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Sankey-Diagram-based insights into the hydrogen economy

Ref: DOI: 10.1039/D3RA05158G (Review Article) RSC Adv., 2023, 13, 28262-28287
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Fig.1: Sankey-Diagram-based insights into the hydrogen economy (2023)
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Fig. 2. Recent green hydrogen production technologies.
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No. Region
Estimated energy capacity, 
Exajoule (EJ)

Percentage value

1 Sub-Saharan Africa 2715 28.6

2 Middle East and North Africa 2023 21.3

3 North America 1314 13.8

4 Oceania (Australia) 1272 13.4

5 South America 1114 11.7

6 Rest of Asia 684 7.2

7 Northeast Asia 212 2.23

9 Europe 88 0.92

10 Southeast Asia 64 0.67

Table 1:Breakdown of the potential of global green hydrogen production by region

Ref; Ali O.M. Maka1, Mubbashar Mehmood, Green hydrogen energy production: current status and Potential, Clean Energy, 
2024, Vol. 8, No. 2, 1–7,https://doi.org/10.1093/ce/zkae012 5



Fig. 3. Global green hydrogen production (in EJ) potential by region.
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Categorization of Countries Based on Readiness Framework
                     Source: ISA Blueprint for Ecosystem Readiness Assessment for Green Hydrogen 2022

Ref: A roadmap for developing and scaling the green hydrogen ecosystem, November 2023, ISA (Int. solar alliance) 

Eight key 
parameters were 
taken – strategic 
intent, relevant 
infrastructure
experience, ease of 
doing business, 
existing RE 
installation and 
potential, hydrogen 
demand and 
project outlook, 
proximity
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Hydrogen Energy Laboratory, BCSIR (2019-2022)

Video/Intro Hydrogen lab.mp4
file:///F:/Manuscript fueling station/Final version/Final Published paper On-site HRS.pdf


Biomass Gasified hydrogen production pilot plant
 Location: Hydrogen Energy Lab, BCSIR 
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Hydrogen Fuel Cell Power Generation prototype
Location: Hydrogen Energy Lab, BCSIR
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Hydrogen Fuel Cell Vehicle
Location: Hydrogen Energy Lab, BCSIR 11



Ref: Recent challenges and development of technical and technoeconomic aspects for hydrogen storage, insights at different scales; A 

state of art review, https://doi.org/10.1016/j.ijhydene.2024.05.182

Fig. 3. Hydrogen storage technologies with respect to its storage scale
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Hydrogen Storage Cylinder at 6000 psi  
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Location: Hydrogen Energy Lab, BCSIR



Hydrogen Storage Tank
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Hydrogen Storage Cylinder at 12000 psi  

Location: Hydrogen Energy Lab, BCSIR



Fig. 4: Hydrogen Sorption techniques

Ref: An overview of hydrogen storage technologies – Key challenges and opportunities, Materials Chemistry and Physics  
https://doi.org/10.1016/j.matchemphys.2024.129710 15



Fig 5: FESEM image of MNAM 211 (a) before (b) after hydrogen adsorption. 16



Key innovations for green hydrogen storage

Material Innovations in Hydrogen Storage Tanks
 -Advanced Composites 

 -Metal Hydrides

 -Glass Microspheres 

 and Other Nanomaterials

Cost of Hydrogen Storage Tanks

 -Composite Materials

 -Economies of Scale

Standards for Hydrogen Storage Tanks

 -International Standards

 -National Regulations

Safety Requirements for Hydrogen Storage Tanks

 -Pressure Resistance and Leak Prevention

 -Impact and Fire Resistance

 -Monitoring and Control Systems

Innovations for Hydrogen Storage on Ships

 -Liquid Hydrogen Storage

 -LOHC Systems

 -Ammonia as a Hydrogen Carrier
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Fig.6:Green Hydrogen Market Size
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Green Hydrogen Market



Fig.5:Green Hydrogen Market Size (ASIA Pacific)
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Fig. 6. Current potentials and challenges of hydrogen production technologies.

Ref: Recent advancement and assessment of green hydrogen production technologies, Renewable and Sustainable Energy Reviews, Volume 189, Part A, 

January 2024, 113941
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Innovations Impacting the Hydrogen Economy in 2024

Fig.8:Innovation Impact to the Green Hydrogen Economy
Ref : Top 10 Hydrogen Trends and Startups)
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https://www.youtube.com/watch?v=rQiqaV-9MiI
https://www.startus-insights.com/innovators-guide/top-10-hydrogen-economy-trends-innovations-in-2021/


Technologies Accelerating the Green Hydrogen Revolution

1. Advanced Electrolyzers: 

Modern Electrolyzer are more efficient and can operate at high pressures, reducing the cost 

of subsequent compression for storage or pipeline transport .

2. Renewable Energy Sources:

The declining costs of renewable electricity, which accounts for about 70% of the cost of 

producing hydrogen, are making green hydrogen a viable investment .

3. Digital Technology: 

Digital technology can help optimize plant designs and end-to-end green hydrogen systems, 

reducing costs and complexity.

4. Storage and Transport Infrastructure: 

New technologies are being developed for the efficient storage and transport of hydrogen, 

including advanced materials for high-pressure composite fuel tanks.

22



Fig. 7. Demand for global hydrogen by sector under the Net Zero Scenario, 2020–2030. NZE = Net Zero Emissions 23

Global Demand Driver…..
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Upside Potential in Power
Power 
Heating
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Existing Industrial Use

Fig.10:Biggest driver of Green Hydrogen Production

“Industry is expected to be 
the biggest driver  of the 
clean hydrogen demand 
until 2030,mobility could 
overtake industry by 2025”

Ref: Global Energy Perspective 2023: Hydrogen outlook/https://www.mckinsey.com/industries/oil-and-gas/our-insights/global-
energy-perspective-2023-hydrogen-outlook



Fig.8. The roles of government, hydrogen producers, and researchers in mapping the future of 
green hydrogen development. 25
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OVERCOMING THE BARRIERS:

1. Regulators and governments must establish clear and supportive regulatory frameworks

2. Producers need to improve cost competitiveness and narrow the gap with fossil fuels 

through technological advancements, economies of scale, and optimized production 

processes.

3. Off-takers (especially in hard-to-abate sectors) must commit to incorporating hydrogen 

into their energy mix and set clear timelines for its adoption.

4. Distributors, traders and intermediaries should expand the infrastructure needed—

including pipelines, storage facilities and refueling stations—for hydrogen to reach its end 

users.

5. Aggregators can manage the consistent demand for hydrogen—enabling larger projects 

to be built and transforming long-term contracts required for producers into short-term 

contracts required for off-takers.
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