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Identification of Key Demand
Clusters of Hydrogen in India
Examination of potential demand centers of hydrogen in
India. The split shall be region wise, end use industry wise,

transportation use wise, supportive infra and new industrial
hubs wise.
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Chapter 14 - Identification of key demand clusters of hydrogen in India

Across Indian industry, there are considerable efforts to establish a hydrogen economy in India, not
least , the work being taken forward by oil marketing companies such as Indian Oil

14.1 - Identification of key demand
clusters of hydrogen in India by
region & end use

Hydrogen is a promising energy carrier
which has the potential to address
several energy sector related
challenges and technically from the
application point of view can substitute
the conventional fuels. Hydrogen can
provide linkages between energy
supply and demand in both a
centralized or decentralized manner,
thereby enhancing the overall energy
system flexibility. The low carbon
energy can be connected to sectors like
transport and buildings or even hard to
abate sector like steel and cement
industry.

Presently, demand of hydrogen in India
is 6 mt/year and is mainly driven from
the industrial sectors such as chemical
and petrochemical units.

Further, it is also extensively used in
India mainly as an industrial
feedstock in the creation of
ammonia-based fertilizers. These
sectors will continue to make up a
large part of the demand with
volumes, expected to surge with
new demand coming from the steel
industry as it seeks to decarbonize.
Hydrogen is also likely to play
significant role in the transport
sector, particularly in heavy duty
and long-distance segments.

By 2050, India intends to produce
three-fourths of the hydrogen from
renewable resources. R&D projects
in India are focusing on improving
the efficiency of water —splitting
reaction and finding newer
materials, catalysts and electrodes
and electrodes to accelerate the
reaction.

)

India is committed to the
rapid expansion of the
hydrogen economy,
ensuring the cost-
effective deployment of
low carbon technologies
across the transport,
industry and power sectors
by 2030

— Hydrogen Mission
Statement, India
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Clear recognition of hydrogen's cross-economy role in India, outlines for
scaling up use in transport, industrial applications and power

Presently, more than 100 research groups are focusing on fuel cell technology. , ,
There are a number of international and domestic companies in India that are
involved in hydrogen production, storage and its distribution- including Praxair

(USA), Linde (global member of hydrogen council ), Inox (Indo-US joint For India to guarantee its role as
venture), Air Liquide (France), SAGIM (France), Air Products (USA), Fuel cell a technology leader in the next
energy (USA), H2Scan (USA), ITM Power (UK), Heliocentris (Germany), Aditya phase of the energy transition,
Birla Group, Bhoruka Gases Limited, Gujarat Alkalies and Chemicals Limited, it will need to greatly increase
Gujarat Heavy Chemicals Limited, Air Science Technologies and Sukan activity across the public and
Engineering Private Limited. private sectors to develop a

hydrogen economy

- Hydrogen Mission Statement,
India
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|dentification of potential demand clusters-for hydrogen in India — end use industry

End use industry — Urea and Ammonia

Number of urea plants in India

(2) 44

Total number of active urea
production plants in India

urea

Odisha
Andhra

Goa

West Bengal
Rajasthan
Karnataka
Uttar Pradesh
Gujarat
Tamil Nadu
Maharashtra
Assam
MP
Haryana
Punjab

02

Plants

TN - Tamil

MP - Madh
Pradesh

01

Plant
Urea Production Scale (LMT)

50-100 20-50 0-20

Note — LMT.indicated Lakh Metric Tonnes per annum

Potential demand clusters for hydrogen w.r.t

UP - Uttar Pradesh
AP - Andhra Pradesh HR - Haryana

KA - Karnataka
VIH- Maharashtra
GU- Gujarat

Potential demand hubs for hydrogen
across the urea producing clusters

producing states (LMT) during FY'2020-21

I 104

. Il 97?27
W 466
i 223
I 3748
W 47
I 30.34
- 1572
. 22
I 0?5
1132
I ©0.03
I 533
. 11.24

East
odavari

02 02 O1

Plants Plants Plant

0-5

a_.m
Plant

Jamnagall yiadoda 02

r ra Plants
02 01
Plants WET-Cl Plant

01

Plant

03 01

Plants Plant

5-10

Urea Production‘Scale (LMT)

WESE )
Region
WELEIEE
htra

a

02 01 O1

Plants Plant Plant

RJ - Rajasthan
Nadu PU- Punjab
OD- Odisha
WB- West Bengal
AA - Assam

ya

02

Plants

01

Plant

Urea Production Scale{LMT) [EoBsRg-tals 0-5
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|dentification of potential demand clusters for hydrogen in India - end use industry
(contd.)

End use industry — Urea and Ammonia (Contd.)

Potential demand hubs across the urea producing clusters

Urea Production Scale (LMT)

Newly commissioned fertilizer units in India during
2021 in addition to the existing plants

Fertilizer plants that are newly
commissioned/under commissioning

#)05

01

Plant

process

02 01

Plants TR e Plant
3 . Allahaba Al e s alts
Ruprr1ag Bhatind | Panipat d 03 Gorakhpur Fertilizer Unit
a Plants Capacity — 1.27 MMTPA
Location — Gorakhpur district
01 01 01 0 01 Commissioned in Dec'2021
Plant Plant ~ Plant  Plants Plant
Plant 01
Plant
State - Bihar 01
Eastern Barauni Fertilizer Unit Dl
West I Resion Capacity - 1.27 MMTPA
Location — Begusarai district
Commissioned in July'2021
Dibru Jagatsi
garh nghpur
02 01 01 02 Urea Production Scale (LMT) QIR 0-5
Plants Plant Plant Plants

Note — LMT indicated Lakh Metric Tonnes per annum

State - Jharkhand

Sindri Fertilizer Unit

Capacity — 1.27 MMTPA
Location — Dhanbad district
Likely commercial production -
2022

State - Odisha

Talcher Fertilizer Unit
Capacity - 1.27 MMTPA
Location — Angul district
Likely commissioning —
2024

01

Plant

State - Telangana
Ramagundam Fertilizer
Unit

Capacity — 12.7 LMTPA
Location — Peddapalli
district

Likely commissioning —
2022

Source: Eninrac research, MoC&F, Channel Checks
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|dentification of potential demand clusters for hydrogen in India — end use industry
(contd.)

End use industry — Urea and Ammonia (Contd.)

Demand of Urea and Ammonia by Southern Demand of Urea and Ammonia by Eastern States
States during FY'2020-21

during FY'2020-21

(#)64.6 WMT (#)48.8 vt

Demand of urea Demand of urea

(#)16.6 LMT 20 (#)15.08 vt

Demand of ammonia Demand of ammonia

30

20

10 10
. 0
Andhra Telangana TamilNadu Karnataka Kerala West Bihar Odicha it A
Pradesh Rengol
Demand of Urea and Ammonia by Western States Demandioflkesand cimmoniabydigithcdtates
during FY'2020-21 during FY'2020-21
50 100 @
(@86.5T 149.9 Lt
= Demandoriinos Demand of urea
60
30 (#)46.8 LvT
@28.8 LMT 40 Demand of ammonia
20 Demand of ammonia 5
10 0
3 N & Q o &
. o N4 & N N <&
Gujarat Maharashtra Madhya Chattisgarh Goa S Q:O‘ 6@% ,&5‘ N
Pradesh R N

Note — LMT indicated Lakh Metric Tonnes per annum

Source: Eninrac research, MoC&F, Channel Checks
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|dentification of potential demand clusters for hydrogen in India - end use industry
(contd.)
End use industry — Steel Manufacturing

Number of steel plantsin India Potential demand clusters for hydrogen w.r.t steel Potential demand hubs for hydrogen
producing states (000 Tonnes) during FY'2020-21 across the steel producing clusters
@8 6 7 Others HH 2040
. . 1 642 Eastern
Total number of active steel production Uttar Pradesh B 1898 Region
plantsin India W 1692
5 1‘3 Punjab EEEEE 4390
08 rants Pt E— 5107 Hazari
Bihar W 647 Jharsu i g 20%
E—— 1766 e °

Odisha I 16057
I 10070
Maharashtra I 3677
1 497
Goa 1 380
I 3779
Telangana I 1728 24%

L N 2340 Penetration of steel clusters [EjoEa(o]ol Al B 1oL AN {0}
5—0 42 Kerala 1 441

°
’% Plants I 10356 28%
Plants Andhra Pradesh IEEEE 4207

90 23

31 Plants

17%

UP - Uttar Pradesh TL -Telangana ] Madhyal® Chattis
Pslaﬂc‘s el Pradesh RJ - Rajasthan UK- Uttarakhand M?E?;a Prade?slh garh
25 AP - Andhra HR - Haryana BI- Bihar

29 Plants Pradesh PU- Punjab KR- Kerala
TN - Tamil Nadu 0OD- Odisha HP- Himachalo . Bhavna
Plants 32 KA - Karnataka ~WB- West Bengal Pradesh 30% [RalEE gar
25 sl MH- Maharashtra AA — Assam
GU- Gujarat J&K -Jammu & ~ °
Aeris VP - Madhya Kashmir 18% 44% 39% 40%
No of steel
Above 50 20-50 0-20 4%

units Source: Eninrac research, MoS, Channel Checks
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|dentification of potential demand clusters for hydrogen in India — end use
industry (contd.)

End use industry = Steel Manufacturing (Contd.)

Potential demand hubs for hydrogen w.r.t. key secondary steel
producing hubs

Potential demand hubs across the steel producing clusters @ 1 7 3 Total secondary steel producing hubs

High penetration across the eastern
belt of Punjab with Fatehpur Sahib,
Ludhiana, Sasnagar being the major 21

30% hubs

Ananta
ppur

27% 26%

High penetration across
Hydera the western belt of UP
bad O R with Muzaffarnagarr,
Ghaziabad, Aligarh
being the major hubs

50% 21% 7

No of hubs in other

indicated states

Rajasthan - 11

Jharkhand- 8

X Maharashtra -13

' mgﬂé Andhra Pradesh - 08
West Bengal -08

High penetration across the

eastern belt of Tamil Nadu

with Chennai, Salem,

Tiruchipalli, Tiruvallur being

the major hubs
17

13%

22%
Penetration of steel clusters [E{oEa(o]ol Al B 1oL AN 5={0}2

EOEA lﬂl
A o N N S
e 1| ) ¢
\mSEE=TTEND
A 1] ) |

INE” ED’ wJI
High penetration across the

p central eastern side of Gujarat
arnaga i 50% with Mehsana, Ahmedabad,

r Surendernagar, Gandhinagar
being the major hubs .
62% € Densely penetrated
Penetration of secondar
1% &, 5 | i y Loosely penetrated
15% 09% steel hubs

Source: Eninrac research, MoS, State's Industry Profile, Channel Checks
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|dentification of potential demand clusters for hydrogen in India — end use industry

(contd.)

End use industry - Steel Manufacturing (Contd.)

Consumption of Steel by Southern States
during FY'2020-21

9000

20,537 ‘0007

Consumption of steel

5000

1000
Andhra Telangana Tamil Karnataka Kerala
Pradesh Nadu
Consumption of Steel by Western States
during FY'2020-21
D 26,653 ‘0001
Consumption of steel
8500
4500
500
X C X Q 3
s & 2 0 S
(;>\>§Z> «’bé{\ 082, ).&% =
< ’Z>Q x\'f’&
@’b 8(\‘\ C

Consumption of Steel by Eastern States
during FY'2020-21

7000

20,778 ‘0007

Consumption of steel

4000

1000 —
West Bihar Odisha Jharkhand Assam
Bengal
Consumption of Steel by Northern States
during FY'2020-21
6200 24,106 ‘000T
4200 Consumption of steel
2200
200
AN AW o Q O \ X X
,bbef’ & 6@0 L& QQ,® o é‘@\
WL e R Qe
2 R olae
S N & &
\g’\\@ \),bé\

Source: Eninrac research, MoS, Channel Checks
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|dentification of potential demand clusters for hydrogen in India — end use
industry (contd.)

End use industry — Refineries & Chemical Units
Potential demand clusters for hydrogen w.r.t

Page 09

Potential demand hubs for hydrogen

Number of refineries in India

refining capacity (VIMTPA) during FY'2020-21

across the refinery clusters

h 23 Punjab M 11.3
Maharashtra [l 19.5 Karnatak
Total number of active Karnztaka W 15
refineries in India Andhra Pradesh B 8.36
Madhya Pradesh 0B 7.8 Cauveryl Manga
LELSELE f
Reﬁnery Kerala W 15.5 ES lore
Maharashtra HHl 19.5
Reﬁnery Uttar Pradesh N 8
eﬁner i
y Odisha M 15 Refinery Refinery Refinery Refinery Refinery Refinery
01 Assam 0 7
02 Refl B SEINEICE e Refini i 10-50 0-5
[ 7.;( West pengl B 8 ey IR = :
Rellneriss A Gujarat [N 101.9
: 04 Bihar. 1 6
01 Refineries Eastern
Region
04 Refinery & Bvelr?;;l
Refineries 01
Reﬁnery Refiehy,
Digboi Paradip Barauni
UP - Uttar Pradesh  HR - Haryana
AP - Andhra Pradesh PU- Punjab Reﬁnery
Reﬁnery 0 KA - Karnataka OD- Odisha Numali [ Bongai
IVIH- Maharashtra WB- West Bengal arh aon Reﬁner
ozReﬂnenes GU- Gujarat A g g Reﬁnery Reﬁnery y
P MP - Madhya BI- Bihar 01
01 efineries Bl Refinery
Refinery Reﬁnery Reﬁnery
Refining capacity Above 50 10-50 0-10

(MMTPA)

10-50

Refining capacity 0-5

(MMTPA)

5-8
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|dentification of potential demand clusters for hydrogen in India — end use

industry (contd.)

End use industry = Refineries & Chemical Units (contd.)

Potential demand hubs for hydrogen across the
refinery clusters

01 01

Refinery Refinery Refinery

Refining capacity 5-8 0-5
(MMTPA)

State - Maharashtra

JV of 10CL, BPCL, HPCL with Saudi Aramco
Capacity (New) - 1.2 Million Barrels Per Day
Location — Ratnagiri district

Likely Commissioning - Till 2025

Apart from this expansion of
Mumbai refinery is also planned
to a capacity. of 9.5 MMTPA

shtra

Jamnaga

r Refinery State — Madhya Pradesh Ps

o I

State -Uttar Pradesh

01 expansion project planned of Mathura

State - Rajasthan

JV of HPCL & Government of Rajasthan
Capacity (New) - 9 MMTPA

Location — Barmer district

Likely Commissioning— Till 2022

Key new refineries/ refinery expansion projects in
different stages of development in India during

2021

10CL

refinery

I0CL
01 expansion project planned

02

02 01

Refinery Refinery

of Bina refinery
Refineries

01

Refinery

Note — MMTPA is Million Metric Tonnes Per Annum

Source: Eninrac research, MoPNG, Channel Checks

State — Gujarat
10CL

Capacity Expansion to 18 MMTPA
Location - Koyali district
Likely Commissioning - Till 2023

Refinery projects (new & expansion) that
are under different stages of development

State — Haryana

I0CL

Capacity ‘Expansion to 25 MIMTPA
Location - Panipat district

Likely Commissioning — Till 2023

State - Bihar
I0CL
01 expansion project planned of
Barauni refinery
o State — Assam

. locL
01 expansion project

planned of Guwahati

State - Odisha refinery

I0CL

01 expansion project
planned of Paradip
refinery

State - Andhra Pradesh

HPCL

Capacity Expansion to 15 MIMITPA
Location - Vishakhapatnam district
Likely Commissioning - Till 2022

State - Tamil Nadu

CPCL

Capacity (New) - 9 MMTPA
Location — Nagapatinam district
Likely Commissioning — Till 2022
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|dentification of potential demand clusters for hydrogen in India — end use
industry (contd.)

End use industry - Refineries & Chemical Units (contd.)

Potential demand hubs for hydrogen across the chemical
producing states

I : Chemical Producing Units in Chemical Producing Units in
o Northern Region Western Region

Chemical & chemical products producing 16 e2e
factories in India 1790
208 i 180 232208
Unit 148
nits - 69 l 319 1585
.753;7) Umg UP HR PU UK HP DL J&K RJ S MPE SVIECHE RGO
nies
2596 .( Chemical Producing Units Chemical Producing
7 in Southern Region Units in Eastern Region
Units 1 232 ;
i 2639
Units 555

'Y
3U;|It? m'/ 5Un5|t583U?:'E 2139 ton i3 W 100 104 120

1790 368

Units KA IGREET ST NS AR Bl JH WB 0D AA
Units
UP - Uttar Pradesh TL -Telangana
Pradesh RJ - Rajasthan UK- Uttarakhand
2639 AP - Andhra HR - Haryana BI- Bihar
501 Units Pradesh PU- Punjab KR- Kerala
Urifits TN - Tamil Nadu OD- Odisha HP- Himachal

KA - Karnataka  WB- West Bengal Pradesh

h MH- Maharashtra AA - Assam
No of Units Above 1000 500-1000 GU- Gujarat T e

MP - Madhya Kashmir Source: Eninrac research, MoC&F, Channel Checks
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|dentification of potential demand clusters for hydrogen in India — end use

industry (contd.)

End use industry — Food Processing

Number of Operational Mega Food Parks

Total number of active mega food
parks (MFP) in India

01 01

MFP MFP

02 02
MFP MZ
o 61

AP - Andhra Pradesh 0OD- Odisha

L KA - Karnataka AA - Assam
02 MH- Maharashtra TR- Tripura
VIEP GU- Gujarat MZ-Mizoram
MFP VP - Madhya UK- Uttarakhand
Pradesh WB- West Bengal
01 PU- Punjab
MFP
No of Food e -

Parks

Potential demand hubs for hydrogen across the mega food park

segment

Region

$2826
01 01 01 01 O1

MFP MFP . MFP MFP MFP

% Kha;goa 01
bad g ‘ @ @ MFP
01 01 01 01 01

MFP MFP  MFP MFP MFP

Source: Eninrac research, MoFPI, Channel Checks
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|dentification of potential demand clusters for hydrogen in India — end use
industry (contd.)

End use industry - Food Processing (contd.)

1 9 Upcoming mega food parks in India that are

under different stage of implementation
Potential demand hubs for hydrogen across

the mega food park clusters
State - Punjab
Districts — Ludhiana

01 02

Eastern

. State - Jammu & State - Bihar
==l West Kashmir Districts — Khagaria, 01
Bengal Districts — Pulwama Muzaffarpur

State - Arunachal Pradesh
' District — Papum Pare
*01 ne
_‘ 01 State - Nagaland

State - Manipur  District - Dimapur
District —'Kakching

State — Meghalaya
District — North Garo Hills

01

State — Odisha
District - Khurja

°01

) State - Haryana
Murshi Districts — Rohtak, 02
dabad Sonipat
0 State - Gujarat 01
VIEP District - Mehsana

State — Rajasthan
District — Bikaner

Rajastha

01

01 State - Andhra Pradesh State - Telangana
State - Maharashtra District - Krishna District - Khammam
MFP District - Wardha
01 O1 ¢ o101
MIFP VIFP MFP MFP MFP 01 State - Kerala
State Kalfataka District - Alappuzha
District - Mandaya

State — Tamil Nadu
Source: Eninrac research, MoS, Channel Checks District - Tirunelveli
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|dentification of potential demand clusters for hydrogen in India — end use

industry (contd.)

End use industry - Food Processing (contd.)

68

Upcoming agro processing clusters in India -
Potential hubs for hydrogen demand

01— 01

Banaskantha Bhavnagar 01
01 Siddipet T Bemetara
01
Udupi
o TL Q1vizianagaram 01 GU MP
Kutch ? CHO——001
Rajnandgaon
Chit(:-aldurga e ' Vish ;211 Navsari 01 . d e 01 ® 01
ishakhapatnam Shajapur . Barwani
0.0
Davanagere 01 TN —e 01each Valsad 01 Dhar
KR Tiruvannamalai, Tiruppur, Coimbatore, 01 each 01
Salem, Theni, Krishnagiri, Madurai, Nanded, Kolhapur, Betul
Bijapur 01 Dindigul, Cuddalore, Pudukkottai, Nagpur, Dhule, Bhandara,
Erode Nandurbar, Satara, —=0 01 Shopian
Palghar, Washim, Beed, J&
01 01 Ralged Tonk K 01
Wayanad Ernakulam 01 HP —® Kangra 01
¢ PU—epq Jalandhar—e Firozpur-® Muktsar
Karbi anglong 01 01 Sonitpur Jodhpur HR ™ 01 Kanpur
01Lohit AR _ : Ole———— RJ
g Tinsukia UP - Uttar Pradesh PU- Punjab HP- Himachal
01 Begusarai 1 AP - Andhra PradeshOD- Odisha Pradesh 01— 01 Mathura
AA 01 Darrang T - Tamil Nadu WB- West Bengal ~ MG- Meghalaya Sitapur
BI MG KA - Karnataka AA - Assam AR- Arunachal
MH- Maharashtra  J&K —Jammu & Pradesh JaipurQ1 e 01each
01" 01Mori GU- Gujarat Kashmir : 01 Lucknow
Ri Bhoi origaon MP - Madhya TL -Telangana Hisar, Karnal
Pradesh UK- Uttarakhand
RJ - Rajasthan BI- Bihar
HR - Haryana KR- Kerala

Source: Eninrac research, MoS, Channel Checks
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|dentification of potential demand clusters for hydrogen in India — end use

industry (contd.)

End use industry — Gas Fired Power Plants

| Total gas fired power
o~ 2 SGW installed capacity

DL 2 Plants
1 - Plants Plants
Plant 4
2 Tl 9o 2
Plants Plants
Plant
AA
’
TR
5
13 Plants
Plants
3
Plants
13
Plants
R
2 Plants
Plants

State wise distribution of gas fired power

plants/unitsin India

Gas Flrgd Power >5 GW 1-5 GW
Capacity (GW)

Potential demand hubs for hydrogen across gas power segment

State wise gas fired installed capacity in India (GW)

Dhuvaran
Hazira Pipavav
Utran
6.2—e Surat o
) West
Dahej Godavari
East
R h
goedl Godavari

2.2

1.5
1.0

15 Dadri

Ratnagiri

Auraiya,

DL HR J&K RJ UP GU MH AP KR TN AA TR UK

Faridabad

UP - Uttar
Pradesh

AP - Andhra
Pradesh

TN - Tamil Nadu
MH- Maharashtra
GU- Gujarat

RJ — Rajasthan
HR - Haryana

Dholpur

0D- Odisha

AA - Assam

UK- Uttarakhand
KR- Kerala

TR- Tripura

Source: Eninrac research, MoP, Channel Checks
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|dentification of potential demand clusters for hydrogen in India — end use

industry (contd.)

End use industry = Solar & Wind Power

State wise solar power installed capacity

49.3 cw

Total solar power installed capacity
of India

State wise estimated solar power potential -
Leading 10 states, potential hubs for hydrogen

142.3 aw w

22.8 gw

]

Potential demand hubs for hydrogen-across solar power segment
w.r.t large capacity (above 500 MW) solar parks

Andhra

Karnatak
Pradesh a

01

Kadapa Solar park

02 Anantha

ram
Solar parks . >

01

4
MP
‘ z’ a Banas 01
Dhol
35 7 25'7 GwW Solar parks > J kantha Solar park
-/ GW '
20.4 cw ] 02 02
Solar parks Solar parks
01

64.3 cw 38.4 cw

24.7 cw

India

Solar park i Maharas
*61.6 cw e

01

Solar park Solar park

748 9 Solar Power
-9 ew

Total solar power estimated potential of

(Mw)
Source: Eninrac research, MNRE, Channel Checks
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|dentification of potential demand clusters for hydrogen in India — end use
industry (contd.)

End use industry = Solar & Wind Power (Contd.)

Potential:demand hubs for hydrogen across solar power segment
w.r.t large capacity (above 500 MW) solar parks ~ 6 4

Total upcoming solar power
projects in India under different
stages of implementation

Key'states in focus - Potential hubs for

hydrogen
04 District in focus
Solar parks - Sonbhadra 1
02 01 P> Pr(gects
Solar park Projects
Solar parks Solar park P
Solar Power
Capacity
(M) a7
1z Upcoming Solar Capacity for Key States (In GW) Projects
Districts in focus -
Jaisalmer, Jodhpur, Pro;ects
Bikaner, Barmer Districts in focus -
r Khandwa, Indore
»
Prolects
0.4 0.4 0.15 0.75 0.7 0.9 02
Prolects Projects
: District in f - istri i il
Rajasthan Tamil Madhya Uttar Andhra = Delhi CPSU |sYrS|cR }l(gdg;l;s ggs;glfjls(l:rcl“focus

Nadu Pradesh Pradesh Pradesh
Source: Eninrac research, MoS, Channel Checks
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|dentification of potential demand clusters for hydrogen in India — end use

industry (contd.)
End use industry = Solar & Wind Power (Contd.)

s 4 ; Potential demand hubs for hydrogen across key wind power
State wise solar power installed capacity clusters w.r.t large capacity (above 100 MW) wind farms

i) 40 ew

: : . Region i Andhra Capacit 1000 -2000 MW [100-500 MW
Total wind power installed capacity Pradesh Raclhy

of India (Mw)
State wise estimated wind power potential - 02 Belu |§ Nimba
Leading 06 states, potential hubs for hydrogen _ gappa § sgallu
Wind Farms
01 01 01

Wind Farm Wind Farm Wind Farm

127.7 cw

I_a Winc?z;lrm Wg;l':arm
01 1
Wind Farm

142-5 GwW ‘ Wind Farm
Osmana
bad
98.2 cw 74.9 gw
695 5 Gw Wgc:lFarm
124.1 gw 68.7 gw Totalwind powgr estimated potential

of India @ 120 m

Source: Eninrac research, MNRE, Channel Checks
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|dentification of potential demand clusters for hydrogen in India — end use
industry (contd.)

End use industry - Solar & Wind Power (Contd.)

Potential:demand hubs for hydrogen across solar power segment
w.r.t large capacity (above 100 MW) wind farms ~ 5 1

Total upcoming wind power projects in
India under different stages of
implementation

Key states in focus — Potential hubs for

hydrogen
Winggm Wind Powep Districts in focus
Capagity - Kutch, Dwarka
(MW) 42
Projects

Upcoming Wind Capacity for Key States(In GW) ﬂ%
2R @ Projects
Districts in
1

o 0.2 Districts in
Boed Project focus - Rajgarh
0
Project
Districts in 02
focus ~ Koppal Projects
Gujarat Tamil Nadu Madhya Maharashtra Karnataka S T e
Thootukudi

Pradesh

Source: Eninrac research, MNRE, Channel Checks



eninrac service

14.2 — Transportation Ease

Market Research 2021

Page 20

Hydrogen is already playing a vital role in the transport sector across the globe, India too is

anticipating major transformation

ROLE OF HYDROGEN IN
TRANSPORTATION

Hydrogen has already played a
transformative role in many global
economies. For instance, the US
transport sector has witnessed a
significant role of hydrogen in the
material handling of goods at
distribution centers in all continental
states and Canadian provinces. The
next sectors of interest include light-,
medium- and heavy-duty road
transport, heavy and urban light rail,
and ships. Altogether, the transport
sector accounts for 35 percent of US
carbon emissions and is a key
contributor to local air pollution,
making a transition to zero emissions
options a priority. The two primary
options for zero emission
transportation are electric drive trains
powered by hydrogen fuel cells in
FCEVs and batteries in BEVSs.

Both are used for light-, medium-, and heavy-
duty vehicles, but FCEVs store energy as
hydrogen (15 kWh per kg) and convert it to
electricity — as needed - via a fuel cell, while a
BEV stores energy as electricity in a battery. In
India also, a lot of development work has been
initiated by the government for usage of
hydrogen in the transport sector. The Ministry
of Road Transport and Highways, India has
already notified hydrogen fuel cell vehicles in
automotive industry standard (AIS) 157. Also, in
September 2020, its has been notified that 18%
of the hydrogen to be blended with CNG to
make HCNG as an automotive fuel. Various
hydrogen powered vehicles have been
developed and demonstrated under projects
supported by the Indian government. These
include 6 fuel cell buses (by Tata Motors Ltd.),
50 hydrogen enriched CNG (H-CNG) buses in
Delhi (by Indian Qil Corporation Ltd. in
collaboration with government of NCT of
Delhi), 2 hydrogen fuelled internal combustion
engine buses (by IIT Delhi in collaboration with
Mahindra & Mahindra),

)

Hydrogen can also be used
as a feedstock to produce
low carbon fuels like
synthetic fuel for aviation
and marine shipping

- Hydrogen Roadmap, US
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Hyundai, Tata Motors, Toyota eyeing NTPC's hydrogen fuel cell vehicle
project

15 hydrogen fuelled 3 wheelers (by IIT

Delhi in collaboration with Mahindra & Fuel cell system costs in the US for the transportation sector decrease
Mahindra), 2 hydrogen -diesel dual fuel with greater production

cars (by Mahindra & Mahindra) and 1

fuel cell car (by CSIR - National Fuel cell system costs (fuel cell stack and other ancillaries making = 2018
Chemical Laboratory, CSIR- Central up the FCEV engine) $/kW net - 2020
Electrochemical Laboratory and CSIR - 200 2025
National Physical Laboratory). 0.3
Further, as a part of the pilot project, 250 B4.2
NTPC may run super- luxury hydrogen

buses between Delhi and Jaipur, one of 200 575
the busiest routes in north India.

Initially, a total of 10 buses and 10 cars 150

for Leh and Delhi is expected to be

rolled out. 100

In December 2021, Pune based Sentient

Labs launched a 32 seater hydrogen 50 o ——
fuel cell bus that shall provide a range

450 kilometers by utilising 30 kg of °, 0 100 150 450 c00
hydrogen. Satient Labs has designed Annual production
and developed the hydrogen bus in rate Thousand
collaboration with CSIR. Further, there systems/year
are plans to convert 5 lakh buses from o

the total of 20 lakh running on roads gﬁ:;%eélEcnrlngii research, Us Department of Energy,

into fuel cell powered vehicles.
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Low carbon fuel pathways for aviation and shipping segment in the US -

Potential Case Study for India

Source of carbon/main
feedstock

Level of
maturity

Low carbon fuel pathways tested in the US Production
Process
Hydrotreatment
Aviation
(Low carbon jet Biofuel
fuel)
Alcohol to jet Anaerobic
fuel fermentation/
aqueous phase
reforming
Kerosene Metabolic pathway
equivalent for biomass to
kerosene conversion
Synthetic Fischer-Tropsch
Fuel

Fischer-Tropsch

Vegetable oil (virgin and
recycled), inedible animal
fats, municipal solid waste if
oil can be extracted (in
research)

Edible or inedible biomass
(wood, grass, waste), biogas

Biomass

Biogas, inedible/edible
biomass (wood, grass, waste),
municipal solid waste

€02 (Ccu)

. Commercially
produced

‘ In pilot

. In research

[ Hydrogen to upgrade /improve yield

[ Pathway uses hydrogen feedstock

Source: Eninrac research, US Roadmap for Hydrogen, Channel Checks
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Low carbon fuel pathways for aviation and shipping segment in the US -

Potential Case Study for India (Contd.)

solid waste

€02 (CCcu)

C02 (CCU)/natural gas, biogas
with low carbon hydrogen

Low carbon fuel pathways tested in the US Production Source of carbon/main Level of
Process feedstock maturity
HVO renewable Vegetable oil (virgin and recycled),
diesel Hydrotreatment inedible animal fats, municipal .
. solid waste if oil can be extracted
Ships Biofuel (in research)
(LOW carbon Biodiesel (Fatty Transesterification Vegetable oil (virgin and recycled), .
bunker fuel) acid esters) inedible animal fats
Pyrolysis Inedible biomass (forest, sludge, ‘
\ straw), plastics
ﬂ Anaerobic digestion Biogas ’
‘ Solid biomass Palletization Biomass ‘
gasification
Synthetic Fischer-Tropsch Biogas, inedible/edible biomass .
Fuel (wood, grass, waste), municipal

Power to Fischer-Tropsch ‘

liquids
Methanol Synthesis from syngas .
Dimethyl ether Dehydration synthesis '

Methanol, carbonaceous
feedstocks

. Commercially produced . In research

. In pilot

Source: Eninrac research, US Roadmap for Hydrogen, Channel Checks

[ Pathway uses hydrogen feedstock

[ Hydrogen to upgrade /improve yield
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Low carbon fuel pathways for aviation and shipping segment in the US -
Potential Case Study for India (Contd.)

Low carbon fuel pathways tested in the US Production Source of carbon/main Level of
Process feedstock maturity
Haber Bosch Nitrogen(air separation) with
Ships Ammonia low carbon hydrogen .
(Low carbon other
bunker fuel)
Liquid Gas reforming, Natural gas, RNG, water ‘
‘- Hydrogen electrolysis
‘ Commercially produced . In research Hydrogen to upgrade /improve yield
. In pilot I Pathway uses hydrogen feedstock

Source: Eninrac research, US Roadmap for Hydrogen, Channel Checks



eninrac service Market Research 2021 Page 25

|dentification of potential demand clusters for hydrogen powered vehicles

Potential demand clusters for
hydrogen powered FCEVs and
BEVs

Key states in focus — Potential hubs for hydrogen 150,004
powered vehicles w.r.t the sales of EV
~2.8 lakh
DL1 0% Total sales of EVs during 100.000
FY'2021-22 ;
%
62 224
o,
8 3 20,000
Rt
30 Bl
% {
3%5 U WB
‘ 6% 10,000
8« MH
5,500
5%
i) Note: Percentage indicates
1,000

9/0

India’s EV sales
TN 9%
3% (R

Number of EV Sold from
5020 till Jan 2022 >1 Lakh 50,000-1Lakh

Source: Eninrac research, CEEW, Channel Checks

Vehicle type wise sales of EVs in India from 2020-
2022

Electric Two Wheelers Sales Electric Three Wheelers Sales

136,468 140,638

126,716
88,378
40,837 I
24,839 -

EXC20i19=20 5 EY 2020=21"EY 20 21-22 EYE2019-20 & BY:2020-21 FY'2021-22

Electric Four Wheelers Sales Electric Goods Carriers
10,469 1,000 S
4,588 S
27127/
- s
O _ I
FY'2019-20 FY'2020-21 FY'2021-22 FY'2019-20 FY'2020-21 FY'2021-22

The two primary options for zero emission
transportation are electric drive trains powered by
hydrogen fuel cells in FCEVs and batteries in BEVs
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14.3 — Development of support infrastructure index

Potential locations for hydrogen fuel stations
w.r.t existing CNG stations

F 3094

Total CNG stations

GO in India till 2021
14
UK
799
WB 18
19 Automotive Research Association of India and
oD o4 IOCL have carried out tests on 6 CNG heavy
5 duty engines using H-CNG (18% mixture) and
N 8 has found that the engine has passed the
58 endurance tests; had improvementin
RJ performance and that no visible issue was
73 found in the workings of the engine
AP 85
o8
TL o8
109
HR
upP
GU 794

Source: Eninrac research, CEEW, MoPNG, Channel Checks

, , Government of India is also committed to augment
the hydrogen supply chain infrastructure in the
country including integrating it with the flagship
programs like SATAT that generates CBG from
municipal and agri wastes

09

CBG plants
01lefant commissioned in India
GU b""-'&;
03 Plants @k % 4 )

03 Plants % j‘ Plant

UP - Uttar Pradesh BI- Bihar Nagar Haveli
Pradesh RJ - Rajasthan  KR- Kerala D&D- Daman &
AP - Andhra HR - Haryana HP- Himachal Diu

Pradesh PU- Punjab Pradesh TR- Tripura

TN - Tamil Nadu OD- Odisha MG- Meghalaya GO-Goa

KA - Karnataka WB- West Bengal AR- Arunachal
MH- Maharashtra AA — Assam Pradesh

GU- Gujarat TL -Telangana  CHD- Chandigarh
MP - Madhya UK- Uttarakhand D&NH - Dadar
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14.3 — Development of support infrastructure index (Contd.)

Operational natural gas pipelines in India -
Potential infrastructure for hydrogen
distribution in India

1 2, 653 km Inter-states

Operational natural gas 03 pipelines network
pipelines networkin  |nter_state pipeline of cumulative Dedicated pipeline network
India network of O ‘I capacity 130.5 O‘I of cumulative capacity 2
cumulative P MMSCMD MMSCMD
ca,\?”av?stéll\ig .w’ 02 Dedicated pipelines
O‘I network of cumulative
o kel Q% capacity 4.9 MMSCVD
pipeline network 03 'cnutfqrufatt.ve capa::rllfys GStwork i 01
of cumulative Inter-states MMSEMD Dedicated pipelines Inter-state pipelines
capacity 107 pipelines network / 03 network of cumulative network of cumulative
MMSCIVID of cumulative capacity 13.7 capacity 85 MIMSCMD
capacity 211.9 Uﬁ MMSCM
MMSCMD 04 : 2
Dedicated nter-state
pipelines ﬁ pipelines network Inter-state pipelines
network of with Gujarat of network of cumulative
cumulative E:;Lélii;“é% capacity 101 MMSCMD
cap&c&ég&.g MMSCMD

Inter-state pipelines
network with
Puducherry of
cumulative capacity 4.3

MMSCMD
Source: Eninrac research, MoPNG, Channel Checks
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14.4 - Potential demand of hydrogen by industrial hubs

~44

Industrial zones
identified in India

concentration of industrial segments
- agro based & food processing,
pharma, chemicals, secondary steel,
textile, engineering & assembly etc.

- Industrial zones that have high

Industrial zones that have high
- concentration large industrial
segments - refineries, chemicals,
petrochemicals, fertilizers, power
generation, automobile, textiles,
heavy engineering, secondary steel
el
Industrial zones that have high
- concentration of industrial segments
— steel, secondary steel , engineering
etc.

Solan, Baddi, Una
Haridwar, Rudrapur

Ludhiana,

Hazira Pantnagar
Asansol,

Durgapur

.7 Guwahati

Kandla owrah

Vapi
Vadodara

Vishakhapatnam

Vijayawada

Tirupati

SELYC oimbatore
Chennai

Tirupur ® Major industrial locations

Densely concentrated
industry pockets

. Loosely concentrated
‘ industry pockets

Hubli, Dharwad

Bengaluru
Thootukudi

Kochi, Trivandrum

Source: Eninrac research, State's Industry Profile, Channel Checks
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