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GREEN 
HYDROGEN 

Early mover business case ?   




India’s emerging policies in Green Hydrogen space


Following COP26 pledge by India towards net-zero 
by 2070, aim to target 500GW non-fossil fuels 

e l e c t r i c i t y b y 2 0 3 0 , F a s t e r A d o p t i o n a n d 

Manufacturing of Electric Vehicles- Phase II (FAME 
II) for Electric Vehicles and over Rs 18100 Cr (> USD 
2.3 billion) production linked incentives in advanced 
cell batteries are strong policy commitment to reach 
the goals. Complementing these efforts further is a 
great push for  Green Hydrogen (GH2) as a potential 
solution to decarbonise sectors like refinery, 
ammonia, methanol, iron and steel and heavy duty 
trucking. India’s National Hydrogen Mission was set 
up for aiming to make India the world’s hydrogen 
hub which has further resulted in the recently 
approved Green Hydrogen policy (17 February 2022). 
The policy majorly covers i) waiver of inter-state 
transmission charges for 25 years, ii) open access for 
sourcing renewable energy, iii) Banking for 30 days 
for renewable energy for making GH2, iii) land 
availability in renewable energy parks, iv) facility for 
storage at ports for export of GH2, v) single portal for 
all clearances, vi) aggregation of demand from 
different sectors by MNRE for floating consolidated 
bids etc.  Additionally, Ministry of coal has allowed 
50% reduction in the coal mines revenue sharing for 
the project leading to coal gasification which in turn 

can convert the Syngas to Green Hydrogen with 
carbon capture.


Global efforts in Green Hydrogen space


According to World Economic Council report, a 
preliminary screening of hydrogen strategies in 56 
countries around the world , representing over 90% 1

of global GDP, reveals that nine countries already 
have an existing comprehensive national hydrogen 
strategy and further eleven are in the process of 
developing one (see Figure below). 





Together, these 20 countries stand for 44% of global 
GDP. Another 14 countries (38% of global GDP) are 
a l r e a d y s u p p o r t i n g h y d r o g e n p i l o t a n d 
demonstrat ions proje c t s (without dedic ated 
hydrogen strategy) and in 17 countries first 
gove r n m e nt a n d /or s t a ke hol de r d i s c u s s ion s 
regarding hydrogen are ongoing. Hydrogen activities 
are well spread around the globe with major interest 
being located in Europe, in the Asia and Pacific 
region, as well as in the Americas (see Figure below).  

One issue is very clear Green Hydrogen is an 
emerging business opportunity for a careful 
evaluation. 


 WEC_H2_Strategies_final report September 2020 - World Energy Council1
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Various colours of Hydrogen in vogue - an 
understanding


Hydrogen—The lightest element in the periodic table 
and the most common in the universe. Because of its 
natural tendency to form bonds with other 
molecules, it is rarely found unbounded in nature. It 
can therefore be considered as a storage of energy 
because the molecules can be easily encouraged to 
form bonds with other elements through either 
chemical or combustion processes. 


Green hydrogen—This term is used for hydrogen 
produced from 100 percent renewable sources. It 
most commonly refers to hydrogen created from a 
process called electrolysis, which can use 100 
percent renewable power and water to create pure 
hydrogen and oxygen. Other green hydrogen 
production methods include hydrogen extraction 
from reformed biogas and hydrogen extraction from 
waste.


Gray hydrogen—This term usually refers to hydrogen 
produced via steam methane reforming (SMR), and it 
is the most common type of hydrogen produced 
globally. Gray hydrogen can also refer to hydrogen 
that is created as a residual product of a chemical 
process—notably, the production of chlorine from 
chlor-alkali plants . Hence the companies in the 2

choler alkali plants business may find a natural 
diversification choice for Hydrogen production.


Blue hydrogen—This term is used for hydrogen 
produced using low-carbon processes. It is almost 
exclusively used to refer to hydrogen produced via 
natural gas or coal gasification but combined with 
carbon capture storage (CCS) or carbon capture use 
(CCU) technologies in order to reduce carbon.

Black hydrogen—Hydrogen produced from coal via 
coal gasification and extraction. 


Brown hydrogen—Hydrogen produced from lignite 
via gasification.


 

 Hydrogen - market analysis - India/Global


The usual questions are what is present market, 
future demand & supply and Hydrogen economics. 
Let us deal these one by one. The Green Hydrogen 
market is nascent but evolving with strong footings. 
Hydrogen production today is dominant based on 
fossil-fuel based (Gray/Blue Hydrogen) intensive 
process and needs upscaling to decarbonise the 
existing production. The most common methods to 
extract hydrogen are through the reforming of 
natural gas—a process that accounts for around 6 
p e rce nt o f g lob a l n at u ra l ga s de m a n d —a n d 
gasification—for which about 2 percent of total coal 
production is allocated, most of which is in China , 3

together constituting 96 and 98% of global hydrogen 
p r o d u c t i o n . T h e g l o b a l w a t e r e l e c t r o l y s i s 
deployment has increased to ~260 MW in last 05 
years. The size of electrolyzers is also rising, 

resulting into lower cost of Green Hydrogen. India’s 
distinct advantage in low cost renewable energy 
generation makes Green Hydrogen the most 
competitive form of Hydrogen in long run in the 
range of GH2 : $0.6 to $1.2/kg from present $5 to $7/
kg. Hydrogen demand in India could grow more than 
fourfold to around ~25 MT by 2050 representing 
almost 10% of the global hydrogen demand. Green 

Hydrogen’s share of this demand could grow from 
16% in 2030 to almost 94% by 2050. This translates to 

 Utilization of hydrogen as clean energy resource in chlor-alkali process (https://journals.sagepub.com/doi/full/10.1177/0144598719839767)2

 Green Hydrogen in developing countries, Energy Sector Management Assistance Program (ESMAP), part of the World Bank. 3
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Executive Summary

Hydrogen, as an energy carrier, is becoming crucial 
for achieving decarbonization of hard-to-abate sectors. 
Many sectors such as iron ore and steel, fertilizers, 
refining, methanol, and maritime shipping emit major 
amounts of CO2, and carbon-free hydrogen will play a 
critical role in enabling deep decarbonization. For other 
high-emitting sectors, such as heavy-duty trucking and 
aviation, hydrogen is among the main options being 
explored with an outlook to be the preferred solution 
for several applications. 

This has resulted in growing global momentum towards 
hydrogen in general, and green hydrogen—hydrogen 
produced through electrolysis of water using electricity 
from renewable sources—in particular. Declining 
prices of hydrogen, coupled with growing urgency for 
decarbonization means the global demand for hydrogen 
could grow by almost 400 percent by 2050, led by 
industry and transportation.1 

A new growth momentum is emerging among various 
nations. At least 43 countries have now set up or are 
setting up strategies or roadmaps for a hydrogen 
economy,2 including financial incentives to accelerate 
the transition. For India, this current impetus 

surrounding the hydrogen transition fits well within the 
context of a low-carbon economy, energy security, and 
the larger economic development ambition of the nation. 

The Prime Minister’s Independence Day speech on 
August 15th, 2021, signalling the launch of the National 
Hydrogen Mission, attests to India’s intent to be a global 
hub for green hydrogen. As PM Modi’s speech outlines, 
“not only will green hydrogen be the basis of green 
growth through green jobs, but it will also set an example 
for the world towards clean energy transition.”3

India’s distinct advantage in low-cost renewable energy 
generation makes green hydrogen the most competitive 
form of hydrogen in the long run (Exhibit 1). This enables 
India to potentially be one of the most competitive 
producers of green hydrogen in the world. Green hydrogen 
can achieve cost parity with natural gas-based hydrogen 
(grey hydrogen) by 2030, if not before. Beyond cost, since 
hydrogen is only as clean as its source of generation, 
green hydrogen will be necessary to achieve a truly low-
carbon economy. It will also enable the emergence of a 
domestically produced energy carrier that can reduce 
the dependence on imports for key commodities like 
natural gas and petroleum.

Exhibit 1 Projected price trajectory of solar-green hydrogen production based on decline in electrolyser and 
renewable costs

Source: IEA, BNEF, TERI, SECI, RMI Analysis | Currency conversion: $1 = ₹72
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Hydrogen demand in India could grow more than 
fourfold by 2050, representing almost 10% of global 
hydrogen demand.4 Initial demand growth is expected 
from mature markets like refinery, ammonia, and 
methanol, which are already using hydrogen as 

industrial feedstock and in chemical processes. In the 
longer term, steel and heavy-duty trucking are likely to 
drive the majority of demand growth, accounting for 
almost 52% of total demand by 2050.5 

From a price parity basis alone, green hydrogen’s share 
of this demand could grow from 16% in 2030 to almost 
94% by 2050. This translates to an implied cumulative 
electrolyser capacity demand of 20 GW by 2030 and 
226 GW by 2050, promising a sizeable opportunity for 
indigenous manufacturing of a global emerging energy 
technology. The cumulative value of the green hydrogen 
market in India could be $8 billion by 2030 and $340 
billion by 2050. Electrolyser market size could be 
approximately $5 billion by 2030 and $31 billion by 2050.

Adoption of green hydrogen will also result in 3.6 giga 
tonnes of cumulative CO2 emissions reductions between 
2020 and 2050.6 Energy import savings from green 
hydrogen can range from $246 billion to $358 billion 
within the same period.7 Beyond the financial savings, 
the energy security that green hydrogen provides will 

translate to less volatile price inputs for India’s industries 
as well as strengthen India’s foreign exchange situation 
in the long run. 

While the prospects for domestic demand and exports 
are enticing, it’s also important to achieve the expected 
decline in price. In the near-term, it’s crucial to focus 
on domestic demand creation efforts, cost reduction 
pathways, and early pilots, as well as to learn by doing in 
competitive manufacturing of electrolysers. Limitation of 
storage and the high cost of transportation means that 
early market development should centre on identifying 
clusters of industrial demand that could be served by 
localized generation of hydrogen. 

The government can reduce costs through preferential 
electricity tariffs. And it can develop the market 

Exhibit 2 Hydrogen demand outlook and potential green hydrogen share at cost parity 
(without policy intervention)

Source: MoS, MoC&F, MoPNG, IEA, TERI, BCG, World Bank, RMI Analysis
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an implied cumulative electrolyzer capacity demand 
of 20 GW by 2030 and 226 GW by 2050, promising a 
sizeable opportunity for indigenous manufacturing 
of a global emerging energy technology. The 
cumulative value of the green hydrogen market in 
India could be $8 billion by 2030 and $340 billion by 
2 0 5 0 . E l e c t r o l y z e r s m a r ke t s i z e c o u l d b e 4

approximately $5 billion by 2030 and $31 billion by 
2 05 0. 1 m i l l i o n t o n n e s o f g re e n hyd ro ge n 
corresponds to around 11-13 GW of electrolyzer 
capacity.


Globally, Hydrogen is today produced mainly by the 
steam reforming of natural gas and is mainly used 
for the chemical and refining industries. As per the 
IEA report , in the sustainable development 5

scenario,  the global hydrogen production may be to 
~445 MT for energy use and ~75 MT for the process 
use by 2070. The below graph shows the Global 
H y d r o g e n p r o d u c t i o n i n t h e s u s t a i n a b l e  

development scenario from 2019 to 2070. Global 
installed electrolyzers capacity is estimated to be  
rapidly increased from 170 MW in 2019 to 3300 GW 
by 2070. Global development of electrolyzers and 
C02 capture by region (2019-2070). Production and 

technology choice profiles for low-carbon hydrogen 

differ across regions reflecting factors such as the 
availability of suitable renewable energy resources, 
CO2 storage and access to low cost natural gas. The 

assumptions for Hydrogen demand can vary 
significantly between 6 to 25%  depending on the 6

various assumption  like global warming target of 
temperature rise <1.8°C , 1.8°C to 2.3°C and >2.3°C, 
hydrogen policies (strong or weak) etc.


Strategy and road map for Hydrogen development by 
each country becomes very important to asses the 
scenario in leading countries. As per Niti Aayog 
report , mapping of the emerging hydrogen 7

roadmaps and strategy of the leading countries and 
regions are evaluated as per below table shows the 
active early mover investments and developments:


 Niti Aayog - Harnessing Green Hydrogen 20224

 IEA - Report - Energy_Technology_Perspectives_2020_PDF5

 WEC- Innovation Insights - Hydrogen on the Horizon6

 Niti Aayog - Harnessing Green Hydrogen 20227
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with CCUS for 40%, with the remainder coming mostly from unabated fossil fuels and 
from the creation of small amounts of hydrogen as a by-product of catalytic naphtha 
reforming in refineries.  

 Global hydrogen production by technology in the Sustainable Development 
Scenario, 2019-70 

 
IEA 2020. All rights reserved. 

Note: CNR = hydrogen as by-product from catalytic naphtha reforming in refineries.  

Today, hydrogen is produced almost entirely from fossil fuels without CCUS. Low-carbon 
hydrogen production dominates in the Sustainable Development Scenario, with almost all 
hydrogen production either from low-carbon electricity or fossil fuels with CCUS. 

Water electrolysis splits water in an electrochemical process into hydrogen and 
oxygen. Electrolysis is not a new technology: alkaline electrolysis was used from the 
1920s to the 1960s to produce hydrogen for fertiliser production before being 
eclipsed by hydrogen produced from natural gas. Today, water electrolysis globally 
accounts for less than 0.1% of dedicated hydrogen production. With declining costs 
for renewable electricity, there is renewed interest in electrolytic hydrogen which has 
resulted in an increasing number of projects with significant electrolyser capacities 
being commissioned or announced. For example, a 10 MW electrolyser paired with 
20 MW of solar PV started operation early in 2020 in Japan to provide hydrogen for 
stationary fuel cell systems and fuel cell vehicles (NEDO, 2020). H2V has announced 
the H2V59 project in France, which will produce 28 000 tonnes of hydrogen per year 
(around 100 MW electrolyser) for injection into the natural gas grid (H2V59, 2020).  

In the Sustainable Development Scenario, global installed electrolyser capacity 
rapidly increases from around 170 MW in 2019 to more than 3 300 GW by 2070, 
running on average at around 4 000 full-load hours per year to ensure least-cost 
hydrogen production (IEA, 2019a) and being supported by a mixture of grid 
electricity and dedicated renewables-based electricity plants, depending on local 
conditions. Production is dominated by regions and countries with low cost 
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been announced, including the H21 project in Leeds in the United Kingdom, which 
aims to convert the city gas network to 100% hydrogen (H21, 2020). Existing coal-
based hydrogen plants in China and elsewhere could similarly be equipped with CCS, 
if adequate storage is available. In the Sustainable Development Scenario, hydrogen 
production from fossil fuels with CO2 capture reaches 210 MtH2 in 2070, meets 40% 
of global demand and leads to the capture of 1.8 GtCO2, representing one-quarter of 
total CO2 being stored in the Sustainable Development Scenario. 

 Global development of electrolyser capacity and CO2 capture from hydrogen 
by region in the Sustainable Development Scenario, 2019-70 

 
IEA 2020. All rights reserved. 

Production and technology choice profiles for low-carbon hydrogen differ across regions 
reflecting factors such as the availability of suitable renewable energy resources, CO2 
storage and access to low cost natural gas. 

The cost-competitiveness of low-carbon hydrogen produced from natural gas with 
CCUS or from renewables-based electricity mainly depends on the costs of gas and 
low-carbon electricity. Today, the cost of hydrogen produced from natural gas varies 
between USD 0.7 and 1.6 kilogrammes of hydrogen (kgH2), and adding CO2 capture 
increases the costs to around USD 1.2-2.0/kgH2, whereas producing hydrogen from 
renewables electricity generally costs around USD 3.2-7.7/kgH2 (Figure 3.11). With 
cost reductions for renewable technologies as well as electrolysers in the Sustainable 
Development Scenario, the cost of producing hydrogen from renewables-based 
electricity becomes competitive with natural gas with CCUS in several parts of the 
world. 

Other factors are also relevant to the choice between alternative low-carbon 
hydrogen production options. For hydrogen production from fossil fuels in 
combination with CCS, the geological availability and public acceptance of CO2 
storage are prerequisites. For water electrolysis, access to adequate supplies for 
seawater desalination represent only a small fraction of total hydrogen production 
costs (IEA, 2019a). 
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Net Zero Scenario: 
Transport (shipping, road, 
aviation), Iron and steel, 
Chemicals

Industry (heavy, light), 
Transport (road, air, 
ship)

ETP 2020: hold the 
temp. rise to below 1.8°C 
with a 66% probability 
without reliance on 
global net-negative CO2 
emissions 

Net Zero Scenario: a 50% 
chance of limiting the 
temp. rise to 1.5°C

Achieve the goals of 
the Paris Agreement 
of achieving zero GHG 
emissions from the 
energy sector by 2050

Limiting the global 
average temp. rise to 
well below 2°C from 
pre-industrial levels

Unfinished symphony: 
<2.3°C confirmed with 
study authors  
 
Modern Jazz: 
>2.3°C confirmed with 
study authors

ETP 2020: Electricity, 
Fossil w CCUS, Refining 
CNR, Fossil w/o CCUS 
 
Net Zero Scenario: Fossil 
fuels, Refining CNR, 
With CCUS, Electricity, 
Biomass

Energy Technology 
Perspectives (ETP) 2020 
- SDS:  
- 2030: 90 
- 2040: 135 
- 2050: 290 
 
Net Zero Scenario: 
- 2030: 212 
- 2040: 391 
- 2050: 528

- 2030: 86 
- 2040: 164 
- 2050: 346

Green hydrogen

- 2030: 80 
- 2040: 94 
- 2050: 149

Unfinished 
symphony:  
- 2030: 117 
- 2040: 164 
- 2050: 228 
 
Modern Jazz: 
- 2030: 99 
- 2040: 125 
- 2050: 185

IEA Powerfuels in a 
Renewables World

Shell – Sky scenario World Energy 
Council

ANNEX 1

HYDROGEN DEMAND SCENARIOS

Total 
hydrogen 
demand 
estimates 
(Mt)

High:  
- 2030: 93 
- 2040: 161 
- 2050: 401 
 
Medium: 
- 2030: 84 
- 2040: 113 
- 2050: 213 
 
Low:  
- 2030: 77 
- 2040: 94 
- 2050: 148

Net Zero:  
- 2030: 104 
- 2040: 282 
- 2050: 560 
 
Rapid: 
- 2030: 102 
- 2040: 173 
- 2050: 284

Strong 
policy:  
- 2030: N/A 
- 2040: N/A 
- 2050: 696 
 
Weak policy: 
- 2030: N/A 
- 2040: N/A 
- 2050: 187

- 2030: 111 
- 2040: 201 
- 2050: 567

Green, Blue, Grey 
hydrogen

Transport, Space heating 
and cooling, Power 
sector

Power, Buildings, 
Transport, Industry

Buildings, Power, 
Industry, Transport

Buildings, Power, 
Industry, Transport, 
Energy system

High: a 50% chance of 
limiting the peak in global 
temperature (temp.) to 
between 1.5-2°C

Medium: a 50% chance 
of limiting the peak in 
global temp. to 2°C

Low: 50% chance of 
limiting the peak in global 
temp. between 2-4°C

Net Zero: limiting temp. 
rise to 1.5°C above pre-
industrial levels

Rapid: limiting temp. rise 
to well below 2°C above 
pre-industrial levels

Strong policy: H2 
supply 27EJ of energy 
in global economy, 
meeting 4% of 
projected final energy 
needs in 2050 or 7% 
in 1.5°C scenario

Weak policy: H2 
supply 99EJ of 
energy in global 
economy, meeting 
15% of projected 
final energy needs in 
2050 or 24% in 1.5°C 
scenario

Limit global warming to 
2°C

Acil Allen Report BP Energy Outlook 2020
Hydrogen Economy 

Outlook
Hydrogen Council 

– 2DS

Hydrogen 
production 
route

Projected 
demand by 
application

Ambition to 
limit global 
warming 

Source: PwC
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Exhibit 6 Mapping emerging hydrogen roadmaps and strategy documents of leading countries and regions15,16

Current 
Hydrogen 
Demand

Policy Target 
Demand

Demand FocusCapital
Allocated
(US$)

Focused 
Hydrogen 
Source Industry Transport Others

Export/ 
Import 
Focus

European Union 

Germany 

France

Netherlands

Hungary

Portugal

Spain

United Kingdom

Norway

Japan

South Korea

United States

Canada

Australia

Chile

China

Russia

1.65 MMTPA

0.9 MMTPA

1.5 MMTPA

160 ktpa

~150 ktpa

0.5 MMTPA

0.7 MMTPA

2 MMTPA

220 ktpa

10 MMTPA

3 MMTPA

650 ktpa

58.5 ktpa

22 MMTPA

2-3.5 MMTPA

6 GW capacity by 2024;  
40 GW by 2030; 10 MMTPA 
green H2 by 2030

2.7-3.3 MMTPA by 2030

6.5 GW via electrolysis 
by 2030

Not Available

36 ktpa (low carbon) + 
138 ktpa (grey) by 2030

2-2.5 GW via electrolysis 
by 2030 
400 ktpa overall by 2030

4 GW via electrolysis by 
2030

5 GW/a electrolysis  
capacity by 2030

3 MMTPA by 2030 and 
20 MMTPA by 2050 
(5-30 by 2050)

3.9 MMTPA by 2030 and 
27 MMTPA by 2050

20 MMTPA

5 GW/a (2025) 
25 GW/a (2030)

 
35 MMTPA (by 2030);  
160 MMTPA (by 2050)

7 MMTPA by 2035 and 
33 MMTPA by 2050 
(export only) 

1. Chemical feedstock
2. Refining

1. Iron and Steel
2. Chemical feedstock
3. Refining

1. Iron and Steel
2. Chemical feedstock
3. Refining
4. Others

1. Iron and Steel
2. Chemical feedstock
3. Refining
4. Others

1. Chemical feedstock
2. Refining

1. Iron and Steel
2. Chemical feedstock
3. Refining
4. Others

1. Chemical feedstock
2. Refining

1. Chemical feedstock
2. Iron and Steel

1. Chemical feedstock

1. Refining
2. Others

1. Iron and Steel
2. Chemical feedstock
3. Refining
4. Others

1. Chemical feedstock

1. Chemical feedstock
2. Refining

1. Refining

609 billion

15-20 billion

 > 7 billion

40-55 
million/yr

450 million

No 
dedicated 
capital

No details

2 billion

23 million

935 
million / y  / yr

653 
million / y  / yr

> 15 billion

1.2 billion

278 million 
(annual 
support)/ yr

50 million

13 million

1.2  billion

Low Carbon - 
Blue / Green

Carbon free - 
Blue / Green

Low Carbon 
- Blue

Blue / Green

Low Carbon - 
Grey / Blue

Green

Green

Blue / Green

Clean

Blue

Grey / Blue /  
Green

Low Carbon - 
Blue / Green / 
Others

Low Carbon 
Intensity - 
Grey / Blue

Clean - Blue / 
Green

Green

Green (long- 
term)

Low Carbon - 
Blue / Nuclear

1. Medium and Heavy Duty
2. Buses
3. Rail

1. Medium and Heavy Duty
2. Buses
3. Rail

1. Medium and Heavy Duty
2. Buses
3. Rail
4. Aviation

1. Passenger Vehicle
2. Medium and Heavy Duty
3. Buses
4. Rail

1. Medium and Heavy Duty
2. Buses

1. Passenger Vehicle
2. Medium and Heavy Duty
3. Buses

1. Medium and Heavy Duty
2. Buses
3. Rail
4. Aviation
5. Shipping

1. Maritime

1. Passenger Vehicle

1. Passenger Vehicle
2. Medium and Heavy Duty
3. Buses

1. Passenger Vehicle
2. Medium and Heavy Duty
3. Buses
4. Aviation

1. Passenger Vehicle
2. Medium and Heavy Duty
3. Buses
4. Rail

1. Medium and Heavy Duty
2. Buses

1. Medium and Heavy Duty
2. Buses

1. Passenger Vehicle
2. Medium and Heavy Duty
3. Buses

1. Rail

Import

Export

EU Export/
Import  
Hub

Export

Export

Export

Import

Import

Export

Export

Export

Export

1. Heating

1. Heating

1. Heating

1. Heating
2. Power

1. Heating
2. Power

1. Power

1. Heating
2. Power
3. Energy 
storage

1. Heating

1. Heating

1. Heating

1. Power



Manoj K Agarwal Natural Resources - Green Hydrogen September 2022

Hydrogen Economics


Niti Aayog has further summarised the potential 
share of Green Hydrogen vis-a-vis other Gray/Blue 
Hydrogen globally looks that share of green 
hydrogen will 
b e 4 5 % b y 
2 0 5 0 f r o m 
m i n u s c u l e 
s h a r e 
presently. The  
driving force 
f o r t h e 
development 
of the Green 
Hydrogen are 
1) lower costs 
o f t h e 
r e n e w a b l e 
p owe r c o s t ,  
2) the lower 
costs of the 
electrolyzers and 3) Operating hours. As per IRENA 
analysis , please see below:
8

With the electricity price (wind/solar) available in 
the range of USD 20/MWh, electrolyzers cost in the 
range of USD 200/kW with >8500 operating hours, 
we may achieve the Green Hydrogen production cost 
in the range of USD 1/kg. Presently high cost of 
electrolyzers (in range of USD 600-800/kW) the GH2 
production cost may be in the range of USD 4.5 to 7 
per kg. Also witnessing the declining renewable costs 
with hybrid options of wind and solar power leading 
to electricity cost in the range of USD 10-20/MWh 

with the long term cost reduction in electrolyzers 
costs to sub USD 200/kW level may look quite 
feasible to achieve the GH2 production cost lower 
than the USD 1/kg. Blue hydrogen production cost  
on a long term basis ranges between USD 2-3 /kg 
presently. On a long term basis, it looks to be quite 
possible the GH2 production cost may come lower 
than the Blue hydrogen. An immense investment 
opportunities are available in R&D, Development of 
Green Hydrogen projects and manufacturing of 
Electrolyzers space.


Green Hydrogen Production


The GH2 production plant consists of mainly 1) 
Electrolyzer, 2) Balance of Plant and 3) Storage. 


The electrolyzer is composed of the stack (where the 

actual splitting of water into hydrogen and oxygen 
takes place and the balance of plant, which 
compr i se s power supply, water supply and 
purification, compression, possibly electricity and 
hydrogen buffers and hydrogen processing. The 
flexibility of alkaline and PEM stacks is enough to 
follow fluctuations in wind and solar . There are four 9

types of electrolyzers: Alkaline and polymer 
e l e c t r o l y t e m e m b r a n e ( P E M ) a r e a l r e a d y 
commercial, while anion exchange membrane (AEM) 
and solid oxide, now at lab scale, promise a major 
step forward. Water is the main input other than 
electricity and typically 1 kg of Hydrogen needs 
around 9 kg of demineralised water making that 
around 18-20 kg of water would be needed to 
produce 1 kg of GH2. Various opportunities are 
available for investment in the area of Electrolyzers, 
efficiencies, system design to optimise the utility 
consumptions, storage and transport.  


 IRENA Green Hydrogen cost 20208

 IRENA Green Hydrogen cost 20209
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Renewables prices have witnessed incredible declines 
over the past years and the economic inertia is expected 
to drive further decrease. When coupled with the decline 
in electrolyser costs, as technology matures and volume 
production and deployment take place, there is an 

emerging consensus that green hydrogen production 
will become economical. RMI’s analysis of IEA’s outlook 
shows that the green hydrogen market could be 
US$120–US$175 billion annually by 2050 based on a 
range of projected prices.iii,21

Exhibit 7 The driving forces of the emerging economics of green hydrogen 

Source: IRENA, BNEF, IEA

Globally, demand for hydrogen has increased by 17% 
between 2010 and 2018,22 used mostly to produce 
ammonia and in refineries. With the global decarbonization 
push, current policy momentum, and improvement in 
economics and durability of end-use technologies like 
fuels cells, hydrogen could serve 7%–18% of global final 
energy demand in 2050.23 Significant upside exists if 
net zero targets are pursued seriously. The IEA projects 
potential hydrogen demand of 528 million tonnes under 
their net zero scenario, up from 287 million tonnes 

as per their sustainable development scenario.iv This 
could result in the mitigation of 1.6-3.5 giga tonnes of 
greenhouse gas emissions annually by 2050.24 Industrial 
decarbonization (both energy and feedstock) is driving 
near-term hydrogen demand creation. But longer-term 
opportunities fall in transport, power, and even for 
decarbonization of the shipping and airline industry. 
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Due to the e!ciency of the current process, 
any power cost that goes into the process 
translates into roughly 1.5 times this value in final 
production costs. This means that a power cost of  
USD  20/MWh results in around USD  31/MWh in 
the final cost of the hydrogen, or a figure slightly 
above USD 1/kg H2.

Under the optimal conditions of low-cost 
renewable electricity, low investment cost 
(achievable through the strategies suggested in 
this report) and a high number of operating hours, 
green hydrogen could achieve cost competitiveness 
with fossil-based hydrogen, noting that only about 
3000-4000  hours per year may be enough to 
achieve the largest reduction in the contribution 
of the investment. This can be achieved by, for 
instance, large scale hybrid PVwind plants, which, 
at the best locations in the world, can achieve 
capacity factors above 5000 hours.

Currently, green hydrogen production is limited 
to demonstration projects. By September 2020,  
there were almost 320 of these, adding up to 
around 200 MW of electrolyser capacity (IEA 
TCP). Green hydrogen (through water electrolysis) 
contributed to less than 0.02% of presentday 
global pure hydrogen production. Projects are 
mostly in the single-digit MW scale with the 
largest project in operation currently a 10  MW 
alkaline electrolyser in Japan. A 20 MW PEM 
electrolyser in Becancour (Canada) by Air Liquide 
is expected to be operational before the end of 
2020. In spite of this small scale, the technology 
is already commercial and ready to scale up, with 
projects announced between 2020 and 2025 
adding up to more than 25 GW and new projects  
being announced on almost a weekly basis (see 
Chapter 5, Section 2).

Figure 1.   Hydrogen production cost as a function of investment, electricity price  
and operating hours.

 

 

Note: E!ciency at nominal capacity is 65% (with an LHV of 51.2 kWh/kg H2), the discount rate 8% and the stack lifetime 
80 000 hours.

Based on IRENA analysis.
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Figure 4.  Basic components of water electrolysers at di!erent levels.

 

 

 

Based on IRENA analysis.
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India’s Case - Future of Green Hydrogen


The production cost from electrolysis today is 
relatively high in the range of USD 5 to 7 /kg 
compared to USD ~3/kg for Blue Hydrogen (Natural 
gas/Coal based with Carbon capture & Storage). 
However, as we discussed above on a long term 
scenario, GH2 has a brighter future due to falling 
costs of renewables energy and electrolyzers. 
However, argument also goes in favour of coal based 
Hydrogen with carbon capture & storage due 
av a i l ab i l i t y o f c o a l i n ab u n d a n ce i n I n d i a . 
Additionally, govt of India has reduced the 50% share 
in the revenue to be given to the govt for the coal 
gasification project in order to promote the clean 
technologies. Natural Gas based hydrogen is not an 
option due to only import-availability of the natural 
gas in India.


Indeed electrolyzers and electricity costs will guide 
the long term price profile of Green Hydrogen, there 
are soft costs element which can also help to reduce 
Green Hydrogen cost even today. As per Niti Aayog/
RMI analysis  Govt of India’s waiver of inter-state 10

T&D charges for electricity used for production on 
Green Hydrogen  may reduce cost by USD 1.5 per kg. 
Additionally GST waiver (from 18%-5%) may also 

contribute the reduction around USD ~0.6 per kg 

thereby producing the Green Hydrogen in the range 
USD 3.2-3.7 per kg from USD 5.5 - 6 per kg presently. 
Of course in the long run the cost will be $0.6 to $1.2/
kg.


There are development opportunities available in 
the coal fields to develop both Green and Blue 
Hydrogen. Most of the coal mines are situated on the 
east zone of India for example Talcher coal field. The 
vast overburden land lying vacant can be used for 
solar/wind power for producing Green Hydrogen and 
even the option for export can also be evaluated due 
to nearby Paradeep Port. The present govt of India 
policy allows storage facility for Green Hydrogen at 
port. Such projects may yield the lower cost of 
production even today. Another alternate can be coal 
to Hydrogen projects in the coal mine area as the 
govt incentive of 50% reduction in revenue share is 
available for such projects. Large mines are available 
in the coal mine bidding auction which come time to 
time. The Hydrogen can be used to heavy duty 
trucks, ammonia production, partial inducement of 
Hydrogen in steel making as a reductant (DRI 
furnace or BF/BOF replacing coking coal which is an 
import solution currently) and to export.


The manufacturing opportunity are available in the 
field of Electrolyzers (~45% of the total plant costs) as 
the demand is expected to grow 20 GW by 2030 and 
2 2 6 G W b y 2 0 5 0. T h e r e a r e s e v e r a l R & D 
opportunities available on the size, scale and 
efficiency of the electrolyzers including further 
development of PEM stacks compared to Alkaline 
stacks. There are many international funds which are 
supporting such initiatives and available on very 
attractive terms.


To summarise, the early mover advantages in 
Hydrogen space are very compulsive and needs a 
serious evaluation.

 Niti Aayog - Harnessing Green Hydrogen 202210
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Soft-cost driven green hydrogen price 
reduction pathway
While electrolyser and electricity costs will guide the 
long-term price trajectory of green hydrogen, there 
are soft cost elements that can help reduce green 
hydrogen production costs today to help spur market 
development. Specifically targeting duty waiver and 
reduction of the GST and T&D charges, the levelized cost 
of hydrogen (LCOH) can be reduced to around $3.2/kg in 
the best case, making it closer to becoming competitive 
with grey hydrogen (Exhibit 10).

Reduction of T&D charges is not a novel suggestion 
and should be pursued. The Ministry of Power already 
waives inter-state transmission system charges for 

electricity generated from wind and solar. Most recently, 
this waiver was extended to projects commissioned from 
30 June 2025, including for pumped storage hydro and 
battery energy storage systems.28 Extending this waiver 
to renewable-based hydrogen production can drastically 
improve the near-term economics of green hydrogen. 

Beyond these soft costs, India should strive to reduce 
renewable power tariffs for hydrogen production. These 
could include revenue recycling of any carbon tax or 
coal cess, low-emissions PPAs, and avenues for firming 
electricity supply including discounted grid electricity to 
complement the VRE generation.

Exhibit 10 Soft cost led price-reduction pathway for current (2020) round-the-clock (RTC) renewable-based 
green hydrogen

Source: RMI Analysis

* Hydrogen price calculated for RTC renewable (@ ₹3.6/kWh) with average T&D charges
** The range is based on high and low end of electrolzyer capex price: $500 - 969/kW
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