, electrolysis is increasingly central to contem-
porary studies due to its environmental benefits and potential for signif-
icant economic transformation (Wan et al., 2024), (Fattahi et al., 2024).
Recent analyses, including studies such as those in Germany (Lagemann
and Sacht, 2025), Brazil (Brito et al., 2025), China (Su et al., 2025),
Saudi Arabia (Miiller et al., 2024), Greece (Koutsandreas and Keppo,
2025), and the Dutch-Brazilian corridor (Caiafa et al., 2023), have
predominantly modeled electrolysis as the core hydrogen production
approach and link it to new industrial activity, innovation, and em-
ployment through electrolyzer supply chains. For instance, Gupta et al.
(2023) estimate a significant economic multiplier effect from invest-
ments in electrolyzer infrastructure, leading to substantial GDP growth
and job creation. The specificity and depth of production details, such
as the differentiation among alkaline, Proton Exchange Membrane
(PEM), and Solid Oxide Electrolysis Cells (SOEC), remain limited in
these macroeconomic assessments.

Of the other production methods, studies adopting SMR generally
focus on its traditional role as low-cost source of bulk hydrogen in
transport and energy sectors, leveraging existing infrastructure. How-
ever, they also highlight its vulnerabilities in the face of increasing
carbon taxation and regulatory pressure due to its inherent carbon
emissions (Hienuki, 2017). By utilizing existing natural gas infras-
tructure, blue hydrogen is emphasized as a transitional pathway fa-
cilitating a smoother economic transition toward green hydrogen by
mitigating emissions without necessitating immediate infrastructure
overhaul (Wei, 2024), (Zhang et al., 2024). Biohydrogen production
from biomass and organic waste is recognized for its carbon neutrality
and its role in circular-economy strategies, but it remains relatively
niche in macroeconomic modeling. A small set of input-output and
CGE studies for Japan, the U.S. and China introduce dedicated biohy-
drogen sectors and quantify substantial economic potential: projected
production values of 83.1 billion USD and 67 billion USD by 2040 in
the U.S. and China, respectively, with multipliers of 9.30 and 8.96 (Lee
et al., 2011a). These models capture biohydrogen’s upstream linkages
to biomass and waste and to energy supply in a national production
structure, but they treat biohydrogen at an aggregate level and only
implicitly reflect land-use and regional trade-offs, without explicitly
modeling waste-management or circular-economy dynamics.

Economic models that consider multiple hydrogen production meth-
ods, generally recognize the flexibility they provide in system planning
and decarbonization pathways. Studies such as those by Ikonnikova
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et al. (2023) and Meng et al. (2024) suggest that combining hydrogen
types can optimally cater to different sectoral demands and time-
lines for decarbonization. They advocate a phased transition approach,
where blue hydrogen initially complements green hydrogen, thus of-
fering continuity in infrastructure and industrial processes until green
hydrogen achieves cost competitiveness (Espegren et al., 2021).

Other segments of the hydrogen systems, storage, distribution, and
end-use, are often inadequately represented in the studies, despite their
profound influence on cost structures and macroeconomic impacts.

Hydrogen storage methods, including compressed gas, liquid hydro-
gen, salt cavern storage, and metal hydrides, are typically underrep-
resented. Physical storage methods, including tanks and underground
hydrogen storage in salt caverns, help maintain a balance between
supply and demand (Hassan et al., 2021). Hydrogen storage, particu-
larly in the form of liquid hydrogen and innovative storage materials
like metal hydrides, plays a crucial role in addressing the challenges
of intermittency in hydrogen production and its subsequent use in
transportation and other sectors. For example, Meng et al. (2024)
highlight the technical and economic challenges associated with large-
scale hydrogen storage, particularly for transportation end uses. Stor-
ing hydrogen safely and efficiently remains a critical barrier to the
widespread adoption of hydrogen technologies, as the infrastructure
for liquid hydrogen storage and compressed hydrogen systems is still
under development due to insufficient policy support. Studies such
as Huang et al. (2024) and Nakano and Washizu (2017) emphasize the
importance of advancing storage technologies to improve safety and
scalability.

Hydrogen distribution networks are another critical but underex-
plored segment of the hydrogen system. Integrating these distribu-
tion aspects into macroeconomic models is essential to simulate the
economic impact of large-scale hydrogen adoption. Hydrogen can be
transported via various means, such as pipelines, trucks, and ships, to
ensure it reaches a wide range of end users. Pipelines are generally
the most economical option for long-distance transportation (IRENA,
2022b). Meng et al. (2024) and Fattahi et al. (2024) highlight that
distribution networks, such as pipelines and hydrogen shipping in
the form of ammonia or liquid hydrogen, are essential to facilitate
international hydrogen trade. Moreover, Brauer et al. (2022) point out
that the limited availability of hydrogen pipelines may constrain the
scale of imports and exports of gaseous hydrogen, particularly for areas
like Europe. As a result, models can discuss trade in aggregate, but they
struggle to attribute benefits and costs to specific regions.

End-use applications of hydrogen, especially within transportation,
heavy industry, and power sectors, are extensively covered, reflecting
hydrogen’s potential in decarbonizing these hard-to-abate areas. Lee
et al. (2011a) and Zhang et al. (2024) explore hydrogen’s poten-
tial in sectors such as steel production and ammonia manufacturing.
In particular, hydrogen fuel cells are viewed as a key technology
for decarbonizing the transportation sector, with hydrogen-powered
vehicles offering a cleaner alternative to conventional internal combus-
tion engines. However, the suitability of hydrogen-powered vehicles
is highly dependent on vehicle type and application. As highlighted
by Odenweller et al. (2022) and Ueckerdt et al. (2021), hydrogen
use is more feasible for heavy-duty, long-range, or fleet vehicles. Yet,
to address the costs associated with fleet replacement and refueling
infrastructure development, stronger policy frameworks are needed to
make hydrogen-powered vehicles competitive (Fattahi et al., 2024).
End-use representation can support spatial analysis only if it is linked
to where end-use sectors are located and how costs pass through to
regional economies. Many models represent end-use adoption as an
aggregate demand shift or sectoral substitution without explicit cou-
pling to storage and distribution constraints. In these cases, models may
approximate national decarbonization pathways but cannot evaluate
spatially uneven adjustment burdens.

These choices determine how the development of hydrogen systems
may both shape and be shaped by existing regional inequalities. Failing
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to account for this interdependency limits the ability of such models to
inform decision making about whether current regional disparities are
likely to be mitigated or exacerbated. Section 3.3 therefore presents the
inequality-relevant mechanisms identified in the reviewed evidence.

3.3. Through what mechanisms might hydrogen development alleviate or
exacerbate regional inequalities?

The macroeconomic impacts of the hydrogen economy are system-
atically uneven across sub-national regions, as evidenced by recent
literature. Table A.3 details the geographic coverage and key findings of
relevant studies. Our review shows that these heterogeneous outcomes
arise from the interaction of the following mechanisms: (i) the pro-
duction method chosen (which maps onto different regional resource
and infrastructure endowments), (ii) the hydrogen system segment
the region hosts (which determines where benefits accrue and costs
fall), and (iii) the geographic pattern of investment (e.g., concentrated
“hubs” vs. dispersed networks). The findings are synthesized in Table 3,
which provides a detailed matrix of regional impacts across production
methods and hydrogen system segments, while also indicating the
investment patterns.

The choice of production method embeds the consideration of spa-
tial economy by pre-selecting regional beneficiaries according to re-
source and industrial endowments. Green hydrogen often shifts advan-
tage toward renewable-rich regions. The analysis of green hydrogen
deployment in China by Du et al. (2024) finds that northern and
western provinces with abundant renewables — Inner Mongolia, Xin-
jiang, Heilongjiang, and others — are the clear winners, despite their
longstanding economic disadvantage relative to China’s coastal indus-
trial centers. They can produce hydrogen at a much lower cost and
thus reap greater economic and carbon-abatement benefits than other
provinces. This is reinforced by Su et al. (2025), who find that solar-
and wind-rich western provinces become export hubs. This pathway
reveals hydrogen’s role to alleviate existing regional inequalities by
facilitating a development policy favoring peripheral regions with high-
quality wind and solar potential. In contrast, blue hydrogen (CCS-SMR)
has entirely different spatial implications, favoring “path dependency”.
As an essential intermediate solution, its adoption is geographically tied
to regions with existing natural gas infrastructure and suitable geology
for CO2 storage (Ikonnikova et al., 2023). This reinforces the spatial
geography of the fossil-fuel era. The CGE analysis by Espegren et al.
(2021) for Norway, for example, shows that a fossil-fuel-rich region
can use blue hydrogen to “replace the value lost” from its declining
petroleum sector. This leverages the existing energy workforce and
infrastructure but runs the risk of creating a sunk-cost effect that
delays the full transition to green hydrogen (Ikonnikova et al., 2023).
A third pathway, biohydrogen (from biomass) creates a distinct set
of regional winners. Its viability is tied to the agricultural sector and
land use (Lee and Chiu, 2012). The economic potential identified in
input-output studies on the U.S. and China (Lee et al., 2011a) would
flow to rural regions with strong agricultural sectors or advanced
waste management systems, supporting a circular economy (Lee, 2020).
This can be inequality-alleviating when it generates rural multipliers
and diversification, but it can also introduce new regional trade-offs,
namely “competition with food production” or new strains on regional
land and water resources (Lee et al., 2011a).

A second mechanism concerns which segment of the hydrogen
system the region participates in. Even with similar national impacts,
regional inequality depends on whether activity is concentrated in up-
stream production, midstream storage and distribution, or downstream
end-use. The literature shows that participating in different segments
can either alleviate or exacerbate disparities depending on how benefits
and costs are distributed across places and time.

First, within the upstream production segment, a temporal-spatial
trap can emerge. The input-output analysis for Brazil by Brito et al.
(2025) warns that the construction phase of new electrolytic hydrogen
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Table 3

Regional impacts across production methods, investment patterns and hydrogen segments.
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Production method Production phase

Storage & distribution phase

End-Use phase

Green Hydrogen

Blue Hydrogen

Biohydrogen

Impact: High localized value-added from
construction; long-term gains depend on
whether operations remain local.
Determinant: Renewable resource endowment
and infrastructure readiness.

Winners: Regions with high renewable
potential.

Investment pattern: Typically resource-aligned
concentration, in some cases export hubs.
Citations: (Caiafa et al., 2023; Du et al. 2024;
Su et al. 2025; Brito et al. 2025; Miiller et al.
2024; Huang et al. 2024)

Impact: Leverages existing workforce and
gas-related capabilities.

Determinant: Dependent on existing natural
gas infrastructure & CCUS potential.
Winners: Regions with established fossil-fuel
industry (e.g., Norway).

Investment pattern: Reinforces incumbent
fossil-energy geographies.

Citations: (Espegren et al., 2021; Ikonnikova
et al. 2023)

Impact: Generates value within
circular-economy systems.

Determinant: Biomass availability (agriculture,
waste management).

Winners: Most likely biomass-rich and
agriculture-linked economies.

Trade-off: Land-use competition (food vs. fuel).

Investment pattern: Favors
decentralized/small-scale development.

Impact: High infrastructure multipliers.
Determinant: Proximity to ports, stations,
transmission routes, and trade links.

Winners: Connected ports, corridor nodes, and
transmission-linked regions.

Investment pattern: Follows corridor/node
logic (ports, stations, transmission routes).
Citations: (Nakano and Washizu, 2017; Turner
et al. 2023; Fattahi et al. 2024)

Impact: Supports incumbent gas-linked
infrastructure and transitional supply chains.
Determinant: Existing gas-network geography
and delivery-cost advantages.

Winners: Regions already embedded in
incumbent gas and industrial networks.
Investment pattern: Path-dependent, often
following existing gas network.

Citations: (Espegren et al., 2021; Ikonnikova
et al. 2023)

Impact: Typically localized; less suited to
long-distance transport.

Determinant: Distributed, local networks.
Winners: Local economies able to align
feedstock, production technology, and nearby
demand.

Investment pattern: Follows distributed/local
network logic.

Citations: (Lee and Chiu, 2012; Lee et al.
2011b)

Impact: Decarbonization of incumbent industries
(steel, chemicals).

Determinant: Co-location with hard-to-abate
industrial clusters.

Winners/Losers: Varies (industrial hubs may face
short-run competitiveness pressure).

Investment pattern: Favors industrial-demand
clusters connected to supply corridors.

Citations: (Lagemann and Sacht, 2025; Rinaldi

et al. 2024)

Impact: Transitional supply for industrial users.
Determinant: Presence of large end-use industrial
clusters.

Risk: Sunk-cost effects and spatial lock-in may delay
green H, transition.

Investment pattern: End-use adoption is likely to
cluster around existing industrial cores.

Citations: (Espegren et al., 2021; Ikonnikova et al.
2023)

Impact: More likely to support niche or localized
applications.

Determinant: Co-location with biomass production.
Winners: Evidence is limited, but local
waste/agricultural sectors are more plausible.
Investment pattern: More local-use/decentralized.
Citations: (Lee et al., 2011a; Lee and Chiu 2012)

Citations: (Lee et al., 2011a; Lee and Chiu
2012; Lee 2020)

and green ammonia plants is projected to be highly positive, mobi-
lizing approximately +12,000 jobs. However, once these plants are
operational, the new, less labor-intensive system displaces more labor-
intensive incumbent industries. This results in a net loss of 10,000 jobs
in the operational phase. This finding reveals a critical dynamic: a re-
gion hosting a new plant experiences a temporary surge in construction
and machinery sectors, a finding supported by Miiller et al. (2024) in
Saudi Arabia, which notes that construction investments capture the
majority of domestic economic gains. This can alleviate regional dispar-
ities when construction booms translate into durable local capabilities;
it can exacerbate disparities when the boom is temporary and long-
run jobs are displaced. Conversely, a region with a legacy industry
(e.g., coal mining, oil refining) that is not chosen for a new project faces
a double negative: it sees no construction boom and suffers permanent,
long-term job losses.

Second, a clear divide exists between production regions and end-
use regions. The regional CGE analysis by Lagemann and Sacht (2025)
for Northern Germany provides the clearest example of this stark
divergence. In a scenario of switching heavy industry to hydrogen, the
established industrial hub of Hamburg, an end-user, suffers a signifi-
cant GDP decline of nearly 0.9%. In contrast, the less-industrialized,
peripheral state of Mecklenburg-Western Pomerania sees a modest
GDP increase of 0.5%. The costs of the transition (e.g., upgrading
industrial equipment, higher energy prices) are spatially concentrated
on incumbent industrial regions, causing them to lose competitiveness.
This is reinforced by Rinaldi et al. (2024), whose hybrid I-O model
for the EU steel sector finds that hydrogen-based production would
increase steel prices by 56%, raising input costs for downstream steel-
using sectors and indirectly for final consumers. Taken together, these
regional disparities show that the hydrogen transition does not lift
all boats uniformly; it can penalize established industrial centers via
endogenizing the cost of carbon through hydrogen utilization while
creating new growth opportunities in peripheral regions that can host

emerging production assets due to renewable resource endowments,
thereby reshaping regional economic hierarchies.

Finally, the phases of storage and distribution are critical but under-
explored components that add additional layers to hydrogen’s spatial
geography. While green hydrogen production is primarily shaped by
renewable resource endowments, the storage phase is largely dictated
by geology. Large-scale, low-cost seasonal storage is essential to buffer
the intermittency of green hydrogen, and the most promising option is
underground storage in salt caverns. Regions with these specific geolog-
ical formations can become the strategic energy reserves for an entire
continent. This advantage translates into a new, high-value industry
(energy storage) and associated investments and jobs. The distribution
phase, meanwhile, is governed less by natural resource endowments
and more by the configuration of pipeline and port infrastructure. These
factors determine which regions are connected and which are bypassed,
and the economic impact of this infrastructure is substantial. The input—
output analysis by Nakano and Washizu (2017) for Japan, for instance,
found exceptionally high economic multiplier effects—ranging from 2.6
to 3.27, from investments in distribution infrastructure like hydrogen
stations and tankers. Furthermore, the method of distribution creates a
critical path dependency. As the CGE analysis by Turner et al. (2023)
for the UK shows, a key strategy is repurposing the existing natural gas
pipeline network. This is an efficient choice, but it is also a profound
spatial one. It inherently reinforces the economic centrality of regions
that are already hubs in the fossil-fuel economy. This path-dependent
development benefits existing industrial corridors, ensuring their con-
tinued relevance but potentially failing to level up peripheral regions
that are not currently connected to the gas grid. At the international
scale, Fattahi et al. (2024) show that hydrogen and ammonia trade is
shaped by corridor logic, with pipelines and shipping routes linking
exporters and importers across regions.

The third mechanism is geographic pattern of investment — whether
concentrated in hubs or dispersed across a network — which can
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strongly influence whether regional inequalities are widened or nar-
rowed.

The hub model, for example, can be a powerful and intentional tool
for regional development. The analysis of a proposed “green hydrogen
export hub” in Ceard, Brazil (Caiafa et al., 2023) projects substantial
local value-added gains on the order of +$2.5 billion in GDP. In this
case, spatial concentration is a deliberate policy to channel massive
investment into a specific, targeted region, with the goal of creating a
new industrial center. However, the structure of the hydrogen system
shows that this success is not guaranteed and depends critically on
the local integration of its segments. The same study (Caiafa et al.,
2023) provides a warning: if the project is import-heavy relying on
foreign technology, external contractors, and imported components
(like electrolysers and turbines), the local economic multipliers collapse
to a fraction of their potential. The value-added then flows out of the
host region to the established, high-tech manufacturing centers that
produce this equipment. The analysis by Huang et al. (2024) in China is
the clearest evidence of this mechanism. It finds that wealthier coastal
cities are able to mobilize private R&D labor markets significantly
faster than policy-driven inland cities. These coastal hubs have the
pre-existing R&D ecosystems, skilled labor pools, and access to capital
that a new industry needs. This mechanism exacerbates disparities in
innovation capacities and average incomes. In this sense, the hydrogen
economy does not create new centers of growth; it simply follows
established patterns of agglomeration, thereby deepening regional in-
equalities. Another pattern of concentration is resource-driven, which
creates a geographic lottery. Here, investment is not concentrated by
policy or by existing wealth, but by the availability of prime natural
resources. The provincial analyses of China by Du et al. (2024) and Su
et al. (2025) both identify this pattern. Conversely, a more dispersed
network model - decentralized, smaller-scale production integrated
with local renewable grids — may support more geographically broad-
based benefits. Emerging evidence suggests that distributed hydrogen
systems can reduce reliance on large centralized pipeline build-out and
enable local employment opportunities in remote communities that
hub-led systems may bypass (Handique et al., 2024). However, the dis-
tributional advantage depends on cost, scalability, and local capability
to create value, rather than assuming dispersion automatically reduces
inequality.

4. Discussion of results
4.1. Macroeconomic implications and role of policy mechanisms

The findings underscore hydrogen’s multifaceted macroeconomic
impact, including driving industrial expansion through the emergence
of new industries for hydrogen production and utilization, while also
delivering broader economic benefits such as job creation and eco-
nomic growth. Investments in hydrogen systems, say the development
of electrolysis plants, not only generate direct employment and GDP
but also stimulate industrial activity within and beyond the hydrogen
sector. South Korea’s and Brazil’s projections of employment growth
and industrial expansion exemplify hydrogen’s capacity to reinforce
a national industrial ecosystem surrounding hydrogen production and
end use. Moreover, hydrogen’s role in reshaping industrial production
networks is crucial. As hydrogen-based technologies like steel produc-
tion gain traction, they create new demands across different segments
of hydrogen systems. This interconnected growth is particularly evident
in China’s hydrogen steelmaking sector, which supports decarboniza-
tion in manufacturing and generates demand for renewable resources.
In addition to domestic impacts, hydrogen also has the potential to
influence international trade and global economic dynamics. By es-
tablishing new markets and reducing reliance on fossil fuel imports,
hydrogen trade is expected to strengthen trade balances and potentially
boost national GDP, partly through the reduction of national carbon
prices by 1%-6% (Zhang et al., 2024). Beyond economic and trade
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advantages, hydrogen adoption may drive innovation by increasing
demand for advanced infrastructure, which could, in turn, lead to
technological advancements in manufacturing, chemicals, and mate-
rials processing. However, literature does not fully cover the extent
to which these technological advancements could bolster productivity
within hydrogen-linked industries. Further research could deepen the
understanding of the long-term impacts of hydrogen-driven innovation
on competitiveness and adoption in evolving markets. However, lack
of incorporation of social cost of carbon in today’s fossil fuel-based
energy systems result in seemingly high production cost of hydrogen
fuel as well as lack of demand policies. These challenges are recognized
in studies like Liang et al. (2022), Su et al. (2025), and Lee (2014),
which highlight that large-scale hydrogen deployment and its associ-
ated macroeconomic gains only materialize in scenarios with strong
policy support. At the same time, these macroeconomic projections
need to be interpreted with caution. The regional dimension of the
hydrogen economy is tightly coupled to technological performance
and infrastructure configuration, yet most macroeconomic studies still
represent the hydrogen system in a highly stylized way. In particular,
energy losses across production, storage, transport and end-use, as well
as the limited conversion efficiencies of electrolysers and fuel cells,
are only coarsely captured (Rinaldi et al., 2024; Nakano and Washizu,
2017). As a result, regional-level estimates of GDP and employment
should be understood as exploratory scenarios rather than precise
forecasts of real-world outcomes.

In response, countries have implemented a range of mechanisms
to support the adoption and scaling of hydrogen technologies (IEA,
2024b). Germany has introduced Carbon Contracts for Difference
(CCfDs), offering financial support to industries by covering the gap
between carbon market prices and the actual cost of emissions re-
duction through hydrogen use. Japan has established a Hydrogen
Society Promotion Act, including auction mechanisms for hydrogen and
ammonia-based electricity generation. In South Korea, a combination
of carbon pricing and direct subsidies supports hydrogen projects,
particularly focusing on fuel cells and infrastructure development.
The European Union employs mandates like the ReFuelEU Aviation
initiative and promotes hydrogen hubs to reduce infrastructure costs.
It also introduces market-based instruments such as the Carbon Border
Adjustment Mechanism (CBAM) to prevent carbon leakage and incen-
tivize cleaner hydrogen production both within the EU and among
trading partners. On the demand side, policies like carbon pricing
and purchase incentives aim to create markets for hydrogen end
uses, including fuel cell vehicles. For instance, the European Union’s
Emissions Trading System creates a financial incentive for clean fuels.
Moreover, international trade agreements, such as those between Ger-
many and Australia, are increasingly facilitating cross-border hydrogen
trade by establishing market linkages (Antweiler and Schlund, 2024).
Canada’s Hydrogen Strategy, for instance, incorporates production
support (e.g., funding for green hydrogen projects) and consumption
incentives (e.g., industrial adoption of hydrogen technologies) (Natural
Resources Canada, 2020). In addition, the socio-economic benefits of
hydrogen are not evenly distributed across all sectors and countries,
primarily due to differences in energy resources, industrial capabilities,
and policy environments. Countries like Germany and France invest
heavily in hydrogen infrastructure, while others, particularly in Eastern
Europe, lag due to limited resources and infrastructure (Magazzino
et al., 2024). In terms of sectoral disparities, hydrogen can generate
substantial decarbonization benefits for sectors such as transportation,
steel, and energy production, which have shown advanced readiness
levels and targeted policy support. At the same time, industries such as
chemicals and heavy manufacturing, although facing higher barriers to
adopting hydrogen technologies, could experience similar benefits as
infrastructure expands and costs decrease (UK, 2024).

While policy interventions for hydrogen technologies are advancing,
there are gaps in the literature regarding the comprehensive evaluation
of these mechanisms, particularly in terms of comparative effectiveness
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across different policy types and countries. Current studies emphasize
financial incentives and international cooperation as critical elements
but often lack in-depth comparative assessments of different policy
tools, such as subsidies versus carbon pricing, in fostering hydrogen
adoption. For example, while subsidies effectively lower production
costs, it is less clear if they work more effectively compared with
carbon pricing or other mechanisms that drive demand for low-carbon
alternatives. This gap points to the need for cross-country studies, as
national contexts — such as market maturity, resource availability, and
regulatory environments — can significantly influence the success of
different policy approaches. Comparative cross-country analyses can
provide insights into which policies yield the most substantial economic
and environmental benefits. Recent efforts, such as the evaluation of
carbon border adjustment mechanisms by Dechezleprétre et al. (2025),
illustrate the value of such analysis in understanding how the EU’s
CBAM affect both economic competitiveness and decarbonization.

A further implication is that national hydrogen policy instruments
are not spatially neutral. Measures such as subsidies, carbon pricing,
tax incentives, and infrastructure support are typically designed at the
national level, yet their economic effects are mediated by regional
differences in industrial structure, resource endowments, existing in-
frastructure, and local capabilities. Consequently, the same national
policy can generate asymmetric regional outcomes, accelerating invest-
ment and employment in some regions while concentrating transition
costs and adjustment pressures in others.

Additionally, the literature often isolates supply-driven and demand-
driven policies, rather than examining the compounded effects of inte-
grated frameworks that support the hydrogen system. This approach
limits a holistic understanding of how comprehensive policy frame-
works could optimize hydrogen’s economic viability across diverse
sectors and countries. The national variability in policy impacts also
requires further analysis to address disparities in resource availability
and infrastructure development.

Moreover, a broader sectoral application of hydrogen policies could
strengthen the decarbonization potential across industries beyond the
frequently discussed sectors like transportation and heavy industry.
Studies point to the need for a more inclusive approach that en-
compasses underrepresented sectors such as aviation and maritime
transport, which are integral to achieving full-scale decarbonization.
In conclusion, future research should aim to incorporate cross-sectoral
and national comparisons within macroeconomic models, assessing
not only individual policy impacts but also how coordinated, cross-
sectoral policy frameworks might drive hydrogen’s competitiveness and
scalability more effectively.

Relatedly, one may argue that production method representation
is sufficient to estimate national-scale investment and sectoral real-
location effects. However, such models cannot evaluate the regional
distribution of impacts unless they also consider differences in re-
gional endowments (e.g. renewable resources, gas/CCS infrastructure,
industrial base) and a mechanism that ties production siting to those
endowments. Without consideration of siting constraints or regional
resource heterogeneity explicitly, production method remains a techno-
logical assumption rather than a driver of regional allocation. Likewise,
storage is treated as an enabling assumption rather than an endogenous
segment with its own investment decisions, operational constraints, and
geographic characteristics in most models. This matters because storage
can constitute a place-specific advantage that shapes where hydrogen
hubs can scale and which regions emerge as strategic nodes. If storage is
not modeled with capacity, investment dynamics, and geographic char-
acteristics, models cannot assess whether regions with favorable storage
endowments are likely to acquire disproportionate infrastructure rents
or emerge as strategic nodes within hydrogen networks.
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4.2. Economic implications on regional inequalities

The spatial heterogeneity of hydrogen’s macroeconomic impacts
extends beyond simple differences in regional growth trajectories. Sec-
tion 3.3 identifies three mechanisms through which these impacts mate-
rialize: the production method, the hosting of specific hydrogen-system
segments, and the geographic pattern of investment. Through these
mechanisms, the hydrogen transition can play a dual structural role,
either alleviating or exacerbating existing regional inequalities. Which
outcome prevails depends on how hydrogen-system development in-
teracts with underlying features of regional economy — endowments,
incumbent industrial structures, and the configuration of infrastructure
networks, that is, spatial comparative advantage. It also hinges on
whether regions are able to generate sustained value added beyond
short-lived construction activity or create local economic multipliers
during the operational phase. While the three mechanisms describe
how regional impacts are realized, two overarching forces determine
their direction: spatial comparative advantage and local value creation.
Depending on the mechanism, these forces may exert direct or medi-
ated effects (summarized in Table 4), shaped by institutional capacity,
including planning regimes, procurement practices, and the capabilities
of public institutions (Klagge et al., 2025).

The first force concerns whether hydrogen investment and transition-
related adjustment pressures reallocate economic opportunity toward
new places or entrench the dominance of established industrial hubs.
This captures the allocation rule through which assets, connectivity
rents, and adjustment burdens are distributed across regions. As Bridge
et al. (2013) argue, energy transitions are fundamentally spatial re-
configurations driven by changing resource maps. Therefore, this force
is primarily shaped by pathway-dependent siting through natural and
infrastructural endowments and the geographic pattern of investment,
as these directly dictate where hydrogen assets and network advantages
locate.

In inequality terms, hydrogen can support convergence when it
enables credible growth trajectories in lagging regions through new
activity that is connected to broader innovation dynamics such as
skill formation, supplier development, and durable infrastructure con-
nectivity (e.g., pipelines, ports, storage, and grid access). Conversely,
hydrogen can deepen divergence when it reinforces established gate-
ways and industrial corridors through path dependence: the places that
already control strategic infrastructure and industrial capabilities are
best positioned to attract and retain the high-value segments of an
emerging hydrogen economy.

This spatial comparative advantage force also operates through
distribution of transition costs. Even when hydrogen supply investment
occurs outside established cores, the costs of end-use conversion and
competitiveness adjustment can concentrate in incumbent industrial
regions. At the same time, infrastructure and network build-out can
reproduce corridor effects, where ports, transmission routes, and es-
tablished hubs capture the rents of connectivity while bypassed regions
see limited spillovers. The combined implication is that inequality out-
comes depend not only on where projects sit, but also on how network
rents and adjustment burdens are allocated. Crucially, national and
sub-national strategies should explicitly manage adjustment burdens in
vulnerable industrial regions, while distributing network rents in ways
that avoid automatically privileging established gateways.

The second force concerns the extent to which host regions can
create durable value added rather than experiencing leakage of high-
value activities. This force is grounded in Global Production Network
theory (Coe and Yeung, 2015), which emphasizes that territorial devel-
opment outcomes depend on a region’s strategic coupling within global
value chains. Accordingly, this force is shaped primarily by which
segment of the hydrogen value chain a region hosts. As demonstrated
in adjacent clean-tech sectors like offshore wind (Dawley et al., 2015),
resource endowments and spatial hubs influence this force only secon-
darily while multi-level governance and policy activism play a more
important role.
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Table 4

Overarching forces underlying the mechanisms.
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Mechanism from
Section 3.3

Direct influence

Mediated influence

M1. Production
method

M2. Segment hosted

M3. Investment
geography

Spatial Comparative Advantage: Natural resources and
infrastructure decide where hydrogen plants are built.
This directly determines which regions get the new
economic activity and which face the environmental
burdens.

Local Value Creation: A region’s economic benefit
depends heavily on which part of the hydrogen system it
hosts. Securing long-term operations and advanced
services creates lasting wealth, whereas just hosting the
initial construction phase leads to temporary booms.

Spatial Comparative Advantage: Whether investments
are concentrated in massive industrial hubs or spread
across distributed networks directly decides which regions
get connected to the new hydrogen economy and which

Local Value Creation: The chosen hydrogen technology
creates different forward and backward linkages.
However, keeping that wealth local depends on the
region’s existing skills and policies, not just where the
plant is located.

Spatial Comparative Advantage: The specific segment
hosted influences who bears transition costs (like
retrofitting local industries), but it does not dictate the
overall national map of hydrogen investments as strongly
as natural resources do.

Local Value Creation: Building a hub does not guarantee
local wealth. Whether a hub builds local supply chains or
imports everything from outside depends on government
rules, local ownership, and workforce readiness.

get left behind.

Hydrogen projects, especially export-oriented, can generate impres-
sive headline investment figures without producing proportional local
upgrading if key segments remain concentrated in external metropoli-
tan centers or foreign firms. Recent work highlights precisely this risk:
hydrogen can become a future-making agenda that mobilizes invest-
ment narratives faster than it delivers long-term local development,
particularly where local institutions have limited leverage over project
design, procurement, and capability building (Klagge et al., 2025). Re-
search on spatial planning for export-oriented hydrogen megaprojects
similarly emphasizes that planning regimes and governance instru-
ments shape whether projects develop as locally embedded regional
development strategies or as enclave-style investments with limited
local linkages (Walker et al., 2025).

This value creation force interacts with fiscal capacity and financ-
ing conditions. Where sub-national governments face borrowing con-
straints and uneven credit ratings, poorer regions may confront higher
capital costs for shared infrastructure and may be pressured into re-
gressive fiscal arrangements (Dougherty et al., 2025). When hydrogen
strategies rely on local co-financing in fiscally constrained regions, a
paradox can emerge: ambitious green-industrial investments coexist
with underfunded public services and heightened fiscal stress, po-
tentially worsening multidimensional disadvantage even if GDP rises.
The risk is amplified when project structures are import-heavy and
contractor-led, limiting local multipliers and reinforcing unequal dis-
tributions of rents (Caiafa et al., 2023). Labor-market structures and
innovation capacity further condition capture: regions with thin pools
of specialized skills and weaker innovation ecosystems are more likely
to retain lower-wage work, while established innovation centers mobi-
lize high-value R&D and managerial roles more quickly (Huang et al.,
2024). In short, inequality outcomes depend on whether governance
and policy arrangements convert hydrogen investment into capability
formation - skills, supplier depth, innovation, and locally retained rents
- rather than short-lived construction gains and externalized high-value
segments.

Together, these points highlight the classical dilemma in regional
science: trade-off between efficiency and equity. Concentrating hydro-
gen infrastructure in economically optimal locations can reduce costs
through economies of scale and established infrastructure networks.
However, such concentration risks deepening regional inequalities.
Conversely, spatially diversified hydrogen investments, although poten-
tially less cost-efficient initially, may promise broader socio-economic
benefits. To what degree and how policymakers can reconcile this
tension through targeted interventions, including subsidies, strategic
public investments, and incentives to encourage the development of
hydrogen projects in less-developed regions? How are these visions
aligned with the desires, wishes and perceptions of local communities

11

given a range of factors determining their social acceptability (Gordon
et al., 2022)? In what ways are the existing hydrogen projects giving
rise to forward and backward linkages to support regional integra-
tion? Achieving equitable outcomes necessitates a tailored, regionally
differentiated policy mix encompassing adjusted network tariffs that
distribute network revenues more fairly across regions, localized work-
force development programs, fiscal equalization mechanisms recycling
hydrogen revenues into disadvantaged regions, and integrated spatial
planning aligning hydrogen clusters with broader regional development
goals. Such coordinated policy frameworks may offer a pragmatic
pathway toward harnessing hydrogen transitions as a medium for
reducing rather than exacerbating regional economic disparities which
we discuss next.

4.3. A conceptual framework of hydrogen ecosystem to address regional
inequalities

Building upon the insights from previous sections, we offer a con-
ceptual framework that provides a structured approach to understand-
ing how hydrogen can drive economic outcomes across regional con-
texts. Because large-scale hydrogen deployment is still nascent and the
macroeconomic evidence on sub-national distributive impacts remains
limited, we present this framework as a critical, exploratory synthesis.
To ensure hydrogen alleviates rather than exacerbates regional dispar-
ities, policy cannot be treated separately from spatial and institutional
realities. As illustrated in Fig. 5, our framework maps a vertical path-
way comprising four core layers—from initial policy design to final
distributive outcomes-which are dynamically mediated by the depth
of regional integration and linked via a continuous feedback loop.

The framework begins with deliberate policy interventions. Supply-
side and demand-side instruments — such as subsidies, carbon pricing,
and local regulations — serve as catalysts for the adoption and inte-
gration of hydrogen technologies. These policy interventions are essen-
tial in addressing market and infrastructure limitations that currently
impede hydrogen’s scalability and competitiveness.

Policy then steers the hydrogen system mechanisms through which
these impacts materialize: the production method adopted, which hy-
drogen system segments a region hosts, and the geographic pattern of
investment. As the physical hydrogen system is deployed geographi-
cally, it activates the two central overarching forces defined in Sec-
tion 4.2. First, the spatial comparative advantage determines whether
the new infrastructure reallocates economic opportunity to peripheral
regions or entrenches the dominance of established hubs. Second, the
local value creation determines whether the host region possesses the
institutional capacity to retain high-value supply chain activities, or
if that wealth leaks back to external metropolitan centers. Critically,
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Fig. 5. Conceptual framework of regional hydrogen integration for equitable economic outcomes.

the operation of these overarching forces is heavily conditioned by the
system’s regional integration level. Territorial integration, strength of
forward and backward linkages, and cross-sectoral integration do not
have a uniformly positive distributive effect. The distributive signifi-
cance of integration therefore depends on who is connected, on what
terms, and with what capacity to create value.

The distributive impact is the ultimate outcome layer of the frame-
work. These social and economic impacts extend beyond immediate
job creation and GDP growth to include distributive aspects, such as
regional disparities and sectoral inequalities. For instance, driven by the
spatial comparative advantage, regions with pre-existing infrastructure
may experience accelerated growth and economic benefits, while areas
lacking resources and infrastructure might lag, potentially widening
economic disparities. A feedback loop (d) between distributive im-
pacts and policy mechanisms ensures that policy adapts in response to
observed socioeconomic outcomes. As hydrogen adoption progresses,
regional economies, employment, and industry growth provide insights
that inform the refinement of existing policies. This feedback loop
supports an adaptive, responsive policymaking process that maintains
alignment with broader socioeconomic objectives, such as regional
equity and sustainable growth.

Overall, the framework follows a structured pathway-from policy
interventions through mechanisms (a) and forces (b) to eventual im-
pacts on regions and sectors (c). This conceptual framework reveals
critical interdependencies. For instance, specific policy choices, such
as international export agreements versus local content requirements,
play a decisive role in shaping the system and determining the re-
gion’s ultimate integration level. While purely export-driven policies
might push a peripheral region toward becoming an isolated energy
enclave, targeted capability-building can elevate integration toward
an embedded regional cluster. This shift in integration level alters
the macroeconomic mechanisms, ensuring value creation favors the
host community rather than leaking to external centers. However,
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studies that comprehensively assess these patterns — particularly how
specific governance configurations influence regional integration levels
and subsequent spatial equity — remain sparse. Current macroeco-
nomic literature often focuses on the isolated effects of individual
policies or examines limited segments of the hydrogen system (such
as production and end-use applications), treating geographic space
as a neutral backdrop rather than an active institutional variable. It
is therefore important to be transparent about the limitation of this
framework. The reviewed literature provides relatively stronger evi-
dence on national-level technological pathways, aggregate investment
and energy-system requirements, and broad spatial factors shaping
production siting. However, it offers limited ex-post empirical evidence
on sub-national distributive outcomes and the long-run implications
for regional inequality. Accordingly, the spatial comparative advantage
and local value-creation forces in the framework should not be read
as deterministic rules; rather, they are evidence-informed, theoretically
grounded hypotheses that organize what the literature suggests and
highlight priorities for future work. By explicitly considering regional
heterogeneity in resource endowments, industrial structures, infras-
tructure systems, and policy contexts, this framework can serve as an
analytical tool to assess the distributional implications of hydrogen
investments and alternative policy interventions. Operationalising this
framework will require empirical detail on technology choices, infras-
tructure configurations that macroeconomic models cannot generate on
their own. This, in turn, calls for closer collaboration between regional
scientists and engineers to co-produce the micro-level evidence needed
to parameterize and validate regional hydrogen models.

5. Conclusion
Understanding the macroeconomic implications of hydrogen is es-

sential for assessing its potential to drive economic growth and con-
tribute to long-term sustainability goals. This paper has provided a
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systematic review of the 44 papers on hydrogen’s role in economic
growth, with a particular focus on the coverage of different hydrogen
segments and their regional implications. Through this analysis, a
conceptual framework was developed to elucidate how policy inter-
ventions, the hydrogen ecosystem, and distributive impacts may be
harnessed to address regional inequalities.

The hydrogen economy has the potential to drive significant in-
dustrial growth, especially in sectors such as steel manufacturing,
transport, and chemicals, where it can replace carbon-intensive fuels.
The construction and operation of hydrogen production facilities, stor-
age infrastructure, and distribution networks are expected to stimulate
demand and generate substantial employment. As observed in renew-
able energy projects like wind and solar, the hydrogen investments
may have significant multiplier effects, promoting not only direct job
creation but also growth in sectors like engineering, construction, pro-
fessional and financial services. Consequently, investments in hydrogen
infrastructure are likely to contribute significantly to GDP growth and
economic stability.

However, the economic impacts of hydrogen are likely to differ
markedly across regions. Our analysis reveals that hydrogen plays
a dual role: it can either structurally alleviate or exacerbate exist-
ing regional inequalities. These regional impacts are realized through
three mechanisms: the production method chosen, the hydrogen system
segment a region hosts, and the geographic pattern of investment.
Whether these impacts ultimately reduce or deepen regional disparities
is governed by two overarching forces: spatial comparative advantage
and local value creation capacity. Policy therefore has a strong role to
play in shaping these outcomes. Policy mechanisms are crucial to the
growth and competitiveness of hydrogen technologies across national
economies. Both supply-driven approaches, such as government sub-
sidies and tax incentives, and demand-driven mechanisms like carbon
pricing and purchase incentives, have been employed to foster hydro-
gen production and infrastructure development. Balancing supply- and
demand-driven strategies while addressing regional inequalities will be
crucial to maximizing hydrogen’s contribution to economic growth, a
role that regional scientists can play. While centralized production may
lower transportation costs and enhance reliability of supply, it may
risk exacerbating existing regional inequalities by limiting investment
opportunities in less-developed areas. Regional scientists are vital in
ensuring that investments in the development of hydrogen systems do
address regional inequalities, like the effect of large-scale government
investment in defense and military-related infrastructure during and
after World War II.

Yet, only a few studies consider production methods and fewer of
them consider other segments of hydrogen economy. There is a need
for further research to evaluate the role of hydrogen in sectors like
aviation and maritime transport, alongside its regional and sectoral
disparities. A significant gap also exists in understanding what for-
ward and backward linkages hydrogen systems may give rise to and
how their formation depends on the access to resources, including
skilled labor, financial capital, natural resources and precious metals.
How do benefits of economies of scale compare against alleviation
of regional inequalities in decentralized versus centralized hydrogen
systems? When nascent technology is in initial deployment phase,
maybe it is not surprising that existing macroeconomic models do not
capture types of technologies across hydrogen segments and their spa-
tial distribution in sufficient detail. Yet, given the risks for exacerbating
regional disparities, regional scientists can play a more active role to
engage with the growing number of hydrogen projects (IEA, 2025)
early on and collect micro data (e.g. forward and backward linkages) to
inform these macro models. This requires regional scientists to broaden
their disciplinary boundaries to work with engineers and scientists to
understand what the emerging risks and opportunities may mean for
regional economies.

Developing models, tools, and frameworks that can inform deci-
sion making on associated regional disparities is essential for both
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policymakers and the households. The latter is particularly important
because perceptions of how the benefits and burdens of the net zero
transition are distributed are key determinants of households’ adoption
of hydrogen technologies (Gordon et al., 2023); (Gordon et al., 2024),
as highlighted in the science and technology studies literature. By
generating outputs and insights at a regional scale — one that residents
can relate to more directly — regional analysis can inform household
level energy technology choices and shape their socio-political ac-
ceptance (Gordon et al., 2022). Consequently, by providing insights
on these regional trade-offs, regional science can extend its influence
beyond industrial and energy policy and help accelerate the pace of
the net zero transition in the domestic sector.

To support regional science fulfilling this potential, we propose
a four-layer integration framework that maps the interdependencies
across policy design, hydrogen system, inequality mechanisms, and
ultimate distributive outcomes. This framework can form the basis of
more detailed and robust modeling tools to capture the interplay be-
tween economic, technological, and policy factors across international,
national, regional and sectoral impacts. Future studies should aim to
conduct detailed comparative analyses of policy mechanisms across
supply and demand markets — such as subsidies and carbon taxes —
and assess their impacts across different national and international
contexts. Through such robust and detailed models, regional science
discipline can play an important role in ensuring energy transition.
Specifically, the development of hydrogen economy is just one that
delivers sustainable development goals on clean energy, sustainable
industry, and resilient communities.
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Table A.1
Overview of hydrogen’s impacts on macroeconomy.
Sources Country Year Model Hydrogen role  Scenario GDP Hydrogen demand Employment p7
Bae and Cho  South 2040 Dynamic Direct Low subsidy (10%) +0.02% rb! /year hydrogen demand, n/a S
(2010) Korea CGE imperfect 27.6 (vs 19.4)
substitute MTOE2
with fossil
fuels
Medium subsidy +0.04% rb/year 45.6 MTOE n/a
(20%)
High subsidy (30%) +0.07% rb/year 113 MTOE n/a
Liang et al. China 2060 Endoge- Indirect Carbon pricing policy — —145 (-0.3%) n/a n/a D
(2022) nous CGE imperfect trillion CNY rb/year
substitute
with fossil
fuels
Technological +10 trillion n/a3 n/a
progress CNY/year
Lee (2014) Japan 2060 Global Indirect Baseline Forecasting Real GDP with n/a n/a D
CGE imperfect negative growth
model substitute
(GTAP)- with fossil
LCA fuels
Technology +production value n/a n/a
Advancement*
Nuclear Shutdown Real GDP with n/a n/a
Negative growth
-1%/year
Emission Mitigation —0.45%/year in n/a n/a
Target 2020
Mayer et al. Europe 2050 WEGDYN Indirect Low cost tech-early +0.6% rb for n/a n/a D
(2019) CGE imperfect implement Western
model substitute Europe/year
with fossil
fuels
Low cost-late 0.10%/year n/a n/a
High cost-early —1.80%/year n/a n/a
High cost-late —1.50%/year n/a n/a
Espegren Norway 2050 REMES Direct Baseline 358 billion n/a n/a D8
et al. (2021) imperfect Euros/year
substitute
with fossil
fuels
Low-carbon 307 billion 27 TWh n/a
Euros/year
Turner et al. UK 2050 UKENVI UK electricity New hydrogen 0.20%/year n/a 27100 net S
(2023) industry as transmission sector FTEs/year
proxy
Guionie France 3-5 years Input- New H2 H2 investment phase 1 billion 350 kt 12k gross S
et al. (2023) of con- output sector Euros/period jobs/period
struction demand-
driven
model
H2 operation phase 0.7 billion n/a n/a
Euros/year
Gupta et al. Switzer- 2035 Input- New H2 Construction 372 million 23.3kt 2337 gross S
(2023) land output sector USD/period FTE/period
model
Operation 148 million n/a 923 gross
USD/year FTE/year
Lee and Taiwan 2040 CGE Indirect Develop clean energy 1.45%/year n/a 0.59 million net S
Hung (2012) (TAIGEM- imperfect jobs/year
CE) substitute
with fossil
fuels

(continued on next page)
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Wang California 2030 CGE Indirect Moderate/With 3395 (-5) billion 182kt 18940(—60)k/year D
(2011) imperfect hydrogen vehicles USD/year
substitute
with fossil
fuels
Aggressive 3397 (-3) billion 584kt 19020(+20)k/year
USD/year
Yamada Japan n/a Input- Direct Substitute gasoline 500 million 49kt —229 net D
et al. (2019) output imperfect with hydrogen Yen/year jobs/year
model substitute
with fossil
fuels
Kim et al. South 2030 Input- New H2 Investment in fuel 2013 billion 300mw for fuel cell 13168 gross D
(2024) Korea output sector cell sector KRWO /year capacity jobs/year
model
Hienuki Japan n/a Input- New H2 Hydrogen energy n/a n/a 0.09 gross S
(2017) output sector system jobs/t-H2/year
model
Gronau Germany 2030 Input— New H2 Robust hydrogen n/a 1.25mt 82800 gross S
et al. (2023) output sector demand jobs/year
model
Conte et al. Italy n/a Input- Indirect Baseline n/a 55% penetration of 12k net jobs/year S
(2022) output imperfect renewables
model substitute
with fossil
fuels
Lagemann Germany 2045 Regional New H2 Full hydrogen core —0.92%/year n/a -0.23% net/year - S
and Sacht CGE sector network (Hamburg) to +0.26% net/year
(2025) +0.48%/year
(Meck-Pom)
Brito et al. Brazil 2030 Input- Direct Operation (85% load) —55 million n/a -10 000 gross S
(2025) output imperfect BRL/year jobs/year
model substitute
with fossil
fuels
Construction +801 million 38.6 kt H2 +12 199 gross
BRL/period jobs/period
Su et al. China 2040 Dynamic Green H2 Spatial-optimized +3.1% of real 24 Mt H2 yr~! +1.8% net/year S
(2025) CGE scale-up pathway GDP/year
Koutsan- Greece 2050 CGE H2 for Policy packages -1.5% to -0.66% 4.9 Mt n/a S
dreas and heavy-duty (baseline); +2.25%
Keppo transport to +2.6%/year with
(2025) EU grants
Miiller et al. Saudi 2030 Input- Export- Hybrid NH3 build-out ~ 0.50 USD n/a 7.94-9.50 S
(2024) Arabia output oriented PtX value-added/USD gross
model hub invested/year jobs/MUSD/year
Caiafa et al. Brazil 2030 Input- Green H2 Construction, Local +2500 million USD 2 GW electrolysis 93957(+6.4%) D
(2023) (Ceara) output export Technology value-added/period
model corridor gross
FTE/period
Operation, Local +124 million USD 2 GW electrolyzer 3295(4+0.2%)
Technology value-added/year gross
FTE/year
Notes:

1
2,
3
4
5.
6.
7
8

. “rb” stands for “relative to baseline.”

. MTOE refers to “million tons of oil equivalent.”
. Hydrogen is indirectly supported by renewable energy sources, projected to account for 95% of the energy mix by 2060.
. 20% annual cost reduction in costs for hydrogen technologies, including hydrogen fuel cell vehicles, hydrogen fuel cells, and hydrogen fueling stations.
FTE stands for “full-time equivalent.”

. KRW stands for “Korean won.”
. “P” denotes policy drivers. Those primarily aimed at stimulating demand are labeled “D”, while those focused on boosting supply are labeled “S”.
. This study examines both subsidy and tax policy mechanisms.
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Table A.2
Hydrogen system coverage in studies.

Sources Elect SMR w/CCS Gasif Bio Stor Dist Transp Indust Power Heat

Hienuki et al. (2021) v v

Rinaldi et al. (2024) v
McKenzie and Durango-Cohen (2012) 4 v v
Lee et al. (2011a) v

Lee et al. (2011b) v

Liu et al. (2024)

Iordache et al. (2013) v
Wang (2011) v v
Lee (2012)

Lee and Hung (2012)
Wan et al. (2024)
Fattahi et al. (2024)
Meng et al. (2024)
Brauer et al. (2022)
Ikonnikova et al. (2023)
Huang et al. (2024)
Kim et al. (2024) v
Chun et al. (2014)
Bae and Cho (2010) v v
Ren et al. (2021) v v 4

Liang et al. (2022)

Du et al. (2024) v

Lee (2020) v

Lee and Chiu (2012) v v
Hienuki (2017)

Yamada et al. (2019)

Lee (2014)

Mayer et al. (2019)

Zhang et al. (2024)

Wei (2024)

Antweiler and Schlund (2024)
Gronau et al. (2023)

Guionie et al. (2023)

Gupta et al. (2023)

Espegren et al. (2021)

Turner et al. (2023) v
Conte et al. (2022)
Nakano and Washizu (2017) v v v v v
Lagemann and Sacht (2025)
Brito et al. (2025)

Su et al. (2025)

Koutsandreas and Keppo (2025)
Miiller et al. (2024)

Caiafa et al. (2023)

AN
AN

A YN NN
AN NI NN AN

NSNS
AN
ANANEN
AN N NS
AN N N N YN
AN NN AN
AN NN Y AN SNSS
AN AN

AN
ANANEN
AN
AN NI NN
AN

AN NN NN N N S N N N NN NE NN
<
AN N NN
< <

Notes: Elect = Electrolysis; SMR = Steam Methane Reforming; w/CCS = with Carbon Capture and Storage; Gasif = Gasification; Bio = Biomass; Stor = Storage;
Dist = Distribution; Transp = Transportation; Indust = Industrial Use; Power = Power Generation; Heat = Heating.
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Table A.3
Summary of macroeconomic and regional focus of hydrogen-related studies.

Sources Main result Developed Developing Global/Supra National Sub-national

(Hienuki et al., Hydrogen fuel cell vehicles have lower greenhouse gas emissions and energy consumption compared to v v

2021)* gasoline vehicles, especially for larger vehicles.

Rinaldi et al. (2024) Shifting the EU steel sector from Blast Furnace-Basic Oxygen Furnace to hydrogen-based Direct Reduced v v
Iron/Electric Arc Furnace can cut sector-wide carbon emissions by 60% in 2050, but raises average steel
prices by 56%.

(McKenzie and Alternative fuel buses, powered by hydrogen fuel-cell technologies, reduce operating costs and greenhouse 4

Durango-Cohen, gas emissions compared to diesel buses, but increase life-cycle costs.

2012)*

Lee et al. (2011a) Investments in biohydrogen are projected to significantly boost production values by 2040, generating v v v
large economic multipliers in both the U.S. and China.

Lee et al. (2011b) Various ric models are evaluated for forecasting biohydrogen development, with input-output v v v
models deemed most suitable for economic assessments.

Liu et al. (2024) Combining CO5 and air-pollutant reduction strategies in China’s steel industry shows significant potential v v
for emission reductions, especially with hydrogen-based technologies.

(Iordache et al., Romania must integrate more renewable energy sources to transition toward hydrogen effectively. v v

2013)*

Wang (2011) Hydrogen cars will have a minor presence in California’s vehicle fleet by 2030 but could still reduce 4 4
transportation energy consumption and emissions.

Lee (2012) A comparison of wind/solar vs nuclear pathways for green hydrogen production; finds that wind-driven 4 v
hydrogen cuts GDP, whereas nuclear-based hydrogen raises GDP thanks to lower electricity costs.

Lee and Hung (2012) Biohydrogen and hydrogen fuel cells are key players in future energy scenarios, particularly when 4 v
external support is absent.

Wan et al. (2024) China’s subregions could play pivotal roles in global hydrogen, ammonia, and methanol trade. v

Fattahi et al. (2024) Hydrogen and ammonia trade between Europe and the MENA area could lead to cost savings of 6% by v v v
2050.

Meng et al. (2024) China is poised to play a significant role in international hydrogen trade, with a focus on green v v
hydrogen.

Brauer et al. (2022) Multi-criteria screening ranks EU hydrogen import partners; early deals with non-pipeline countries v v
minimize supply-cost risk but shift value-added abroad.

Ikonnikova et al. Highlights the shift toward green hydrogen trade and emphasizes the role of geographic energy systems v v v

(2023) and carbon policies.

Huang et al. (2024) Hydrogen’s development in China is uneven across regions, driven by differences in demand, supply, and v
policy.

Kim et al. (2024) Investment in hydrogen creates jobs and triggers production and value-added output in South Korea’s v v
power sector.

Chun et al. (2014) Hydrogen investment in South Korea could generate 13,484 billion KRW in production by 2040. v v

Bae and Cho (2010) Price subsidies on hydrogen production may increase GDP due to higher investments and exports. 4 v

Liang et al. (2022) Carbon tax and trading can reduce emissions but cause economic strain, while technological innovation v v
such as hydrogen can stimulate economic development in the long term.

Ren et al. (2021) Decarbonizing China’s steel sector through hydrogen and carbon capture could significantly reduce COqy v v
emissions.

Du et al. (2024) Green hydrogen production via water electrolysis can reduce carbon emissions in Chinese provinces. v

Lee (2020) Continuous biohydrogen could add output and jobs by 2040, doubling the multipliers of batch systems. v v v

Lee and Chiu (2012) Biohydrogen provides more benefits than hydrogen infrastructure investment, with China leading in total v v v
output.

Hienuki (2017) A hydrogen energy system based on naphtha reforming impacts production and employment in Japan. v v

Yamada et al. (2019) Fuel cell vehicles reduce CO5 emissions, with methane decomposition offering further reductions. v v

Lee (2014) Hydrogen-related industries in Japan could boost economic growth and reduce CO, emissions. v v

Mayer et al. (2019) Hydrogen-based steel production reduces emissions but increases short-term production costs in Europe. v v

Zhang et al. (2024) By 2050, hydrogen trade could cover 25% of global demand, with green hydrogen dominating. 4 4 v

Wei (2024) Hydrogen development has a significant multiplier effect on emission reductions. v 4 v

Antweiler and Hydrogen trade, particularly blue and turquoise hydrogen, is expected to dominate early market phases v v v

Schlund (2024) due to lower costs compared to green hydrogen.

Gronau et al. (2023) Hydrogen aviation could boost the macroeconomy by creating jobs, but large infrastructure investment is 4 v
needed.

Guionie et al. (2023) Replacing grey hydrogen with low-carbon hydrogen in France could boost the economy and create jobs. 4 v

Gupta et al. (2023) Green hydrogen in Switzerland generates higher GDP and employment than diesel alternatives. 4 v

Espegren et al. Hydrogen can replace value lost from Norway’s declining petroleum sector, supporting emissions-reduction v v

(2021) goals.

Turner et al. (2023) A £17.4billion investment in hydrogen infrastructure could increase UK GDP by 0.23% annually by 2060. v v

Conte et al. (2022) Hydrogen-based DRI coupled with EAF in Italy could reduce CO5 emissions and increase employment. v v

Nakano and Washizu Investments in hydrogen infrastructure in Japan yield economic benefits and COy reductions. v v

(2017)

Lagemann and Sacht A complete shift to hydrogen in heavy industry without deregulation would reduce regional GDP and v

(2025) jobs, but coupling the hydrogen core network with market deregulation reverses the effect.

Brito et al. (2025) Replacing grey hydrogen in refining and ammonia cuts emissions yet trims GDP and 10,000 jobs, v v
whereas building domestic electrolytic-ammonia plants boosts short-term growth but internalizes
previously imported emissions.

Su et al. (2025) High-adoption green hydrogen plus carbon pricing curbs industrial COo by up to 38% and nudges 4 4
national GDP by +0.4% by 2040; solar- and wind-rich western provinces become export hubs.

Koutsandreas and Financing hydrogen trucks and buses domestically drags GDP about —1.5% in 2050, but if foreign grants 4 v

Keppo (2025) cover capital costs the macro impact flips positive (+2.5%).

Miiller et al. (2024) Hybrid solar-wind plants yield stronger domestic value-added, while exporting ammonia lifts employment v v
most.

Caiafa et al. (2023) When megawatt-scale green-hydrogen projects rely mainly on imported equipment and foreign v

contractors, local value-added, income and job creation in Ceard collapse to a fraction of their potential
and can even widen gender and wage gaps.

Note: Although McKenzie and Durango-Cohen (2012), Hienuki et al. (2021), and lordache et al. (2013) do not estimate macroeconomic effects directly, they are included because they supply the bottom-up evidence that
input-output and computable general equilibrium models depend on. “Developed” and “Developing” classifications follow standard high-income vs. emerging-economy groupings based on the primary countries or regions

studied.

17



W. Huang and N. Balta-Ozkan

References

Antweiler, W., Schlund, D., 2024. The emerging international trade in hydrogen:
Environmental policies, innovation, and trade dynamics. J. Environ. Econ. Manag.
127, 103035.

Arsad, A., Hannan, M., Al-Shetwi, A.Q., Begum, R., Hossain, M., Ker, P.J., Mahlia, T.I.,
2023. Hydrogen electrolyser technologies and their modelling for sustainable
energy production: A comprehensive review and suggestions. Int. J. Hydrog. Energy
48 (72), 27841-27871.

Bae, J.H., Cho, G.-L., 2010. A dynamic general equilibrium analysis on fostering a
hydrogen economy in Korea. Energy Econ. 32, S57-S66.

Bouacida, I., 2024. France’s hydrogen strategy: focusing on domestic hydrogen produc-
tion to decarbonise industry and mobility. In: The Geopolitics of Hydrogen: Volume
1: European Strategies in Global Perspective. Springer Nature Switzerland Cham,
pp. 67-84.

Brauer, J., Triiby, J., Villavicencio, M., 2022. Establishing low-carbon hydrogen trade
relations-where to go and who to partner with? In: 2022 18th International
Conference on the European Energy Market. EEM, IEEE, pp. 1-6.

Bridge, G., Bouzarovski, S., Bradshaw, M., Eyre, N., 2013. Geographies of energy
transition: Space, place and the low-carbon economy. Energy Policy 53, 331-340.

Brito, K.S., Barroso, P.D.B., Cavaliero, C.K.N., 2025. The relevance of input-output
analysis in public policies propositions for green hydrogen in Brazil. Int. J. Hydrog.
Energy 145, 1033-1046.

Caiafa, C.R., Pereira, A.O., Romijn, H., de Coninck, H., 2023. Can Green Hydrogen
Exports Contribute to Regional Economic Development? Exploring Scenarios from
the Dutch-Brazilian Green Hydrogen Corridor for the State of Ceard. Technical
report, WIFO Working Papers.

Cheng, W., Lee, S., 2022. How green are the national hydrogen strategies? Sustainability
14 (3), 1930.

Chun, D., Woo, C., Seo, H., Chung, Y., Hong, S., Kim, J., 2014. The role of hydrogen
energy development in the Korean economy: An input-output analysis. Int. J.
Hydrog. Energy 39 (15), 7627-7633.

Coe, N.M., Yeung, H.W.-C., 2015. Global Production Networks: Theorizing Economic
Development in an Interconnected World. Oxford University Press.

Conte, M., Rinaldi, L., Tonini, F., Fumagalli, T., Lorenzin, G., Piras, P., Sommariva, G.G.,
Rocco, M.V., Colombo, E., 2022. Investigating the economic and environmental
impacts of a technological shift towards hydrogen-based solutions for steel man-
ufacture in high-renewable electricity mix scenarios for Italy. In: IOP Conference
Series: Earth and Environmental Science, vol. 1106, (1), IOP Publishing, 012008.

Dawley, S., MacKinnon, D., Cumbers, A., Pike, A., 2015. Policy activism and regional
path creation: the promotion of offshore wind in north east England and Scotland.
Camb. J. Reg. Econ. Soc. 8 (2), 257-272.

Dechezleprétre, A., Haramboure, A., Kégel, C., Lalanne, G., Yamano, N., 2025. Carbon
Border Adjustments: the Potential Effects of the EU CBAM Along the Supply Chain.
Technical Report, OECD Publishing.

Dougherty, S., de Biase, P., Brochado, C., 2025. Subnational debt in turbulent times:
Navigating fiscal risks and market inefficiencies. VoxEU — CEPR Policy Portal.
Available online.

Du, L., Lin, L., Yang, Y., Li, J., Xu, S., Zhang, Y., Zhou, L., 2024. Environmental and
economic tradeoffs of green hydrogen production via water electrolysis with a focus
on carbon mitigation: A provincial level study in China. Int. J. Hydrog. Energy.

Espegren, K., Damman, S., Pisciella, P., Graabak, 1., Tomasgard, A., 2021. The role of
hydrogen in the transition from a petroleum economy to a low-carbon society. Int.
J. Hydrog. Energy 46 (45), 23125-23138.

Fattahi, A., Dalla Longa, F., van der Zwaan, B., 2024. Opportunities of hydrogen and
ammonia trade between europe and MENA. Int. J. Hydrog. Energy 83, 967-974.

Gordon, J.A., Balta-Ozkan, N., Haq, A., Nabavi, S.A., 2024. Coupling green hydrogen
production to community benefits: A pathway to social acceptance? Energy Res.
Soc. Sci. 110, 103437.

Gordon, J.A., Balta-Ozkan, N., Nabavi, S.A., 2022. Beyond the triangle of renewable
energy acceptance: the five dimensions of domestic hydrogen acceptance. Appl.
Energy 324, 119715.

Gordon, J.A., Balta-Ozkan, N., Nabavi, S.A., 2023. Price promises, trust deficits and
energy justice: public perceptions of hydrogen homes. Renew. Sustain. Energy Rev.
188, 113810.

Gronau, S., Hoelzen, J., Mueller, T., Hanke-Rauschenbach, R., 2023. Hydrogen-powered
aviation in Germany: A macroeconomic perspective and methodological approach
of fuel supply chain integration into an economy-wide dataset. Int. J. Hydrog.
Energy 48 (14), 5347-5376.

Guionie, R., Loisel, R., Lemiale, L., Guerineau, M., 2023. Industrial planning with
input-output models: empirical evidence from low-carbon hydrogen in France.
Gupta, R., Guibentif, T.M., Friedl, M., Parra, D., Patel, M.K., 2023. Macroeconomic
analysis of a new green hydrogen industry using input-output analysis: The case

of Switzerland. Energy Policy 183, 113768.

Handique, A.J., Peer, R., Haas, J., Osorio-Aravena, J.C., Reyes-Chamorro, L., 2024.
Distributed hydrogen systems: A literature review. Int. J. Hydrog. Energy 85,
427-439.

Hassan, 1., Ramadan, H.S., Saleh, M.A., Hissel, D., 2021. Hydrogen storage technologies
for stationary and mobile applications: Review, analysis and perspectives. Renew.
Sustain. Energy Rev. 149, 111311.

18

Global Challenges & Regional Science 6 (2026) 100029

Hepburn, C., O’Callaghan, B., Stern, N., Stiglitz, J., Zenghelis, D., 2020. Will COVID-19
fiscal recovery packages accelerate or retard progress on climate change? Oxf. Rev.
Econ. Policy 36 (Supplement 1), S359-S381.

Hienuki, S., 2017. Environmental and socio-economic analysis of naphtha reforming
hydrogen energy using input-output tables: A case study from Japan. Sustainability
9 (8), 1376.

Hienuki, S., Mitoma, H., Ogata, M., Uchida, I., Kagawa, S., 2021. Environmental and
energy life cycle analyses of passenger vehicle systems using fossil fuel-derived
hydrogen. Int. J. Hydrog. Energy 46 (73), 36569-36580.

HM Government, 2025. The UK’s modern industrial strategy. Policy paper,
https://assets.publishing.service.gov.uk/media/68595e56db8e139f95652dc6/
industrial_strategy_policy_paper.pdf.

Huang, Y., Zhou, Y., Zhong, R., Wei, C., Zhu, B., 2024. Hydrogen energy development
in China: Potential assessment and policy implications. Int. J. Hydrog. Energy 49,
659-669.

IEA, 2023. Global hydrogen review 2023. https://www.iea.org/reports/global-
hydrogen-review-2023.

IEA, 2024a. Clean energy is boosting economic growth. https://www.iea.org/
commentaries/clean-energy-is-boosting-economic-growth.

IEA, 2024b. Global hydrogen review 2024. https://www.iea.org/reports/global-
hydrogen-review-2024.

IEA, 2025. Global hydrogen review 2025. https://www.iea.org/reports/global-
hydrogen-review-2025.

Ikonnikova, S.A., Scanlon, B.R., Berdysheva, S.A., 2023. A global energy system
perspective on hydrogen trade: A framework for the market color and the size
analysis. Appl. Energy 330, 120267.

Tordache, I., Gheorghe, A.V., Iordache, M., 2013. Towards a hydrogen economy in
Romania: Statistics, technical and scientific general aspects. Int. J. Hydrog. Energy
38 (28), 12231-12240.

IRENA, 2022a. Geopolitics of the energy transformation: The hydrogen factor.
https://www.irena.org/publications/2022/Jan/Geopolitics-of-the-Energy-
Transformation-Hydrogen.

IRENA, 2022b. Global hydrogen trade to meet the 1.50 C climate goal: trade outlook
for 2050 and way forward. https://www.irena.org/publications/2022/Jul/Global-
Hydrogen-Trade-Outlook..

Kim, B.-J., Hyun, M.-K., Yoo, S.-H., 2024. Economic effects of the hydrogen fuel
cell sector in South Korea: An input-output analysis. Int. J. Hydrog. Energy 68,
955-969.

Klagge, B., Walker, B., Kalvelage, L., Greiner, C., 2025. Governance of future-making:
Green hydrogen in Namibia and South Africa. Geoforum 161, 104244.

Koutsandreas, D., Keppo, 1., 2025. On the macroeconomic and societal ramifications of
green hydrogen policies—The case of greek transport sector. Energy 315, 134389.

Lagemann, A., Sacht, S., 2025. The Effects of Establishing a Hydrogen Industry in
Northern Germany. Technical Report, HWWI Working Paper.

Lee, D.-H., 2012. Toward the clean production of hydrogen: Competition among
renewable energy sources and nuclear power. Int. J. Hydrog. Energy 37 (20),
15726-15735.

Lee, D.-H., 2014. Development and environmental impact of hydrogen supply chain
in Japan: Assessment by the CGE-LCA method in Japan with a discussion of the
importance of biohydrogen. Int. J. Hydrog. Energy 39 (33), 19294-19310.

Lee, D.-H., 2020. Efficiency and economic benefit of dark-fermentative biohydrogen
production in Asian circular economies: Evaluation using soft-link methodology
with data envelopment analysis (DEA) and computable general equilibrium model
(CGE). Int. J. Hydrog. Energy 45 (6), 3688-3698.

Lee, D.-H., Chiu, L.-H., 2012. Development of a biohydrogen economy in the United
States, China, Japan, and India: With discussion of a chicken-and-egg debate. Int.
J. Hydrog. Energy 37 (20), 15736-15745.

Lee, D.-H., Hung, C.-P., 2012. Toward a clean energy economy: With discussion on role
of hydrogen sectors. Int. J. Hydrog. Energy 37 (20), 15753-15765.

Lee, D.-H., Lee, D.-J., Chiu, L.-H., 2011a. Biohydrogen development in United States
and in China: An input-output model study. Int. J. Hydrog. Energy 36 (21),
14238-14244.

Lee, D.-H., Lee, D.-J., Veziroglu, A., 2011b. Econometric models for biohydrogen
development. Bioresour. Technol. 102 (18), 8475-8483.

Liang, S., Lin, X., Liu, X., Pan, H., 2022. The pathway to China’s carbon neutrality based
on an endogenous technology CGE model. Int. J. Environ. Res. Public Health 19
(10), 6251.

Liu, D., Wang, P., Sun, Y., Zhang, H., Xu, S., 2024. Co-abatement of carbon and air
pollutants emissions in China’s iron and steel industry under carbon neutrality
scenarios. Renew. Sustain. Energy Rev. 191, 114140.

Magazzino, C., Mele, M., Leogrande, A., 2024. Regional disparities and strategic
implications of hydrogen production in 27 European countries. Reg. Sci. Environ.
Econ. 1 (1), 3-30.

Mayer, J., Bachner, G., Steininger, K.W., 2019. Macroeconomic implications of switch-
ing to process-emission-free iron and steel production in europe. J. Clean. Prod.
210, 1517-1533.

McKenzie, E.C., Durango-Cohen, P.L., 2012. Environmental life-cycle assessment of
transit buses with alternative fuel technology. Transp. Res. Part D: Transp. Environ.
17 (1), 39-47.


http://refhub.elsevier.com/S3050-502X(26)00006-9/sb1
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb1
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb1
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb1
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb1
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb2
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb2
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb2
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb2
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb2
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb2
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb2
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb3
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb3
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb3
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb4
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb4
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb4
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb4
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb4
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb4
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb4
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb5
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb5
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb5
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb5
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb5
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb6
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb6
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb6
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb7
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb7
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb7
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb7
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb7
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb8
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb8
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb8
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb8
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb8
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb8
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb8
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb9
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb9
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb9
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb10
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb10
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb10
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb10
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb10
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb11
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb11
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb11
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb12
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb12
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb12
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb12
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb12
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb12
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb12
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb12
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb12
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb13
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb13
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb13
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb13
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb13
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb14
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb14
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb14
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb14
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb14
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb15
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb15
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb15
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb15
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb15
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb16
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb16
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb16
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb16
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb16
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb17
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb17
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb17
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb17
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb17
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb18
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb18
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb18
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb19
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb19
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb19
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb19
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb19
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb20
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb20
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb20
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb20
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb20
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb21
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb21
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb21
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb21
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb21
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb22
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb22
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb22
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb22
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb22
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb22
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb22
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb23
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb23
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb23
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb24
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb24
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb24
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb24
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb24
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb25
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb25
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb25
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb25
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb25
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb26
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb26
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb26
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb26
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb26
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb27
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb27
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb27
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb27
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb27
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb28
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb28
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb28
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb28
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb28
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb29
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb29
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb29
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb29
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb29
https://assets.publishing.service.gov.uk/media/68595e56db8e139f95652dc6/industrial_strategy_policy_paper.pdf
https://assets.publishing.service.gov.uk/media/68595e56db8e139f95652dc6/industrial_strategy_policy_paper.pdf
https://assets.publishing.service.gov.uk/media/68595e56db8e139f95652dc6/industrial_strategy_policy_paper.pdf
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb31
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb31
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb31
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb31
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb31
https://www.iea.org/reports/global-hydrogen-review-2023
https://www.iea.org/reports/global-hydrogen-review-2023
https://www.iea.org/reports/global-hydrogen-review-2023
https://www.iea.org/commentaries/clean-energy-is-boosting-economic-growth
https://www.iea.org/commentaries/clean-energy-is-boosting-economic-growth
https://www.iea.org/commentaries/clean-energy-is-boosting-economic-growth
https://www.iea.org/reports/global-hydrogen-review-2024
https://www.iea.org/reports/global-hydrogen-review-2024
https://www.iea.org/reports/global-hydrogen-review-2024
https://www.iea.org/reports/global-hydrogen-review-2025
https://www.iea.org/reports/global-hydrogen-review-2025
https://www.iea.org/reports/global-hydrogen-review-2025
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb36
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb36
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb36
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb36
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb36
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb37
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb37
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb37
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb37
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb37
https://www.irena.org/publications/2022/Jan/Geopolitics-of-the-Energy-Transformation-Hydrogen
https://www.irena.org/publications/2022/Jan/Geopolitics-of-the-Energy-Transformation-Hydrogen
https://www.irena.org/publications/2022/Jan/Geopolitics-of-the-Energy-Transformation-Hydrogen
https://www.irena.org/publications/2022/Jul/Global-Hydrogen-Trade-Outlook
https://www.irena.org/publications/2022/Jul/Global-Hydrogen-Trade-Outlook
https://www.irena.org/publications/2022/Jul/Global-Hydrogen-Trade-Outlook
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb40
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb40
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb40
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb40
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb40
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb41
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb41
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb41
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb42
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb42
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb42
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb43
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb43
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb43
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb44
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb44
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb44
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb44
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb44
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb45
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb45
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb45
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb45
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb45
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb46
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb46
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb46
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb46
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb46
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb46
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb46
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb47
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb47
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb47
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb47
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb47
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb48
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb48
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb48
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb49
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb49
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb49
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb49
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb49
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb50
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb50
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb50
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb51
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb51
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb51
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb51
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb51
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb52
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb52
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb52
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb52
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb52
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb53
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb53
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb53
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb53
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb53
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb54
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb54
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb54
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb54
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb54
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb55
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb55
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb55
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb55
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb55

W. Huang and N. Balta-Ozkan

Meng, X., Gu, A., Zeng, J., Chen, M., Zhou, J., Liu, B., Mao, Z., 2024. Advantages and
challenges of China’s participation in international hydrogen trade. Int. J. Hydrog.
Energy 52, 1356-1368.

METI, 2023. Japan’s hydrogen roadmap: Meti’s targets for hydrogen production, usage,
and exports.

Miiller, V.P., Besler, M., van Vuuren, D., Eichhammer, W., 2024. Can green hydrogen
drive economic transformation in Saudi Arabia?- an input-output analysis of
different power-to-X configurations. Energy Convers. Manag.: X 24, 100798.

Nakano, S., Washizu, A., 2017. A panoramic analysis of hydrogen utilization systems:
using an input-output table for next generation energy systems. Procedia CIRP 61,
779-784.

Natural Resources Canada, 2020. Canada’s Hydrogen Strategy.

Nunez, A., Quitzow, R., 2024. Germany’s hydrogen strategy: Securing industrial
leadership in a carbon-neutral economy. Geopolit. Hydrog.: Vol. 1: Eur. Strat. Glob.
Perspect. 49-66.

Odenweller, A., Ueckerdt, F., Nemet, G.F., Jensterle, M., Luderer, G., 2022. Probabilistic
feasibility space of scaling up green hydrogen supply. Nat. Energy 7 (9), 854-865.

Pickering, C., Byrne, J., 2014. The benefits of publishing systematic quantitative
literature reviews for PhD candidates and other early-career researchers. High.
Educ. Res. Dev. 33 (3), 534-548.

Ren, M., Lu, P., Liu, X., Hossain, M., Fang, Y., Hanaoka, T., O’Gallachoir, B., Glynn, J.,
Dai, H., 2021. Decarbonizing China’s iron and steel industry from the supply and
demand sides for carbon neutrality. Appl. Energy 298, 117209.

Rinaldi, L., Ghezzi, D., Colombo, E., Rocco, M.V., 2024. Assessing environmental and
market implications of steel decarbonisation strategies: a hybrid input-output model
for the European union. Environ. Res. Lett. 19 (7), 074059.

S&P Global, 2021. Europe hydrogen road map.

Stam, R., van der Linde, C., Stapersma, P., 2024. Hydrogen policy in the netherlands:
Laying the foundations for a scalable hydrogen value chain. Geopolit. Hydrog. 165.

Su, R., Xiao, Y., Hamza, F., Mamadiyarov, Z., Wahab, A., 2025. Scaling up green
hydrogen in China: Economic opportunities and challenges. Int. J. Hydrog. Energy
131, 60-69.

Suarez-Cuesta, D., Latorre, M.C., 2024. Challenges in greening the economies: a
computable general equilibrium analysis of the inflation reduction act (IRA).
Available At SSRN 4914030.

19

Global Challenges & Regional Science 6 (2026) 100029

Turner, K., Katris, A., Corbett, H., 2023. What will investing in hydrogen transmission
infrastructure mean for the UK economy?.

Ueckerdt, F., Bauer, C., Dirnaichner, A., Everall, J., Sacchi, R., Luderer, G., 2021.
Potential and risks of hydrogen-based e-fuels in climate change mitigation. Nat.
Clim. Chang. 11 (5), 384-393.

UK, 2022. British energy security strategy.

UK, H., 2024. Economic impact assessment for the hydrogen sector to 2030.

U.S. Department of Energy, 2024. Financial incentives for hydrogen and fuel cell
projects. https://www.energy.gov/eere/fuelcells/financial-incentives-hydrogen-and-
fuel-cell-projects..

Walker, B., Klagge, B., Haid, R., 2025. Spatial planning policies for export-oriented
green-hydrogen projects in Chile, namibia, and South Africa. Land Use Policy 157,
107672.

Wan, Y., Li, Y., Wang, D., Yang, D., Huang, T., Zhang, Y., Zheng, L., Liu, C., 2024.
International trade of green hydrogen, ammonia and methanol: Opportunities of
China’s subregions. Renew. Energy 121294.

Wang, G., 2011. The role of hydrogen cars in the economy of California. Int. J. Hydrog.
Energy 36 (2), 1766-1774.

Wei, T., 2024. Multiplier effect on reducing carbon emissions of joint demand and
supply side measures in the hydrogen market. Energy 305, 132110.

Yamada, M., Fujikawa, K., Umeda, Y., 2019. Scenario input-output analysis on the
diffusion of fuel cell vehicles and alternative hydrogen supply systems. J. Econ.
Struct. 8 (1), 4.

Yue, M., Lambert, H., Pahon, E., Roche, R., Jemei, S., Hissel, D., 2021. Hydrogen energy
systems: A critical review of technologies, applications, trends and challenges.
Renew. Sustain. Energy Rev. 146, 111180.

Zabanova, Y., 2024. The EU in the global hydrogen race: Bringing together climate
action, energy security, and industrial policy. In: The Geopolitics of Hydrogen:
Volume 1: European Strategies in Global Perspective. Springer Nature Switzerland
Cham, pp. 15-47.

Zhang, Q., Wang, L., Chen, W., Zhang, C., 2024. Assessing the impact of hydrogen
trade towards low-carbon energy transition. Appl. Energy 376, 124233.


http://refhub.elsevier.com/S3050-502X(26)00006-9/sb56
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb56
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb56
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb56
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb56
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb57
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb57
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb57
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb58
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb58
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb58
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb58
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb58
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb59
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb59
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb59
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb59
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb59
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb60
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb61
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb61
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb61
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb61
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb61
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb62
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb62
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb62
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb63
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb63
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb63
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb63
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb63
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb64
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb64
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb64
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb64
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb64
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb65
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb65
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb65
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb65
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb65
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb66
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb67
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb67
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb67
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb68
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb68
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb68
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb68
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb68
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb69
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb69
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb69
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb69
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb69
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb70
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb70
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb70
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb71
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb71
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb71
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb71
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb71
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb72
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb73
https://www.energy.gov/eere/fuelcells/financial-incentives-hydrogen-and-fuel-cell-projects
https://www.energy.gov/eere/fuelcells/financial-incentives-hydrogen-and-fuel-cell-projects
https://www.energy.gov/eere/fuelcells/financial-incentives-hydrogen-and-fuel-cell-projects
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb75
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb75
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb75
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb75
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb75
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb76
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb76
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb76
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb76
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb76
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb77
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb77
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb77
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb78
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb78
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb78
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb79
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb79
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb79
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb79
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb79
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb80
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb80
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb80
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb80
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb80
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb81
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb81
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb81
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb81
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb81
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb81
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb81
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb82
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb82
http://refhub.elsevier.com/S3050-502X(26)00006-9/sb82

SPACE

https://dspace.org/

Can hydrogen economy help addressing regional
economic inequalities: a regional hydrogen integration
framework

Huang, Weizhao; Balta-Ozkan, Nazmiye

2026-06

Elsevier

https://doi.org/10.1016/j.gcrs.2026.100029

Huang W, Balta-Ozkan N. (2026) Can hydrogen economy help addressing regional
economic inequalities: a regional hydrogen integration framework. Global Challenges &
Regional Science, Volume 6, June 2026, Article number 100029

Downloaded from a DSpace repository. https://dspace.org/


https://dspace.org/
https://doi.org/10.1016/j.gcrs.2026.100029
https://dspace.org

