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Highlights

To achieve energy independent goal by 2047 and net zero by 2070, India needs to rely more on Green
Hydrogen as a potent energy source

Analyze and decode Hydrogen eco-system in India

Evaluating Government policies and initiatives for promoting Green Hydrogen

Discussing challenges: Safety for a Green Hydrogen Economy, Global Hydrogen safety research, Hydro-
gen storage technologies, transportation

How Green Hydrogen can be a promising alternative

ABSTRACT

One of the key requirements for reducing emissions and meeting energy needs in India is transitioning to
green hydrogen. This involves moving away from fossil-fuel-based feedstock and using green hydrogen as
energy carriers. Hydrogen is a chemical that can be stored just like oil and gas. It becomes liquid under high
pressure and cryogenic conditions. Unlike electricity stored in batteries, the energy content of hydrogen
remains constant over a long period of time. Additionally, it is much easier to trade hydrogen overseas
compared to electricity. The paper examines role of the hydrogen as a transition to clean energy, use of
green hydrogen in various sectors like refining, fertilizers, iron & steel and bulk chemicals. It also analyses
strategies and policies employed by the Government of India to drive the development and adoption of
green hydrogen technologies. The paper also delves into the challenges and barriers such as production,
technological constraints, infrastructure, storage, transportation and distribution, cost viability of producing
green hydrogen from renewable sources,regulatory and policy framework, creating public awareness and
adoption. The paper also presents the way forward for overcoming these challenges and how these challenges
can be converted into an opportunity. The paper alsodiscusses the importance of research and development
of technologies for hydrogen production.

Key words: Green hydrogen, Energy source, Climate change

Introduction etc have all been recognized as agreat concern for us

at present. Too much use of fossil fuel like crude oil,

Climate change, global warming,depletion of atmo- ~ natural gas and coal and rampant deforestation
spheric ozone,chemical pollution, bio-diversity loss ~ have made things worse and has emerged as a big-
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gest threat to the mankind. The seriousness of this
crisis means we have to find alternatives to fossil
fuels and move to energy sources that do not pro-
duce carbon emissions.

India is currently the third largest contributor to
Green House Gases(GHG) emissions. As India is
poised to become third largest economy of the
world in next few years, country’s role in addressing
global climate, environmental and resource chal-
lenges is crucial. One of the key requirements for
reducing emissions and meeting energy needs in
India is transitioning to renewable source of energy.

green hydrogen. This involves moving away
from fossil-fuel based feedstock and using green hy-
drogen and ammonia as energy carriers.

India’s long-term vision is to become self-reliant
and a developed economy by 2047, marking 100
years of independence. Achieving this vision would
require a concerted effort towards promoting re-
newable energy and reducing carbon emissions.
India’s commitment to achieve net-zero emissions
by 2070 is a significant step towards sustainable de-
velopment. However, as the country continues to
grow economically, its energy demand is expected
to rise further. With energy consumption projected
to increase by atleast 25% by 2030, India’s current
reliance on imported fossil fuels, which account for
over 40% of its primary requirements and cost over
$90billion annually, underscores the need for a tran-
sition to renewable sources.

Producing green hydrogen using renewable
sources has the potential to play vital role in creating
low carbon and self-reliant economic systems. Green
hydrogen can help utilize abundant renewable en-
ergy resources across regions, seasons and indus-
tries and serve as fuel or feedstock in various appli-
cations. It can replace fossil fuel-based feedstocks in
industries such as petroleum, refining, fertilizer pro-
duction and steel manufacturing. Hydrogen pow-
ered vehicles and ships can help reduce carbon
emissions in the transportation sector. Green hydro-
gen is a versatile energy carrier that can be particu-
larly beneficial in providing sustainable energy to
remote areas and islands.

Green hydrogenis becoming an increasingly at-
tractive option for developing countries to meet
their sustainable energy goals and decarbonization
strategies, while also addressing environmental con-
cerns. By producing hydrogen locally, countries can
enhance their energy security by reducing their reli-
ance on imported oil, which is subject to price vola-
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tility and supply disruptions. Moreover, green hy-
drogen presents an economic opportunity for policy
makers to develop local industries.

There is a significant amount of research to de-
velop technologies for hydrogen production and it is
worth noting that hydrogen can be generated from
a widerange of feedstocks that are readily available
worldwide. Many processes are being developed
with minimal environmental impact, which may re-
duce the world’s dependence on fuels from unstable
regions. By producing hydrogen domestically, coun-
tries can increase their energy and economic secu-
rity. Additionally, hydrogen’s versatility in terms of
feedstocks and production processes could make it
a widely available fuel source, accessible to all re-
gions of the world. As these technologies continue to
evolve and improve, hydrogen may ultimately be-
come the most widely used fuel available.

Global hydrogen demand reached 94 MT in 2021
(Refining 39.8 MT; Ammonia 33.8 MT; Methanol
14.6 MT; Iron and steel 5.2 MT; Others 0.9 MT). This
demand was majorly fulfilled by hydrogen pro-
duced from fossil fuels. To achieve the net zero sce-
nario, there needs to be a significant increase in de-
mand for hydrogen, particularly in new applica-
tions. By 2030, the demand for hydrogen is expected
to double,with almost half of it coming from new
applications in heavy industry, power generation
and the production of hydrogen-based fuels.
(Source:https:/fwww.iea.org/reports/hydrogen-supply)

Production Pathways for Green Hydrogen

Hydrogen is not a primary fuel as it is not found in
its pure form in nature, but rather as part of com-
pounds like water and methane. It needs to be pro-
duced using primaryenergy resources such as natu-
ral gas, coal, bio-mass, nuclear, and renewables like
solar, wind, hydroelectric or geo thermal energy.
The availability of diverse domestic energy re-
sources to produce hydrogen makes it a promising
energy carrier and important for ensuring energy
security.

Hydrogen can be produced using different meth-
ods, such as thermal processes (natural gas reform-
ing, biomass, and coal gasification), electrolysis (us-
ing various energy resources), and photolysis (split-
ting water with sunlight using biological and elec-
trochemical materials). Currently, hydrogen produc-
tion is dominated by fossil fuels, with 48% generated
from natural gas steam reforming, 30% from oil/
naphtha reforming, 18% from coal gasification, and
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3.9% from water electrolysis. In India, 5 MMT of
grey hydrogen is consumed each year, with 99%
used in petroleum refining and ammonia produc-
tion.

The color of hydrogen varies depending on the
source or process used to produce it. There are dif-
ferent shades, including green, blue, grey, brown or
black, turquoise, purple, pink, red and white. It is
beneficial to produce hydrogen using different re-
sources and methods.

The colors of Hydrogen

THE COLORS OF HYDROGEN

BLUE

Hydrogen produced from fossil
fuels (i.e, grey, black, or brown
hydrogen) where CO, is c: e
and either stored or repurposed.

YELLOW
Hydrogen produced by
'eleamlyﬂs using grid electricity
Tom various sources (ie,
renewables and foss)| fuels).

WHITE
Hydrogen Produced as 3
byproduct of industrial Processes.

;ﬂlsn refers to hydrogen occurrin,
n its (rare) natural form, *

7
7
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Electrolysis

Electrolysis and Gasification of Biomass are the
methods used to produce green hydrogen. India,
being an agrarian country with ample biomass and
access to low-cost renewable power sources like so-
lar, has the potential to emerge as a top producer of
green hydrogen, especially with the government’s
focus on Compressed Biogas (CBG).

The process of using direct electrical current to
split water into hydrogen and oxygen in an
Electrolyser is called Electrolysis. It is a simple and
efficient method for producing hydrogen without
any byproducts. The oxygen produced can also be
used in various industries. However, the cost of the
electricity used in the process is a crucial factor in
determining the price of the hydrogen produced.

Electrolysis has great potential for producing car-
bon free hydrogen from renewable and nuclear
sources. The main obstacles facing this technology
are the high cost of manufacturing electrolysers and
the need to improve process efficiency. It is also im-
portant to integrate the compressor into the
electrolyser to avoid the expense of a separate com-
pressor for high pressure hydrogen storage.
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In practice the efficiency of electrolysing water is
typically between 50% and 70%. The different types
of Electrolysers are—

(1) Alkaline Water Electrolysis (AWE)

(2) Proton Exchange Membrane (PEM)

(3) Solid Oxide Electrolysis Cell (SOEC)

(4) Anion Exchange Membrane (AEM)

Alkaline system has been around the longest and
have the lowest capital cost. But they are also the
least efficient.

They have been widely used in the chlor-alkaline
industry.

PEM Electrolysers are more compact and have a
smaller footprint.

SOEC Electrolysers are the most electrically effi-
cient due to their high temperature operation but
they are the least developed.

AEM Electrolysers are still in the early stages of
development but are evolving rapidly.

Photo electrolysis is a renewable method of gen-
erating hydrogen that shows potential for efficient
and cost-effective production. However, it is still in
the experimental phase. In this process a semi con-
ducting device called the photo electrode absorbs
solar energy and produces the required voltage to
directly split water molecules into hydrogen and
oxygen. The photoelectrode is made up of three in-
dependent layers—the photovoltaic (semiconduc-
tor), catalytic and protective layers—which collec-
tively affect the overall efficiency of the photo
electro chemical system.

Biomass Gasification

Gasification of organic energy resources from bio-
logical sources, such as corn stover, wheat straw,
forest residues, witch grass, willow trees, human
waste and animal waste can be utilized to generate
hydrogen and syngas at high temperatures exceed-
ing 700 °C and pressures similar to coal gasification.

Biomass gasification presents more complex chal-
lenge than coal gasification, as it produces addi-
tional unwanted hydrocarbon compounds. There-
fore, additional measures are necessary to convert
these hydrocarbons into pure synthesis gas by utiliz-
ing catalysts. The gasification of biomass generates
a substantial amount of tars, a mixture of higher aro-
matic hydrocarbons, requiring a secondary reactor
that employs calcined dolomite or nickel catalyst to
clean and improve the quality of the product gas to
meet the requirements for producing pure hydro-
gen. Achieving scalability and establishing supply
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chains for collecting biomass are crucial elements for
facilitating the production of low-cost green hydro-
gen. In an ideal scenario, oxygen would be used in
these gasification plants, but the cost of oxygen
separation units is too high for small scale plants,
limiting the gasifiers to using air. This results in sig-
nificant dilution of the product and the production
of Nox.

Pyrolysis

Pyrolysis or Copyrolysis is a promising method of
hydrogen production. In this process, raw organic
material is heated and gasified at a pressure of 0.1-
0.5 MPa and a temperature range of 500-900 in the
absence of oxygen and air. As a result, the formation
of dioxins is almost eliminated and no carbon oxides
(such as CO or CO2) are produced, thereby elimi-
nating the need for secondary reactors and reducing
emissions. However, if air or water is present signifi-
cant Cox emissions can occur. This process offers
several advantages, such as fuel flexibility, relative
simplicity and compactness, clean carbon by-prod-
uct and reduction in Cox emissions.

Thermochemical Water Splitting

Thermonuclear water splitting involves using high
temperatures, either from concentrated solar power
or from the waste heat of nuclear reactions to drive
series of chemical reactions that produce hydrogen
and oxygen from water. This process operates
within a closed loop, using the same chemicals in
each cycle and consuming only water while produc-
ing hydrogen and oxygen.This technology is well
suited for large-scale, centralized hydrogen produc-
tion. One advantage of this approach is that it pro-
duces pure,clean hydrogen with no GHG emissions

This process faces challenges in terms of reducing
the cost of solar concentrators and heat transfer
media.Although this technology can produce hydro-
gen at low cost and high efficiency, it has not yet
reached the commercial stage.

Nuclear

A nuclear fission reactor is reliable and efficient
source of clean energy that can produce power
round the clock, regardless of weather conditions.
Despite concerns raised by rare accidents like those
at Chernobyl and Fukushima, the risks associated
with nuclear power are minimal when compared to
the amount of energy produced. Modern reactor
designs are safer, and improvements in tools and
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processes have reduced the dangers posed by radio-
active waste. For these reasons, nuclear power is an
obvious choice for providing the energy needed for
hydrogen production.

Steam Methane Reforming (SMR)

The most widely used and cost-effective method for
hydrogen production is through the steam reform-
ing of methane or natural gas. This process accounts
for about half of the world’s hydrogen production.

The steam methane reforming process is a well-
established and widely used method for producing
hydrogen due to its high efficiency and low opera-
tional costs. Steam Methane reforming involves re-
acting methane with steam in the presence of a cata-
lyst at a high temperature (700-1000) and pressure
(3- 25 bar) to produce a mixture of hydrogen, carbon
monoxide and CO2 called syngas. The syngas is
thenpassed through a catalyctic water-gas shift reac-
tor to increase the amount of hydrogen and decrease
the carbon monoxide content. Finally, impurities
such as CO, are removed through pressure swing
adsorption to obtain pure hydrogen.

CH, + H,O—> CO +3H,CO + H,O - CO, + H,

For the SMR process to work efficiently, it is nec-
essary to use a raw material that does not contain
any compounds with sulphur as they can damage
the catalyst. The process can result in high efficiency
of hydrogen production and low levels of carbon
monoxide. However, GHGs produced during this
process must be captured and stored to avoid con-
tributing to climate change.

Hydrogen Safety

Hydrogen is highly inflammable and buoyant;thus,
it is important to take precautions while its han-
dling. Material for pipes and valves must be selected
to resist hydrogen induced embrittlement.

Producing hydrogen through biomass gasifica-
tion is a complex technology thus, production plants
based on biomass gasification must comply with
various guidelines and national laws.

People dealing with gasification plant construc-
tion and operation generally recognize the require-
ments of risk assessment, but due to lack of experi-
ence and resources, they may not assess the risk
quantitatively. By using advanced safety techniques
and tools during gasification plant design and op-
eration, many key safety issues can be easily identi-
fied. Implementation and incorporation of impor-
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tant safety features during the initialization step of
plant design will result in safe operation during the
production process.

Production Cost of Hydrogen Using Major
Methods

Estimated Cost of green hydrogen produced from
renewable power include-

(i) Producing 1 kg of GH2 or Green Hydrogen re-
quires 9 litres of water and 44-55kWh of elec-
tricity

(if) Atrenewable electricity cost of Rs 5/kWh plus
battery storage, the cost would be Rs 250/kg of
GH2.

(iii) The cost of the electrolyser would add another
Rs 150-250 depending on the utilization factor.

(iv) The current cost of green hydrogen is at least Rs
400/kg, which is much higher than coal and
natural gas derived hydrogen.

Storage, Transportation and Distribution of
Hydrogen

Storing hydrogen is a crucial requirement for the
progress of hydrogen and cell technologies in differ-
ent applications such as stationary power, portable
power and transportation. For hydrogen to become
a global energy carrier, it is essential to have large-
scale stationary storage.

Hydrogen storage can be achieved through
physical or material-based methods. Physical meth-
ods include storing hydrogen as a gas in high pres-
sure cylinder or as a liquid at cryogenic tempera-
tures.

A high pressure of 350-700 bar is required to store
hydrogen in gaseous state. On the other hand, cryo-
genic temperatures are required to store hydrogen
in the liquid state because hydrogen has a boiling
point of -252.8 at atmospheric pressure.

In Material based method, Hydrogen can be
stored by adsorption on solid surfaces or by absorp-
tion within solids like metal hydrides or metal or-
ganic frameworks.

At present hydrogen is usually generated and
consumed in the same location without requiring
transportation infrastructure. However, decentraliz-
ing green hydrogen production would have signifi-
cant advantages, particularly for reducing the cost
and energy required to transport hydrogen to its fi-
nal destination. Transporting hydrogen over long
distances in a gaseous state can be extremely expen-
sive making in-situ production at the point of use
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necessary for certain applications such as long-haul
mobility. By connecting decentralized renewable
energy plants to hydrogen refueling stations in cities
and along highways, it would be possible to pro-
duce green hydrogen on site.

As the demand for hydrogen grows due to its
decarbonization targets and new applications, it is
becoming increasingly necessary to develop infra-
structure that connects hydrogen production and
demand centers. Hydrogen can be transported in
gas form via pipelines or in liquid form by ships
similar to liquefied natural gas (LNG). Generally, its
cost effective to transport hydrogen via pipelines for
distances upto 5,000 km. Currently, there are over
2,600 km of hydrogen pipelines in operation in the
US and 2,000 km in Europe, mostly used by private
companies to connect industrial users.

If the distance to be covered is more than 5,000
km, shipping hydrogen or hydrogen carriers is a
more cost-effective option than using pipelines. In
February,2022 the Hydrogen Energy Supply Chain
successfully transported 75MT of liquefied hydro-
gen from Australia to Japan, demonstrating the po-
tential of large-scale shipping of hydrogen. How-
ever, the extremely low temperatures required to
transport liquefied hydrogen (-253)makes it chal-
lenging and expensive to haul it over long distances
compared to LNG, which only requires a tempera-
ture of -162.

Currently, compressed gas and liquid hydrogen
are the dominant methods for storing hydrogen.
Now liquid organic molecules have emerged as a
favorable alternative due to their low cost and com-
patibility with existing fuel transport infrastructure.

According to studies,using existing natural gas
pipelines to transport a blend of hydrogen and natu-
ral gas is a cost effective and time efficient solution.
Compared to building new dedicated hydrogen
pipelines for hydrogen transportation can be
achieved at a lower cost and in less time. However,
there are technical challenges to overcome, particu-
larly in terms of the steel pipelines susceptibility to
hydrogen embrittlement.

Overview of hydrogen production to end use

Current Status of Hydrogen: Global and Indian
Demand

The utilization of hydrogen is anticipated to rise sig-
nificantly in the near future to address the issue of
CO, emissions and create a carbon neutral environ-
ment worldwide.
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It is projected that the demand for hydrogen in
India may quadruple, representing nearly 10% of
the global hydrogen demand.
Following are some of the significant findings re-
garding global hydrogen demand—
(i) In 2020, global hydrogen demand was around
115Mt, having grown 50% since the turn of
the millennium.
(ii) Annual hydrogen demand is expected to in-
crease to 200 Mt in 2030 and 530 Mt in 2050.

(iii) The annual demand for hydrogen in India
was 6 Mt in 2020, primarily for petrorefining,
ammonia and methanol production.

(iv) Hydrogen demand of India is expected to in-
crease from 6 Mt in 2020 to 11 Mt in 2030.

(v) InIndia all the hydrogen production currently
is done by using natural gas which results in
emissions of CO,, into the environment.

Hydrogen Economy

The hydrogen economy is rapidly gaining impor-
tance worldwide. India is taking significant steps
towards its development. With its high energy con-
tent (33.2 kWh/kg), hydrogen is an ideal non- car-
bon energy carrier for various applications, includ-
ing thermal, electrical, cooking and mobility. Thus,
we can say that, it is a universal energy source for
nearly all end-users, ranging from all industry seg-
ments, commercial centres to residential habitats
and the transport sectors. The development of hy-
drogen fuel cells (HFCs) or on board reformed hy-
drogen fuel cells (ORHFCs) with the possibility of
adding a combined heating and cooling system has
made HFCs highly efficient, making hydrogen a
potent clean energy option.

Water electrolysis is one pathway to produce
green hydrogen by using renewable energy. Nut is
is equally critical for India to build a hydrogen
economy using solid fuels such as coal, petcoke and
solid waste including MSW and biomass. This ap-
proach would generate hydrogen at a reasonable
cost of under Rs 200/kg compared to nearly twice
the cost from renewable energy and water electroly-
sis using today’s state-of-the-art technology.

Advantages of Green Hydrogen Economy

Green Hydrogen economy has many advantages.
Some of them are—
(i) Hydrogen produces energy and water when
it is used as fuel.
(if) Hydrogen has a high energy density
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(iii) It produces no carbon emissions or any toxic
gas.

(iv) Hydrogen can be used to produce fuels of
lower C/H ratios which can also moderate
the CO, emission intensity, while utilizing the
existing infra-structure.

(v) Hydrogen can be produced in central as well
as decentalised facility using various methods
like gasification and electrolysis.

(vi) Due to its low density, it is a safer fuel than
LPG, NG, gasoline and diesel. If hydrogen
leaks, it rises up quickly.

(vii) The clean combustion of hydrogen is possible
with little or no NOx emissions
(viii) It reduces dependency on fossil fuels.

Major Challenges for Green Hydrogen Economy

To develop indigenous technology for low-cost hy-
drogen production from biomass/agro waste there
are many challenges-

(i) Challenges of safety is the foremost as high-
speed wide flammability limit of hydrogen
need extra safe approach for handling

(ii) Litte study on its safety and hydrogen related
disaster mitigation with regards to its han-
dling by general public.

(iii) No research on long term adverse health ef-
fects on people or animals in case of chronic
or persistent exposure.

(iv) In the future, with the scale up, there will be
associated waste generation, management of
which will be highly critical.

(v) Biomass characteristics and availability play
an important role, an appropriate amount of
biomass needs to be stored in advance for
whole year.

(vi) For the large-scale plants, the required
amount of biomass will be huge which will
require collection from various source thus in-
creasing transportation cost.

(vii) Current cost of green hydrogen is high, so it is
too early to declare the advent of the green
hydrogen economy.

Opportunities in Hydrogen Economy

In addition to industrial heating, green hydrogen
can also be utilized in the production of chemicals.
It makes sense to prioritise the use of green hydro-
gen in primary products such as green ammonia, in
refineries for desulphurization, in power generation,
and in hard to decarbonize sectors such as steel pro-
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duction. Large complexes such as airports, commer-
cial centres, and data centrescould potentially run
entirely on hydrogen.

These applications present an opportunity to
transition to a hydrogen economy in the near future,
as hydrogen could be produced wherever there is
water and electricity available. Using hydrogen as a
drop in fuel for internal combustion engines in ve-
hicles is another implementable option that can ac-
celerate the growth of the hydrogen economy in In-
dia. Many hydrogen filling stations have on site
electrolysers that can produce hydrogen on de-
mand, eliminating the need for transportation. The
next step would be to develop fuel cell-based appli-
cations for both stationary and mobile use given
their high efficiency. Currently, hydrogen-based
applications are being developed and deployed for
a variety of uses, including cars, buses, trucks,
trains, aircraft, forklifts, ships, drones, stationary
power generation, and more.

Approach for Green Hydrogen Economy in Indian
Scenario

India has several options for embracing the hydro-
gen economy with the adoption of multiple strate-
gies. According to Niti Ayog report Harnessing Green
Hydrogen- Opportunities for Deep Decarbonisation in
India published in June, 2022 the green hydrogen
market in India is estimated to be worth $8 billion by
2030 and $340 billion by 2050. The electrolyser mar-
ket, a key component in green hydrogen production,
is expected to be valued at $5 billion by 2030 and
$31 billion by 2050. The adoption of green hydrogen
will also lead to a significant reduction in carbon-di-
oxide emissions with an estimated 3.6 Giga tones
saved by 2050. This shift towards green hydrogen
will result in significant energy import saving, en-
sure stability in industry input prices, and
strengthen foreign exchange reserves in the long
run.

Pathways for Green Hydrogen for India

The anticipated reduction in the cost of producing
green hydrogen is likely to accelerate its availability
and use across the country as well as for export. As
the cost of production decreases, green hydrogen
will become a more viable and competitive option
for various industries and applications, from trans-
portation to energy storage. This increased adoption
of green hydrogen will contribute t the decarboniza-
tion of the economy and help reduce GHG emis-
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sions. Additionally, the potential for exporting green
hydrogen could create new economic opportunities
for India, further strengthening its position in the
global energy market.

India Green Hydrogen Production Cost

In India green hydrogen production cost range from
Rs 350-400/ Kg. However, a KPMG study suggests
that these costs could potentially be halved as low as
Rs 170- 200/ Kg by 2030, making green hydrogen as
affordable as grey hydrogen and other fossil fuels.

In addition to cost the source of hydrogen genera-
tion is crucial for its impact on the environment.
Green hydrogen is necessary to achieve a truly low
carbon economy, and it could be used in various
applications such as zero emissions fuel for mari-
time shipping and aviation, in high heat industrial
processes and as feedstock in steel production.

Since every country has its unique path towards
de-carbonization, India could adopt a public private
partnership model with funding from the govern-
ment and international climate fund agencies for
initial Carbon Capture and Storage (CCS) and Car-
bon Capture Uses and Storage (CCUS) projects. This
model would align with India’s focus on public
health, social welfare and education while also al-
lowing for the development of an economically vi-
able business model for CCS and CCUS.

India’s initiatives for Hydrogen as the Cleanest Fuel

With over 17% of world’s population India has sig-
nificant energy needs. Over the past two decades,
energy consumption in the country has doubled and
is expected to continue to grow making India a ma-
jor global consumer. Despite this, India has made
significant strides in developing innovative
startegies to meet its increasing energy demand
while still adhering to its strong climate change com-
mitments.

India has set ambitious goals to become energy
independent by 2047 and to achieve net zero emis-
sions by 2070. To achieve these goals India is focus-
ing on utilizing its vast renewable energy resources
and have become the fastest growing country in
terms of renewable energy capacity. Renewable en-
ergy is crucial for transitioning to a hydrogen
economy and reducing reliance fossil fuels in sectors
such as refining, fertilizers, steel, automotive, and
more. As the demand of hydrogen and its deriva-
tives continues to increase globally, India sees an
opportunity to become a leading producer and ex-
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porter of green hydrogen by utilizing its renewable
energy resources. Despite challenges such as unfa-
vorable economics, lack of standards, and techno-
logical obstacles related to production, storage, and
transportation, India’s recent successes in research
and development efforts give hope that hydrogen
will become cost competitive in the near future,
Currently India mainly produces grey hydrogen
using fossil fuel. With the launch of National Green
Hydrogen Mission, dependance on fossil fuels is
sure to get reduced.

National Green Hydrogen Mission to build
Hydrogen Eco-System

Prime Minister Narendra Modi launched the Na-
tional Green Hydrogen Mission on 15" August, 2021
with an initial budget of 19,744 croreto promote the
production of green hydrogen and reduce depen-
dance on fossil fuels aims to build the capability to
produce at least 5 million MT of green hydrogen per
year by 2030. With the potential to enhance the ca-
pacity to 10 million MT per year. The government
also earmarked incentives worth Rs 17,490 crore for
the production and manufacturing of electrolysers
under the Strategic Interventions for Green Hydro-
gen Transition (SIGHT) programme, Rs 1,466 crore
for pilot projects, Rs 400 crore for research and de-
velopment (R&D), and 388 crores for other mission
components.

National Green Hydrogen Mission Targets

The National Green Hydrogen Mission aims to
lower the cost of renewable energy delivered to
electrolyser-based projects by implementing facilita-
tive policies for transmission, connectivity, energy
storage, and more. It also plans to increase the pro-
duction and deployment of high-performance
electrolysers in large quantities as well as establish
infrastructure for the storage, delivery, and export of
green hydrogen and its derivatives. The develop-
ment of pipelines for bulk transportation of green
hydrogen and the creation of large-scale hydrogen
hubs will also be encouraged. Through these tar-
geted interventions, the mission expects that green
hydrogen will become cost competitive with grey
hydrogen in the near future.

This will help decarbonize the economy, make
India self-reliant with clean energy, and establish
India as a leading country in hydrogen technology.
The MNRE is responsible for overseeing an imple-
menting the National Green Hydrogen Mission.
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Regulations, Codes and Standards

To promote a clean hydrogen economy, regulations
play a crucial role. To effectively implement hydro-
gen as an alternative fuel, it is crucial to create In-
dian standards and regulations that are constant
and harmonized with international standards, based
on practical, theoretical, and experimental data. It is
important to ensure that hydrogen energy infra-
structure and installations meet all relevant codes
and standards to ensure safety, reliability, and com-
patibility with the built environment. The Bureau of
Indian Standards (BIS) represents ISO and the Inter-
national Electro Technical Commission (IEC) in In-
dia, which helps to develop internationally, aligned
standards in the country.

The Energy Conservation Act will establish a le-
gal provision to ensure that consumption targets for
green hydrogen and its derivatives are enforced.
The Central government will have the power to
specify the minimum share of energy and feedstock
consumption from non-fossil- fuel based sources
that industries must ensure.

In recent years, India has been setting up frame-
works and working groups to establish partnerships
with various organisations related to hydrogen.
Some of the notable partners include the Hydrogen
Council, International Association for Hydrogen
Energy (IAHE), and International Partnership for
Hydrogen and Fuel Cells in the Economy (IPHE).
These organizations work closely with hydrogen
safety associations like the Centre for Hydrogen
Safety (CHS), the European Hydrogen Safety Panel
(EHSP), the European Committee for Standardiza-
tion, and Health, Safety, and Executive (HSE) group
in the UK.

Suggestions

The main points of recommendations for the Indian
government to promote and accelerate the adoption
of hydrogen as an energy source include-

(i) Removing the classification of hydrogen by
colour until 2030 and promoting the produc-
tion and use of hydrogen in all industries with-
out delay.

(ii) Adoption of international standards for the en-
tire value chain of hydrogen, and developing
Indian standards as needed.

(iif) Establishing test beds for testing and accredit-
ing electrolysers and storage tanks

(iv) Providing incentives to industries to shift to
using hydrogen as an energy source and ex-
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empting the import of electrolysers from du-
ties until 2030.
(v) Mixing hydrogen with natural gas and biogas,
and using existing pipelines to distribute it.

(vi) Utilising agro waste to produce green hydro-
gen as a priority which would support rural
economies.

(vii) Making coal gasification a national mission
alongside the hydrogen mission.

(viii) Setting up Centres of Excellence in hydrogen
safety and capacity building, using artificial in-
telligence and virtual reality to train workers.

(ix) Establishing a government owned electrolyser
manufacturing PSU to produce electrolysers
based on different technologies.

(x) Creating a national hydrogen research organi-
zation in partnership with world class research
institutes, to conduct research on hydrogen
production. Storage, CCU nad applications.

(xi) Using 5 MMT of green hydrogen production
as paert of the green hydrogen mission for ex-
port.

Conclusion

To meet its goal of becoming a leading producer and
exporter of safe green hydrogen by 2030, India must
take a multifaceted approach that emphasizes the
safety of the hydrogen ecosystem. This will require
combination of existing technologies that are suit-
able for Indian conditions, innovations and adher-
ence to safety codes and standards. The transition to
a hydrogen economy will need to be accelerated and
undertaken with focused effort.

The major obstacles to realizing an economical,
environmentally friendly, and safe hydrogen
economy are the expenses linked with manufactur-
ing, storing, operating and maintaining hydrogen
systems, as well as concerns regarding the safety,
dependability and regulatory approvals of such sys-
tems.
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