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Producing hydrogen from renewables in India 

is likely to be cheaper than producing it from 

of powering the electrolysis process through 

surplus electricity at peak hours to generate 

hydrogen remains low. With abundant sunlight, 

1,000 GW of solar energy on just 0.5 per cent of 

can be used for the process of electrolysis.

The focus on producing clean energy through 

Green Hydrogen is in line with the Modi 

450 
GW
emission goals under the Paris Agreement and 

reduce import dependency on fossil fuels.

Hydrogen can be produced by the electrolysis of 

water i.e. using an electric current to break water, 

H2O, into its component elements of hydrogen 

and oxygen. If this electric current is produced 

by a renewable source (e.g. Solar PV or a wind 

turbine or Hydropower), the clean hydrogen 

produced is known as green hydrogen.

70 Mt is currently produced from natural gas 

of by-product CO2. The dependence on natural 

needs are met by three fuels: coal, oil and solid 

power to build global clean energy industries. 

of the primary energy that we as a country 

consume. RE has been used on the electricity 

which is where the hydrocarbons dominate and 

import dependence happens.

India, being a tropical country has a significant 
edge in Green Hydrogen production due to its 
favourable geographic conditions and abundant 
natural resources. 

As the world seeks ways to accelerate the pace of 
transformation in the energy sector, India with the 
right policy support, is in a unique position to not 
only become self-sufficient in green hydrogen but 
also produce green hydrogen for export markets. 

sulphur oxides or ground level ozone 
are produced from the use of hydrogen. 
If the hydrogen is used in a fuel cell, it 

to a hydrogen economy will not only 
reduce India’s import dependency on 
hydrocarbon fuels but also provide 

house gas (GHG) emissions in absolute 

variable output from renewables, like 
solar PV and wind, whose availability is 
not always well matched with demand.
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WE EXPECT DEMAND CREATION FOR GREEN HYDROGEN TO HAPPEN IN THE FOLLOWING MANNER:

Immediate demand for 

Green Ammonia; 

Automobile fuels; 

Gas blending and other 

Marine fuels by way of 

ammonia or hydrogen

Round-the-clock power by 

way of ammonia or hydrogen; 

energy from renewables and looks promising to 

hydrogen-based fuels can transport energy from 

with abundant solar and wind resources, such as 

extends beyond its use as a fuel to its role as 

an energy carrier enabling long-term seasonal 

24x7 basis.

reduce GHG emissions in hard-to-abate sectors, 

place of natural gas, coking coal or oil products. 

be produced with green emissions. 

Transport has been the fastest -growing end-use 

sector in recent years and India is set for a huge 

highways, railways and metro lines to airports and 

area for green hydrogen by way of Hydrogen 

for the use of green hydrogen exist across the 

to create millions of high-quality, green jobs.

A key step that needs to be taken to speed up 

the rollout of green hydrogen technology is 

at home. We must create mandate-based 

hydrogen demand for ensuring scale. A strong 

encouraging other countries to use hydrogen 

around the world.

Hydrogen is versatile and can act as chemical 
storage, energy carrier as well as feedstock for 
industrial production. 

India can decarbonise its energy-intensive sectors 
such as industry, transport and power by using 
green hydrogen. 



SMAHI FOUNDATION HAS GIVEN RECOMMENDATIONS FOR INDIA TO ATTAIN LEADERSHIP IN 
GREEN HYDROGEN UNDER THE FOLLOWING HEADS: 

Demand/ Make in India Financing R&D

industrial gas producers, electricity and gas 

make India a pioneer and global hub for green 

hydrogen.

The recent announcement of the National 
Hydrogen Mission will help transition India to a 
green hydrogen economy. 
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country, according to a report (2019) released by 

WHO. Life expectancy in India has gone down 

by 2.6 years due to deadly diseases caused by air 

highest cause of death among all health risks 

goals, global energy-related CO2 emissions 

around 3 million people dying prematurely each 

by end users today is for carbon-containing 

raw material for chemicals and other products 

contains carbon today and generate CO2 

emissions during their processing.

policies to tackle the threat of climate change.

Wind and solar produced 9.4 per cent of the 

cent in 2015. In the USA, electricity demand fell 

2.5 per cent. The country produced 11.6 per cent 

of its electricity from wind and solar. Coal power 

fell 20 per cent in the USA. Europe led wind and 

producing 33 per cent and the UK at 29 per cent.

China saw a 4 per cent increase in electricity 

demand, which meant it was the only G20 country 

per cent). The country produced 9.5 per cent of 

its electricity from wind and solar.

Hard-to-abate emissions sources include 

chemicals manufacture, high-temperature 

industrial heat, long-distance and long-haul 

road transport and especially in dense urban 

are in India and over 50 per cent of the sites studied 

The growing number of net-zero emissions pledges by 

As solar and wind costs become 
cheaper, their expected share of the 
future primary energy mix rise. At 

power, the variability of their output 

can be stored or used in a variety 

to hydrogen can help with the 
matching of variable energy supply 
and demand, both temporally and 

such as pumped-storage hydropower, 



through a mix of a gas-based economy, adding 

sugarcane extracted ethanol in petrol and 

electric mobility. 

Stressing on the need for energy independence, 

to make India a global hub for Green Hydrogen 

Hydrogen. 

INDIA’S COMMITMENT TO THE 
PARIS AGREEMENT

years back. India has crossed a milestone of 100 

GW in the total installed renewable energy (RE) 

is under tendering. 

The focus on producing clean energy through 

Green Hydrogen is in line with the Modi 

by 2022. 

Prime Minister Narendra Modi, on August 15 
2021, formally announced the launch of a National 
Hydrogen Mission (NHM) to expedite plans to 
generate carbon-free fuel from renewables as 
he set a target of 2047 for India to achieve self-
reliance in energy. 

WHILE THE FINAL DRAFT/ ROADMAP OF THE MISSION IS STILL NOT RELEASED, IT IS EXPECTED THAT 

with Natural Gas;

10
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policies to reduce emissions from the power, 

industry and transport sectors, which contribute 

UN has declared India as the global champion in 

change or waste recycling, organic farming, India 

is progressing in all these sectors.

The 195 signatories of the 2015 Paris Agreement 

on climate change agreed to raise their emissions 

Change found that global net anthropogenic CO2 

2050 in a pathway consistent with limited global 

tailwind, with the opportunity to successfully 

build on this unprecedented momentum. ACME 

Solar group chairman, Manoj K Upadhyay 

$2-3 trillion in 20-25 years. Green hydrogen is 

expected to emerge as a $12-13 trillion global 

industry by 2050.

INDIA’S SUCCESS IN SOLAR ENERGY

been a major success story; wind and solar PV 

twice their share in 2014. In 2015, the Indian 

of renewables by 2022 (excluding large hydro), 

which included 100 GW of solar and 60 GW of 

wind capacity, further expanding the RE capacity 

to 450 GW by 2030.

per cent and wind capacity of around 10 per 

as much solar capacity as it did in 2015.

GW of solar PV would need only 3 per cent of 

electrolysis process through surplus electricity at 

peak hours to generate hydrogen remains low. 

parks will further reduce transmission costs.

support and falling equipment costs. The solar 

Green Hydrogen, will help India achieve its emission 
goals of producing 450 GW of renewable energy 
by 2030, under the Paris Agreement and reduce 
import dependency on fossil fuels. 

India stands at 4th position in the world in terms of 
installed RE capacity, 5th in solar and 4th in wind. 

Solar PV projects are now the cheapest 

India and are among the lowest cost in 
the world. 



To cater to the present energy demand, India 
imports petroleum and industrial grade coal. 
Currently India spends Rs 12 trillion annually to 
import fuels for its energy needs. At the moment, 
India imports 85 per cent of its crude oil, 24 per 
cent of coal and 54 per cent of gas requirements. 

coal has been unable to keep pace with demand. 

Part of the import requirement arises from the 

has become the second -largest net oil importer 

12
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the periodic table. Hydrogen is also the simplest  

element on earth as it consists of only one proton 

and one electron. At standard temperature and 

pressure, Hydrogen is a non-toxic, non-metallic, 

odourless, tasteless, colourless and highly 

The gaseous element is an energy carrier, not an 

Hydrogen weighs less than air, hence it rises in 

the atmosphere and is therefore rarely found in 

its pure form, i.e. H2.

Grey Hydrogen:

greenhouse gas. Methane itself has a global 

CO2, so any small gas leakage of methane from 

its source and through the process is also a 

Grey hydrogen is produced through SMR without 

There are no natural hydrogen deposits on earth, 
it has to be extracted from other compounds by a 
chemical process. 

The vast majority of industrial hydrogen is currently 

process known as steam methane reforming (SMR). 

The standard SMR process has the considerable 

product CO2 into the atmosphere. 



GREEN HYDROGEN

HOW IS IT 
GENERATED?

Hydrogen can be produced by the 
electrolysis of water i.e. using an 
electric current to break water, 
H2O, into its component elements 
of hydrogen and oxygen. 

If this electric current is produced 
by a renewable source (e.g. Solar 
PV or a wind turbine), the clean 
hydrogen produced is known as 
green hydrogen.

When hydrogen is produced 
through SMR and in the process 
carbon dioxide as a by-product, 
is integrated with carbon capture 
and storage (CCS) technology.

CLEAN ENERGY

Green Hydrogen is completely 
clean, carbon-free and has the 
highest degree of purity

Electrolysis processes take place 
in an electrolyser and the Hydro -
gen gas so obtained is considered 

Oxygen as a by-product, it is 

cause any harm.

Blue hydrogen has a lower degree 
of purity.

per cent to 95 per cent of carbon 
emissions at best, so there would 

associated with blue hydrogen.
Capture of CO2 may need to be 

-
ences in measurement.

Methane itself has a global warm -

higher that CO2, so any small 
gas leakage of methane from its 
source and through the process 

climate change. 

COST

who are working on this, because 

are already close to $2 per kg, on 
which there is a global consensus, 

-

-
mated at $3/ kg

14
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GREEN HYDROGEN

-
drogen is considered to be more 

-
ademic studies, the cost of green 

-

the electrolysis process. 

EXISTING  
INFRASTRUCTURE

Large scale, new infrastructure 
will need to be put up to generate 
green hydrogen

-
ture for carbon capture.

TRANSITION 
ENERGY

Green Hydrogen is looked upon as 
the clean energy that all countries 

general momentum towards green 
hydrogen as it is a completely 
clean energy.

Blue hydrogen can at best be seen 

carbon emissions. 

in which blue hydrogen, which is 

more easily ramped up to a com -
mercial scale, should be relied on 

hydrogen is predominant.

bituminous coal, followed by steam reforming. 

Produced through electrolysis powered by 

nuclear energy.



The dependence on natural gas and coal means that 
hydrogen production today generates significant 
CO2 emissions. 

CURRENT HYDROGEN SCENARIO  

According to IEA, most of hydrogen currently 

used in industrial processes is supplied from 

comes from oil and only 0.1 per cent from 

water electrolysis. Around 70 Mt of dedicated 

hydrogen are produced today, 76 per cent from 

natural gas and almost all the rest (23 per cent) 

from coal. In energy terms, total annual hydrogen 

demand worldwide is around 330 million tonnes 

Currently, India consumes about 6 million metric 

tonnes of grey hydrogen per annum, which 

demand. 
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Around 275 Mtoe of energy are used for the 

total primary energy demand). Annual hydrogen 

metres (bcm) of natural gas (6 per cent of global 

natural gas use) and 107 Mt of coal (2 per cent 

of global coal use), with coal use concentrated in 

China. 

in ammonia/ urea plants the concentrated CO2 

streams from SMR (around 130 MtCO2 each 

were produced through water electrolysis (using 

water and electricity to create hydrogen), this 

would result in an annual electricity demand of 

would be 617 million m3 or 1.3 per cent of the 

today; this is roughly twice the current water 

The combined costs of renewable electricity and 

The production of green hydrogen requires about 
nine litres of water to produce one kilogram of 
hydrogen, while blue hydrogen production requires 
about half that amount of water.



Hydrogen and hydrogen-based fuels can transport 

resources, such as India, Middle East, Australia or 

extends beyond its use as a fuel to its role as 

an energy carrier enabling long-term seasonal 

an energy source but an energy carrier, which 

that of electricity. Both hydrogen and electricity 

it can be stored, unlike electricity; electricity 

for transmission and hence is usually not cross-

border. Unlike electricity consequently, countries 

can source their hydrogen requirements from 

energy security.

Without hydrogen a decarbonised energy system 

based. Flow-based energy systems must match 

supply. Chemical energy can add a stock-based 

element to an energy economy and thus contribute 

As a low-carbon chemical energy carrier, hydrogen 

emissions because it can be stored, combusted 

are similar to natural gas, oil and coal.

Hydrogen has the potential to help with variable 
output from renewables, like solar photovoltaics 
(PV) and wind, whose availability is not always 
well matched with demand. Hydrogen is one of the 
leading options for storing energy from renewables 
and looks promising to be a lowest-cost option for 
storing electricity over days, weeks or even months. 

Hydrogen can be used without 
direct emissions of air pollutants or 
greenhouse gases. No greenhouse 

ground level ozone are produced from 
the use of either hydrogen or electricity. 
If the hydrogen is used in a fuel cell, it 
emits nothing but water. 

can be used not only to provide low-
carbon electricity, but also to create 
green hydrogen that can displace 

industrial raw materials and indeed 

18
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Hydrogen can also be used as a feedstock for 

hydrogen one of a suite of technologies that work 
well together to support the growth of low-carbon 
energy at the level of the overall energy system.

As renewable energy costs plummet and 

promising, hydrogen technology powered by 

renewable electricity is expected to make a 

economy in the coming decades.

Some operators of natural gas grids are now 

exploring the opportunity to replace natural gas 

where it is almost completely absent at the 

moment, such as transport, buildings and power 

33%
petroleum products

27% 11% (DRI) ore 

03%

POTENTIAL USES OF HYDROGEN INCLUDE:

Hydrogen mixing with Carbon Dioxide (Captured from Air) for producing useful products such 



Oxygen as a by-product: Electrolysis requires water as well as electricity. Around 9 litres of water 

smaller scale can be used in the health care sector or at a larger scale for industrial purposes.

Hydrogen can be used alone or combined with 

other inputs such as carbon, to produce hydrogen-

Hydrogen can be combined with nitrogen 

to produce ammonia to be used as chemical 

based on natural gas and coal to lower their 

Currently fossil fuels such as LNG, Coal are used 

to produce Ammonia/ Urea using Haber Bosch 

process and this process emits carbon.

Green Ammonia can be used to make Urea, 

Ammonia Nitrate and other associated chemicals. 

This can also reduce import of LNG (natural 

gas) in India. All the required technologies are 

plants to produce Green Ammonia. 20 per cent 

green ammonia procurement shall be mandated 

across all end user segments.

Why ammonia?

Bosch process currently the only method used on 

easily transported, stored and the hydrogen can 

a number of key features that make ammonia 

fundamentally similar to those of methane. The 

per cent of liquid hydrogen and these hydrogen 

Green Hydrogen can be used to produce Green 

carbon emission. 

Similar to fossil fuels, ammonia is both a 

fuel, where energy is released by the 
breaking of chemical bonds. Crucially, 
ammonia has the advantage of not 
releasing any carbon emissions if used 
as a fuel. 

POTENTIAL USES OF HYDROGEN INCLUDE:

20
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than pure hydrogen. As a result, the storage of 

supply chain thanks to its widespread use as 

a feedstock for inorganic nitrogen containing 

chemicals. Ammonia can count on an established 

global storage and trading infrastructure.

Crucially, ammonia can be used directly in 

NH3 
ad ntage

High energy
densit s. 

other  
carbon-free

op

Ease of
transport

Ease of
storage

Established 
logis cs

Established 
market

Se ral 
poten al 

newm arkets

• Marine fuels

• Powerg enera

• Simply as a H2 carrier

• Fer rs

• Chemicals

• Other industrial uses

HCNG 

steel, food processing, chemicals etc that use 

hydrogen by cracking natural gas which releases 

Hydrogen and such industries can immediately 

Green Hydrogen can be blended (20 per cent) with 

pipeline or in the cylinders. 



start using Green Hydrogen produced through 

renewable sources.

 

Hydrogen gas has the largest energy content of 

to produce electricity on demand. Power sector 

is the largest contributor of carbon emission in 

India. 

Fuel Cell based power plants. 

Turbines 

emission. 

Green Fuel for Transport Sector 

carbon emission in India (and also globally).

This process captures carbon from the ambient 

This process is completely carbon neutral as 

through this process rather it uses carbon from 

the atmosphere. This green fuel can be used in 

any part of current eco system. 

process integrated with renewable power plants. 

thereby becoming self-dependent. 

reduce dependence on imported crude oil. 

is rapidly gaining momentum now.

The leading FCEV car manufacturers are Toyota 

capacity of around 3,000 fuel cell systems and 

aims to increase this to 700,000 by 2030, with 70 

as Nikola Motor Company, founded in 2014. 

A 20 per cent blending of green hydrogen shall be 

Green Hydrogen can be used as energy storage media 

Green Hydrogen can also be used as fuel in the large 
Gas Turbines (MW range) that can provide 24x7 

Green Hydrogen can be mixed with Carbon Dioxide 
to make green fuel (gasoline or methanol) through 
Fisher Tropsch process. 

Green Hydrogen can be used as fuel 
in vehicles by using it with Fuel Cell 
Vehicles. These type of vehicles use Fuel 

engine) that converts Hydrogen Gas 
into electrical power and then electrical 
power is used to operate electric motor 
to drive Fuel Cell based Vehicles. 

22
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HYDROGEN FUEL CELL VS BATTERY ELECTRIC CARS

Green Hydrogen Ladder:

Michael Liebreich has illustrated the use cases of 

green hydrogen in a merit order by way of a Green 

Hydrogen Ladder.



Low density requiring more storage space

energy content than gasoline by weight, but 

same energy content. 

energy content than natural gas by weight, but 

only about a third of the energy density per unit of 

the same energy content of natural gas only. 

For example, around 3.3 cubic feet of hydrogen 

energy as a cubic foot of natural gas. Hydrogen 

also requires greater pressure for gas compression 

to natural gas.

Requires Special equipment since it is very light

materials, including some types of iron and steel 

pipes and increase their chance of failure. It 

also escapes more easily through sealings and 

connectors than larger molecules, such as natural 

gas.

which causes it to dissipate quickly. 

although done for decades, is more concerning 

for health and safety because ammonia is highly 

gaseous form.

Globally producing hydrogen from low-carbon 
energy is costly at the moment

hydrogen from renewable electricity could fall 

30 per cent by 2030 as a result of declining costs 

of renewables and the scaling up of hydrogen 

Fuel cells, refuelling equipment and electrolysers 

(which produce hydrogen from electricity and 

The development of hydrogen infrastructure is 
slow and holding back widespread 

Hydrogen has the highest energy content of any 
common fuel by weight, but it also has the lowest 
energy content by volume. 

As a light gas of small molecules, hydrogen requires 
special equipment and procedures to handle it. 

the naked eye and it is colourless and 
odourless, making it harder for people 

As per many Indian developers who 

close to $2 per kg for Green Hydrogen, 
on which there is a global consensus, 

Hydrogen prices for consumers are 
highly dependent on how many 

they are used and how much hydrogen 
is delivered per day. 
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Tackling this is likely to require planning and co-

Conversion Losses

which can range anywhere from around 30 per 

the electricity or natural gas used to produce it. 

STORAGE, TRANSPORTATION AND 

The rapidly decreasing cost of renewable power 

the spotlight as a promising energy carrier for a 

notoriously challenging, and there are a range 

of mature and emerging hydrogen carrier and 

industrial demand.

energy from renewables and looks promising to 

hydrogen-based fuels can transport energy from 

transport hydrogen, in either liquid or gaseous 

form, across regions. The choice will depend 

proximity to demand centres and in some cases, 

adaptable infrastructure (i.e. hydrogen pipelines 

or natural gas pipelines).

Transmission of hydrogen as a gas by pipeline is 

needs be transported for distances of less than 

about 1,500 km. For longer distances, transmission 

as ammonia or Liquid Organic Hydrogen Carriers 

increasing hydrogen into the fuel blend for use 

and using hydrogen may require new precision-

engineered products, such as storage tank or 

pipeline materials and burners. 

conversion of hydrogen into hydrogen-based fuels 
and feedstock. 

available today enable hydrogen to produce, store, 

transported as a gas by pipelines or in liquid form 

can be transformed into electricity and methane to 
power homes and feed industry and into fuels for 
cars, trucks, ships and planes.

than natural gas and some of its 

for it to be used safely. 

Hydrogen has low energy density, 
which makes it more challenging to 
store and transport than fossil fuels. 
However, it can be converted into 
hydrogen-based fuels and feedstocks, 

liquid fuels and ammonia, which can 

for their transport, storage and 

Hydrogen can be transported from its 

pipelines or shipping. 



Ammonia is already used today as a feedstock in 

the chemical industry and could be a hydrogen 

carrier for the long-distance transport of 

hydrogen in the future or itself be used as fuel in 

the shipping sector.

storage and transport, a process that is far from 

ideal due to high capex and opex requirements, 

carrier such as ammonia, methanol or liquid 

organic hydrogen carriers. Ammonia is emerging 

as the most promising carrier owing to a number 

of factors.

and so enable a greater range in cars or trucks 

has picked up momentum in the past few years. 

and the United States (63) are the three countries 

Compressed hydrogen (at 700 bar pressure) has 

only 15 per cent of the energy density of gasoline, 

such as hospitals and electricity storage for longer 

Ammonia has a greater energy density and so 
would reduce the need for such large tanks, but 
these advantages have to be weighed against the 
energy losses and equipment for conversion and 
reconversion when end uses require pure hydrogen. 

have emerged from improvements in 
integrated designs of electrolysers, 
hydrogen storage and fuel cells. 
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TECHNOLOGY

There has been a surge in projects for producing 

hydrogen for energy and climate purposes in 

recent years. Since 2000, around 230 projects 

beginning to enter this market.

methane, methanol, ammonia and other 

hydrogen-based fuels and feedstocks.

co-locate research hubs and exploit synergies.

Many stakeholders today share the opinion 

that technologies such as fuel cells, water 

electrolysers, hydrogen refuelling and hydrogen 

mass manufacturing

for renewable energy systems (RES) and a grid 

powered solely by renewables. 

well as in ships, trains, planes, drones, cars, trucks 

and buses. 

HYDROGEN ECONOMICS

Three main electrolyser technologies exist today: 
alkaline electrolysis, proton exchange membrane 
(PEM) electrolysis and solid oxide electrolysis 
cells (SOECs).

Among these projects, both alkaline and PEM 
electrolysers are commonly used: recent projects 

fact that many of them test environments for less 

There is a debate on which would be the eventual 
global technology for electrolysis whether alkaline 
or PEM. Though alkaline is cheaper, there could 

supply of renewables.

The price of hydrogen varies widely 
between regions and end uses 

volumes, pressures and purity levels of 
hydrogen); it also varies according to 
the way that hydrogen is transported.

As per many Indian developers who 

close to $2 per kg for green Hydrogen, 
on which there is a global consensus, 

Green hydrogen and green ammonia 
can be produced in India, at a cheaper 
cost than grey hydrogen and grey 
ammonia as shown in the table below.



$3/ kg

$1.3/ kg and with carbon tax $3 /kg (as per Red II 
Act) 

with carbon tax $3 /kg (as per Red II Act) with carbon tax $3 /kg (as per Red II Act)

$2-2.5/ kg (assuming energy cost of 2-2.5/ kwh 

Historical market price of Grey Ammonia ~ $300 - $350/ tonne

Present market price of Grey Ammonia

Blue Ammonia with CCUS $520/ tonne

$400-450/ tonne (assuming energy cost of 2-2.5 

Source: Industry feedback

capital cost of the electrolysis process.

 

Bar, approx) energy to produce 1 kg of Green 

Hydrogen by water electrolysis. It is quite possible 

explained below

comes at ~ $2.5/ kg currently.

With the generally declining prices of solar 

equipment, notwithstanding, the recent increase 

range Rs 1.4 to 1.6/ Kwh in near future.

Green Hydrogen can be used to synthesis 

of Green Hydrogen to make 1 Ton of Green 

Ammonia. Green Ammonia is easy to transport in 

already exists in India. Assuming green hydrogen 

of green ammonia can be approx $ 400/ tonne 

locally.

The cost of Renewable Energy and Electrolyzer Capex 
& Opex are the key parameters to decide Green 

manufactures Electrolyzers in India and it needs to 

manufacturing capability. 

is pegged in $ in India like oil & gas, 

cost can go below in the range of $ 1.6 

If Green Ammonia is also pegged in 

the Green Ammonia cost can go below 

when the cost of Green Hydrogen 

Green Ammonia price will go below 

28
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The price of Grey Ammonia in the global market 

in buying green ammonia at a price of ~ $500 - 

green ammonia cost of ~ $300/tonne which may 

it translates to $ cents 5/ KWh storage cost. 

Ammonia could be an alternate for large energy 

cost of storage will be around 5.7 $ cents/ KWH.

x 7 renewable grid, Ammonia can be economically 

150/ KWh in the global market, it translates 

cost. This leads to storage cost in the range of 

If hydrogen can be used close to where it is made, 

it can be used, the costs of transmission and 

as expected hydrogen demand allows.

Costs could be further reduced in the future 

in the membrane electrode assembly and to 

decrease the costs of the bipolar plates (which are 

expected to account for an increasing share of the 

future costs) and balance of plant components 

Green Ammonia can also solve India’s energy 

to not only store energy but also provide 24X7 

backup (2 to 4 hrs max.) with renewable power plants. 

in the range of Rs 10 – 11.

On the other side, Ammonia can be an economical 

provide renewable power 24x7 to the grid. It is easy 

stored energy will be in the range of Rs 

Considering above scenario, the 
average renewable energy cost @ 24x7 

the average renewable energy cost 

Therefore, the cost of renewable power 
with ammonia storage is going to be 
less than upcoming new thermal power 

country.

Transport and storage costs will play a 

of hydrogen. 



doubled since 2000, propelled upwards by 

economic growth. 

was projected to increase by almost 50 per cent 

between 2019 and 2030, but now the growth 

cent.

India is likely to witness a huge surge in energy 

demand in a post-pandemic world to realise rapid 

industry sector. 

as a share of its total energy emissions, will rise 

from 37 per cent in 2017 to 50 per cent in 2040 

Emissions Scenario

mean that India sees the largest 
increase in energy demand of any 
country up to 2040. 

2017 CO2 EMMISSIONS BY COUNTRY & SECTOR IN MEGATONS OF CO2  PER YEAR
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  tuoba ylno rof stnuocca ti dna yadot dlrow eht ni

3 per cent of historic energy sector and industrial 

30 per cent for Europe, 25 per cent USA and 15 

per cent China).

despite low per capita CO2 emissions. Though 

energy sector CO2 emissions. 

The carbon intensity of its power sector in 

CO2/kWh, underlining the predominant role of 

Coal demand per capita increased from 25 per 

in 2019 and mainly for this reason, CO2 emissions 

per capita increased from 20 per cent to around 

Energy use on a per capita basis in India is well 
under half the global average

CO2 EMISSIONS PER CAPITA AND EMISSIONS INTENSITY OF ELECTRICITY  GENERATION BY REGION, 2020



INDIA’S ENERGY RESOURCES

Coal

Coal is the dominant energy source, in power 

demand nearly tripled between 2000 and 2019. 

energy demand, up from 33 per cent in 2000. 

Oil

Oil demand has more than doubled since 2000 

road transport use. Oil demand for road freight 

transport in India has tripled since 2000, highest 

from road transport in India come from trucks. 

compared with other countries.

Emissions from passenger road transport in India 

explain why passenger cars in India accounts for 

wheelers is added). This is lower than many other 

countries; in USA, for e.g. passenger cars account 

for 57 per cent of total transport emissions. 

about one-fourth of the primary energy mix. 

mix has been decreasing: it fell to 12 per cent 

which has been subsidised and promoted by the 

Natural Gas

has risen rapidly. The use of natural gas as a fuel 

in industry has increased about tenfold since 

per cent increase in energy use in the sector. This 

has increased the share of natural gas in industry 

from less than 2 per cent to nearly 10 per cent. 

Similarly, natural gas use in buildings has tripled 

of natural gas in its primary energy mix to 15 per 

cent by 2030, up from 6 per cent in 2019.

Currently, over 80 per cent of India’s energy needs 
are met by three fuels: coal, oil and solid biomass. 
Solar accounts for less than 4 per cent of India’s 
electricity generation and natural gas 6 per cent. 
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IN INDIA

Industry

of energy demand growth since 2000, around half 
of which was met by coal. 

used for iron and steel and the sector makes 

countries. 

Although coal and oil are the main fuels used to 

at Indian cement plants and total emissions per 

India than in China. 

 TOTAL PRIMARY ENERGY DEMAND IN INDIA 

Industry is the end-use sector that currently uses 

is 36 per cent today. 

Iron and steel sector is the largest 
industrial subsector in terms of 
emissions: it is responsible for around 
30 per cent of India’s industrial energy 

CO2 EMISSIONS FROM THE INDIAN ENERGY SECTOR, 2019 

2  
emissions, and coal-fired power plants are responsible for the great majority of power sector emissions. 



Transport

The Ethanol Blended Petrol (EBP) programme was 

ethanol in petrol and 5 per cent blending in diesel 

decade has resulted in the doubling of CNG use in 

cars, most of which are used for shared mobility, 

for example as taxis or for public transport. 

NOX produced by an electric car. The number of 

accelerated in other modes of transport too. 

recent decades, rising from 24 per cent in 2000 

network now has a target of 100 per cent 

  etuor ni( krowten yawliar eht fo tnec rep 15

renewable energy.

The direct use of fossil fuels in the buildings sector 

2019 with a further 460 Mt of indirect emissions 

coming from the use of electricity. India has been 

buildings through mandatory building energy 

appliances and equipment.  

Transport has been the fastest-growing end-use 
sector in recent years where energy demand grew 

railways and metro lines to airports and ports. 

Transport is heavily reliant on oil, with 95 per cent 
of demand being met by petroleum products. Just 
under half of India’s oil demand is accounted for by 
transport. 

Demand in buildings has grown by 40 
per cent since 2000, largely as a result 
of growing appliance ownership and 
increased access to modern cooking 
fuels. 

India is set to more than double its 
building space over the next two 
decades, with 70 per cent of new 

from less than 20 billion square metres 
today to more than 50 billion in two 
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Among end-use sectors, the growth in energy demand has been larger in industries than in   transport and buildings, and this growth has 
largely been fuelled by coal.   

INDIA’S ELECTRICITY NEEDS

Scheme and more than $200 billion has been 

two decades. As a consequence, India has become 

the fourth-largest electricity market in the world, 

the past two decades- faster than total energy 

up the use of household appliances. Industry has 

also contributed to the increase in electricity 

demand through its increasing use of electrical 

motors and other machinery. 

in 2015, has led to the deployment of 366 

million LEDs (Minister of Power, 2020), while 

measures (PIB, 2020). 

energy use away from solid biomass and towards 
electricity. Rising ownership of appliances and 

of energy demand taken by electricity in India’s 
buildings sector rises sharply.



HOWEVER, THERE ARE WIDESPREAD DIFFERENCES IN ENERGY USE, THE QUALITY AND RELIABILITY 

INDIA INCLUDE 

A lack of reliable electricity supply for many consumers

fully switched to modern, clean cooking fuels
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bidding process. 

reach 1 million tonnes by 2030, a $44 billion 

demand would be 200 MT by then.

Reliance Industries Ltd, Adani group, ACME 

of CNG.

Reliance Group

integrated renewable energy manufacturing 

renewables energy ecosystem to India. The four 

Giga factories will include an integrated solar 

ACME Group

to produce Green Hydrogen and Green Ammonia 

for export to Europe and Asia. The Oman plant 

will be an integrated facility using around 3 GWp 

of solar energy to produce 2,400 TPD of green 

tons.

India will meet its incremental demand from RE 

is happening only through renewables. No capacity 

Reliance Industries has announced that it will create 
or enable capacity to generate at least 100 GW of 
electricity from renewable sources by 2030, which 
can be converted into carbon-free green hydrogen, as 
per a 1-1-1 vision to bring down the cost of hydrogen 
to under $1 per 1 kg in 1 decade. 

ACME Group currently holds a solar 

12 states in India. This includes 2.2 

ACME Group has taken lead in the area 

already set up semi commercial scale 

per day Green Ammonia plant is the 



GAIL

GAIL has a 75 per cent market share in gas 

transmission and more than 50 per cent share in 

gas trading in India. GAIL currently has around 

13,700 km of natural gas pipeline network and is 

laying a further 6,000 km of pipeline, including a 

west coast to east coast pipeline.

GAIL will bid for a 400 MW solar power capacity 

Pradesh. GAIL has also signed up with state-run 

power gear maker BHEL for RE project. 

IOC

IOC recently shared a Statement of Intent with 

the Norwegian company Greenstat, to set up 

a Centre of Excellence on hydrogen in India to 

renewable energy.

CNG BS-IV buses to run on HCNG fuel, has 

facility will be refuelling 25 buses per day with 

a ramp-up capability to refuel 75 fuel-cell buses 

Adani group

In March 2021, Adani Enterprises declared a 

India.

They plan to triple their renewable power 

data centres with renewable energy, turn its ports 

technologies. 

R&D IN INDIA

Projects are supported in industrial, academic 

IIT Delhi and Mahindra & Mahindra. This has 

wheelers and mini buses that run on hydrogen 

established (one each at Indian Oil R&D Centre, 

Gurugram).

The Department of Science and Technology 

(India) is also working on a Hydrogen Valley 

end use of green hydrogen in a single region. Once 

been established, such local hydrogen economies 

hydrogen plant with a 1 tonne per day capacity pilot 

Petroleum Ministry. IOC has a wind power project 
in Rajasthan and the management intends to use the 

The Adani group has announced plans 
to invest $20 billion over the next 10 

component manufacturing and will 
produce the world’s cheapest green 
electron. 

Ministry of New and Renewable Energy 

based R&D programme on Hydrogen 
Energy and Fuel. 
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required for water electrolysis. The research team, 

led by Prof. C. Subramaniam, demonstrated that a 

water electrolysis system that produced 1 ml of 

hydrogen gas, required 19 per cent less energy to 

electrolysis was carried out in the presence of an 

 GOVERNANCE OF THE ENERGY SECTOR BY THE CENTRAL GOVERNMENT 



HYDROGEN ECONOMY

could reach 2,300 TWh (213 Bcm) in 2050 across 

In 2017, the Hydrogen Council was formed to 

According to the Hydrogen Council, there are 

globe, the majority of which are in Europe, Middle 

hydrogen strategies. Among the Group of Twenty 

Through the EU Green Deal, member countries are 

pursuing a range of hydrogen strategies focused 

on green or blue hydrogen, or both. Although 

40 GW by 2030, with another 40 GW to be built 

outside of the EU, possibly in North Africa and 

Ukraine.

electric grid by 2035 will indirectly promote the 

use of hydrogen in the power sector.

needed to meet the expected demand for green 

hydrogen.

Globally, green hydrogen, a source of clean energy, 

global warming below 2°C by the end of the century.

Developed economies such as EU, Australia and 
Japan have already drawn hydrogen roadmaps and 

2030 to achieve green economic growth. 

Governments in Asia and Europe have announced 

POLICIES DIRECTLY SUPPORTING HYDROGEN DEPLOYMENT BY TARGET APPLICATION 

IPHE (2019), Country Updates
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According to Bloomberg New Energy Finance 

of Korea, South East Asia and most European 

sites for further expansion of renewables.

territories and abundant renewable resources 

surplus of green hydrogen, which could help to 

meet the demand in other countries. Germany 

hydrogen. McKinsey and the Hydrogen Council 

market at USD 2.5 trillion by 2050.

GOVERNMENT RD&D BUDGETS FOR HYDROGEN AND FUEL CELLS



DRIVING POTENTIAL DEMAND FOR HYDROGEN AND AMMONIA
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Smahi View and 

2040 and India is taking giant strides towards 

harnessing solar and wind energy. 

The GoI, therefore, must strongly pursue the 

hub of green hydrogen and place itself as the 

leading green hydrogen user and exporter.

solar a year. Doing 40-50 GW a year is a steep 

target. Reaching the 450 GW target by 2030, 

stronger focus on demand -side measures and 

country in the world.

Mission by the Prime Minister and the proposed 

towards an economy fuelled by green hydrogen. It is 

leap frog into Green Hydrogen unlike many countries 

Green Hydrogen.

the sectors, which currently have the largest carbon 
footprint in the world. With the capability to provide 
a zero-emission fuel, green hydrogen is well placed 
to be integrated into the transport sector and replace 
the use of coal and coke in the industrial sector.



electricity from a renewable energy source, for 

For instance, a hydrogen plant may not be of any 

of back-to-back projects.

industry and the magnitude of inter-dependence 

up with other links. Green hydrogen is produced 
using electrolysers, a technology for which the 
performance standards are yet to be established.

The lenders may require robust manufacturer 

the technological risks associated with a green 

based on the risk analysis of the industry of the 
intended end-use.

and targeted subsidies for the equipment required 
to be deployed at each stage of the supply chain 

demand for green hydrogen. Once the necessary 
infrastructure is in place, a carbon emissions tax 

be considered by the GoI to support the green 
hydrogen energy sector.

This will help bring best-in-class hydrogen 
technology, equipment and know-how to create 
a hydrogen supply chain in India — in many cases, 

will become prominent locally.

The regulatory support provided by 

the subsequent scaling-up of the green 
hydrogen energy in the country. While the 

the measures adopted by the GoI are 

enable green hydrogen to compete with 
fossil fuels and other renewable resources 
in terms of pricing. 

hydrogen economy in India. 

immediate policy support to be a pioneer and hub 
for green hydrogen

Green hydrogen to be cost Balanced focus between 
sector

Aatmanirbhar India/ Make in India: Unlike in the 

we need to ensure that the majority of the capital 
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future crucially hinges on scaling up of global 

renewable projects will require policy reforms, as 

we need policy certainty- there should not be 

and transport sectors are ideal for making a switch 

to hydrogen economy.

sectors. This means several ministries need to be 
involved in the framing of policies and increase 

segments. 

storing large volumes of hydrogen and for tracing 

supplies.

Government needs to promote R&D expenditure and 
harmonize standards. 

A robust policy framework akin to the 
one that guided the country’s solar 

fuel. Hydrogen’s growth trajectory 
depends on policy support, lower costs, 

and hubs. Low solar prices coupled 

the global hydrogen economy.

POLICY
RECOMMENDATIONS

Demand
creation

Regulation

R&D

Make in
India

AdministrationFinancing



RATIONALE:

Discoms paid high price but as demand grew the solar power acquired economy of scale, prices dropped. 

01 DEMAND CREATION

02
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RATIONALE:

03 FINANCING



 Among other things, standards are needed for refuelling 

for high-pressure hydrogen and liquid hydrogen transport by trucks. There is also a case for looking 

safely be amended.

04 ADMINISTRATION

RATIONALE:

bring down the prices of electrolysers. 
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bring down the prices of electrolysers. 

and safety protocols. 

standards will do the same for the green hydrogen market today

fuel.

05 REGULATION

issues cropping up.



RATIONALE:

consult regularly.

06 R&D

• Hydrogen-based fuels/ feedstocks 

 costs

 techniques

• Storage: solid-state; lightweight tanks; porous media
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RATIONALE:

While large-scale geological storage is the focus in economies such as the EU and Australia, India is yet to carry out an 



Country

Australia

Announced more than AUD 100 million to support hydrogen research and pilot 

projects. Published a technical roadmap for hydrogen in Australia produced by 

Austria

Announced that a hydrogen strategy based on renewable electricity would 

2030.

Belgium

targets set for 2030 and 2050 and an associated EUR 50 million regional 

Renewables and Biofuels. Hosted and supported the 22nd World Hydrogen 

China

Shanghai and Chengdu, among others. Announced that Wuhan will become the 
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Country

EU

enabling hydrogen produced from renewable sources with guarantees of origin 

to be counted against 2030 renewables targets; and set up a “Hydrogen Energy 

France renewable energy storage, including for islands

Germany

Technologies for another ten years with EUR 1.4 billion of funding, including 

country, though the H2mobility programme.

India

The Supreme Court asked Delhi to explore use of fuel cell buses in the city to 

research proposals on hydrogen and fuel cells. Prime Minister Narendra Modi, 

Mission (NHM) to expedite plans to generate carbon-free fuel from renewables 

Italy and enhancing safety, economic and social aspects.

the Basic Hydrogen Strategy, including new targets for hydrogen and fuel 

on Renewable Energy, Hydrogen and Related Issues. The Cross-Ministerial 

was launched to help support the next phase.



Country

Korea

Published a hydrogen economy roadmap with 2022 and 2040 targets for buses, 

roadmap for the hydrogen economy.

The Netherlands

Published a hydrogen roadmap and included a chapter on hydrogen in the 

Energy Forum of Belgium, the Netherlands, Luxembourg, France, Germany and 

New Zealand

projects. Began preparing a New Zealand Green Hydrogen Paper and Hydrogen 

those commercialising hydrogen.

Norway

Saudi Arabia

South Africa
use of fuel cell public buses in metropolitan and peri-urban areas of the country

UK UK natural gas network. Announced decarbonising Industrial Clusters Mission 

Challenge Fund.

USA

Extended and enhanced the 45Q tax credit that rewards the storage of CO2 in 

hydrogen. California Fuel Cell Partnership outlined targets for 1 000 hydrogen 
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