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Source: Figarosensor, 2025

https://www.figarosensor.com/challenge/h2.html


3 methods of hydrogen production based on the source
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Fossil fuels

Gasification/

Source: Otario, 2022; Pathak et al., 2022

In simple terms, there are 3 methods of 
hydrogen production based on the type of 
resource.

Renewable energy (with water 
electrolysis/splitting)

Sustainable Biomass (Carbon neutral due 
to carbon offset applied)

Fossil fuels

H2

https://www.ontario.ca/files/2022-04/energy-ontarios-low-carbon-hydrogen-strategy-en-2022-04-11.pdf
https://www.sciencedirect.com/science/article/pii/S0360319922057755?via%3Dihub


Hydrogen production by method and color identification
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Source: Otario, 2022; Pathak et al., 2022

Grey and blue hydrogen are reliant 
on fossil fuel supplies.

CCS/CCUS technology is necessary 
to obtain blue hydrogen.

Green hydrogen is reliant on 
renewable energy sources and 
water electrolysis.

Biomass potentially negative with 
addition of BECCS

But no less important in the 
taxonomy of the LCA/footprint 
of CO₂ emissions.

Most important parameter

Renewable energy

≈ 27 kg CO₂e/kg H₂

1-5 kg CO₂e/kg H₂

0-0.6 kg CO₂e/kg H₂

https://www.ontario.ca/files/2022-04/energy-ontarios-low-carbon-hydrogen-strategy-en-2022-04-11.pdf
https://www.sciencedirect.com/science/article/pii/S0360319922057755?via%3Dihub


Hydrogen taxonomy by LCA/footprint of CO₂

6

Source: Adapted from US Department of Treasury, 2025; Agora, 2024; CMS, 2024; GH2, 2024; Clean 
Energy councils, 2024; PIB, 2024; EU, 2023; WEC, 2023

Clean hydrogen

4 kg CO₂e/kg hydrogenUSA

UK 2.4 kg CO₂e/kg hydrogen

3.38 kg CO₂e/kg hydrogen
1 kg CO₂e/kg hydrogen by 2050EU

3.4 kg CO₂e/kg hydrogenJapan

4 kg CO₂e/kg hydrogenSouth 
Korea

Renewable hydrogen

0.6 kg CO₂e/kg hydrogen

Green hydrogen

India 2 kg CO₂e/kg hydrogen

GH2 ≤ 1 kg CO₂e/kg hydrogen

4.9 kg CO₂e/kg hydrogenChina

Australia

https://home.treasury.gov/news/press-releases/jy2768#:~:text=To%20qualify%20as%20clean%20hydrogen,per%20kilogram%20of%20hydrogen%20produced.
https://www.agora-energiewende.org/news-events/navigating-the-promises-and-pitfalls-of-low-carbon-hydrogen-in-europe#:~:text=The%20Commission's%20delegated%20authority%20requires,%2Deq%20/%20kg%20of%20hydrogen.
https://cms.law/en/int/expert-guides/cms-expert-guide-to-hydrogen/south-korea#:~:text=This%20is%20a%20system%20for,2eq%2Fkg%20H2.
https://gh2.org/sites/default/files/2024-05/GH2_Considerations%20for%20Hydrogen%20Offtake%20Agreements_2024.pdf
https://cleanenergycouncil.org.au/getmedia/64ca4f82-5657-4a26-ae7c-dfd7339bf96b/Clean-Energy-Council_Submission_Hydrogen-Production-Tax-Incentive_12July24.pdf
https://cleanenergycouncil.org.au/getmedia/64ca4f82-5657-4a26-ae7c-dfd7339bf96b/Clean-Energy-Council_Submission_Hydrogen-Production-Tax-Incentive_12July24.pdf
https://static.pib.gov.in/WriteReadData/specificdocs/documents/2024/may/doc2024510336301.pdf
https://www.europarl.europa.eu/RegData/etudes/BRIE/2023/747085/EPRS_BRI(2023)747085_EN.pdf
https://www.weforum.org/stories/2023/03/understand-carbon-footprint-green-hydrogen/


Hydrogen storage system
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Liquid form Gaseous form Liquid form

Chemically bonding 
with toluene

Source: Liu et al., 2022; Hydrogeneurope, 2021; Usman, 2022; Umicore, 2025; Light house 2023

● Hydrogen distribution is highly 
dependent on how the hydrogen is 
stored.

● Hydrogen is most often transported in 
two forms: 

○ Compressed gaseous pipeline, 
truck, train, and ship.

○ Liquid hydrogen by insulated 
pipelines or truck, train, and ship.

○ Liquid Organic Hydrogen Carrier 
(LOHC) transported using existing 
infrastructure like oil tankers or 
pipelines

https://onlinelibrary.wiley.com/doi/full/10.1002/bte2.20220033
https://hydrogeneurope.eu/wp-content/uploads/2021/11/Tech-Overview_Hydrogen-Transport-Distribution.pdf
https://www.sciencedirect.com/science/article/abs/pii/S1364032122006311
https://www.umicore.com/en/media/newsroom/lohc-technology/
https://lighthouse.nu/images/Rapporter/FS26_2022_Hantering_av_va%CC%88tgas_som_LOHC.pdf


Most cost-effective hydrogen transmission method in 2050 by project 
size and distance - IRENA
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Source: Otario, 2022; IRENA, 2025

Note: Liquid Organic Hydrogen Carriers (LOHCs)

https://www.ontario.ca/files/2022-04/energy-ontarios-low-carbon-hydrogen-strategy-en-2022-04-11.pdf
https://www.irena.org/Energy-Transition/Technology/Hydrogen/Global-hydrogen-trade


Projected hydrogen global trade flow in 2050
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Source: IRENA, 2025

55% would travel by pipeline

Ammonia is used directly without 
conversion to hydrogen

The remaining 45% would be 
shipped, predominantly as ammonia

Ammonia is preferred as it doesn't 
have carbon content

https://www.irena.org/Energy-Transition/Technology/Hydrogen/Global-hydrogen-trade


Visualization of the global hydrogen partnership network and Existing 
bilateral MoU as of October 2023

10Source: IRENA, 2024

https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2024/Feb/IRENA_UNIDO_IDOS_Green_hydrogen_industrial_development_2024.pdf


The hydrogen ecosystem is growing rapidly

Source: Airbus, 2024 11

Lower demand, hydrogen in 
liquid form by truck or ship

High level demand by pipeline 
network

https://www.airbus.com/en/newsroom/stories/2024-09-developing-a-global-ecosystem-to-support-hydrogen-powered-flight


The role of hydrogen utilization

Source: adapted from Deloitte, 2024, DOE, 2024; SNE, 2025; Fuel Cell Works, 
2024-2025;  Nippon-foundation, 2024; Global Times, 2024; IESR-ESS, 2024

Hydrogen as clean fuel, energy 
storage, and feedstock

USA, over 70,000 hydrogen FCEV 
forklifts by end of 2024

Hydrogen source for NH3, CH4, 
CH4OH, C2H5OH and others synthetic 
chemical

Car, Forklift, Truck, 
Bus, railcars, etc.

Pure, blending, synthetic fuel
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back up power plant

Stable power 
generation

Aluminium, others 
metallurgical process

Cooking, heating, portable 
application, back power 
generation, etc.

Drone, space craft, jet 
airplanes EU, as 2023 required aircraft leaving 

the EU to use 1.2% by 2030 to 35% by 
2050 of e-SAF derived from green H2.

EU and UK CBAM for hydrogen and 
industry commodities.

Globally, almost 100,000 FCEVs had 
been registered globally by Q1 of 2025.

South Korea, over 1 GW in cumulative 
fuel cells for power generation by 2023.

Hydrogen-powered vessels are now 
available (pilot, commercial) in China, 
Lithuania, Norway, and Japan.
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https://www.deloitte.com/content/dam/assets-shared/docs/industries/energy-resources-industrials/2023/deloitte-green-hydrogen-report-2023.pdf
https://www.energy.gov/eere/fuelcells/articles/celebrate-hydrogen-day-all-week-long#:~:text=Hydrogen%20has%20a%20growing%20role,haul%20trucks%20and%20transit%20buses.
https://www.sneresearch.com/en/insight/release_view/373/page/0
https://fuelcellsworks.com/news/korea-leads-with-over-1gw-in-fuel-cell-power-generation-yet-faces-industry-challenges#:~:text=Become%20a%20Member-,Korea%20Leads%20With%20Over%201GW%20in%20Fuel,Generation%2C%20Yet%20Faces%20Industry%20Challenges&text=Last%20year%2C%20Korea%20made%20a,fuel%20cells%20for%20power%20generation.
https://fuelcellsworks.com/news/korea-leads-with-over-1gw-in-fuel-cell-power-generation-yet-faces-industry-challenges#:~:text=Become%20a%20Member-,Korea%20Leads%20With%20Over%201GW%20in%20Fuel,Generation%2C%20Yet%20Faces%20Industry%20Challenges&text=Last%20year%2C%20Korea%20made%20a,fuel%20cells%20for%20power%20generation.
https://fuelcellsworks.com/2025/01/23/fuel-cells/lithuania-launches-first-hydrogen-powered-vessel-at-klaipeda-port
https://en.nippon-foundation.or.jp/news/articles/2024/20240404-100794.html
https://www.globaltimes.cn/page/202412/1325383.shtml


Trend of green hydrogen - Demand projection
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Clean hydrogen demand projections

The share of green hydrogen in 
clean hydrogen is estimated to 
reach 70-100% in 2050.

Green hydrogen is preferred 
because it has high sustainability 
value, does not depend on 
CCS/CCUS and fossil fuels that 
have capacity/reserve limitations.

However, it is still hampered by the 
high initial costs for renewable 
energy and electrolyzers.

Source: Deloitte, 2024; IEA, 2023; Hydrogen Councils, 2022; McKinsey, 2024

https://www.deloitte.com/content/dam/assets-shared/docs/industries/energy-resources-industrials/2023/deloitte-green-hydrogen-report-2023.pdf
https://www.iea.org/data-and-statistics/charts/global-hydrogen-demand-in-the-net-zero-scenario-2022-2050
https://hydrogencouncil.com/wp-content/uploads/2022/10/Global-Hydrogen-Flows.pdf
https://www.mckinsey.com/industries/oil-and-gas/our-insights/global-energy-perspective-2023-hydrogen-outlook


Announced target from countries' national hydrogen strategy
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Clean hydrogen target announced for 2023

Source: Diadaptasi dari IRENA, 2024; Weltenergierat, 2025

Nearly 70% of capacity for production 
target comes from Middle East and 
North Africa (MENA).

It is difficult to track the type of 
hydrogen.

Still, not all countries have high 
enthusiasm, as seen from the number 
of countries that have short- and 
long-term targets.

Production 
target of 37 
countries

Consumption 
target of 43 

countries

Capacity for 
production 
target of 35 
countries

This number will increase as hydrogen 
strategies have been implemented by 
around 60 countries (including the EU) 
by Q4 of 2024

Short-term

Long-term

Short- and long-term

https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2024/Jul/IRENA_Green_hydrogen_strategy_design_2024.pdf
https://www.weltenergierat.de/


Driving factor for green hydrogen development 
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Country’s competitiveness 
and sustainability

Paris 
agreement, 

NDC, Methane 
pledge, etc.

Regulations of 
green product 

and carbon 
limits for export: 

CBAM, SBTi, 
ESG, ISO, etc.

International 
conventions and 

agreements

New green or 
carbon 

protection 
policy

International 
carbon pricing 
and emissions 
trading system

Carbon pricing, 
and sustainable 
capital markets

International Domestic

Support the 
country's 

economy with 
green 

procurement, 
products, and 

services

Mitigation is 
needed due to 
climate change 
vulnerabilities

Economy and 
Industry 
priorities

Material and 
energy supply 
vulnerabilities

Healthy 
environment, 

ecology 
preservation, 
good lifestyle

Green lifestyle 
with low carbon 

emissions
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Source: adapted from many sources



Challenge and key enabler for green hydrogen adoption 
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1. Security: production, distribution, storage 
and use

2. Environmental considerations: awareness

3. Economic feasibility and investment value

4. Energy needs and diversification

5. Technology infrastructure readiness

Challenges Key Enabler

Source: IESR-IETO 2024



Thank You
Accelerating Low Carbon 

Energy Transition

Any follow up questions?

Kindly send email to 
farid@iesr.or.id
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