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é.ñ I believe that water will 
one day be employed as fuel, 
that hydrogen and oxygen 
which constitute it, used 
singly or together will 
furnish an inexhaustible 
source of heat and light of 
an intensity of which coal is 
not capableéééwater will 
be
coal of the futureò

JULES VERNE
Mysterious Island
(1876)

Hydrogen ïNot a new concept





Hydrogen is not a fuel but 
an energy carrier as it has 
to be produced from other 
primary sources of energy 
like electricity and is 
found only in bound form 
on the earth. Since it 
releases energy when 
used in an engine, in 
common use it is called 

an alternative fuel

Hydrogen : Fuel or Energy Carrier



Why Hydrogen is a Freedom Fuel?

ÂFossil oil, the fuel of choice, has been source of 
military conflicts in recent years resulting in 
uncertainty in supply

ÂPetroleum crude reserves are mostly concentrated 
in a specific region and most of the countries 
including India are heavily dependent on imports

ÂHydrogen can be produced from locally available 
resources on sustainable basis thereby releasing us 
at last from the grip of oil barons and promising  
independence from imports in coming years ïhence 
FREEDOM FUEL 



Why Freedom Fuel for Future?

Conventional fuel
High contents of 
sulphur and 
aromatics

Improved conventional fuels

CNG and synthetic fuels

1st Generation bio - fuels 

2 nd Generation bio - fuels 
(BTL)

Electric vehicles

Hydrogen

Past Present Future





Hydrogen ïAlternative for future

In recent times , HYDROGEN has received 

increased attention worldwide, because it 

offers perhaps the greatest long term potential 

to radically reduce several important societal 

impacts of fuel use : to provide clean, reliable 

and sustainable energy supply for meeting the 

growing energy needs for transportation and 

power generation in the coming years



ÅDecarbonisation : Changing ratio of carbon to hydrogen 
atoms in each succeeding energy source
ÅFuelwood - Highest ratio of carbon to energy and 
hydrogen atom - 10:1; Coal is 2:1; Oil and Natural Gas 
is one carbon to 2 - 4 hydrogen
ÅEach successive energy source emits less CO2 than 
its predecessor
ÅHydrogen completes journey of decarbonisation

FUELWOOD COAL HYDROGENOIL

is at the heart of the evolution of the energy system

In view of complete decarbonisation Hydrogen is the Ultimate 
Freedom Fuel for Future



Hydrogen

Â Most abundant element in the Universe making up 
75% of the normal matter

Â Available on earth in bound form only in water, 
biomass, hydrocarbons etc and not in free -form

Â Highest energy content per unit mass among known 
fuels (120.7 MJ/kg)

Â It is not an energy source but only an energy carrier
Â Hydrogen can be produced from different primary 

energy sources such as natural gas, oil  and coal; 
renewable energy sources such as solar, wind and 
biomass; and nuclear energy 

Â On reaction with air / oxygen, releases energy and 
forms water

Â Hydrogen energy based technologies are in initial 
stages of development and require further 
development

Â Initial investment for hydrogen energy technologies 
is high 10



Properties of Hydrogen, Methane and Petrol

Hydrogen Methane Petrol

Flammability range in air (volume %) 4-75 4.3 -15 1.4 -7.6

Minimum ignition energy (MJ) 0.02 0.28 0.24

Quenching distance (cm) 0.064 0.21 0.2

Auto ignition temperature in air (K) 858 723 550

Flame speed at stoichiometric ratios 

(m/s)

1.85 0.38 0.37 -0.43

Gravimetric density (kg/m 3) 0.0824 0.72 730

Stoichiometric air fuel ratio (kg/kg) 34.8:1 14.49:1 14.70:1

Lower heating value (MJ/kg) 119.7 45.8 44.79

Adiabatic flame temperature in air (K) 2480 2214 2580

Diffusion velocity in air (m/s) 2.0 0.51 0.17



Hydrogen ïProperties as fuel
Â Colourless, odourless, tasteless and non -toxic gas found in the 

air at the concentrations of about 100 ppm (0.01%)
Â Properties that contribute to its use as a combustible fuel are 

its wide range of flammability, low ignition energy, small 
quenching distance, high auto - ignition temperature, high flame 
speed at stoichiometric ratios, high diffusivity and very low 
density 

Â Hydrogen has a wide flammability range of 4 to 75 % by 
volume with air thereby making combustion possible over a 
wide range of fuel -air mixtures

Â hydrogen can run on a lean mixture resulting in complete 
combustion and better fuel economy

Â Hydrogen has very low ignition energy (0.02 MJ) at 
stoichiometric mixture enabling hydrogen engines to ignite 
lean mixtures and ensures prompt ignition

Â Low ignition energy means that hot spots on the cylinder can 
serve as sources of ignition, creating problems of premature 

ignition and flashback
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