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Green Hydrogen is a game changer for India’s energy transition. It is indispensable for
decarbonizing sectors that are otherwise difficult to abate through conventional electrification,
such as steel, fertilizers, cement, refining, chemicals, and heavy -duty transport. Its derivatives,
such as green ammonia and methanol, can decarbonize international shipping and expand India’s
role in global trade.

India’s unique advantage in its abundant solar and wind resources positions it to become one of the
most cost-competitive producers of Green Hydrogen globally. Green Hydrogen is not just about
clean energy, it is about economic opportunity, and global leadership in a new industrial age.

We are delighted to share that FICCI and EY have jointly developed the report titled “India’s Green
Hydrogen ecosystem: Strategic opportunities, key challenges, and demand potential”, suggesting
ways to advance Green Hydrogen offtake among industrial sectors and highlighting the sectoral
opportunities, industrial demand, and multi- pronged regulatory and industrial approach needed for
increasing Green Hydrogen adoption in the country.

The report underscores Green Hydrogen'’s strategic potential, not only as a decarbonization tool

but also as a catalyst for industrial competitiveness, job creation, and export -driven growth. It also
proposes necessary policy recommendations and industrial measures to create a conducive green
hydrogen production ecosystem in the country as well as to increase its adoption among

industries.

We so hope that you will find the report useful.
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Green Hydrogen represents a pivotal opportunity for India’s energy transition, bridging the gap
between climate ambition and industrial competitiveness. | am pleased to present this joint report
by FICCI and EY titled “India’s Green Hydrogen ecosystem: Strategic opportunities, key
challenges, and demand potential’. Drawing on sectoral insights of EY and FICCI's platform
leadership, the report provides a comprehensive snapshot of India’s current landscape, detailing
emerging demand prospects, technology readiness, policy dynamics, and investment pathways.

India has made significant strides in building its renewable energy base, but scaling up to support

5 MMT per year of Green Hydrogen by 2030 will require additional 125 GW of dedicated

renewable capacity, alongside robust water logistics and domestic electrolyzer manufacturing
capabilities. As this report outlines, early -stage Green Hydrogen projects face elevated cost
structures, typically around double the cost of Grey Hydrogen, driven by transmission, efficiency,
and capex gaps. Addressing these barriers calls for an integrated strategy: supportive fiscal and
open-access regimes, demand aggregation mechanisms such as purchase obligations, and export -
linked trade corridors.

I commend FICCI for their leadership in convening this report and their continued advocacy for
multi -stakeholder engagement. It is our hope that these findings will inform policy deliberations,
strategic planning, and partnerships, ultimately enabling India to emerge as a global hub for clean
hydrogen.
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It is with great pride that we present this report, “India’s Green Hydrogen ecosystem: Strategic
opportunities, key challenges, and demand potential”, jointly developed by EY and the Federation
of Indian Chambers of Commerce and Industry (FICCI).

Green Hydrogen and its derivatives hold immense promise for enabling deep decarbonization
across hard-to-abate sectors and enhancing energy security. This will position India as a global
leader in the clean energy economy as a major supplier of molecules produced using green
energy. Scaling up Green Hydrogen production comes with its own complexity of challenges,
ranging from technology costs and infrastructure readiness to policy alignment and market
creation.

This report takes a comprehensive view of the current landscape, exploring opportunities in
different sectors, identifying key challenges and barriers and assessing India’s Green Hydrogen
demand potential. It also outlines actionable recommendations to accelerate Green Hydrogen
adoption and enhance offtake across industries. Our views draw on extensive research, market
insights, and stakeholder consultations, aiming to provide a practical roadmap for industry,
policymakers and investors.

| hope this report serves as a valuable resource in guiding strategic decision -making, fostering
innovation, and unlocking the full potential of India’s Green Hydrogen ecosystem.

| would like to thank FICCI for their partnership in this initiative, and the many stakeholders who
contributed their perspectives. Together, we can turn India’s Green Hydrogen vision into a
transformative reality.
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Executive
summary

India is uniquely positioned to become a global leader in the production,
utilization, and export of Green Hydrogen, leveraging its abundant
renewable energy resources, policy momentum, and rapidly growing
domestic demand. The National Green Hydrogen Mission (NGHM),
launched in January 2023 with an outlay of INR19,744 crore (US$2.4
billion), aims to establish an annual Green Hydrogen production capacity
of 5 million metric tons (MMT) by 2030. This initiative is expected to
mobilize investments exceeding INR8 lakh crore (US$91.95 billion),
create half a million jobs, and reduce fossil fuel imports by INR1 lakh
crore (US$11.49 billion) annually, while abating 50 MMT of CO
emissions.

India’s strategic advantages include some of the lowest renewable
electricity costs globally, high solar irradiance, and a robust
transmission infrastructure. These factors are expected to drive down
the levelized cost of Green Hydrogen to INR260 -310/kg (US$3-3.7/kg)
by 2030. With the global hydrogen market projected to grow from
US$8.8 hillion in 2024 to US$199 billion by 2034, India is targeting
significant export opportunities, especially to the EU, Japan, and South
Korea.

Key sectors identified for Green Hydrogen deployment include steel,
fertilizers, refineries, transportation, and energy storage. Notably, the
steel sector could drive demand up to 30 MMT by 2050, while refinery
and fertilizer sectors are actively exploring substitution of Grey
Hydrogen with green alternatives. Pilot projects under NGHM are
already underway in steel, mobility, and maritime sectors,
complemented by incentives for electrolyzer manufacturing and Green
Hydrogen production through the Strategic Interventions for Green
Hydrogen Transition (SIGHT) program.

Despite these opportunities, several challenges remain. These include
high capital costs, limited infrastructure for storage and transportation,
technology dependencies for critical electrolyzer components, water
resource constraints in renewable- rich regions, and the absence of
harmonized international standards. Moreover, cost competitiveness
against grey hydrogen remains a barrier, requiring further reduction in
renewable electricity and electrolyzer costs.



To support this transition, India has adopted a robust multi -level policy
framework. At the central level, the NGHM supports production
incentives, R&D, human resource development, and regulatory
standardization. Several states such as Uttar Pradesh, Maharashtra,
Rajasthan, and Andhra Pradesh have also introduced policies providing
capital subsidies, tax incentives, and priority land allotment to attract
investments in Green Hydrogen.

Realizing the full potential of Green Hydrogen in India will require
sustained momentum through coherent policy implementation,
accelerated infrastructure deployment, stronger international
collaboration, and deeper private sector engagement. With coordinated
efforts across central and state governments, industry, and research
institutions, India can significantly advance its energy transition,
enhance energy security, and emerge as a key player in the global
Green Hydrogen economy.







The Green Hydrogen
opportunity
landscape




The levelized cost of Green Hydrogen is projected to fall

Strateg iC adva ntages a nd to INR260-310 per kg (US$3- 3.75 per kg) by 2030,
. representing up to 40% cost reduction from current

market potential levels. This reduction is attributed to:

India possesses several strategic advantages that position ..

it favorably in the global Green Hydrogen market. The Cheap renewable electr|C|ty

country has achieved one of the world's most competitive prowded to manufacturers

renewable energy costs, with solar and wind power

becoming increasingly affordable. India's geographical

location near the equator ensures ample sunlight

throughout the year, with solar irradiance of 4 -7

kWh/m2/day and 2,300 -3,200 sunshine hours annually. Waiver of Inter -State Transmission

The global Green Hydrogen market, valued at US$8.78 Charges for open access
billion in 2024, is projected to reach US$199.22 billion by

2034, growing at a CAGR of 41.46%. India's Green

Hydrogen market specifically is expected to reach

US$2,812.8 million by 2030, representing a remarkable

56% CAGR from 2024 to 2030. Reduced GST rate of 5% for
hydrogen

Cost reduction trajectory

One of the most promising developments is the projected El | f .
cost reduction for Green Hydrogen production in India. ectrolyzer manuracturing cost

Current production costs of US$4 -4.5 per kg are expected reductions of 7 -10% over five years.
to decline significantly due to government support and
technological improvements.

Figure 1 - Projected cost reduction of Green Hydrogen in India from 2023 to 2030
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Export potential and global
market access

Under the National Green Hydrogen Mission, India is
advancing towards its 2030 target of 5 million tons of
Green Hydrogen production, supported by significant
policy and financial backing, including certification
schemes and domestic electrolyzer manufacturing. The
government has prioritized port- based hydrogen hubs and
is fostering international collaborations to build a robust
hydrogen ecosystem. Recent efforts include joint
ventures, technology sharing, infrastructure development,
and offtake agreements to enable large -scale Green
Hydrogen and ammonia production, export, and
bunkering.

The country could potentially capture 10% of the global
market, exporting approximately 10 MMT of Green
Hydrogen/Green Ammonia per annum. European Union,
Japan, and South Korea represent key import markets,
with the EU's REPowerEUplan targeting 20 million tons of
Green Hydrogen consumption by 2030.

Alvarez & Marsal projects that India could achieve US$3 -5
billion in Green Hydrogen exports and US$7 -15 billion in
import substitution within the next decade. This positions
India to become a major player in the emerging global
hydrogen economy.

Key industrial applications and
sectoral opportunities

Steel industry
transformation

The steel sector presents one of the most significant
opportunities for Green Hydrogen adoption.

Currently responsible for 8% of global CO2 emissions,
the steel industry can achieve dramatic emission
reductions through Hydrogen Direct Reduction (H -
DRI) technology. The National Green Hydrogen
Mission supports pilot projects in steel

manufacturing, focusing on 100% hydrogen use in
DRI processes and gradual substitution of fossil fuels.

Fertilizer and chemical
industries

The fertilizer industry, which currently relies heavily
on imported natural gas and ammonia, represents
another major opportunity. Green Hydrogen can
enable ammonia synthesis for fertilizer
manufacturing, supporting India's net- zero vision
while reducing import dependency. This transition
could significantly insulate the country from global
price volatility in fertilizers and natural gas.

Transportation and
mobility

India has initiated five pilot projects under the
National Green Hydrogen Mission for transportation,
deploying 37 hydrogen -powered vehicles (15 fuel
cell-based and 22 hydrogen internal combustion
engine-based) across 10 routes. The government
allocated Rs. 208 crore (US$25.06 million) for
these pilot projects, which include nine hydrogen
refueling stations and are expected to be
operational within 18 -24 months.

Figure 3: Green Hydrogen applications
across key industrial sectors in India

Green Hydrogen
Application
in India
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Existing projects in
different sectors

India is rapidly advancing in the Green Hydrogen
sector, reinforcing its broader commitment to clean
energy and climate action. Under the National Green
Hydrogen Mission, the country envisions
establishing itself as a global hub for the production,
utilization, and export of Green Hydrogen.
Supported by government incentives (Central and
state) and strategic public -private collaborations, a
growing number of GH2 production projects are
being implemented across various states.
Simultaneously, India is scaling up its electrolyzer
manufacturing capacity which is an essential
element for the widespread adoption of hydrogen
technologies. Key industrial sectors, including
fertilizers and refineries, are increasingly
incorporating Green Hydrogen into their operations,
fostering a strong and evolving demand landscape.
These initiatives reflect India’s strategic focus on
decarbonization, energy self -reliance, and
leadership in the global hydrogen economy. The
accompanying map provides a visual representation
of the geographical distribution of Green Hydrogen
and green ammonia-related projects, highlighting
clusters of activity where government incentives are
being leveraged. In addition, several Green
Hydrogen projects have already been commissioned
and are currently operational, marking tangible
progress in the sector.




Figure 2: Green Hydrogen projects in India
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and barriers
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Infrastructure and storage
challenges

A primary challenge constraining the large -scale
deployment of Green Hydrogen is its comparatively high
production cost relative to conventional hydrogen
sources. Currently, hydrogen derived from fossil fuels,
such as Black and Grey Hydrogen is available at a
significantly lower cost, typically ranging between INR150
and INR220/kg (US$1.8- 2.6/kg). In contrast, Green
Hydrogen production remains substantially more
expensive, with current estimates falling between INR350
and INR500/kg (US$4.1- 5.9/kg).

This price differential is further compounded by the
additional costs required to condition hydrogen for end-
use. Processes such as compression, liqguefaction, and
conversion to ammonia introduce considerable
incremental expenses. For instance, liquefaction alone can
increase the cost by approximately INR150 to INR250/kg
(US$1.8-2.6/kg).

Moreover, the development of dedicated infrastructure for
hydrogen transport and storage presents a significant
financial burden. The capital cost of constructing
hydrogen pipelines is estimated to be 110% to 150%
higher than that of natural gas pipelines. Storage
technologies, especially those employing advanced,
material -based solutions, also add substantially to overall
system costs, with some options reaching up to
INR3,500/kg (US$41.2/kg)

Water requirements and
availability

Although the total water requirement for Green Hydrogen
production is modest compared to that of the agricultural
sector, a critical barrier lies in the geographical mismatch
between renewable energy availability and water
resources. High-potential regions for solar and wind
energy generation such as Rajasthan, Gujarat, and Tamil
Nadu also face persistent water scarcity. The development
of large -scale Green Hydrogen facilities in these regions
may further strain already limited local water resources.

This challenge is further intensified by several
interrelated factors:

Geographical misalignment

To maximize efficiency and reduce transmission
losses, Green Hydrogen production facilities are
typically co -located with renewable energy sources.
However, many of these renewable- rich regions are
also water-stressed, presenting a structural conflict
between energy development and water resource
availability.

Stringent water purity requirements

Electrolyzers require ultra -pure, demineralized
water to ensure optimal functionality and
equipment longevity. The treatment process to
achieve this level of purity is both energy -intensive
and costly. The use of untreated or even
conventionally treated water can result in reduced
efficiency and accelerated degradation of
equipment, increasing both operational and
maintenance costs.

Land use trade-offs

While the footprint of electrolysis units is relatively
small, the associated renewable energy
infrastructure —particularly solar PV and wind
farms—equires substantial land area. In regions
with limited arable land, this can lead to direct
competition with agriculture and other critical land
uses. This dynamic not only complicates land
allocation decisions but also adds another layer of
complexity to water resource planning, especially
where land and water demands intersect.

Technology and manufacturing
dependencies

India’s ambition to become a global leader in Green
Hydrogen is closely tied to its ability to scale up domestic
electrolyzer manufacturing. While it is estimated that
approximately 80%-82% of electrolyzer components can
be indigenized with current capabilities, the country
remains significantly dependent on the import of critical
raw materials. These include essential minerals such as
platinum, iridium, nickel, molybdenum, and zirconium,
which are vital for the manufacturing of high- efficiency
electrolyzers , particularly Proton Exchange Membrane
(PEM) and Solid Oxide Electrolyzers (SOE). The absence of
these minerals in India’s domestic reserves poses a
strategic challenge, creating supply chain vulnerabilities,
increasing cost pressures, and exposing the sector to
geopolitical risks and global price fluctuations.

To effectively address these challenges, India must
transition its focus from merely scaling production to
establishing a resilient and self -sustaining electrolyzer
manufacturing ecosystem. This requires a comprehensive
strategy that prioritizes domestic innovation through
targeted investments in research and development,
expands local manufacturing capacities, and implements
supportive policy frameworks designed to attract both
domestic and foreign investment. Equally important is the
need to strengthen India’s integration into global critical
mineral value chains through strategic bilateral sourcing
agreements and international partnerships.



Financial and investment
challenges

High capital
expenditure
represents

a major barrier to widespread adoption. Green Hydrogen
projects require substantial upfront investments in
production facilities, storage infrastructure, and
transportation networks. Indian banks face constraints in
financing long -gestation projects, with most able to
provide funding for only 5 -7 years compared to the longer -
term needs of hydrogen infrastructure. The cost of Green
Hydrogen remains significantly higher than Grey
Hydrogen, US$1.8/kg for Grey vs. US$4.1/kg for Green),
making economic viability challenging without policy
support and incentives.

Many Green Hydrogen projects in India are still in the pilot
or planning stages and rely significantly on government
support to be viable. Without a long- term and stable
investment framework such as green bonds, viability gap
funding, and structured public -private partnerships, the
projects may struggle to scale commercially. To encourage
ongoing private sector investment, India needs to adopt
effective risk management strategies for early -stage
projects, and create a robust ecosystem that fosters
infrastructure development, boosts demand, and provides
reliable and sustainable revenue models.

Market
challenges

Despite increasing national commitments toward
decarbonization, the Green Hydrogen industry faces
significant market -related obstacles that hinder its broad
adoption. A primary issue is the currently limited market
demand for Green Hydrogen alongside a lack of cohesive
and supportive policy frameworks. In numerous regions,
government incentives and subsidies predominantly favor
blue hydrogen—produced from natural gas with carbon
capture and storage (CCS), over Green Hydrogen.
Although blue hydrogen generates fewer emissions than
conventional grey hydrogen, it remains more economically
attractive due to substantially lower production and
infrastructure costs.

Consequently, major industrial consumers such as steel
manufacturing, refining, and ammonia production, which
are key hydrogen demand sectors, continue relying largely
on fossil fuel -based hydrogen driven by cost
considerations. The absence of robust market incentives,
mandates, or regulatory mechanisms to encourage a
transition to Green Hydrogen delays its penetration into
these high-emission industries.

The hydrogen market currently lacks the maturity seen in
other energy sectors like oil, natural gas, and electricity. It
is characterized by limited liquidity and insufficient market
transparency. Most hydrogen sales occur through bilateral
contracts, and there is a notable absence of public trading
platforms or spot markets. This limited market visibility
and inadequate price discovery mechanisms undermine
investor confidence and restrict capital inflows necessary
for scaling Green Hydrogen projects.

Regulatory challenges and
global fragmentation

The absence of a harmonized global regulatory framework
significantly hampers international collaboration and trade
in hydrogen technologies. Key regulatory dimensions
including production methods, emissions accounting,
purity standards, and safety protocols vary widely across
jurisdictions. Without standardized definitions, particularly
regarding what constitutes “clean” or “green” hydrogen,
regulatory fragmentation risks rise, leading to inconsistent
certification processes and uneven competitive conditions.
These disparities complicate cross -border trade, elevate
compliance burdens, and inhibit technology dissemination.

Additionally, hydrogen’s unique physical and chemical
properties necessitate stringent regulatory oversight. Its
flammability, low volumetric energy density, and
propensity to cause material embrittlement in pipelines
and storage facilities present distinct safety and
engineering challenges. While standardization initiatives
such as those led by ISO Technical Committee 197 are
underway, comprehensive and universally adopted safety
and handling standards remain incomplete. Establishing
such standards is crucial for ensuring the safe production,
transport, storage, and utilization of hydrogen especially
as it becomes integrated into urban and industrial
infrastructures.

Public acceptance and safety
considerations

The long-term success of the hydrogen economy depends
on more than just overcoming regulatory and market
hurdles; it fundamentally hinges on earning public trust
and social acceptance. Given hydrogen’s characteristics,
being odorless, colorless, highly flammable, and prone to
leakage due to its small molecular size, communities often
harbor safety concerns. Additionally, hydrogen’s lower
volumetric energy density compared to conventional fuels
requires larger storage volumes or elevated pressures,
complicating infrastructure design and safety
management.

Public resistance can result in delays in project approvals,
disrupt supply chain development, and stall the
deployment of critical infrastructure such as hydrogen
hubs, refueling stations, and pipeline networks. To address
these concerns effectively, transparent communication,
proactive public engagement, and demonstrable safety
measures are indispensable.

21
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Governments, regulators, and industry stakeholders must
collaborate to establish and enforce rigorous safety
standards while engaging in continuous community
outreach. Showcasing successful implementation
examples, facilitating stakeholder consultations, and
maintaining transparent safety records will be vital to
building public confidence. Public acceptance is not simply
an ancillary factor but a fundamental prerequisite for
advancing hydrogen infrastructure from pilot
demonstrations to a fully integrated component of energy
systems at national and international scales.

Port-related infrastructure and
logistical constrain

The large-scale development of Green Hydrogen is
confronted with substantial challenges related to port
infrastructure and logistics that must be resolved to
facilitate efficient production, storage, and international
transportation. Many existing port facilities are not
equipped with the specialized infrastructure necessary for
handling hydrogen and its derivatives, such as liquefied
hydrogen or ammonia. This includes the need for
cryogenic storage, high -pressure systems, and dedicated
loading and unloading terminals. Logistical hurdles also
include insufficient intermodal connectivity, such as
hydrogen -compatible rail and pipeline systems, along with
the absence of harmonized international regulations and
safety standards. The GH2/GA developers have raised an
issue of unreasonably high port charges at Gopalpur Port,
Odisha compared to other ports in India. This will
negatively affect the feasibility of the project and
significantly increase the cost of green ammonia, which is
already more expensive than grey ammonia. As a result,
such projects are likely to become commercially unviable
for export markets.

Environmental issues

Green Hydrogen and green ammonia initiatives in India are
regulated under Environmental Clearance (EC)
requirements established by the Ministry of Environment,
Forest and Climate Change (MOEFCC). The necessity for
clearance is determined by various factors, including
project scale, location, feedstock, and related
infrastructure such as pipelines, ports, and storage
facilities. In July 2023, the MoEFCCgranted an exemption
from EC requirements specifically for standalone Green
Hydrogen and green ammonia plants. Several states have
proactively implemented policies to support these
exemptions within designated renewable energy zones to
promote project development. However, project
developers are still required to obtain environmental
consents from State Pollution Control Boards in
compliance with existing air and water pollution
regulations. Furthermore, there is an increasing push from
developers advocating for EC exemptions for additional
Green Hydrogen derivatives, including e -methanol and
sustainable aviation fuels (e -SAF).




Limited availability
of power

Electricity is the essential and primary
requirement for producing Green Hydrogen
through electrolysis. Without a dependable and
clean power source, sustainable production of
Green Hydrogen is not feasible. The
development of Green Hydrogen and ammonia
projects in India encounters significant
challenges due to the limited availability of
consistent renewable power and delays in
connectivity and transmission infrastructure.
Although India is rapidly expanding its renewable
energy capacity, intermittent generation and

grid constraints frequently impede the reliable
and cost-effective supply of electricity needed
for large -scale electrolyzer operations. By 2030,
there is a projected need for 60- 80 GW of round-
the-clock renewable energy power to support the
announced and upcoming projects under the
National Green Hydrogen Mission (NGHM). To
ensure the timely commissioning of Green
Hydrogen and ammonia projects, the
transmission system must be established well in
advance. However, developers have reported
delays in transmission and connectivity that
extend beyond 2030, which could consequently
postpone the progress of these projects. It is
imperative for all stakeholders, including
government agencies, project developers, and
utility companies, to collaborate effectively to
overcome these barriers and fully harness the
opportunities presented by Green Hydrogen in
India's energy transition. It is essential for all
stakeholders (government agencies, project
developers, and utility companies) to work
together effectively to overcome these
challenges and fully realize the potential of
Green Hydrogen in India's energy transition.
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Established in 1927, Federation of Indian Chambers of
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