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FOREWORD

“Reducing emissions is a key goal for countries across the world. At the same time energy demand
is increasing so the transition to a low carbon energy system is essential to meeting the immense
challenge of global warming. We cannot do this without green hydrogen made from renewable
electricity. It is the only way we can fully decarbonise key industrial sectors such as steel, cement
and fertiliser production and long-haul transport in shipping and aviation.

The Indian government has made an impressive pledge of net zero by 2070. It is now putting bold
measures in place to create a green hydrogen economy replacing fossil fuels. Led by Prime Minister
Narendra Modiji, India’s National Hydrogen Mission is grasping the immense potential of green
hydrogen to reduce the dependence on oil and gas imports. It was heartening to see how fast and
dedicated Indian business responded to the call from the prime minister.

As an agricultural powerhouse and significant user of fertilisers, India has the potential to decouple
its food production from fossil fuels. Green hydrogen can be used to make carbon-free green
ammonia, which in turn can be a key input to fertilisers. This will reduce India’s import needs for
fertilisers and reduce its heavy subsidy bills.

India’'s green hydrogen policy is putting the country on the path to being a green hydrogen

perp . The range of i i aimed at increasing the supply of green hydrogen can be
matched with similar incentives to stimulate the demand of green hydrogen. Government
procurement rules and regulations can be tweaked to drive the demand for lower carbon solutions
such as green hydrogen.

The introduction of green hydrogen standards or codes in the Indian green hydrogen economy will
boost the credibility of this sector and improve the confidence of investors. The adoption of
internationally recognised standards that certifies that hydrogen made in India is genuinely green
is also key to satisfy Indid’s export ambitions. In Green Hydrogen Organization we are eager to work
with Indian business and officials.

No other country needs a fast-track green hydrogen economy more than India. This will limit the
financial burden of oil and gas imports. It will curb pollution in its growing urban cities, improve food
and decarbonise its energy sector with cheaper and clean energy access to all.

| congratulate the team at Deesha Power Solutions and the Green Hydrogen Organisation in
bringing together this white paper for readers and patrons who share a similar green vision for India.
I look forward to meeting you all! Let us come together, provide leadership and, for the sake of the
planet, for Indian development and for your commercial endeavours, work tirelessly to shape the
green hydrogen economy in India that aims to become the middle east for GH2GNH3 in the world.

A planet to save, an Indian economy to build even stronger, not a day to lose.”

Erik Solhiem, Chairman
Green Hydrogen Organisation
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MESSAGE FROM CHAIRMAN - GH2GNH3 SUMMIT 2022

Global Sustainability Initiatives will disrupt various Industrial initiatives. This is the beginning
of Industry 5.0

We all know Industrial revolution journey.

o Starting 18th Century, Industry 1.0 was focused on Water and Steam powered
mechanical  manufacturing,

# That continued till 20th Century almost 200 years, when we saw Electrically powered
products with division of labour, this we called as Industry 2.0 that lasted for 70 years.

o In early 1970s till late 2010 (40 yecrs) we say growth was supported through focus on
Electronic and IT for improved automation and manufacturing, this we called as
Industry 3.0

® Industry 4.0 was all about cyber physical & Digital systems wherein we talked about
integration 10T and stuff around that supported by 4G telecom networks. This has
been for past 10 years.

¢ Now, the new disruptive but globally constructive term Industry 5.0 as a next wave, and
it is going to capitalize on new setup based on sustainability and climate change
agenda. Implementing SDGs, ESG, Goal Net Zero, GH2GNH3 and various sustainability
linked initiatives are already into foray.

As we see from these industrial revolutions, Change is not only Constant but accelerated too
from 200 years to less than 10 years.

We see several early adopters who are serious on adhering Scope 1, Scope 2 and Scope 3
norm. Companies have to put ESG at the center of future strategy development and are
willing to re-look and align their current product portfolios.

Industry 5.0 will have very positive impact on environment; however, it would disrupt
conventional coal-based and hydrocarbon base energy intensive industries.

This transformation would need huge funding. As per McKinsey report capital spend on
physical assets of energy and land use system, world would need to raise USD 3.5 Trillion Per
year globally. Government bodies, financial institutions, Large Business Houses need to
come together and plan the strategy of Financing Net Zero,

For India we would need USD 2.3 Tn for Industry and USD 1.5 Tn for low emission fuel in next
decade.

GH2GNH3 summit has been conceived to deliberate all the facet of this opportunity with the
context of several G2G initiative and commitment from our Hon. Prime Minister Shri Narendra
Modi to make India Global Hub of GH2

Manish Panchal, Chairman
GH2 summit 2022
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1 EXECUTIVE SUMMARY

Context

eWhite paper cims at discussing GH2GNH3 global best practices, adaption strategies for India its
aspirational positioning to be "ME of GH2GNH3".

#H2is called as God Molecule due to its chemical property that when it burns in presence of 02, water
is formed.

eHydrogen is getting used as a chemical in many industrial applications such as refinery, fertiizers,
chemicals, glass, food, electronic, pharma, steel etc while Hydrogen is going to be an imminent
promising fuel for air, water and surface mobility

#H2 making is an energy intensive process, type of energy used determines its colour coding such as
gray/blue/green

eindia needs to harness GH2 for energy security and energy democretisation reasons, while GNH3 is
required for security of feedstock for fertilizer industry

Current Status

#Global GH2 market is expected to reach to USD ~20 billion by 2030 which is further likely to touch ~UsD
700 billion by 2070,

#EU is leading GH2 adoption initiatives with net zero targets, but US going to catch soon with
production incentive upto USD 3/KG of GH2.

esubsequent announcement of Hon PM on National H2 Mission in Aug 2021, plethora of GH2 policy
initiatives are announced over last one year and now it is progressing in right direction of exports,

eindia’s current hydrogen production is -6 MMTPA which expected to enhance by~5x by 2030, while
cost of GH2 is likely to drop to 1/3rd of today’s value.

Future Aspirations
eindia may target to reach production of ~210 MMTPA or ~30% of GH2 global production by 2070,
eDomestic GH2 needss to reach to the scale of ~80 MMTPA coupled with GH2 exports of ~130 MMTPA
resulting into likely annual turnover of ~USD 500 billion.
eindia would need a total investment of ~USD 4 trilion and the same is proposed to be financed
through equity, debt, green bonds and carbon financing

Voice of Industry Leaders

eindustry believes that energy & food security coupled with decarbonization are the principle reasons
why India should adopt GH2GNH3

#-70% of respondents opined that inflection point in terms of Rs/KG of GH2 pricing for its wide spread
adoption in India would be in range of USD 2-3/KG

eRespondent opined that GH2 adoption is likely to happen on priority across four sectors viz Refinery,
Fertiizers, Steel & Chemicals.

81% of the respondents believed that Indiia can become ME of GH2GNH3 primarily due to conducive
govt policies; balance raised concerned about infra readiness.

Possible Strategies to Help India Become ME of GH2GNH3

eDomestic GH2 market of 80 MMTPA by 2070 could be created with calibrated policy support,
incentives and mandates

oTo create a scale, PUI like scheme could be introduced for electrolyzer and other sectoral
manufacturing

#RE pricing for GH2GNH3 could be targeted in the range of $ 2.5 cents to 3.75 Cents/kWh by 2025 and
~1.88 cent/kwh by 2050.

eFiscal incentives such as GST exemption and zero customs duty for all inputs could ensure landed
GH2 pricing below USD 2/KG GH2 Export market of ~130 MMTPA by 2070 could be initiated with

executing MoUs with partner countries i gy and finance ; GH2GNH3
clusters could be developed across coastal lines of Indic
#Gol need to address GH2 definiti y p which are compliant to

international/EU standards.
#*Green Bank’ and “Carbon Discovery” may be incorporated with appropriate legislation to
fund debt requirements of GH2GNH3 projects.




2 CONTEXT

21 Introduction

Indiat in line with its vast demography has been a big energy consumer with ~85% of its crude oil needs and
-48% of natural gas needs being met through imports. This has not only led to prohibitive costs which form 23%
of the country's total imports but has also had it face troika issues named “Empission” viz economic, imports
and emissions. Its current position as the worlds third largest emissions producer does tend to put it in a
vulnerable territory

Green Hydrogen as an energy transition comes at an opportune time when the nation is working towards
energy security through self-reliance approach with a strong commitment to sustainability. Prime Minister Shri
Narendra Modi's vision on Green Hydrogen is very encouraging to say the least

Through this Whitepaper we are making an attempt to bring to the forefront GH2 adoption strategies against
the backdrop of national demand and global best practice that can help India achieve its ambitious mission
of becoming a global player in the GH2GHN3 sector

Among others, this white paper also aims to ponder upon need of standards & safety procedures, technology
options and most importantly financing options.

22 H2 Properties

Property Property

Auto  Ignition  Tem- Makes it relatively safe as compared to other hydrocarbons (sub 100
perature: 500degC | degc)

Calorific Value: ~3 times higher than natural gas CV; Important consideration for com-

33,889 kcal/ke parison ($ per kcal)

Density (kG/M3) 14 times lighter than air; This means that when released, hydrogen will

0.08375 typically rise and disperse rapidly, greatly reducing the risk of ignition at
ground level

‘Source: Deesha Power Secondary Research

Chat Box 1
Why The Name - God Molecule?
~Hydrogen occurred during the very first second after the Big-Bang, which marked the birth of universe
“When H2 is burnt in presence of 02, water is formed. Like God, Hydrogen is the giver of water and hence
the name God Molecule

Electricity & Mobiles were the business disruptions of 19th & 20th centuries respectively. Hydrogen,, that to green
hydrogen, is all set to become the biggest business disruption of 2Ist century. World is increasingly getting
divided between those who knows about hydrogen or otherwise. Those who want to become makers of
hydrogen economy or the takers.
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2.3 Hydrogen Industrial Uses

23.1 Existing uses
Hydrogen is getting used as a chemical in many industrial applications such as refinery, fertilizers,
chemicals, glass, food, electronic, pharma, steel etc as mentioned below:

v To create specially controlled atmospheres n the
production of semiconductor ciruts

- 1o prouc gt ystocrbons,which re more

' Tovomare sphu towerds mesing Al Qually Act

QB o o i e o ot ooss
roduction (as a spacial condiioning chemicals
” (omaspes 9 To golvanise the steel n galvaniing fnes

o hydrogencre iquid o (suh as soybean fish, cot- To serve as @ heat transfer medium for codling high
-/vhvdgdw‘;'a\(h ybeanfish, rower TR 9 higt

v To make preforms ond also in Optical fier rawing
machines

o produce soritol (though hydrogenation of g~
cose) which is @ base chemical for skin careoral
core appicotons such as cosmetcs, adhesive, -
foctonts and vitarming A and C

"~ o ranneal the steal n el ype Annedling Fumace or

erting them to semi solid speed turbine generators n thermal power genera-
materiol such as marrgarine and peanut butter tion
4150 used to react with oxygen i the cooling water
ystom of bolig voter ruclea teocrs i nucecr
power generatior

Source: Dessha Fower ntaligence
Refinery , Fertilizer and Chemical industries require hydrogen on 24x7 basis. Hence almost entire hydrogen is
produced at site through steam methane reformation of natural gas.

Majority of the other industries as mentioned above need hydrogen sporadically. Hence the same supplied in
batches. H2 transportation through road and that to using cylinders wherein hydrogen is compressed to ~150

bars.

23.2 News uses
Hydrogen is going to be an imminent promising fuel for air, water and surface mobility as mentioned below:

o popel by ity ks  commrcil veicis PP . 1o i g it e gos
surtoce wooiiy IARARSH AT ~ - rcrerr sosed v oo using
el

B . 1o oo rge g e o blend hycogen with natural gas
Marine Transport IR Turbine. 75 use blended ful for power generation
 Touse slectriytc green hychogen and captured CO2 v To produce electrolytic GH2 using cheap energy
10 produce synthetc fulel ERUEEU TN * o e this o2 in peaking s to repiace costly

 To propel large air cargos and replace ARF

Source: Deesha power nteligence
Among aforementioned applications, pilots for surface mobility has started in India. In Singapore, Keppel
shipyard is planning to use GH2 for marine applications.

Indian Railway has recently awarded a contract for conversion of diesel power mode to hydrogen fuel as retro
fitment of one Diesel Electric Multiple Unit on Sonipat Jind section of 89 km. s envisaged that cost of diesel
is higher than cost of hydrogen and hence project s ikel to have a payback period of less than two years.

/ indiiar y unch-hydrogen-fuel-p in-

as-pilot-project)
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2.4 H2 Colour Coding
Industry nomenclature for various colours of H2 is presented below:

Colour Fuel Process Products
) Steam reforming or —
Brown/ Black gosifcation Hi+C0; (oeoed
white A Naturally ocourting B
Grey Natural Gas stear Retorming TGO, (o)
oon TC0, o
Notural Gos Steam Reforming i)
Turquaise Natural Gas Pyiclysis H,C
Red Nuclear Power Catalytic spliting H,+0,
puple/Pink | uctear power Flectrolysis 1,40,
[ votow solo over st o,
H,+0,
Groen Renewable Electricity | Electrolysis

Source: ndusty
At the moment, Indid’s entire consumption of hydrogen is considered as gray hydrogen as the same is pro-
duced through steam methane reformation of natural gas without any carbon capture. Every SMR based H2
produces ~9-14 KG of Co2, which is extremely carbon intensive process

25 H2 Colour Coding
Hydrogen value chain is presented below:

st Secona
Upstream Conversion Conversion
et
L == - R o Lt
o - m o
o
sy .
Wase - Feedstock
gl B o Marine.
r | (Tne R
o Gamrulmn
ot
G cell
o s L Gy (R

Source: ndustry
The value chain of green hydrogen describes the single steps from the origin towards the use of the energy
carrier: green electricity production, H2 production, H2 distribution and H2 storage as well as various H2 appli-
cations.
251 H2 Production
There are different ways to produce hydrogen. Examples include production from renewable energies through
electrolysis, steam reforming of biomethane and pyrolysis of biogenic feedstocks (green hydrogen) and nat-
ural gas through steam reforming with (blue hydrogen) and without (grey hydrogen) the sequestration and
storage of CO2 (CCUS - Carbon Capture Use and Storage).

Further processing of hydrogen to remove impurities might be necessary depending on the target applica-
tion
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25.3 H2 Applications
In energy and material applications, operators and component manufacturers need to understand the risks

related to high-pressure equipment, safe handling of hydrogen and conformity of parts, equipment, and
plant.

in mobility applications, homologation, global market access, and component testing for hydrogen vehicles
are critical but not yet fully standardised

2.6 Why India Should Invest in GH2?

Below mentioned graphic illustrates strategic reasons why India should invest in GH2:

I oo
B i soury

Why GH2 for India?

_
e

Source: Deesha Power Perspective

India related impartives for GH2 are explianed below:

o Energy & Food Security: Adventurism by few oil & gas producing countries always pushes India against
wall due to its heavy import dependence. This inturn also affects further hydrocarbon value chain leading

upto ammonia grossly affecting fertilizers. By adopting to indegenous GH2, we are opting to do away with
the security issue once for all

Being largest India can't and shouldn't shy away sustainability

related issues. GH2 could offer significant impetus to Hon PMS vision of net zero economy by 2070

« Price Predectibility & Stability: Lack of predictibility and stability in energy pricing is demotivating for in-
dustries also adds to inflation eating away signficant real income of lower strata Indians. Biggest advan-
tage that GH2 offers is it decouples energy and inflation.

*Import Substitution: Locally produced GH2 and its further value chain will signficantly avoid imports of oil,
gas, petroleum products, ammonia and urea. This will save precious forex which could be used for infra
creation

® Export Potential: Using shale gas, US not only met its domectic demand but also became net exporter of
energy. GH2 could be India’s shale oil towards the path of exports that too a dominent export hub due
cheap (& abundent) availability of RE power and water across Indian states

N
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2.7 GNH3 for India
Below mentioned graphic illustrates strategic reasons why India should consider GNH3 applications:

Energy intensty of Fertzer Imperatves Food securty
Honer th NG rce. ighr s e
i o e sy Toschieve
3 wrary
(ot etz st reductionin
AT jisiriiy
frtizersubsidy,
o prouca 1 T 1oper e vty NG prce.
ighr e vy etz e
o3, whichie
oY Pri rease e votatity ana
oo chamica: Rty
p—
Eoe xpectod 0 grow
: otuture supply,
s e oo o
Inciabacly
vae chan
neccs GG

Source: eesha power Perspective
GNH3 is required for security of feedstock for fertilizer industry in following three ways:
einsulation from ever increasing NG pricing
eDecoupling of NG pricing volatality with NH3 pricing
eFeedistock security through domestic production

3. CURRENT STATUS

3.1 Global GH2 Market
Global GH2 market situation during 2020-2030-2050-2070 is depicted in picture below;

Global Green Hydrogen Market (USD B)
700
400
05 20.0
2021 2030 2050 2070

Source: Al Market Research
As depicted above, global GH2 market is slated to grow to USD 700 Billion by 2070. Drivers and restraints for
GH2 are mentioned below:
® Drivers

Democratisation of Energy Access

®Energy Security

e Decarbonisation drive

e Volatility in NG pricing due to geopolitical issues
o Restraints

eHigh initial capex and opex

eLogistics

esafety of hydrogen

it is envisaged that ics and inter-g
of this market.

peration will help the envisaged growth

N
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3.2 Country-wise Aspirational Targets
Below mentioned graphic illustrates strategic reasons The graph below gives country wise aspirational GH2
targets by 2030:

13
10 10
7
usA EU  Japan  India

Source: Deesha Power Secondry Research

EU has committed for Net Zero GHG emissions by 2050, there by leading GH2 adoption initiatives so far. Howev-
er, Us market is becoming equally interesting with Federal Govt of US announcing production incentive upto
USD 3/KG of GH2 or for 10 years or an investment tax credit of up to 30% of the cost of the electrolyser and other
equipment. Japan is equally committed with aspiration GH2 adoption @ 10 MMTPA by 2030

India, on the other hand, has announced its aspiration GH2 target but "National Hydrogen Mission” or “the how

part”is still a work under progress

3.3 India’s GH2 Policy Developments
Enhancement in Indid’s aspirational demand target in GH2 is depicted below:

Visionary Demand Target GH2 by 2030 (MMTPA)
13

Exports.

Aspiration Announcement:

Adaiton

Aspiration Announcement:

Source: Mo, Gol

GH2 Policy developments for India are as follows:
#Hon PM announced National Hydrogen Mission while celebrating diamond jubilee of India independence
© This wass followed by a Green Hydrogen policy document in February 2022 with a visionary demand target
of § MMTPA by 2030
# RE Round-The-Clock Power case, which accounts ~75% of GH2 Opex, was further strengthened by Green
Open Access policy in June 2022
@ In its precursor to National Hydrogen Mission document, Niti Aayog enhanced visionary demand target of
Indicr to 13 MMTPA by 2030 in @ recently released report dit ~July 2022
N7
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3.4 India GH2 Market
Growth in hydrogen and particularly GH2 is depicted in the graph below.

Demand: Expansion in H2 production
by >~5x in India

Hydrogen Demand ( Unit: million metric: %

o L]

202 2030

source

Drivers of India market are presented below:

© India’s aspirational GH2 demand target comprise of ~5 MMTPA for domestic and ~13 MMTPA for exports

 Demand of domestic green hydrogen is driven by:
* volatile gas markets

 Movement for carbon pricing

© Net zero targets by big industrial houses

® Additional demand from surface mobility comprising of road/rail/marine sectors

supply side story is becoming interesting as per the figure mentioned below:

supply: Expected fall by >3x

Estimate Green Hz Costs ( unit: $/kg)

1%

T~
ENm

2021 2030

GH2 costs in India

source: a w

Following supply-side developments are driving a reduction in GH2 costs:
Reduction in renewables costs:

 Favorable policies for landed RE RTC power

 Decreasing RE capex

o Giga projects
Reduction in electrolyzer costs:

« Increasing scale of production

o Increasing efficiency of electrolyzers

® Decreasing cost of electrolyzers

With these demand and supply side situations, one must say India’s GH2 market is close to the inflection point

of phenomenal growth spread over next 4-5 decades

o
O
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4. FUTURE ASPIRATIONS

4.1 Methodology Adopted
systematic methodology that was adopted to chalk out probable aspirations of India is depicted below:

EltﬂcElvgmor

ower "
Domestic &  Investments GH2GNH3
Export & Financing Strategic
Capacities Road Map

Global H2

Timeframe: 2030 o 2070
Source: Dessha Power Anclysis

Step by step methodology has been adopted to arrive at aspirational demand and strategic roadmap for GH2.
The same is presented in subsequent sections.

4.2 India Aspirational GH2 Target for 2070
Global hydrogen production between 2030-2070 is presented below:

Global Hydrogen Production (MMTPA)

2030 2080 2070

Source: Dessha Power Anclysis

India's aspirational target GH2 discovery is presented below:
o At 30 Million Barrels Per Day (MBPD) of ol production, ME controls ~30% of global oil production of ~100
MBPD
# Global Hydrogen, a new oil, production is likely to reach to ~700 MMTPA by 2070 assuming 5% CAGR till
2050 and 4% CAGR thereafter, by then entire hydrogen would be GH2
o Accordingly, in order to achieve ME like control over GH2 production, India could target to produce ~30%
of 2070 GH2 production or ~210 MMTPA of GH2

o
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4.3 Break-up of Aspiration Demand in Domestic and Exports Bucket
Probable break-up of this aspirational GH2 target in domestic and exports bucket is presented below:

India Domestic GH2 (MMTPA)

s
2030 2080 2070

Incia Exports GH2 (MMTPA)

s
2030 2080 2070

Source: Doesha Power Analyss
Domestic GH2 consumption could achieve aspirational demand of 5 MMTPA by 2030. thereafter it needs to
quadruple every twenty years.

Exports too needs to first achieve aspirational target of 8 MMTPA of GH2 or 40 MMTPA of GNH3 by 2030, thereaf-
ter it needs too quadruple twenty years towards achieving dominant position of ~130 MMTPA by 2070

This translates into CAGR of 7% for GH2GNH3 between 2030 to 2070.

At then pricing of GH2 ~USD 1/KG and GNH3 ~USD 0.65/K@, Indian GH2GNHS industry could achieve an annual
turnover of ~UsD 500 billion by 2070
4.4 Resultant Electrolyzer and RE Power Capacity

Electrolyzers (as equipment) and RE power (as a principle input) are main requirements for a successful story
of electrolytic GH2. The resultant capacities to achieve Indid’s aspirational target are presented below :

Electrolyzer
(W) [
-100

RE Power
(ow)

-a00

Source: Deesha power Anlysic

To achieve target of 210 MMTPA GH2 production, one needs an installed electrolyzer capacity of ~1600 GW by
2070 (this is with assumption that 1 MW of electrolyzer would produce ~130 MTPA of GH2)

And to power this electrolyzer capacity of ~1,600 MW on 24 hr basis, one needs a RE RTC power. It is estimated

that ~6,400 MW of such RE power (primarily solar and wind hybrid) would be required. by,
~ Deesha
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45 Likely Investment and Possible Financing
Any respiration requires investment. Its a tricky question how much one may need to budget to achieve an ace
position in GH2GNHS3.
An attempt has been made based on:
 Progressive reduction in electrolyzer capex from USD 800/KW to USD 450/KW by 2070
© Modest reduction in RE power capex from USD 625/kW to USD 550/KW by 2070
The reslts are presented below:

Inclicative GHIGNH3 Investments by 2070 (x) Indicative Financing (x)

Source: Dessha Power Anclysis
India would need a total investment of ~USD 4 trillion (cumulative basis) comprising of:
o Electrolyzer Capex of ~USD 0.68 Trillion
® RE Power Capex of ~USD 3.32 Trillion

And the same is proposed to be financed through equity, debt, green bonds and carbon financing in following
proportion (cumulative i ment and financing requiremer

® Debt: ~USD 2 Trillion

 Carbon Financing: ~USD 0.8 Trillion

o Equity: ~USD 0.8 Trillion

 Green Bonds: ~USD 0.4 Trillion

4.6 strategic Roadmap and KPis
Based on the analysis presented above, the strategic roadmap along with key performance indicators (kPis)
are presented below:

UsD 500 Bilion
Uso 150 Bilion
2047
GHIDZOMMTPA  GH2 DB MMTPA

GH2EIBMMIPA  GH2EIIS MMTPA
Electiolyzer: 04TW  Electrolzar: LETW.

Gzosmen  © 1Y

Graes TP

lectroyrer: 01 7w

RE: 01w

1o o o

Souze: beesha Power Andlyais
strategy roadmap has three distinct steps:

#2030 - By this, we definitely need to achieve our aspirational target of 13 MMTPA comprising of 5
MMTPA of domestic production and 8 MMTPA of Exports (or GNH3 of ~40 MMTPA). This would
require installed electrolyzer capacity of 100 GW and to run this, we need ~400 GW of RE power
capacity. This will help us achieve 10% of global market share and the size of GH2GNH3 s,

i
would touch ~USD 50 billion p.a. - > Deesha




#2047 - India shall have centennial celebrations of its independence by then. Definitely, we can target to
become energy independent with ~20 MMTPA of GH2 consumption for ourselves. We can further aim to en-
hance our exports to 35 MMTPA. This will stretch size of industry to USD 150 billion. With this, will we achieve
threshold market share of 30% by then? Answer is we need to continue our efforts

#2070 - Hon PM's vision is that we should be Net Zero Emission Country by then. With production 80 MMTPA
of GH2 for domestic purpose, it looks plausible. It needs to be coupled with the exports of ~130 MMTPA GH2
(or 650 MMTPA GNH3) so that total industry volume would be ~210 MMTPA. At this volume level, we can be
~30% of global GH2 trade and would have possibly touched size of the industry ~USD 500 billion in monitory
terms. This scale pf volume and monitory contributions would help India achieve leadership position in
global GH2GNH3 industry.

5. FUTURE ASPIRATIONS

5.1 Structured Questionnaire
Stakeholder's views were sought through structured questionnaire around following aspects:

White paper team got a fantastic response on the participation from ~25 global and Indian organizations,
whose names have been mentioned at the beginning of this white paper.

Conturation on

ast of
GH2GNH3?"

5.2 India Imperatives for GH2

Options Opinions Other Reasons

Energy & Food Securly
Predictabiy of energy

o pricing
s Demacratisaton of Energy Access
Econonics
c Decarbonisation an
Allthe above.
o Significant Export Polental o
Any other, please meriion =

Source: Deesha Power Pimary Interactions
Indlustry believes that energy & food security coupled with decarbonization are the principle reasons why India
should adopt GH2GNH3

Other reasons include:
 Predictability of energy pricing - Industry believed that GH2 would have potential to decouple un-
certainty with Indian energy scenario
® Economics - Import substitution would do wonders to Indian economy opined few \uhrg,
stalwarts  DeeshaZ
- X Deesha
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5.3 Inflection Point for GH2

Industry was asked about their opinion in terms of pricing of GH2 that may prove to be inflection point. The e~

sponses are presented below:

options.
A. Coal (kcal Equivalent pricing of ~USD 0.75/KG of GH2) ”*

B. Natural Gas (kCal Equivalent pricing of ~USD 3/kG of GH2) 47

. Diesel (kCal Equivalent pricing of ~USD 3.76/KG of GH2) L
s
D. Petrol (kCal Equivalent pricing of ~USD 4.38/KG of GH2)
25

E. Any other, please specify

Opinions

Source: Dessha power primary Interactions

~47% of respondents believed that inflection point could be achieved at natural gas parity. Another ~25% be-
lieved that the same could occur at pricing of USD 0.93 to USD 2.25 per KG. So in all, -81% of respondents opined
that inflection point in terms of USD/KG of GH2 pricing for its wide spread adoption in India would be sub USD

3/ke.

5.4 Sectors to Adopt GH2 Early

Industry stakeholders were asked to rank the industries wherein earliest adopter sector to start with Rank 1 and

50 on. The responses are presented below:

Adoption | Refinery | Fertilizers | Mobility | Chemical
Ranking (Surface/Ra
il/Aviation)

Tt Adopt

o %
o N
o 1o
N o
o o%
o Y

Early GH2 Adaptors [  Late GH2 Adaptors

Source: Dessha Power Primary Interactions

Respondent opined that GH2 adoption is likely to happen on priority across four sectors viz Refinery, Fertilizers,

Steel & Chemicals.

City Gas Distribution and Mobility are the future adaptors and hence the underdogs to figure in top 4 in terms

of responses from the stakeholders.

77
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55 Technical Challenges for GH2 Adoption
Industry participants were requested to share views on technical challenges for wide spread adoption of GH2

in Indiia. The response is presented below.

Reasons opinions
A lack of commercial scale proven technology 3%
B. Lack of domestic capability to manufacture 22%
C. lack of technology licensing and transfer o

D. Lack of codes/stamdards/safety procedures

E. Any other, please mention

source: Deesha power rimary Interactions
Lack of codes/standards/safety procedures has emerged as the key technical challenge for wide spread
adoption of GH2 in Indiia. Lack of commercial proven technology (other than alkaline) and more so lack of do-
mestic capability to indigenously manufacture were cited as the other important concerns,

Among other,industry developers also cited lack of storage/pipeline infra as a potential bottleneck. Also, some
felt that reliance on single technology may not work, one needs to plan technologies as per the sectoral needs
and that would ensure widespread adoption of GH2 across Indian industrial/mobility /residential sectors.

5.6 Policy Enablers for GH2 in India

Policy Enables.

i gnised standard certifcatl

A (vor et £
8 Demand Aggregati 2
. Modity L
0. Introduce of carbon L
£ End subsicing fossil el B

"
F. Set targets for heawy

"
= for tax credit

-
Hinvest

"

o

3. Any other,

Source: primary Interactions by Doesha Power

Supply incentivization and demand side interventions have emerged as top two policy enablers for wide
spread adoption of GH2 in India. Among others, introduction of carbon tax believed to be highly potent policy
tool to ensure such adoption

b,
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5.7 Viable GH2 Technology for india
Industry stakeholders were asked about their opinion for viable technology for India. Feedback from the partic-
ipants is presented below:

Technology options opinions
A Eakal o
8. PEM 6%
c.€: soc. -
D.E: AEM "
1
£o o
=
n
©.6: Other
o
H. One which gives least landed cost of GHZ.
6%
e-tlocuolyic; casitcoton
Source: rimary interactios by beesha Fower
As its observed from the picture above, alkaline has emerged as ingly viable

technology option for India. Many also opined that, India being most cost sensitive market, we should go after
such a technology which would give lowest LCOH on landed basis.

5.8 Levers for Optimizing GH2 Costs

An opinion was sought what could be most important lever to optimize GH2 costs in Indiia. The response is pre-
sented below:

Reasons Opinions

A. Capex (Electrolyzer/Gasification etc

9%
8. Opex(Electricity, Water, Biomass etc)
o
. Capacity Utiisation & Efficiency Improvement
£
D. storage & delivery Optimisation
9%

Source: rimary nteractions by Deesha Power

Reduction on Opex. is most important lever in optimizing landed cost of GH2, says India Inc. Among others, cost
of electricity is prime lever for which following suggestions have been received:
 Waiver of associated Open Access losses and charges
 Banking on Monthly Basis b,
 Deesha
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5.9 Pricing Parity of GH2
India Inc wass asked about their views for pricing parity of GH2. The feedback is presented below.

Options opinions
A.2024-26.
2
8.2026-28, -
€.2028-30. =
D. Beyond 2030. an

Source: primary Interactions by Dessha Power
industry is divided in terms of its opinion on achievement of pricing parity by GH2 vis-a-vis other fuels. While
section was very upbeat believing that fuel parity is at the cusp within couple of years. However, there was an
equal section believing that it's a long-term phenomenon beyond 2030.

5.10 Sustainable GH2 Obligation Trajectory

India Inc was asked their views regarding sustainable GH2 obligation trajectory for the existing user industries
like refineries| fertilizers etc. Also, it was asked what could be best strategy to mitigate the said cost of compli-
ance. Their views are presented below;

What Could Be Sustainable GH2 What could be options to offset

Obligation Trajectory? enhanced compliance coast?
A 0 c o A s ¢ o

A.015% going upto 10% by 2030 A.Pass onto end consumers

8. 0.5% going upto 20% by 2030 8. Redluce /optimize other costs

C.1% going upto 20% by 2030 €. Going for more exports where marginsare

D. Any other, please specify better for green products, (clubbed with free

~10% to 30% handin marketing)

- Upto 50% D.Increase in cost will be minimal, hence wont matter

£ Any other, please specify

Source: rimary nteractions by Deesha Power
Industry is in favor of GH2 obligation and believes higher export proposition could help offset the said compli-
ance cost.

Further, Industry stalwarts opined that, like US Federal Govt, Government of India could support by taking first
step forward to offset the cost of GH2 compliance for user industry. This will create confidence and thereafter
export could be further incentivized to make a case for reasonable Rol on exporting expenses by user industry.

N

 DeeshaZ
P =
©




5.11 GST on GH2

Industry participants were asked about their views on input/output GST on GH2. Their responses are presented
below:

What Could Be Output GST on GH2? What could be input GST on GH2?
A 8 c o A B c o
A Exempt A Exempt
B.5% 8.5%
c.i2% cozx
DIB% DI8%

Source: primary nteracions by Deesha Power

Industry believes that GH2 must be GST exempt to start with, may be till 2030 till India achieves critical mass of
13 MMTPA production. Thereafter, it could be taxed at ~5% like commodiities as it stabilizes.

5.12 Risks for GH2 Projects

Industry leaders were asked about the risks the GH2 projects are facing at the moment. Their views are pre-
sented below:

Options Opinions.
S
B.C %

fi K 2

£.08M risk 3%

Source: Primary nteractions by Daesha Power

Lack of GH2 demand/ guaranteed offtake and resultant no availability of debt financing are the biggest risks at
the moment, opined the decision makers

Few others also talked about techno-commercial risks viz ‘technically how green my steel could be?" and
“whether the industry is readly to pay a premium for green steel’.

Many raised concerns that, except for alkaline, other electrolytic technologies do not have operating history.
That is the big hurdle to take 10/15/20 year call on the consistent output of hydrogen 7
 Deesha
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513 India becoming ME of GH2GNH3
Industry leaders were asked about their frank opinion whether India can become ME of GH2GNH3 and were
asked to give justifications for the same. Their views on this interesting question were presented below:

Can India Become ME of GH2GNH3? (Y/N) Reasons for “Y" Opinions

Vast RE & water potenicl o
1 8. Foling 8 power prices s

Conducive Gol policies o
‘Changing Geo-polial stuations 3%
€ Any other, placss stote

| Reasonsfor ‘N opinions
! A tack ot pons )
1 & Lack of gos pipsines ™
1 . Absence of sco-sytem s
| 0.forfetched aream e
1 & Any otter, plecsescte o

Source: Pimry nteractions by Dessha Fower
Whopping 81% of the Industry Leaders believed that India can become ME of GH2GNH3 primarily due to condu-
cive govt policies and falling RE power prices which is main input for GH2.

Those who opined otherwise were of the view that lack of ecosystem and technical advantage to ME in terms
of higher RE PLF could be the hindrances in Indic’s way to become exporting super-hub for GH2GNH3.

5.14 Constructive Suggestions
Constructive suggestions were sought from the Industry Leaders. Their views are presented below:
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Source: primary Iteractions by Deesha Fower
MD of Electrolyzer company said that the electrolyzer is like vaccine wherein countries having the said manu-
facturing capability had the upper hand while grappling with global disruptions. Other leaders demanded PLI
scheme for electrolyzer and introduction of direct carbon tax (though we are paying indirect carbon gy in

many ways such as coal cess etc) X Ilee:ha
O
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6. STRATEGIES THAT HELP INDIA BECOME ME OF GH2GNH3

6.1 Four Pillars of Probable Strategy

Four pillars of probable strategy are presented in schematic below:

Scale of Operations

Stategies
o Thatries
Financing India Become CampetiivePricing
e
GHzoNH

o

Exports
Source: nalysz by Deesha rower
6.2 Scalle of Operations

Middle Eastern region witnessed scale of operation and that's the reason they are dominant force today in 086
industry. To create a scale of operation in GH2, we need to adopt different strategies pre and post 2047 as
mentioned below:

Strategies Pre2047 Post-2047

Pul Viabilty Gap Funding SelfSustaining

Push Mandatory GH2 Purchase Solf Sustaining

—— (GST waiver, BCD waiver, Moderate taxation
Income Tax Crodts

e Scope | Emission Trading Scope , Il &1l Emission Trading

Source: Analyss by Deesha Fower
Pre-2047, India may need to adopt to various facets
Pull- Measures which will pull the industry by giving a helping hand. For example viability gap fund-
ing/ GH2 production crediis like US etc. These measures put money on the table for viable investments
#Push ~ Moauras which il push the Indusiry through regulation. For example proposcd of mandotory

non-fossil ption like Green Hydrog Ammonia/Biomass or Ethanol etc under Energy
o Conservation (Amendment) Bill, 2022. These measures make industry pay incremental towards compli-
ance

eincentives- Actual sum spent on Pull/Push measures could be further optimized using fiscal incentives,
viz GST waiver on sale of GH2 as well as purchase of electrolyzer. Basic custom duty waiver while import-
ing key components of electrolyzer/its BoP etc
 Mandates - These measures makes carbon as part of game. Example could be trading of carbon certifi-
cates as proposed under Energy Conservation (Amendment) Bill, 2022. Another example could be intro-
duction of carbon tax. These mandates enhances the adoption of GH2
©One more thing Government of Indi could propose is, to create a scale, PLI lie scheme could be introduced
for and other sectoral facturing

N7
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® PLI Scheme of Gol

Proposed PLI for GH2
Earlier PLI Scheme P
[ 160 G of procuctancaacry
Gosen i 40 NTPA oo 1o apan
Koreas €0
s 20MATPA G Groan el
Hoavy vty Vtices 1000 T, 50 it Frer,
Pouer based FC s stormge
ey o RTC tonders of

Source: Secondary Reseatch by Doesha Power
POst-2047, GH2GNH3 industry would have been matured. While need of Pull/Push measures would be much
lesser, we may introduce moderate taxation. Important is India moving towards trading of Scope-L1i & il emis-
6.3 Economical output
In order to make GH2 competitive in the international market, we need to control the pricing of principal input
viz RE power. Strategy to control RE power is presented below:

Current Measures Adaitonal Measures Target RE prices.

« 1575 Charges Waiver * Woiverof TS losses.

« Open Accass for + Waiverof lctricty Duty on

250
a7skwn
e capive gensration e
(somatre
« Waiverof Misc chorges rected Opex s less
han USD.
T2KG of
10,04 for ax STU chorges RIDC )

charges 04 applcation fees

Source: Anlyal by beasiha Power
RE pricing for GH2GNH3 could be targeted in the range of $ cents 2.5 to § cents 3.75 /kWh by 2025. The same
needs to be brought down to a level of $ cents ~1.88 /kWh by 2050 which would further optimize RE power opex
of GH2 to $ 1/KG.

Following fiscal incentives could make output further economicalk

+657 @ 8% onscke of W2  Wesverof GST on G2 (short to ki tarm)
+ 657 @ % on supplyof /Woiver of GST onelectrolyzer supply eodd st
(snortto mem term) o2y
Err— o oteco 2025
(So natit
P matches
based H2
Waive of 5T o sce o 02 whichis —
SMR route)

byprodiuct of siectroyzer process

/Producton credit upto UsD 2/k

Source: Analyai by Deasha Power
Fiscal incentives such as GST exemption and zero customs duty for all inputs could ensure landed GH2 pricing

below USD 1.5 to 2/KG.
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6.4 Exports
Export is the most important pillar of strategy as the significant portion of GH2 production is proposed to be ex-

ported. Strategy for export is presented below:

Westerm Weern
Paners Epor bubs | Exorthubs  Parners
< G e ‘e - s

- onigines

( - Taans

Source: Aaiysis by Deesha power
‘GH2 Export market of ~130 MMTPA by 2070 could be initiated with executing MoUs with partner countries incor-
porating technology and finance cooperation.

For this, following cluster based approach could be adopted:

. Bharuen/ancaeshwer- + tmkom- Tanepont s
Chemical  Frizr Cluster sttt

el G Bport

g - awocpans Gon o aport

source: secondary Research & Analyss by Deesha Power
Six to seven GH2GNH3 export oriented clusters could be developed across coastal lines of India

To streamline exports, lot of work needs to be on standards/codes/safety procedure towards GH2GNH3. Strat-
egy around the same is presented below:

Current staus. Proposcd Messures Desired Outcome.

< potnton comprnt 0
o demonty kg

Detinton ofGhz

i + standords ona sty
- oroy 2 sancerds procedures or o2 bl
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oo acxas socors Grzata
- conticote of rign lesercos .
. costs eeato cenncation ol e
notorignnot S by nermatonat =k,
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m—— a
.+ ore coordnatsd ok by
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‘Source: Secondary Research & Analysis by Doesha Power

Gol need to address GH2 definiti y p which are compliant to intemation-
al/Eu standards.
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6.5 Financing
The GW scale for GH2 and TW scale for Electrolyzer & RE Power requires multidimensional financing. Strategy for

financing is presented below:

Incorporation of India Green Bank with
‘appropriate legislations

“Debt & Carbon
Funding for
2GNH3"

Competitive price discovery for carbon with
appropriate legislation

INRE/MOEF coordination would be required
for Indian GH2GNHS projects to earn carbon
credits to part address project viability

Source: Secondry Research & Anciysis by Deesha Fower

“India Green Bank” and “India Carbon Market” could be instrumental to fund ~USD 3 Trilion funding requirements
of GH2GNH3 projects

Further, one needs to look at what mechanisms we have and what could be additional measures required so
that required scalle of financing is achieved in the long run as mentioned belo

Financial
| Institutions Cebe)
| <rower sector unding enues | + tnergy Comservarion

Existing Set -up. |

introduces carbon trading

| entites across 9 energy
| intensive industries

+ Enhance capitalization and raise
through green bonds and

shortfalls

SD 0.8 Trillion

Debt Requirement: ~USD 2 Trillion, Carbon Financing Requirement:

Source: Secondary Research & Andiysis by Deesha Power

Existing mechanisms may be enhanced exponentially to achieve funding targets of ~USD 3 Trilion by 2070
under “Green Bank” and “Carbon’”.
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7 ANNEXURES
7.1 Advertisements
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wwwigxindia.com

IGX - India’s first spot Gas Exchange is bringing about many firsts.

16X offers neutral and transparent market place to buyers and sellers for trading in
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prices in India.
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7.2 Briefs for Three Policies Related to GH2GNH3
7.2 17th FEB GOI POLICY ON GH2GNH3

#Green Hydrogen from electrolysis of water/gasification of biomass would be considered under ambit of this
policy

25 year waiver in inter-state transmission charges for projects commissioned before 30th Jun 2025 has been
provided

#Open Access (OA) towards supply of RE power to GH2GNH3 projects be granted in 15 days

#Banking of Renewable Energy (RE) power earmarked for GH2GNH3 projects allowerd for 30 days at an incre-
mental RE power purchase cost over [EX prices

#RE power parks land to be made available for GH2GNH3 projects

sLand at ports for generation/storage of GH2GNH3 towards further export/use by shipping industry

#RE power for GH2GNH3 to help in RPO compliance of obligated entity, excess RE power after such compliance,
if any would be used to offset concerned Discom’s Renewable Purchase Obligation (RPO) compliance

#Special RE power supply rate to such GH2GNH3 projects by Discoms to be determined by appropriate state
regulators.

#Ministry of New and Renewable Energy (MNRE) to become single point contact for time bound permits and ap-
provails for GH2GNH3 projects, preferably within 30 days of application
MNRE designated entity (most likely Solar Energy Corporation of india) to aggregate demand for GH2GNH3 to-
wards cometitive price discovery
7.2.2 Green Open Access Rules

o These rules are notified for promoting generation, purchase and consumption of green energy including the
energy from Waste-to-Energy plants.

#The Green Open Access is allowed to any consumer and the limit of Open Access Transaction has been re-
duced from 1 MW to 100 KW for green energy, to enable small consumers also to purchase renewable power
through open access.

«Consumer are entitled to demand supply of Green Power from Discoms. Discoms would be obligated to pro-
cure and supply green power to eligible consumers.

#These Rules will also streamline the overall approval process for granting open access. Time bound processing
by bringing uniformity and transparency in the application as well as approval of open access through a na-
tional portal has been mandated. Approval for Green Open Access is to be granted in 16 days or else it will be
deemed to have been granted.

Commercial and industrial consumers are allowed to purchase green power on voluntarily basis.

eProvide certainty on open access charges to be levied on Green Energy Open Access Consumers which in-
cludes charges, su standby charges. Cap on increasing of cross-sub-
sidy surcharge as well as the removal of additional suvchurge incentivize the consumers to go green.

s There shall be a uniform Renewable Purchase Obligation (RPO), on all obligated entities in area of distribution
licensees. Green Hydrogen/Green Ammonia has also been included for fulfiment of its RPO.

#Consumers will be given Green Certificates if they consume green power.

7.2.2 Energy Conservation (Amendments) Bill, 2022
The Bill seeks to amend the Energy Conservation Act, 2001. The Act promotes energy efficiency and conserva-
tion. It provides for the regulation of energy consumption by equipment, appliances, buildings, and industries
Key proposals under the Bill are.
 Mandate use of non-fossil sources, including Green Ammonia, Biomass and Ethanol for energy and
feedstock
« Establish Carbon Markets
« Bring large residential building within the fold of Energy Conservation regime
# Enhance the scope of Energy Conservation Building Code
» Amend penailty provisions
» Increase members in the Governing Council of Bureau of Energy Efﬁcuency
« Empower the State Electricity Reg C to make for
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7.3 About Deesha Power
7.3.1 GH2GNH3 Consulting Offerings
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7.3.4 USPs

Primary Interaction

Secondary Research

Facilitate strategic decision making

Practical recommendations

7.4 Abbreviations

1sTS
LH2
LOHC
MBPD
ME
MMTPA!
MoU
MW
M1

Anion Exchange Membrane
Aviation Turbine Fuel

Basic Customs Duty
Compounded Annual Growth Rate
Calorific Value

Domestic

Exports

European Union

Fuel Cell

Green Hydrogen

Green House Gases

Green Hydrogen Organisation
Green Ammonia

Goods & Services Tax

Giga watt

Hydrogen

Inter State Transmission Charges
Liquid Hydrogen

Liquid Organic Hydrogen Carrier
Million Barrel Per Day

Middle East

Million Metric Tonnes Per Annum
Memorandum of Understanding
Mega Watt

Metric Tonne

Natural Gas

Oxygen

Open Access

Proton Exchange Membrane
Plant Load Factor

Production Linked Incentive
Prime Minister

Photo Voltaic

Renewable Energy

Regional Load Dispatch Centre
Round The Clock

Round The Clock

Steam Methane Reformation
solid Oxide Electrolyzer Cell
state Transmission Utility

Tera Watt

Viability Gap Funding

United States of America Dollars Billions
Year on Year
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