
A Global Hydrogen Future



A Global Hydrogen Future
Opening Session



A Global Hydrogen Future
Keynote Addresses 

Ernest J. Moniz – EFI - Chairman & CEO
Fahad Alajlan – KAPSARC - President 



A Global Hydrogen Future
The Climate Change Context 

Jonathan Pershing – The Hewlett Foundation



The Climate Change Context

EFI – KAPSARC Hydrogen Workshop
October, 2022

Jonathan Pershing



The Paris Agreement (2015)

“Aims to strengthen the global response to the threat of climate 
change by holding the increase in the global average temperature 
to well below 2 °C above pre-industrial levels and to pursue 
efforts to limit the temperature increase to 1.5 °C above pre-
industrial levels.”

(Paris Agreement, Article 2)

194 Parties, entered into force in November 2016



Trends in global temperature

Source:   NOAA, Climate Change: Global Temperature | NOAA Climate.gov
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https://www.climate.gov/news-features/understanding-climate/climate-change-global-temperature


Trends in global greenhouse gas emissions 
1990 - 2019
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Climate Impacts Today:  1.1°C
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Surface air temperatures across the planet, on July 13, 
2022, ranging from less than zero degrees Celsius (dark 
blue) to greater than 45 degrees Celsius (black). Joshua 
Stevens/GEOS-5/NASA GSFC/VIIRS/Suomi National Polar-
orbiting Partnership

Pakistan, 33 million 
displaced, climate 
likely increased 
severity by about 
50%

Increased sea 
surface 
temperatures of 
about 1°C led to 
intensification of 
storm (from Cat 2 
to Cat 5)

European drought 
worst in at least 
250 years; maize 
production 
dropped 20-40 
percent

https://earthobservatory.nasa.gov/images/150083/heatwaves-and-fires-scorch-europe-africa-and-asia


Reductions Needed to Meet 
Paris Temperature Goal

According to the IPC’s 6th Assessment Report, released in April 
2022, limiting warming to around 1.5°C (2.7°F) requires global 

greenhouse gas emissions to peak before 2025 at the latest, and 
be reduced by 43% by 2030.



Net Zero Pledges
(As of July 2022)
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Source:  Race to Net Zero: Carbon Neutral Goals by Country - Full Size (visualcapitalist.com)

https://www.visualcapitalist.com/wp-content/uploads/2021/06/Race-to-Net-Zero-Carbon-Neutral-Goals-by-Country-Full-Size.html


A Net Zero by 2050 Scenario
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Source: IEA,  Net Zero by 2050 - A Roadmap for the Global Energy Sector (windows.net)

https://iea.blob.core.windows.net/assets/ad0d4830-bd7e-47b6-838c-40d115733c13/NetZeroby2050-ARoadmapfortheGlobalEnergySector.pdf


Hydrogen is a key part of the solution – but not 
equally in all sectors
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Source: RMI, Policy Memo: Clean Hydrogen 
Abatement - RMI

Source: RMI, Hydrogen Reality Check: We Need 
Hydrogen — But Not for Everything - RMI

https://rmi.org/insight/policy-memo-clean-hydrogen-abatement/
https://rmi.org/we-need-hydrogen-but-not-for-everything/


• Investment shifts:  massive new investment in electricity and 
clean energy infrastructure (including for grid, EV charging, 
hydrogen, DAC and CO2 pipelines).   Fossil investment down 
sharply.  Overall GDP up.

• Employment shifts: decrease in oil and gas, increase in renewable 
energy. Major increases in some manufacturing  sectors (solar PV, 
batteries as well as building efficiency improvements)

• Geographic advantages change: countries with critical minerals, or 
zero-emissions industrial energy capacity have significant 
advantages in new global zero-emission marketplace

• The transition could be disruptive without policy and planning to 
help manage the volatility and transition risk.
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Implications of getting to net zero by 
2050



BUT:

Inaction on climate change (and a temperature increase of about 3°C) 
could cost $178 trillion by 2070, while the global economy could gain $43 
trillion over that same period by accelerating the transition to net zero.
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Implications of getting to net zero by 
2050

Source, Deloitte, 2022 “Global Turning Point Report”, The turning point A Global Summary (deloitte.com)

https://www2.deloitte.com/content/dam/Deloitte/global/Documents/gx-global-turning-point-report.pdf


A Global Hydrogen Future
Panel Discussion - Global Hydrogen Overview 

Moderator: Melanie Kenderdine 
Participants:  Adam Sieminski, 

Martin Wilhelm  and Han Phoumin
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From a Linear Economy…       to a Circular Economy…      to a Circular Carbon Economy (4 Rs)

CO2

Reuse
CO2 and GHGs without 
chemical alteration

Produce Combust Produce Combust

Capture
Recycle
CO2 and GHGs through 
chemical alteration

Food and 
beverages

Remove
CO2 and GHGs that are 
already produced

Reduce
production of CO2 and 
GHGs as by-products

Supercritical 
CO2

Enhanced Oil 
Recovery

Carbon to 
other materials

Carbon to poly-
mers/chemicals

Carbon 
to fuels

Mineralization 
and storage

Direct air 
capture

Nature based 
solutions

Energy 
Efficiency

Renewable 
energy

Nuclear 
Energy
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Potential Hydrogen as Game Changer in 
�^��E�Θ���^ Ɛ͛��ĞĐĂƌďŽŶŝƐĂƚŝŽŶ�

Pathways

Han Phoumin, Ph.D
Senior Energy Economist

1

EFI-<�W^�Z��:ŽŝŶƚ�tŽƌŬƐŚŽƉ�ƚŝƚůĞĚ�͞��'ůŽďĂů�
Hydrogen &ƵƚƵƌĞ͕͟ �held on Oct 11, 2022.



Overview
� ASEAN & EAS region currently faces paramount challenges in matching 

its energy demand with sustainable energy supply given the transition 
to a lower carbon economy, and net zero emission by 2050

� dŚĞ�ĐƵƌƌĞŶƚ�ƌĞŐŝŽŶ͛Ɛ�ĞŶĞƌŐǇ�ƐǇƐƚĞŵ�ŝƐ�ĚŽŵŝŶĂƚĞĚ�ďǇ�ĨŽƐƐŝů�ĨƵĞů�ǁŝƚŚ�
almost 80% share of combined coal, oil and natural gas;

� In response to the climate commitments of COP21, the region will 
need to balance b/t economic growth, energy affordability, availability 
and environment. 

� dŚĞ��^��E�Θ���^�ƌĞŐŝŽŶ͛Ɛ�ĞŶĞƌŐǇ�ƌĞĂůŝƚǇ�ĂŶĚ�ƚƌĂŶƐŝƚŝŽŶ�ƚŽ�ĐůĞĂŶĞƌ�
energy system will need to consider clean use of fossil fuel, Res, and 
other new energy such as hydrogen.

� Thus, the role of hydrogen could help decarbonize the emission as its 
presence will also an enable of accelerating NRE to its full potentials.

� Countries have started concrete plan/roadmap in the value chain of 
hydrogen, hydrogen share target, and policy supports are progressing.



Hydrogen Development and Up-taking in EAS region
� China is expected to invest $2 billion in hydrogen industries in the next few years. 

China planned to put in place 300 hydrogen fueling stations in 2025 and scale up 
to 1,000 hydrogen fueling stations by 2030.

� Japan is actively promoting the global adoption of hydrogen for vehicles, power 
plants and other potential uses. The Sixth Strategic Energy Plan targets for energy 
produced from hydrogen and/or ammonia sources at 1% of Japan's total power 
generation by fiscal year 2030. More concrete projects are being constructed.

� South Korea͛Ɛ�EĞǁ��ĞĂů�ĨŽĐƵƐĞƐ�ŽŶ�ŚǇĚƌŽŐĞŶ�ĞĐŽŶŽŵǇ�ĂŶĚ�ƉƌŽŵŽƚĞ�Ăůů�
investment along value chain of the hydrogen with clear targets in all industries 
including the FCEVs, power generation and expanding to the entire energy  
system.

� �ƵƐƚƌĂůŝĂ�'Žǀƚ͛Ɛ�EĂƚŝŽŶĂů�,ǇĚƌŽŐĞŶ�^ƚƌĂƚĞŐǇ�ƐĞƚƐ�Ă�ǀŝƐŝŽŶ�ĨŽƌ�ĐŽŵŵĞƌĐŝĂů�
renewable hydrogen export by 2030, with an estimated  demand for export of 3 
million tonnes each year by 2040, worth up to $ 10 billion each year by that time.

� �ƌƵŶĞŝ��ĂƌƵƐƐĂůĂŵ�ŝƐ�ƚĂŬŝŶŐ�ůĞĂĚ�ŝŶ�ƚŚĞ�ƌĞŐŝŽŶ͛Ɛ�ŚǇĚƌŽŐĞŶ�ƐƵƉƉůǇ�ĐŚĂŝŶ�ĂƐ�ŝƚ�ŚĂƐ�
supplied the liquefied hydrogen from Muara port to Japan in late 2019. Many 
other ASEAN will follow the introduction and adoption of hydrogen into the future 
energy mix.

� In the energy transition, hydrogen and ammonia co-combustion with coal & 
natural-fired power plants are highly in the policy agenda. Future 100% of 
hydrogen power generation is also recommended. 



Hydrogen plays Crucial Role in Decarbonization 
Pathways in the region
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o A wide range of technologies, including renewables, nuclear, CCS and import of hydrogen 
and ammonia, are necessary for deep decarbonization.

o Zero emission energies together contribute to 56% of primary energy in 2060 in the 
CN2050/2060, and 65% in the CN2050/2060_w/oCarbonSink.

Primary energy supply in ASEAN

Fossil fuels include non-energy use. CO2 from fossil fuel combustion in 2060 
in CN2050/2060 is offset by NETs and natural carbon sink.1 NETs = Negative Emissions Technologies



2

Major policy reforms are needed to ensure that clean fuels such as hydrogen
and renewables and clean technologies will gradually replace traditional
fuels and technologies:

(i) Develop a clear strategy/road map to promote hydrogen use in transport;
power generation; and other sectors where emissions are hard to abate.

(ii) The policies to enable economies of scale in cost-competitive production
of hydrogen to induce investors to consider electrolyser manufacturing;
improvements in electrolyser efficiency, operation, and maintenance; and
the use of low-cost renewable power.

(iii)PPP partnership to build awareness of hydrogen society, and ensure that
the public is willing to pay for them.

(iv)Financing mechanisms such as banks must create favourable conditions
to finance facilities such as electrolysers, and all form of the hydrogen
productions including the Steam Methane Reforming (SMR).

Key regulatory and investment for promoting 
hydrogen in EAS region 



Thank you! And 
some related 
publications 
for references 
of my talks



A Global Hydrogen Future
Break



EFI’s Action Plan for U.S. 
Hydrogen Market 
Formation

Alex Kizer, SVP of Research
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EFI’s Clean Hydrogen Portfolio
Project Objectives

Views from Industry, Innovators, 
and Investors Report (Sep 2021)

• Provide a snapshot of the clean 
hydrogen investment environment

• Describe investors’ market outlook, 
investment rationale, and business 
models

• Articulate investors’ priority factors 
(enablers and deterrents) driving 
business decisions

Policy Action Plan (Nov 2022)
• Profile U.S. capabilities, resources, and 

interests in clean hydrogen
• Identify key ingredients of successful 

hydrogen hubs at a regional level
• Develop a reusable framework that 

helps DOE program hub funding
• Describe policy and regulatory needs for 

both hubs and broader market 
formation

Regional Workshops 
and Reports

Ohio River Valley 
(Jul/Sep 2021)

Carolinas 
(Oct/Dec 2021)

Gulf Coast 
(Jun/Sep 2022)

Project Workstreams and Objectives

• Animate capital investment in hydrogen through policy recommendations
• Inform infrastructure package implementation for hydrogen, especially for the regional hubs
• Provide thought leadership for new coalitions and pathways for market formation
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Building EFI’s voice in clean hydrogen 
while engaging policymakers

Sep 2021 Sep 2021 Jan 2022 Sep 2022
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Current U.S. Hydrogen Production Facilities, Pipelines, and End Users
11.5 Mt of hydrogen 
produced annually

25 operating hydrogen 
pipelines

1,600 miles of 
hydrogen pipelines

94% of demand is 
from refineries, 
ammonia plants, and 
methanol plants 

The existing U.S. hydrogen value 
chain
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Estimated Energy Requirements to 
Produce 10 Mt of Hydrogen, by Resource 

Type

Data are from NREL and the Alternative Fuels Data Center.

CONFIDENTIAL — NOT FOR DISTRIBUTION

Current Hydrogen Supply and Demand 
Balance in the United States, Roughly 

11.5 Mt

The current market will require scaling up multiple 
production pathways to meet future demand



Stakeholders Interviewed and Hydrogen Applications of 
Interest

42

• Companies are 
exploring beyond 
their own sectors.

• Many firms have 
multi-pronged 
approaches to 
hydrogen market 
participation.

• Interest in 
transportation fuel 
dominated.

While there is a diverse set of companies exploring 
clean hydrogen today…
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• Existing policy is most 
supportive of hydrogen 
in transportation sector.

• Light- and medium-duty 
vehicles and forklifts are 
commercially 
available.

• Vehicle fleets are an 
attractive application of 
hydrogen.

• Easier to experiment in 
transportation sector 
than other end uses.

Stakeholders Interviewed and Hydrogen Applications of 
Interest

…they are focused on small-scale, commercial 
applications today



Non-traditional projects from non-traditional 
firms

Number of U.S. Hydrogen Projects by 
Intended End Use

44

Number of U.S. Hydrogen Projects by 
Production Type

Oil refining and 
petrochemicals 
dominated

New 
players
join 
market

Gray 
hydrogen 
dominated

Clean 
hydrogen
projects 
emerging

* Data based on publicly announced projects before 
September 2021.



Unique Contributions of Action Plan

q New data collected on U.S. clean hydrogen 
project and industry trends. New website to 
host this data for public consumption

q New analysis of the IRA’s potential impact on 
clean hydrogen costs

q Recommendations for how to jumpstart clean 
hydrogen demand to rapidly reduce U.S. 
emissions

q Recommendations for how DOE and regional 
hubs can maximize potential

45

Develop a new “Action Plan” for U.S. 
Hydrogen Market Formation
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Regional hubs are a major focus for 
investors

q IIJA’s $8 billion for regional 
clean hydrogen hubs, 
combined with IRA 
incentives, could be 
gamechangers for clean 
hydrogen production 
investment

q Regional hubs can take 
advantage of IRA’s support 
across the entire clean H2 
value chain (see figure)

q In the IRA, the new 
hydrogen PTC and expanded 
45Q appear to be the most 
signficant new 
developments for clean 
hydrogen

IRA incentives cover clean hydrogen value chain



q The term “clean hydrogen” 
is used often without 
specific definition

q Most definitions, however, 
account for lifecycle 
emissions, thus favoring 
cleaner production 
pathways

q U.S. policy and recent 
guidance by DOE provides a 
useful framework though 
additional clarification will 
be needed
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Definitions of “clean” hydrogen vary by policy

DOE’s Hydrogen Shot 
Initiative--LCA

Infrastructure 
Investment and Jobs 
Act (IIJA)--Production

Inflation Reduction Act 
(IRA)--LCA

1.2 kg CO2e/kg H2

2.0 kg CO2e/kg H2

4.0 kg CO2e/kg H2

DOE LCA Boundary
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Existing Hydrocarbon and Proposed Clean Hydrogen 
Projects Provide Robust Base for Hub Development in Key 
Regions (U.S. Gulf Coast shown)



q New jobs in a well-functioning 
hydrogen economy leverage 
many of the skills workers in 
at-risk sectors possess

q Six industries that are 
particularly vulnerable to the 
energy transition: 
§ coal mining, 
§ oil and gas extraction, 
§ pipeline transportation, 
§ natural gas distribution, 
§ petroleum, 
§ coal products and manufacturing, 

and 
§ electric power, generation, 

transmission, and distribution. 
49

We’re analyzing the potential impact of clean 
hydrogen on fossil-dependent communities 

EFI Analysis of Regional U.S. capabilities and 
fossil-dependent communities
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Global Hydrogen Outlook: Middle East and 
North Africa

October 11, 2022 Energy Security Through Dialogue
ief.org
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Arlington, Virginia – T. Mason Hamilton, Special Assistant to the Secretary General

EFI – KAPSARC: Global Hydrogen Future



The International Energy Forum
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Key Takeaways 

• Hydrogen market is poised for growth, but massive investments are needed as 
well as stable conditions required to make investment decisions

• After investment, energy intensity and “The Rainbow” are two key obstacles for 
hydrogen market development

• MENA region’s comparative advantages in hydrogen are numerous and obvious
• MENA hydrogen market will need to start local then go global
• Key opportunity: Increasing hydrogen use in MENA steel sector
• Reduce vulnerability: Increasing hydrogen use in MENA fertilizer sector
• MENA will play key role in establishing hydrogen market norms and data
• Avoid hydrogen-hype in today’s energy crisis 
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IEF Report: Hydrogen Market Pathways, Scaling-Up 
the Hydrogen Market

• Released June 2022
• In collaboration with:

•Intercontinental Exchange (ICE)
•Anne-Sophie Corbeau (Columbia University SIPA)

• Preceded by two virtual workshops with 
global panel of experts and industry leaders

• Focused on “What would the market 
mechanisms for hydrogen look like?”
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Current market for hydrogen estimated around 90-100 
million mt, refining and ammonia being the two largest 
sectors.
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Hydrogen production technologies continue to advance 
and increase in efficiency – especially various electrolysis 
technologies
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Short-term forecasts for hydrogen demand growth vary 
widely, with most showing status quo growth rates out to 
2030
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Hydrogen has perceived accreditive value, but 
confidence still needed for investment decisions
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Unprecedented uncertainty in markets and policies 
can deter much needed investment
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Source: IEF-RFF  Outlooks Comparison Report  12th IEA-IEF-OPEC Symposium on Energy
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Long distance transportation of hydrogen pose 
energy intensity challenges

60



Reject the Rainbow
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Emissions 
Intensity of

• Establishing a tradeable Hydrogen market requires standardization
• Price formation of various colors of hydrogen delays and impedes market development
• Colors only convey production emissions, not full cycle



Hydrogen can play a unique role in financial risk 
management during transition
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Stating the Obvious: MENA region’s many hydrogen 
comparative advantages
• Massive renewable energy potential

• High-capacity factors for solar and wind
• Low clean hydrogen production costs
• Little to no NIMBY issues

• Ample natural gas supplies + favorable CCS geology
• Long established energy trade patterns and business connections
• Central location – between major importers Europe and Asia
• Established domestic hydrogen consuming industries
• Multiple State-Owned Enterprises

• Deep pockets in a capital-intensive industry
• Comfort and experience with mega-projects
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The MENA region is moving forward on Hydrogen 
strategies and policies
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National Hydrogen Strategy Status - MENA

Available
Work underway
Support for pilot/demonstration projects
Not assessed/No Activity

Source: IEF, BNEF
Note: Status as of September 8, 2022



MENA region has massive comparative advantages in 
multiple low emissions intensive means of production
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Before Exports: Establishing local supply/demand hubs is  
key to unlocking investment needed for global supply chain
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Start Local Then Go Global



Hydrogen will need to progress from an isolated/closed 
market to a more widely traded commodity

• Hubs will represent first hydrogen demand 
centers

• Isolated, bi-lateral trades, “merchant” 
hydrogen

• Sectoral trade 
• International point-to-point trade

• Anchored by long-term contracts

• Hydrogen will be bought and sold in many 
forms (gaseous, liquid, ammonia, etc.)
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Several MENA countries already rank as the largest 
consumers of hydrogen
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Strength: Although not a large steel producer, MENA 
region is a leader in DRI production
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Hydrogen & DRI present large opportunity for MENA 
“green steel” leadership
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Weakness: MENA region is both food import 
dependent and an intensive user of fertilizers
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Rising energy prices have helped to offset increased 
food prices in some MENA countries, but not all
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Ammonia connection (NH3) means that high natural 
gas prices result in high fertilizer prices
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Expanding clean hydrogen use in MENA fertilizer sector 
may both decarbonize and reduce vulnerability to food and 
fertilizer price shocks
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In a water stressed region, water used for hydrogen 
production (electrolyzer) would pose a challenge for only a 
few countries – for now
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Hydrogen production from renewable electricity 
would require significant expansion of capacity
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Hydrogen market development keys to success: 
MENA region and beyond

• Standardization
• Definitions, carbon intensity, unit of measure/trade

• Statistics
• Accurate, open, transparent data

• Transparency in pricing and contracts
• Establish contractual norms
• Provide data for financial models

• International Partnerships and coordination
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MENA role in setting 
contractual norms and 
precedents is proven:
Crude oil, LPG, LNG



Pen and Sword: Working together on hydrogen

• Time for hard policy choices has arrived
• Long debated policies becoming finalized
• Rules and regulations progressing 
• Time to sign H2 offtake contracts
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• Russian invasion of Ukraine
• Disruption of energy supplies to Europe
• High oil and natural gas prices
• Energy security now top priority for policy 

makers

<

The English words "The pen is mightier than the sword" 
were first written by novelist and playwright Edward 
Bulwer-Lytton in 1839, in his historical play Cardinal 

Richelieu.



Hydrogen requires energy to produce, store, transport, and 
in some cases use – this poses major challenges in our 
energy short world
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The Global Home of Energy Dialogue
ief.org

Thank you
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T. Mason Hamilton
Special Assistant to the Secretary General

mason.hamilton@ief.org



A Global Hydrogen Future



The Hydrogen Value Chain
Rami Shabaneh
EFI-KAPSARC Workshop – A Global Hydrogen Future
October 11, 2022
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The hydrogen value chain as we know it

83https://iaee2023.saudi-aee.sa
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Processing plant
Oil & Gas

Natural gas

Oil

Refinery

Steam methane 
reformer

Chemicals

Methane
Refinery

Iron & Steel

Coal Gasification
19%

80%

Source: KAPSARC, IEA

2021 demand: 94 Mt
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Hydrogen value chain of the future
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Processing plantO&G production
Natural gas

Oil

Refinery

Steam methane 
reformer

Chemicals

Heavy industry

Methane

CCUS cluster

Synthetic fuels

Iron & Steel

Renewable energy

EOR

Pyrolysis

Refinery

Biomass

Coal

Gasification

Electrolyzer

High temp. 
electrolyzer

Nuclear

Steam

H2 storage

Power station

Commercial/residential

Source: KAPSARC
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Uncertainty in future hydrogen demand
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• Hard-to-electrify industries are the most 
primed to explore the adoption of hydrogen

• Investment cases for hydrogen in most 
sectors are still evolving

• Supportive policies and regulatory 
frameworks are needed to encourage 
investments

• Role of governments will be essential to 
overcome the cost challenges

Source: Jan Braun, KAPSARC, IEA, Shell, BP, Hydrogen Council
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De-risking the hydrogen value chain
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• The LNG and renewable electricity sector will 
be an important reference point in 
establishing a sound business model for 
hydrogen:

• Long-term contracts
• Take-or-pay
• Oil/gas indexation
• Cost-plus model
• Price review clause

• For some hydrogen use cases, a centralized 
hydrogen procurement entity may be 
preferred initially

Source: Hasan 2022 (KAPSARC)

Hydrogen Producers

Hydrogen Off-take Entity
(as a single-buyer)

Payment Security Fund

End-use H2 customers

Energy traders
H2 fueling companies

Large end-use customers

Green electricity/
Natural gas supply contracts

Future options

Hydrogen Off-take Entity pays to H2 
producers within a stipulated time 
period

Hydrogen off-take entity uses PSM 
fund to pay to H2 producers, if 
letter of credit (LC) is insufficient

Hydrogen Off-take Entity  
recoups the payment within a 
stipulated time period

represent money flows



8787https://iaee2023.saudi-aee.sa

Email:iaee2023@saudi-aee.sa

3.63

2.16

1.34

1.67

2.00

3.13

1.48

1.13

1.46

1.79

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

Grid electricity Renewable electricity At 1.25 $/Mmbtu At 3.25 $/Mmbtu At 5.25 $/Mmbtu

Electrolysis SMR+CCUS

U
SD

/k
gH

2

Cost of hydrogen production in KSA

2020 2030

1.45

1.44

1.35

1.3

1.26

1.51

1.52

1.61

1.7

1.7

1.2 1.3 1.4 1.5 1.6 1.7 1.8

OPEX (%) (1.5%, 2%, 2.5%)

Electrical efficiency (%) (72%, 70%, 68%)

CAPEX ($/kWe) (552, 650, 747)

Capacity factor (%) (80%, 60%, 40%)

Electricity price ($/MWh) (8.45, 13, 17.55)

Levelized cost of hydrogen production ($/kg)

1.12

1.06

1.03

0.99

1.09

1.14

1.2

1.26

1.26

1.46

0.9 1 1.1 1.2 1.3 1.4 1.5

Efficiency (%) (72%, 69%, 66%)

OPEX (%) (2.50%, 3%, 3.5%)

Capacity factor (%) (90%, 80%, 70%)

CAPEX ($/kWH) (1156, 1360, 1564)

Natural gas ($/MMBTu) (1, 1.25, 3.25)

Levelized cost of hydrogen production ($/kg)

Base value $1.48/kg

Base value $1.13/kg 

Source: Shahid and Shabaneh 2022 (KAPSARC)

Scaling up the value chain

• Scaling up production is key to reducing CAPEX
• After the 2030s, NPVs become less sensitive to CAPEX 

for green H2.
• Variable costs, electrolyzer capacity factors, and carbon 

storage capacities vary across geographies
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Critical minerals: technology risk?
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• Some low-carbon hydrogen pathways are critical-
mineral intensive

• Price volatility and risk exposure of certain key raw 
materials

Assuming a 40% capacity factor for electrolyzer:

1 Mt of green H2 15 GW electrolyzer capacity
20 GW Renewable capacity           Source: IEA



89

Next stage: hydrogen transportation
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Source: IRENA (2022) Technology Review of Hydrogen Carriers.

• Hydrogen’s low volumetric energy density 
poses one of the biggest challenges for 
storage and distribution

• Cost of the pipeline scales linearly with 
distance; investment costs much lower for 
repurposed pipelines.

• Beyond pipelines, ammonia and LOHC are the 
most attractive carrier, but reconversion has a 
high energy penalty

• End-use will dictate the form hydrogen 
shipped

Transport cost breakdown by hydrogen carrier for 2030 (left) and evolution 
toward 2050



90

H2 Certification: Harmonization or mutual recognition?
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Source: dena and WEC Germany

• Certification schemes attempt to reflect the 
regulatory framework of a national market

• Having harmonized standards and 
certification schemes is essential but 
challenging

• Mutual recognition of certification may be 
easier to achieve than harmonization
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Pathways to a Clean, Stable and 
Sustainable Energy Future

Thank you



A Global Hydrogen Future
Lunch Break



A Global Hydrogen Future
Breakout Sessions

1. Global Hydrogen Policy and Regulatory Review
2. Financing a Hydrogen Future
3. Developing a Global Hydrogen Market



A Global Hydrogen Future
Break



A Global Hydrogen Future
Panel Discussion - Global Hydrogen Overview

Moderator: Rick Westerdale 
Participants:  Ken Medlock, 

Peter Fazio and Jane Nakano



A Global Hydrogen Future
Closing Session
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