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Introduction

 Motor vehicles create approximately one-third (30%) of all carbon dioxide (CO2) emissions

 CO2 emissions from burning of fossil fuels are a significant contributor to global warming
and climate change



Global Energy Mix

Source: The Green Shift, MoPNG 2023

Downward trend of 

fossil fuels post 2030



Indian Energy Mix/Fuel Scenario

 Energy demand doubles by 2047

 Oil grows on same lines. Gas quadruples 

 Renewables etc. scale up multiple 

 Coal declines in share but grows in volume 

 Biomass tails off to nil 

Source: Energy Demand Evaluation Outlook Report 2022-2047, PPAC ENDEVOUR`2022



Introduction

Among the renewable energy sources, hydrogen can replace the existing fossil fuels and can
provide solutions to the world's increasing energy demands and climate change, since it has
high calorific value (142 MJ/ kg) and also clean and environmentally compatible that do not
generates greenhouse gases

On-board hydrogen storage continues to be challenging because gaseous hydrogen should
be contained within a small volume without adding significant weight to a vehicle

H2 Advantages:
• High energy density (120-142 

MJ/kg)

• Low density (0.09 kg/m3 at STP)

• Zero emission fuel source

H2 Challenges:
• Explosive

• Storage problems

• Transportation problems 



Types of Hydrogen



Targets

US DoE targets production of green Hydrogen 10 MMTPA by 2030, 20 MMTPA by 2040 and
50 MMTPA by 2050

DoE’s targets to produce hydrogen at $2/kg by 2026 and $1/kg by 2031 ($1 per 1 kilogram in
1 decade ("1 1 1"))

 India's National Green Hydrogen Mission has set a target of producing 5 MMTPA of green
hydrogen by 2030

The US DoE has set hydrogen storage targets for light-duty automobiles. The targets are:
5.5 wt % for 2025
6.5 wt % as the ultimate target

 For realistic driving distances, typically 4 kg of
H2 is required, which occupies nearly 44 m3 at
ambient pressures and temperature
conditions



Why Hydrogen Storage?



Sources of Hydrogen

 Renewable sources: Wind, solar, geothermal, and biomass

 Electricity: From the grid or from renewable sources

 Other resources: Water, Nuclear power & Biogas



How Hydrogen is Stored?



Storage Methods

Journal of Energy Storage 72 (2023) 108404



Hydrogen Storage by 
Adsorption/Absorption

 In adsorption, hydrogen is attached to the surface of a material either as hydrogen
molecules or as hydrogen atoms.

 In absorption, hydrogen is dissociated into H-atoms, and then the hydrogen atoms are
incorporated into the solid lattice framework.

Adsorption of hydrogen Absorption of hydrogen 

Because of weak interaction, significant physisorption is only observed at low temperatures
(<273 K). Due to weakness of the van der Waals bonding, low temperatures and elevated
pressures must be applied to achieve significant hydrogen storage densities using adsorption.



Nanomaterials for Hydrogen Storage



Nanomaterials for Hydrogen Storage

Nanomaterials are superior to macroscopic bulk materials due to higher surface area



Carbon-Based Nanomaterials

10.34133/2021/3750689



MOFs for Hydrogen Storage

10.34133/2021/3750689

Metal-organic frameworks (MOFs) are organic-inorganic hybrid crystalline porous materials
that consist of a regular array of positively charged metal ions surrounded by organic 'linker'
molecules, cage-like structure.

Due to this hollow structure, MOFs have an extraordinarily large internal surface area
(tunable pore sizes)

Advantages:
 Low density
 High specific surface area
 Tunable porous structure
 Various exposed metal nodes
 Reproducible and facile synthesis
 Controllable chemical functionality
 Amenability to scale-up



Metal hydrides for Hydrogen Storage

Metal hydrides and complex hydrides offer high gravimetric capacity. However, the high
operating temperature and low reversibility hindered the practical implementation



Hydrogen Storage Technologies

Fuel 355 (2024) 129455



Hydrogen-Future Prospective

 Long-term, reliable policies adoption to encourage novel technologies and market growth

Advanced Hydrogen production, purification and storage technologies

 Improved and low-priced electrolyzers

Entire hydrogen industry chain such as hydrogen production, storage and transportation,
fuel cells, hydrogen refueling stations and other scenarios should be accelerated. Besides, in-
depth integration and coordination with the oil and gas industry needs more attention,
which will rapidly promote the high-quality development of the hydrogen industry system
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Hydrogen Storage Systems-Current Status

Materials Today Advances 6 (2020) 100022


