
ANNEX – RESULTS OF  
GEOPOLITICS OF  
HYDROGEN SURVEYS
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The Hydrogen Factor

1 July 2021
2 Multiple responses from the same country were counted as one entry 

To achieve a deeper understanding of the geopolitical 

consequences of the ongoing energy transition and a 

large-scale shift to renewable energy, IRENA established 

the Collaborative Framework on the Geopolitics of Energy 

Transformation in 2020. Under this Collaborative Framework, 

the Agency was tasked to analyse the potential geopolitical 

impacts of emerging developments in hydrogen.  

The Collaborative Framework builds on the pioneering work 

of the Global Commission on the Geopolitics of Energy 

Transformation and the resulting report "A New World – The 

Geopolitics of the Energy Transformation", released in 2019. In 

addition to drawing on past work, desk research, and IRENA 

expertise, two surveys were designed to garner feedback 

from industry experts. For an emerging and rapidly evolving 

topic that has gathered widespread interest, the surveys 

provided qualitative views and insight from a large population. 

Participation in both surveys was voluntary.

The first survey was focused at gathering input from countries 

to develop a high-level understanding of country plans and 

associated drivers and barriers of hydrogen’s role in the energy 

transition. The survey was issued to IRENA’s Membership, which 

stood at 164 countries and the European Union at the time.1 

Short, multiple choice questions were posed, with limited text 

entry to encourage participation. A total of 48 responses from 37 

Members were received, a response rate of 22%.2

Building on the Agency’s broad reach and network, a second 

survey was issued to target topical experts (purposive 

sampling). Questions in this second survey were more extensive 

to gather technical views and participants were able to provide 

additional explanation or thoughts. Respondents also had the 

option to suggest other experts well placed to participate in 

the survey (snowball sampling). Care was taken to maximise 

the diversity of respondents in terms of location, sector and 

background. Under this second survey, 162 experts were 

approached, and 78 responses received (48% response rate). 

The survey was completed anonymously. Those participants 

that provided consent to share their information have been 

acknowledged by name in the acknowledgement section of  

the report.

Input received was analysed and aggregated; a sampling of 

which is provided below. Respondents were not required to 

answer every question and the format of the questions (multiple 

answer, comment boxes) means that the values presented may 

not correspond to the total number of responses received. Unless 

otherwise indicated, the percentage value shown is calculated 

from the number of respondents answering the question. Partial 

responses, where participants did not reach the end of the 

survey, have not been included. 

Survey data provides a baseline for 

observing sector developments and has 

informed the analysis summarised in the 

IRENA report: Geopolitics of the Energy 

Transformation: The Hydrogen Factor. 

1

https://www.irena.org/publications/2019/Jan/A-New-World-The-Geopolitics-of-the-Energy-Transformation
https://www.irena.org/publications/2019/Jan/A-New-World-The-Geopolitics-of-the-Energy-Transformation


Geopolitics of the Energy Transformation

Figure A.1   Regional breakdown of respondents

A - RESULTS OF SURVEY OF COUNTRIES

Figure A.2    What ministry or government department  
do you work for?

Note: Multiple selections permitted

Energy policy

Climate / environment

Other

Foreign a
airs

Economic a
airs

48
Sample

size
67%

13%

8%4%
8%

Figure A.3    If hydrogen develops into an 
internationally traded commodity, which 
trade position would best characterise 
your country's status by 2050?

Net exporter

No significant H2 
use or production

Transit hub

Net importer

Self-su�cient

15%

17%

17%

46%

4%

Africa

Asia-Pacific

Europe

Latin America & 
the Caribbean

MENA

North America

41%

8%

5%

27%

11%8%
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The Hydrogen Factor

Figure A.4    Does your country currently have a  
national hydrogen strategy or roadmap?

Yes

No, but it is in preparation

No, and we are not
currently preparing one48

Sample
size

35%

42%

23%

42%

Does your country currently 
have a national hydrogen 

strategy or roadmap?

Figure A.5    Has your country already developed 
relationships with other countries for 
potential future trade in hydrogen  
(or derivatives)? 

Yes/In progress

No

Has your country already developed 
relationships with other countries 

for potential future trade in hydrogen 
(or derivatives)?

59%41%

Figure A.6    Does your country prefer a particular hydrogen production route? 

0%Share of respondents 10% 20% 30% 40% 50% 60%

Preference for hydrogen from 
renewable electricity 

Open to all energy
sources/production pathways

Preference for hydrogen from 
fossil fuels with CCS
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Geopolitics of the Energy Transformation

Figure A.7    In which sectors of the economy does your country see hydrogen playing a key role in 2050?

0% 10% 20% 30% 40% 50% 70%60%

Transport, Road

Power, Balancing

Industry, Chemicals

Industry, Other

Transport, Maritime

Industry, Refining

Transport, Aviation

Buildings, Commercial

Buildings, Residential

Other

Share of cast votes

Note: Multiple selections permitted

Figure A.8   What will be the likely effects of hydrogen on your country’s foreign policy by 2030?

0% 5% 10% 15% 20% 25% 35%30%

Creation of new bilateral 
trade relations

Decrease in fossil fuel trade

Regionalisation of 
energy relations

Less energy 
interdependence

Shifts in political alliances

Opening of dedicated 
diplomatic o�ces

No significant e�ect

Share of cast votes

Note: Multiple selections permitted
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The Hydrogen Factor

Figure A.9    How important are the following drivers for your national hydrogen policies and strategies?
positivenegative

Decarbonisation

Jobs and the just transition

Facilitating sector coupling

Economic growth

Industrial policy

Interests of domestic stakeholders

Energy security

New export revenues

Global momentum

Technological independence

Improving trade balance

Not at all 
important

Slightly 
important

Moderately 
important

Very 
important

Extremely 
important

Figure A.10    In your view, how important are the following barriers for your country to develop  
hydrogen policies and strategies?

positivenegative

High costs of low carbon
hydrogen production

Lack of dedicated infrastructure

Climate concerns (regarding current
fossil fuel based H2 production)

Technology limits

Lack of access to capital and
investment incentives

Lack of demand for hydrogen

High dependence on fossil fuel
revenues

Lack of domestic industry

Safety considerations

Inadequate carbon price or
stringent climate policy

Lack of public acceptance

Water and land constraints

Reluctance to become
dependent on hydrogen imports

Lack of interest

Not at all 
important

Slightly 
important

Moderately 
important

Very 
important

Extremely 
important
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Geopolitics of the Energy Transformation

B - RESULTS OF SURVEY OF EXPERTS

Figure B.1    In which sector are you currently employed?

Private sector

Government

International organisation

Academia

Think tank / research institute

Civil society and other

72
Sample

size

24%

15%

15%

35%

8% 3%

In which sector are you
currently employed?
(Sector breakdown)

Figure B.2    What are the most likely geopolitical implications of a significant scaling up of hydrogen value chains 
across the globe by 2050? 

0% 10% 20% 30% 40% 50% 70%60%

Changes in geographic 
and international patterns 

of energy trade

Technology competition in 
the hydrogen economy

Lower export revenues 
for oil and gas producers

Relocation of energy-
intensive industries to areas 

rich in clean hydrogen

Shifts in balance of national 
and regional power

Stranded investments in 
fossil fuel infrastructure

Energy security concerns 
for countries dependent 

on hydrogen imports

Increased water stress 
in arid regions

Other 

Share of cast votes

Note: Multiple selections permitted
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The Hydrogen Factor

Figure B.3    In your opinion, which countries are best placed to become major producers of hydrogen? 

0% 10% 20% 30% 40% 50% 80%60%

Australia

Chile

Saudi Arabia

Morocco

United States

China

United Arab Emirates

Norway

Russian Federation

Algeria

Canada

Spain

Egypt

European Union

United Kingdom

Oman

Qatar

Germany

Argentina

South Africa

70%Share of cast votes

Note: Showing the top 20 countries selected by respondents. Multiple selections permitted
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Geopolitics of the Energy Transformation

Figure B.4i    How do you think international trade in hydrogen will develop by 2050 – Markets

0% 10% 20% 30% 40% 50% 100%70% 80% 90%60%

Markets

RegionalNational Global

Share of respondents

Trade flows and interdependence

Figure B.4ii    How do you think international trade in hydrogen will develop by 2050 – Means of transporting 
hydrogen across borders

0% 10% 20% 30% 40% 50% 100%70% 80% 90%60%

Refurbished gas pipelines

Ships

Dedicated hydrogen pipelines

Trucks

Minor roleNo role Major role

Share of respondents
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The Hydrogen Factor

Figure B.4iii    How do you think international trade in hydrogen will develop by 2050 – Form of hydrogen trade

0% 10% 20% 30% 40% 50% 100%70% 80% 90%60%

As ammonia

As methanol

As synthetic fuels

In compressed 
gaseous form

Blended with natural gas

In cryogenic liquid form

As liquid, organic 
hydrogen carriers

Minor roleNo role Major role

Share of respondents

Figure B.4iv    How do you think international trade in hydrogen will develop by 2050 – Origin of hydrogen traded 
across borders

0% 10% 20% 30% 40% 50% 100%70% 80% 90%60%

Renewable-based 
(including bioenergy)

Fossil-based with CCS

Fossil-based

Other

Minor roleNo role Major role

Share of respondents
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Geopolitics of the Energy Transformation

Figure B.5i    In your opinion, how important are the following factors in assessing how well countries are 
positioned to become major producers of hydrogen – Area-specific resource potential

positivenegative

Renewables endowmenta

Geographic proximity
markets or shipping routes

Land availability

Access to the sea

Water availability

Natural gas reserves

Access to salt caverns

CO2 storage availability

CO2 availability

a Full load hours of 
 wind and solar

Not at all 
important

Slightly 
important

Moderately 
important

Very important Extremely 
important

Shifts in countries’ positioning

Figure B.5ii    In your opinion, how important are the following factors in assessing how well countries are 
positioned to become major producers of hydrogen – Infrastructure and soft factors

positivenegative

Strong government
support for H2

Business friendliness

Political stability

Existing infrastructureb

Expertise to innovate and
develop solutions

Ambition to reduce CO2

emissions

Existing energy trade and
business partnerships

Innovation and patents

Level of economic
development

b Potential to leverage 
 existing infrastructure 
 (pipelines/ports)

Not at all 
important

Slightly 
important

Moderately 
important

Very important Extremely 
important

10



A
nn

ex
 –

 R
es

u
lt

s 
o

f 
G

eo
p

o
lit

ic
s 

o
f 

H
yd

ro
g

en
 S

u
rv

ey
s

The Hydrogen Factor

Figure B.5iii    In your opinion, how important are the following factors in assessing how well countries are 
positioned to become major producers of hydrogen – Current energy mix and industry

positivenegative

Plans to expand renewables
or displace coal/nuclear

Presence of domestic steel,
ammonia, methanol industry

Share of renewable energy

Potential domestic
H2 demand

Presence of domestic
renewable companies

Share of imported energy

Presence of domestic oil and
gas industry

Not at all 
important

Slightly 
important

Moderately 
important

Very important Extremely 
important

Figure B.6   In your opinion, how well are the following regions placed to become major producers of hydrogen?

positivenegative

Middle East

North Africa

North America

Oceania

Latin America

Europe

Asia-Pacific

Russian Federation and CIS

Sub-Saharan Africa

One of the worst Below average Average Above average One of the best
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Geopolitics of the Energy Transformation

Figure B.7    What does it mean for a country to be a technology leader in hydrogen?
positivenegative

Hydrogen innovation (R&D,
patents, etc.)

Hydrogen use and deployment

Hydrogen equipment manu-
facturing and engineering

Ability to set up pilot plants and
test processes and innovations

Hydrogen Production

Supply of hydrogen-related raw
materials

Not at all
important

Slightly
important

Moderately 
important

Very important Extremely important

Technology leadership

Figure B.8    In which aspects of the value chain should a hydrogen technology leader excel? 

positivenegative

Electrolysers

Carbon capture
technologies

Hydrogen and ammonia
combustion engines

Hydrogen for direct
reduction of iron (DRI)

Mobile and stationary
fuel cells

Storage tanks

H2 (re)fueling stations

Liquid H2 ships

Not at all
important

Slightly
important

Moderately 
important

Very important Extremely
important
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The Hydrogen Factor

Figure B.9    How likely will the following risks to hydrogen trade flows have become by 2050?
positivenegative

Insu�cient amounts of
decarbonised electricity

Price risks

Unstable investment climate
for prospective exporters

Insu�cient access to critical
raw materials

Technical risks and failures

Insu�cient demand for
prospective exporters

Cyberattacks on hydrogen
infrastructure

Manipulation of hydrogen
exports as foreign policy tool

Manipulation of flows by
transit country

Terrorist attacks on hydrogen
infrastructure

Cartelisation of hydrogen
exports (OPEC for H2)

Extremely 
unlikely

Somewhat
unlikely

Neither likely 
nor unlikely

Somewhat 
likely

Extremely
likely

Changes in energy security
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Geopolitics of the Energy Transformation

Figure B.10    Regarding energy security, how strongly do you agree with the following statements about the 
status of hydrogen in 2050?

positivenegative

Hydrogen may give way to new bilateral energy trade
relations

Moving away from trade in fossil fuels could trigger shifts in
political relations

New international value chains for hydrogen will a�ect
foreign policy

International hydrogen value chains will yield more energy
security than an all-electric chain

Hydrogen trade will be more symmetrical than trade in fossil
fuels (more even distribution of power and dependency)

The raw materials needed for hydrogen technologies elevate
resource security over energy security

Trading partners will be selected more for political
preferences than for location

Countries that become hydrogen exporters may fall victim to
the resource curse c

c The resource curse, also known as the paradox of plenty, is the phenomenon of countries with an abundance of natural resources
 having less economic growth,  less democracy, or worse development outcomes than countries with fewer natural resources. 

Strongly 
disagree

Somewhat
disagree

Neither agree
nor disagree

Somewhat 
agree

Strongly 
agree
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The Hydrogen Factor

Figure B.11i    Regarding current oil and gas producers, to what extent do you agree with the following  
outcomes by 2050 – Strategies and impacts

positivenegative

Hydrogen o�ers opportunities to diversify
national economies away from oil and gas

Oil and gas producer countries that do not pivot
to hydrogen in time may lose out economically

Oil and gas producer countries will pivot to
hydrogen exports

Hydrogen could throw an economic lifeline to
natural gas assets and avoid asset stranding

Strongly 
disagree

Somewhat
disagree

Neither agree
nor disagree

Somewhat 
agree

Strongly 
agree

Transition pathway for incumbents

Figure B.11ii    Regarding current oil and gas producers, to what extent do you agree with the following outcomes 
by 2050 – Revenues and market structure

positivenegative

Total oil and gas export revenues will decline by 2050

The hydrogen export market will be more competitive
and involve more players than the oil and gas market

By 2050, hydrogen export revenues may surpass oil
and gas export revenues

Hydrogen exports can eventually generate the same
level of revenues as current oil and gas exports

Strongly 
disagree

Somewhat
disagree

Neither agree
nor disagree

Somewhat 
agree

Strongly 
agree

Figure B.11iii    Regarding current oil and gas producers, to what extent do you agree with the following outcomes 
by 2050 – Production pathways

Oil and gas producer countries will develop blue hydrogen
exports (produced from fossil fuels with CCS)

Oil and gas producer countries will develop green hydrogen
exports (produced with renewables)

Oil and gas producer countries will develop turquoise
hydrogen exports (produced through pyrolysis of natural gas)

Oil and gas producer countries will become importers of CO2,
which they can store in the ground

Strongly 
disagree

Somewhat
disagree

Neither agree
nor disagree

Somewhat 
agree

Strongly 
agree
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Geopolitics of the Energy Transformation

Figure B.12    Regarding industrial development, to what extent do you agree with the following outcomes by 2050?

Countries will adopt protectionist measures to retain
industries they see as vital

Hydrogen creates opportunities for countries in the
Sunbelt to become sites of green industrialisation

Carbon border adjustment mechanisms will foster trade
in green commodities

For developing countries green hydrogen oers
opportunities to leapfrog fossil fuels

Countries without access to cheap and low-carbon
domestic hydrogen may lose energy-intensive industries

Strongly 
disagree

Somewhat
disagree

Neither agree
nor disagree

Somewhat 
agree

Strongly 
agree

Green industrial development

Note: Countries in the Sunbelt are those within 40 degrees of the equator that have the highest level of solar radiation

Figure B.13    Regarding sustainable development, how will hydrogen affect the following elements by 2050?
positivenegative

Air pollution

Climate change

Energy access

Just transition

Peace and security

End poverty

Food security

Democracy and good governance

Water security

Refugees

Extremely 
negative

Somewhat 
negative

Neither positive 
nor negative

Somewhat 
positive

Extremely 
positive

Sustainable development
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The Hydrogen Factor

Figure B.14    Regarding international governance, how strongly do you agree with the following statements?

Only a carbon price can make clean
hydrogen competitive

Global guarantees of origin will be needed
to trace hydrogen

Talks on the geopolitics of hydrogen
should continue

Setting technical norms and standards for
hydrogen will become a geopolitical issue

International hydrogen trade will centre on
long-term take-or-pay contracts

Hydrogen will foster regional co-operation
and integration

Hydrogen will foster South-South trade

Hydrogen trade will help de-dollarise the
international energy trade

Blue hydrogen is an acceptable bridge
to green hydrogen

Strongly 
disagree

Somewhat 
disagree

Neither agree 
nor disagree

Somewhat 
agree

Strongly 
agree

Effects on human and climate security
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