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Ways to achieve net zero
• Energy Intensity/efficiency
• Structural Changes
• Deployment of Renewable Solutions

IRENA Global Energy Transformation,2019

Climate change is accelerating
• CO2 emission increased 1.5%/year for

last 5 years

• Paris agreement: temperature rise 
less than 20C, preferably 1.50 C
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⮚ The energy intensity improvement rate would need to increase to 
3.2% per year. This is higher than the improvements in recent 
years (2.3%) or projected in the Reference Case (2.4%).

Renewables share in total final
end-use consumption needs to
66%

IRENA Global Energy Transformation,2019

Hydrogen as renewable energy can catalyse 
disruptive technology to combat global warming
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Fast Charging and Long Usage

• Hydrogen fuel cells can be
recharged in under five minutes, in
contrast to electric vehicles takes
30 to several hours for same
driving range.

Versatile

• Hydrogen fuel cells will be able to supply 
power for:

Mobile 
Stationary
Transportation: Pipelines and Tube trailers

Energy self-reliance

• Reduce the nation's reliance on fossil fuels.

Energy Efficient

• Gaseous hydrogen contains nearly
three times more energy per unit
mass than gasoline: 141.90MJ/Kg of
H2 vs 47.40MJ/Kg of gasoline

Zero Emissions fuel

• Leaves no carbon footprint
• Ideal for future zero-carbon power 

supply demands.

One of the prime objective of the
Nation Hydrogen Energy Mission
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Molecular Size

Diffusivity

Reactivity

Density

Flammability

• Smallest in size

• Easily pass through metallic and non-metallic 

material

• Four-time higher diffusion coefficient compared

to natural gas

• Rapid gas escape forming flammable gas in air

Fire Safety 

Issue

Hydrogen 

Blistering

• Highly reactive

• Combines with most elements to form hydride
Hydrogen

Embrittlement

• Seven times lighter than natural gas

• Low volumetric energy density

• Highly flammable gas

• Flammability range of 4-74 vol% in air

Hydrogen

Permeation

High gravimetric 

but low

volumetric density

Flammable 

hydrogen clouds 

formation
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Upto

700 bar

Pressure vessels are the containers for storing energy fluids under high pressure.

11

Single phase (Gaseous).    Operating pressure: up to 1000 bar.    Operating temperature: -40 to 85°C
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Liquid Hydrogen Tank at NASA's 
Kennedy Space Center since 1966

https://commons.m.wikimedia.org/wiki/File:Liquid_Hydrogen_Ta
nk_at_NASA%27s_Kennedy_Space_Center.png

Break Through Applications of Liquid Hydrogen

➢ Powering non-vital parts of
the aircraft using liquid
hydrogen; Hycarus project, a

between Aircoalition
Liquide,
Dassault

Zodiac Aerospace, 
Aviation, and the

CEA (Sparano et. al., 2023)

➢ Liquid hydrogen powered aircraft for long-
Pathfinder and

vehicle; Hybrid
(Stroman et al.,

duration journeys; Upgraded
Helios (Turk et al., 2022)

➢ Liquid hydrogen powered air
Tiger, 48hr endurance in 2010
2018)

https://www.esa.int/Enabling_Support/Space_Transportat
ion/Launch_vehicles/Ariane_5

https://advancedtech.airliquide.
com/air-liquide-partner-
hycarus-project

➢Hydrogen powered commercial rockets;
United Launch Alliance, Blue Origin,
Boeing, etc.

➢ Liquid oxygen and hydrogen as their rocket 
propulsion fuel; European rocket Ariane 5,
Atlas, Boeing's Delta III, and Delta IV
(Cecere et. al., 2014)

➢ Super-insulated tanks; 
manufactured by Air Liquide, 
Linde, etc.

➢ Signature fuel for many space 
programs and satellite 
launching (Gomez & Smith, 
2019; Kang et al., 2022).

https://www.esa.int/Enabling_Support/Space_Transportation/Launch_vehicles/Ariane_5
https://advancedtech.airliquide.com/air-liquide-partner-hycarus-project
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Rock cavern hydrogen
gas storage facility;
HYBRIT’s pilot facility 
at Svartöberget in

Break Through Applications of Underground Hydrogen Storage

Construction of the first green 
hydrogen storage demonstrator in 
a salt cavern is underway in 
France.

https://hydrogencouncil.com/en/first-eu-supported-large-scale-green-hydrogen-
underground-storage-demonstrator-takes-shape/

The Chevron Phillips
Terminal inClemens 

Texas 
hydrogen

has
since

stored
the

1980s in a solution-
mined salt cavern.

Luleå, Sweden which
will test run until
2024.

https://www.ssab.com/en/news/2022/06/hybrit-a-unique-underground-fossilfree1-h8ydrogen-gas-
storage-facility-is-being-inaugurated-in-lule

https://www.cpchem.com/locations/north-america/brazoria-county-texas

https://hydrogencouncil.com/en/first-eu-supported-large-scale-green-hydrogen-underground-storage-demonstrator-takes-shape/
https://www.ssab.com/en/news/2022/06/hybrit-a-unique-underground-fossilfree-hydrogen-gas-storage-facility-is-being-inaugurated-in-lule
https://www.ssab.com/en/news/2022/06/hybrit-a-unique-underground-fossilfree-hydrogen-gas-storage-facility-is-being-inaugurated-in-lule
https://www.ssab.com/en/news/2022/06/hybrit-a-unique-underground-fossilfree-hydrogen-gas-storage-facility-is-being-inaugurated-in-lule
https://www.ssab.com/en/news/2022/06/hybrit-a-unique-underground-fossilfree-hydrogen-gas-storage-facility-is-being-inaugurated-in-lule
http://www.cpchem.com/locations/north-america/brazoria-county-texas
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Thank you very much for 

your attention!
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