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Introduction

The global targets for emissions reduction compel governments in both high-income and
developing countries to develop solutions for environmentally friendly industrial production
without compromising their economic growth objectives. Given the significant uncertainty
surrounding future climate change scenarios (IEA 2024), it is essential to explore,
commercialise, and promote effective options for decarbonising the economy. Currently, the
policy debate centres on green hydrogen as a potential technological breakthrough that could
supplement existing low-carbon energy sources. Although global green hydrogen production
is currently less than 1 Mt (IEA Global Hydrogen Review 2025), projections estimate about 38
Mt by 2030 (revised down from 49 Mt in the IEA Global Hydrogen Review 2024), with a target
of 435 Mt in 2045 under a net-zero emissions scenario (IEA Net Zero Emissions Report 2021).
These figures highlight the immense challenges countries face in facilitating an energy
transition based on hydrogen.

Literature background

Research is rapidly developing on the drivers and bottlenecks related to the expansion of
green hydrogen production.

The technical feasibility of green hydrogen production and technological progress represent a
first important aspect of the discussion. Ampa et al. (2023) study the generation of hydrogen
patents over the period 2000 — 2019 and identify the USA, China, and Japan as the global
leaders; however, only more recently have new patents been based on renewable energy-
based technology innovations.

With the growing scarcity of resources at the governmental level, the policy space to promote
green hydrogen is shrinking over time. There is a growing need to shape appropriate policies
for green hydrogen. Fell et al. (2023) set up a theoretical model to analyse the green energy
transition. They find that optimal green hydrogen subsidies are positive if the unpriced
externality from avoided natural gas is larger than the unpriced externality from electricity.
Bade et al. 2024 analyze the USA market and identify the lack of specific regulations as the



main bottleneck for green hydrogen production. A recent contribution of Odenweller and
Ueckerdt (2025) tracks 190 projects over three years and find a huge implementation gap,
with only 7% of global capacity announcements concretely materializing. They emphasise that
wider adoption of green hydrogen can only be achieved through aggressive carbon pricing
and subsidies globally, which, however, are not currently based on realism. Therefore,
Odenweller and Ueckerdt (2025) conclude that policymakers and stakeholders should be
prepared for scenarios where green hydrogen is scarce.

Maka and Mehmood (2024) point out that lower production costs and the development of
infrastructure and industrial scale remain important factors to scale up green hydrogen. The
economics of green hydrogen and the related industrial capabilities needed for its production
remain relatively underexplored topics in an already infant literature segment.

Emam and Ozcan (2019) find that lower electricity prices of renewable energy could generate
a positive impulse to the wider diffusion of green hydrogen technology and the consolidation
of the related value chain. Building on the complexity literature (Hausman et al. 2014), a novel
and developing strand in the green hydrogen research concerns identifying its development
bottlenecks and enablers as well as economic aspects of the hydrogen production. Based on
the product space technical toolkit, Miller and Eichammer (2023) design a methodology to
estimate the capacity of world countries to export sophisticated goods relevant for the
establishment of green hydrogen value chain. In particular, they identify a set of 36
technologies through which countries' bilateral trade exchanges can be analyzed and
monitored over time. Inspired by their pioneering study, Amann et al. (2024) conduct an
exploratory descriptive analysis on the capability of countries in producing and exporting
goods that are crucial or relevant for the green hydrogen value chain. They find that high- and
upper-middle-income countries are particularly well positioned in terms of enablers to
produce green hydrogen. However, not all upper and high-income countries exploit their
potential. In developing countries, the lack of industrial capabilities and the business
environment constraints are crucial bottlenecks affecting the penetration of green hydrogen
as a valuable energy option for future industrial development.

Research question

The present contribution further elaborates on the Amann et al. 2024 study by designing an
econometric model to examine the factors affecting the current production of green
hydrogen. This study fills an important gap in the literature by: 1) providing a new econometric
analysis of the key enablers and bottlenecks to the expansion and consolidation of the green
hydrogen value chain at the world level, including developed and developing countries;
2)adopting the new IEA data released in September 2025 for green hydrogen production and
infrastructure; and 3) testing the robustness of the findings related to the development of
green hydrogen with semi-parametric and non-parametric approaches.



Data and Methodology

The paper sets up an econometric model (parametric approach) to explain the current
production of green hydrogen, such as:

Vie = BXit + €xir € =o; + Dy t+e (1)

where y is the production of green hydrogen of country i and time t, X is a vector of time
variant explanatory variables covering the macro, meso and micro dimensions of green
hydrogen production determinants, D is unit-year interaction explaining market and
technology related developments, a; is a unit intercept, e is the typical idiosyncratic error. A
set of explanatory variables encompassing the macro (pertaining to the overall economy),
meso (concerning the specific green hydrogen industry) and micro (concerning firms)
dimensions stems from the importance of analysing the role of market fundamentals and
industrial drivers affecting the production of manufacturing goods. Recent conceptual
contributions further highlight the role of horizontal policies (aimed at improving market
conditions) and vertical policies (aimed at addressing sector—specific bottlenecks) in steering
the manufacturing development and capabilities (Hemphill, 2024). An estimation strategy
based on macro, meso and micro explanatory variables is a quite common approach in the
empirical literature (see Goldberg and Tille 2009, Nataraj 2011, Agostino et al. 2025). A unique
feature of the study is that it would be the first one adopting IEA data on green hydrogen
production, infrastructure and levelized production costs and the first of its kind in explaining
the determinants of green hydrogen production from an empirical point of view. A list of
potential explanatory variables of interest is contained in Table 1.

Results from the parametric approaches will be compared to those deriving from semi—
parametric techniques (Machado and Silva 2019). More precisely, the linear specification for
the conditional quantile of the dependent variable y and generic explanatory variables x;; is
given by:

Q(T|x,-t,ﬁ(‘[)) = B(@)x;; (2)

where B(7) is a vector of the coefficients related to the tth quantile. We estimate Equation 4
for T = {10, 25, 50, 75, 90} and present the estimated coefficients alongside those of the
canonical FE model obtained from Equation 1 in the next section.

Finally, a comparison with non — parametric techniques will further complement the paper
model specification robustness tests (Simar 1992).



Table 1. Tentative list of explanatory variables of green hydrogen production

economy could also
explain the capacity to
produce new energy
related goods

Variable Data Motivation Dimension
Production of green | IEA projects | It is a variable that | Dependant
hydrogen database describes the current | variable
operational
production of green
hydrogen
GDP constant prices | World Bank | The capacity to | Explanatory
Development product goods and | variable. Macro.
Indicators services in the overall

Manufacturing value
added

World Development
Indicators

Manufacturing value
added expresses the
capability of countries
to produce industrial
goods useful for the
green hydrogen and
related infrastructure
production

Explanatory
variable. Macro

Governance index

World Bank

A better governance
facilitates
diversification and the
production of new
energy and industrial
goods

Explanatory
variable. Macro

Infrastructure
component
Global
Competitiveness
Report

of the

WEF

A national system of
solid and reliable
infrastructure is
important to explain
production
capabilities

Explanatory
variable. Macro

Green hydrogen
infrastructure

IEA  infrastructure
database

The presence of key
specific green
hydrogen

infrastructure such as
pipelines, storage and
transmissions is
relevant to explain
green hydrogen
production

Explanatory
variable. Meso

Revealed
comparative

and
list of

Mueller
Echammer

Mueller and Echamme
r (2023) identify 36

Explanatory
variable. Meso




advantage in
producing green
hydrogen value chain
goods

green hydrogen
value chain goods
and UNcomtrade
statistics

trade goods
representing the green
hydrogen value chains
and provide
Harmonized Systems
(HS) codes. With the
UNComtrade statistics
dataset, it is possible
to track and monitor
bilateral trade flows of
these goods. The
capacity to export
goods related to the
green hydrogen value
chain with
comparative

advantage can be a
driver of green
hydrogen production.

RISE
Indicator
Sustainable
index

(Regulatory
for
Energy)

World Bank

Specific capacity to
regulate the energy
system can be an
important

determinant of green
hydrogen production

Explanatory
variable. Meso

cost of
hydrogen

Levelized
green
energy

IEA

Countries with higher
green hydrogen
production costs are
less likely to produce
green hydrogen

Explanatory
variables. Meso

factor
the

Firms total
productivity in
energy sector

World Bank

A higher country total
factor productivity, as
calculated by the
World Bank Enterprise
Survey database,
represents the
average country
capacity at firm level
to produce new
industrial and energy
goods

Explanatory
variable: Micro

Bottlenecks to
business in the
energy sector

World Bank

The  World
Enterprise Survey
releases firms’ data
about the severity of
bottlenecks to
business for many

Bank

Explanatory
variable: Micro




world countries.
Average values at
country level can
explain difficulties in
diversifying  towards
new lines of energy

production
Other country, To capture different | Explanatory
industry, firms, time other forms of | variable.
fixed effects, heterogeneity Modelling.

Expected findings

The study promises to derive policy recommendations that decision-makers could consider
for promoting the green industrial development agenda. Findings will be helpful to feed the
dialogue about the development of green hydrogen as an alternative to fossil fuels for
inclusive and sustainable industrial development.

References

Agostino M., Nifo A., Ruberto S., Vecchione G. (2025), “The heterogenous impact of local
institutions  on  firms”,  Journal of Industrial and  Business  Economics,
https://doi.org/10.1007/s40812-025-00364-1

Ampa J,, Jin C., Fattah I, Otoo I., Afrane S., Geng Z., Yusuf A., Li T., Mahlia T, Liu H. 2023,
“Investigating the evolutionary trends and key enablers of hydrogen production technologies:
a patent life cycle and econometric analysis”, International Journal of Hydrogen Energy, 48,
37674 —37707. https://doi.org/10.1016/j.ijhydene.2022.07.258

Amann J.,, Cantore N., Korwatanasakul U., Moll de Alba J. (2024), “Green hydrogen
breakthrough technology in Asia”, forthcoming Springer book Futures of Asia Economy,
forthcoming.

Bade S., Tomomewo O., Meenakshisundam A., Ferron P., Oni B. (2024), “Economic, social and
regulatory challenges of green hydrogen production and utilization in the US: a review”,
International Journal of Hydrogen Energy, 49, 314 - 335.
https://doi.org/10.1016/j.ijhydene.2023.08.157

Emam R. and Ozcan H. (2019), “Comprehensive review on the techno — economics of
sustainable large — scale hydrogen production”, Journal of Cleaner Production, 220, 593 — 609.
https://doi.org/10.1016/].jclepro.2019.01.309

Fell H., Holland S., Yates A. (2023), “Optimal subsidies for green hydrogen production”, NBER
working paper https://www.nber.org/system/files/working papers/w31902/w31902.pdf




Goldberg L., Tille C. (2009), “Micro, macro and strategic forces in international trade invoicing”,
NBER working paper,
https://www.nber.org/system/files/working papers/w15470/w15470.pdf

Hausmann R et al (2014) The atlas of economic complexity: Mapping paths to prosperity.
The MIT Press. https://doi.org/10.7551/mitpress/9647.001.0001

Hemphill T. (2024), “Industrial policy and strategy: a contextual perspective and descriptive
typology”, Science and Public Policy, 51, 992 —
995, https://doi.org/10.1093/scipol/scae027

IEA (2025), Global Hydrogen Review, https://www.iea.org/reports/global-hydrogen-review-
2025?pubDate=20251014

IEA (2024), World Energy Outlook, https://www.iea.org/reports/world-energy-outlook-2024

IEA (2024), Global Hydrogen Review, https://www.iea.org/reports/global-hydrogen-review-
2024

IEA (2021), Net Zero by 2050, https://iea.blob.core.windows.net/assets/deebef5d-0c34-4539-
9d0c-10b13d840027/NetZeroby2050-ARoadmapfortheGlobalEnergySector CORR.pdf

Macado J.,, Silva J. (2019), “Quantiles via moments”, Journal of Econometrics,
https://doi.org/10.1016/j.jeconom.2019.04.009

Maka A., Mehmood M. (2024), “Green hydrogen energy production: current status and
potential”, Clean Energy, doi: https://doi.org/10.1093/ce/zkae012

Miller, Viktor Paul, and Wolfgang Eichhammer. 2023. “Economic Complexity of Green
Hydrogen Production Technologies - a Trade Data-Based Analysis of Country-Specific Industrial
Preconditions”. Renewable and Sustainable Energy Reviews 182 (August):113304.
https://doi.org/10.1016/j.rser.2023.113304.

Nataraj S. (2011), “The impact of trade liberalization on productivity: evidence from India’s
formal and informal manufacturing sectors”, Journal of International Economics,
https://doi.org/10.1016/].jinteco.2011.07.003

Odenweller A., Ueckerdt F. (2025), “The green hydrogen ambition and implementation gap”,
Nat Energy 10, 110-123 (2025). https://doi.org/10.1038/s41560-024-01684-7

Simar L. (1992), “Estimating efficiencies from frontier models with panel data: a comparison
of parametric, non-parametric and semi-parametric methods with bootstrapping”, 3, 171 —
203, Journal of Productivity Analysis.



Authors

Juergen Amann is an Economist at the OECD Centre for Entrepreneurship, SMEs, Regions and Cities
(CFE). His main research interests lie in applied econometrics, environmental economics, industrial
development, Input-Output analysis, price setting and structural change. Juergen has a Ph.D. from the
University of Nottingham and studied at Duke University on a Fulbright scholarship, the University of
Manchester as well as the Vienna University of Economics and Business. He holds graduate degrees in
economics and econometrics. Juergen has collaborated with the European Central Bank, the World
Bank and the United Nations Industrial Development Organization (UNIDO) on multiple research and
policy projects.

Nicola Cantore is a Research and Industrial Policy Officer at the Division of Industrial Policy Research
and Statistics at UNIDO. He is active in policy advice, capacity building and research. He is responsible
for the UNIDO work on the country industrial diagnostics strategic studies. Nicola holds a Ph.D. in
environmental economics and management at the University of York and a Ph.D. in Economics at the
Universita’ Cattolica del Sacro Cuore of Milan. He has extensively published articles in peer-reviewed
journals, books and outlets concerning economic aspects of industrial development, structural
transformation, energy transition and the environment.

Upalat Korwatanasakul is an Associate Professor at the School of Social Sciences, Waseda University.
He is an international development economist interested in economic, environmental, and social
development topics in Asia and the Pacific, such as climate change, global value chains, and sustainable
development. He has worked and had research collaborations with major international organisations
and research institutes, such as the Asian Development Bank Institute (ADBI) and specialised agencies
and programmes of the United Nations. He holds a Ph.D. in International Studies, majoring in
Development Economic Analysis from the Graduate School of Asia-Pacific Studies, Waseda University
(Tokyo, Japan).

Jaime Moll de Alba is the Director of the Division of Strategic Programming, Results Monitoring and
Quality Assurance at the United Nations Industrial Development Organization (UNIDO). He holds a
Ph.D., a Diploma of Advanced Studies, and a Research Sufficiency from Universitat Politécnica de
Catalunya (UPC), where he worked as a Visiting Lecturer. He graduated from UPC as an Industrial
Engineer specialising in Industrial Organization. His research focuses on sustainable economic
development, green industrial performance and structural transformation. Jaime is an Editorial Board
Member of Discover Sustainability, Associate Editor of Frontiers Environmental Economics—Resource
Economics, and Reviewer Board Member of Economies



