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EMISSION SCENARIO
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Emissions are expected to grow by 5x to
~13.6 Gton per year if emissions
continue to grow at historical rate of

USA India World 504.




INDIA’S PATHWAY

COP26 (Glasgow)- India made two significant

RN RN
50% of its energy needs o
Transition to a net zero
from renewable fuels by
2030 carbon economy by 2070.
\_/ \_/

Hydrogen will also play a

Localise India’s Energy critical role along with CCUS

Become Energy Self-sufficient : ) )

By 2047 Requirement. in converting CO, to E-fuels

“I "R  through production of syn
gas

RG.& -~
! o .



i

COLORS OF HYDROGEN
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Black/ Brown
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Grey Blue Hydrogen Turquise Pink Hydrogen Green
Hydrogen
Hydrogen Hydrogen Hydrogen
DIU
Proce Coal Gasification Methane Reforming Coal Gasification Pyrolysis Electrolysis Electrolysis / Biomass
& Methane Gassification
Reforming with CCUS
0 0 Coal Natural Gas/Naphtha Fossil Fuel Methane Nuclear Energy Renewable Energy
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BROWN

25kg of CO,

emitted
obtained
from the gasification
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PINK

nuclear waste
obtained from the electrolysis

of water powered by
nuclear energy. It has a strong

environmental impact

due to the production of
nuclear waste, even if
it does not emit CO,.

BLUE

11-13 kgof CO,
generated

3-6 kg of CO,
emitted
obtained with the same method
that is used for grey hydrogen,

but with the partial capture,
transport and storage of CO,.
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PRODUCTION

Hydrogen Value Chain i

CONVERSION, PROCESSING
& TRANSPORTATION

FUEL-BASED PRODUCTION

i = o

Natural gas Coal Biomass
Steam h Gasification of Gasification of
refcrming/ autothermal  coal with or with or
Reforming with or without CCS
withcut CCS

ELECTRICITY SYSTEM

7an. S Y

Renewable energy Nuclear
Electricity from wind, Electricity and heat
solar, hydro or from nuclear power
geothermal power

@
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TRANSPORT

« Hydrogen into fuel cells for trucks,
passanger vehicles
- Synthetic fuels for shipping and aviation

PROCESSING

- Liquification and
regascatonorte () (& INDUSTRY
= Hz gas compressed
............ - Hy as in refining, steel
producdon,dimﬂmlspm
CONVERSION - Hydrogen for heat for
industrial processes
- Haber-Bosch process
e e S et (&) AW BUILDINGS
standard shipping mcdes A oy
- Methanization @ - Hydrogen for onsite power through fuel cells
Hz + COz — CHs + H:O
Steam reforming and or H2 + CO —> CH:OH {methanol)
gasification with CCS (synthetic or i 1 gas)
POWER
i
illllllr- - Fuel cell electricity, Hz turbines and Hz CHP

- Energy storage and system buffer

Awareness

Recognise hydrogen as a viable climate
mitigation option

Acceptance
Develop and integrate policies to jumpstart
hydrogen economy

Liquified Hz In Geologlcal storage Finance
ptosage tanks B Ty Direct public and private investment into clean
............ < salt caverns

Water electrolys hydrogen projects

Source: UNECE TECHNOLOGY BRIEF-HYDROGEN
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Water
Electrolysis

bl

a Waste to \
Hydrogen

hog®

PEM/Alkaline/ Water Splitting | Biomass Gasification’
SOEC using Solar (Photo- Oxy steam (IOCL & IISc))
PV/ Wind Energy electrochemical) and Plasma Gasificatio

(utilization of Lab Scale (integration with Agro
cheap electricity) economy)

- J

Grey/ Blue hydrogen Already Produced by Refineries / Fertilizers

Reforming of
Compressed
Biogas
(extension to
CBG)



HYDROGEN IN INDUSTRIES !ﬁ@

Global Scenario Indian Scenario

Total Hydrogen Used 97 MMTPA Total Grey Hydrogen Production- 5.6 MMTPA
98% of Pure Hydrogen Demand Comes from Two Sectors

Refineries @ Fertilizers

2.5 MMTPA 3.1 MMTPA

Almost entire hydrogen in refinery and Fertilizers is
m Refinery m Ammonia Making produced through the SMR process using Natural gas
or Naphtha

® Methano m Steel Making and Others
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ROLE OF GREEN HYDROGEN IN DECARBONISATION
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Fuel for Heat for Feedstock for

Industry Chemicals
g % E&sr DNs Steel Cement o° Fertilizers
Syntfend We° % ’ ! Paper Food é Fuel refining
\_ % @ ) " Aluminum Y, \_ Plastics )

Buildings Products
Al Electricity Residential &
% Peaking Plants Commercial

\ J o /

Metallurgy Food

Steel Glass
S

While we must electrify with renewable electricity in as many end use applications as possible, Hydrogen should be
targeted at those sectors where direct electrification is not well-suited.

In industry, Hydrogen already plays an important role as a chemical feedstock.
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ROLE OF GREEN HYDROGEN IN O&G SECTOR

REPLACING e SMR process releases 10 times CO2
GREY per unit of H2 produced
HYDROGEN

AS LOW
CARBON HEAT
SOURCE

BLENDING IN
CGD

GAIL has launched India’s maiden pilot project of hydrogen blending in
CGD Network at Aavantika Gas Limited (a JV of GAIL and HPCL) which is
blending 5% v/v hydrogen in its PNG network
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' Impact on CO2 emission with Introduction of Green H2 in PSU {1
' . . Fread
Refineries
All fig in MMTPA
Refinery Total Emission FY 2023-24 Total Estimated Emission till 2028-29 & &
3 ¥
Total CO2 Emission from PSU Refinery 46.83 67.56 7 - ol g w
s : '-":‘ﬂ;,é’.fﬂ_ #
H2 Requirement through HGU only of PSU 1.1 1.6 2 ¢
" ¥
CO2 emission due to Grey H2 in MMTPA 10.7
All Fig in MMTPA

80.0

16.0
CO2 Emission in MMTPA ‘ .
0.0 67.6 65.6 w‘
60.0 51.6
50.0 46.8

40.0
30.0

16.0
20.0 10.7

| |
T Py _ ]
oo - 5.0

-16.0
2023-24 2029-30 B CO2 Reduction due to Green Hydrogen M Total CO2 Emission

B CO2 emission from Grey H2 H Refinery Total CO2 emission
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Hydrogen in Mobility Sector

Hydrogen In Mobility Sector

Hydrogen IC

ydrogen Blended A= Fuel Cells
CNG (Small Quenching B ect technology
! Gap, Backfiring, for using
S (Interim Embrittlement) hydrogen,
technology, RON= 130 / -
il | Quantification of - Issues pertaining
: Benefits) MON=30 o cost, durability,
Fuel Cell 350-400  Challenging but Very low fuel quality etc. )

Rs/kg can be met

sensitivity
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Fuel Cell Introduction

Catalyst Catalyst

o en
from
Air
" +4H* + 4 D29(,0
Syl Exhaust

2H, D49 +

Electrical Current

29, + 0, 2 2H,0

18 km/lit. of diesel

R s
— 150 km/kg of Hydrogen

&A=

Expanded View - Fuel
Cell System




Fuel Cell Development - Challenges

Besides technical superiority, fuel cell systems need to be competitive with
existing technologies in cost and durability.

Challenges

Durability -

Cost Current DoE 2020

usD

4000/kw Targets Hydrogen
Target e Stationary supply to
<USD1000/K 80,000 hrs Consumer

w e Transportatio
n 5,000 hrs

Regulatory Public
approvals Acceptance




CHALLENGES WITH GREEN HYDROGEN IN O&G SECTOR

Cost of Green Hydrogen
AN LY AW AW L A A

Power Requirement
A A A LB A LB L5

Storage
A L LB LB LB LB LB

Transmission
A AW AW AW Ay LAy 25w




COST OF GREEN HYDROGEN

GREY HYDROGEN ECONOMICS

Hydrocarbo.n economics Foreign exchange Transportation, Storage
(LNG / fossil fuel landed ¥ (if fuel is imported) o and Others
cost + transportation)

GREEN HYDROGEN ECONOMICS

Electricity Cost (Generation Electrolyser Cost Transportation, Storage
cost + utilization factor + == (Capex + efficiency - and Others
T&D cost) & degradation)

Grey Hydrogen Green Hydrogen

Most Common Hydrogen Production Method Newer Hydrogen Production Method
No Greenhouse Gas Pollution

With CO2 Released To Atmosphere Electrjc;
Heat. 5 : : ficity: 39
15,7 < (02: 6.0ton -4 Mw
' Mwp Typically Released b
Greenhouse Gas

Pollution

Oxygen:
8 ton

Methane: 2.2 ton

Electrolysis

. Hydrogen: 1.1 ton
Hydrogen: 1.1 ton 93‘_0“ ydrog

\Na\;e'."‘

1o
Steam Methane Reforming

W
+ Water Gas Shift

-
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COST OF GREEN HYDROGEN

Fread

GREEN H2 FROM ON SITE RENEWABLES — MOST COMPETITIVE BLUE H2
—— GREEN H2 FROM RTC RENEWABLES WITH T&D WAIVER GREY H2 PRICE RANGE
6.0
55 F
50 F
45 2030 prices: 2050 prices:

Green H2: $1.7 - $2.4/kg Green H2: $0.6 - $1.2/kg
= 4or RTC Renewables: $2.1/kg RTC Renewables: $0.9/kg
= asf Grey H2: $1.8 - $2.7/kg Grey H2: $1.9 - $2.9/kg
5 3.0 | \ ,E\ /:\
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2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040 2042 2044 2046 2048 2050
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LEVELIZED COST OF HYDROGEN il

Decrease in

Decrease in Cost of

Bl Renewable Power ($/MW)

Others

B Hydrogen ($/Kg)
B Increase in Electrolyser
Increase in the Life of
@ Electrolyser Stacks ( Years) — @
All values in USD/KG LCoH LCoH Carhnr;;l’::ﬁr:tr?g};g]r other .
LCoH- Levelized Cost of Hydrogen

Pathways to Green Hydrogen at $ 1/Kg Levelized Cost of
Oo—-©O
ecrease in Capex of
o-0 O
EleCtFICIty Decrease in O&M, Cost of
TEHO -0 ©
Capex Current Desired
O&M- Operation and Maintenance
[ [GREXE




HYDROGEN STORAGE

Being the lightest molecule, Hydrogen gas has a very low density:

* 1 kg of hydrogen gas occupies over 11 m3 at room temperature and atmospheric pressure.
e Storage of hydrogen to be economically viable, its storage density must be increased

Type of Storage

Pressure vessel made of metal

Type l:
= Compressed Gas .
» Pressure vessel made of a thick metallic liner hoop wrapped with a fiber-

Type " . resin composite.

L mad  Physical -based [Egga Cryo- Compressed Pressure vessel made of a metallic liner fully wrapped with a fiber-resin
a3 Type lll: Lo
< .
% T IV' Pressure vessel made of polymeric liner fully wrapped with a fiber-resin
— 2530C Liquid H2 Vpe . composite. The port is metallic and integrated into the structure.
= -
&
G) Bl LOHC ( Liquid Organic Volumetric Density
@) hydrogen Carrier )
OQC Atms. Pr .09 Kg/m3
>_
T =1 Material Based ggad Metal Hydride 350 Bar 26.1 Kg/m3

700 Bar 42 Kg/m3

Power Fuels

( Ammonia & Methanol ) H, as industrial gas is stored in Type | tanks, the pressure of which is
from 150 to 300 bar (usually 200 bar).

@ (0 ()
= e neutral ,,,,/'/’




Hydrogen Storage Challenges

Metal / chemical

Gaseous Cylinders Liquid Hydrogen hydride

Low storage capacity
Boil off losses (as high as 0.5

Cost of compression % /day)
(0]

Durability of material (1500
cycles)

Regeneration

Lower energy density Lower energy density
Usage logistics

Besides Codes & Standards, Safety issues for Hydrogen Storage & Transportation are also major

concerns
[ JGAS e




Hydrogen Transport

Mostly hydrogen is produced in decentralized locations and transported to place of
use

Less than one fourth of world’s hydrogen produced centrally and transported
through

e Pipelines - typically the cost of hydrogen pipeline is 80%-100% more than the natural gas
pipeline

e High pressure cylinders and tube trailers e e 2 ’
¢ Liquid hydrogen in cryogenic vessels soo]

ogan Delivary Cost (S|

Fig. H, Delivery Cost vs. Flow rate and Distance

Hydrogen Flow [tonnesiday]
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Hydrogen Transportation
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TUBE TRAILER CONTAINER TRAILER LIQUID TRAILER
200 - 250 bar, = 500 kg, ambient temperature 500 bar, = 1,000kg, ambient femperature 1 - 4 bar, = 4,000 kg, cryogenic temperature
.~ Tuetmiles  Containertrailes liuidtankertrucks
State of hydrogen Gaseous State of hydrogen Gaseous State of hydrogen Liquid
Pressure Up to 700 bar Pressure Up to 700 bar Pressure Cryogenic (-253 Deg C)
Energy density Low Energy density Low Energy density High
Cost Less expensive Cost More expensive Cost Most expensive
Range Shorter Range Shorter Range Longer
Size/ Weight Large/ Heavy Size/ Weight Medium / Heavy Size/ Weight Large / Very Heavy
Safety Least hazardous

Safety More hazardous Safety Less hazardous

: NET \‘
ZERO ,‘
neutral N —



H2 Transportation in NG Pipelines j@ﬂ,g

REGULATORY BLEND WALLS FOR HYDROGEN
Many Countries have started transporting hydrogen (IOW o (28] hydrogen by wolume mm HZ blend wall s Special circumstances
%age by volume) in the natural gas pipeline network ..
Spain I
italy I
Awustria I
USA |
H i - H i i Switzeriand NG
NG Plpelln.es Long dlst?nce transportation option e s
H2 extraction at PR station brings down the cost Finland
Metherlands [l
Japan ||
Belgium |
$1.4 o 5 10 15 20
] * Source: S&P Global Platts Analvtics, Hwl aw
:En $1.2 - 10% Hy . . o o
% 10 ‘\\ — Tolerance of Existing Components for hydrogen blending in natural gas
E $0.8
§ so.6 N Distribution* |-
g o
= s04 &g Gas meters I
;‘; g é Transmission NG
§ $0.2 g % Compressors R
$0.0 T T : : . i Underground storage [l
0 200 400 600 800 1000 1200 Boilers I
Hydrogen recovery rate (kg/day)

Cooking I

8
Source: Melaina et. al - NREL = Engines I
. < . . . & Gas turbines [l
* CBG plpellne§ belng_ setup under SATAT program in various NG tankss EESEEEAAss s
GAs - potential carrier of hydrogen
« Studies underway to understand the impact of hydrogen 0% 20% 40% 60% 80% 100%
transportation on pipeline metallurgy =« Allowable under certain circumstances

Source: IEA Report 2019
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National Green Hydrogen Mission
~ National GreenHydrogen Mission

Expected Qutcomes by 2030

Phase-l (2023 TO 2026)

60 -100GW Sl 125GW RE capacity e Deployment in sectors that are already using
B clectrolvser A SMMTGH, : % for GH2 generation hydrogen
H Sy + @) annual s 4 4  andassociated

capacity =" production ~ transmission network PS Refinery , Fertiliz er, CGD

Total Outlay approved: Rs. 19,744 crore

X 1 lakh crore
import savings

l?h 6 lakhs jobs

50 Phase-Il (2026 TO 2030)
il MMT GH2 CO2

e |nitiatives in new sectors of the economy
e Steel, Mobility and Shipping sectors

annual emissions averted

/@}Iﬁf Rs. 8 lakh crore investment
N

-

Strategic Interventions
for Green Hydrogen

e Electrolyzer
manufacturing incentives

e Total Outlay X 13050 crore

¢ Green Hydrogen / Green
Ammonia production

Transition (SIGHT) * Total Outlay X 4440 crore

J

£ (LT
- neutral )




NATIONAL GREEN HYDROGEN MISSION

Outlay
recommended
till 2029-30

Outlay
recommended
till 2025-26

Strategic Interventions for Green Hydrogen Transition

(SIGHT) 17,490
Support for low-carbon Steel projects 455
iii. Human Resource Development 35 s
Public Awareness and Outreach 70
Program Management 83
i. Support for Shipping and ports projects 115
ii. Support for Mobility projects 496
iii. GH, production technologies, storage, hubs, etc. 400 1,611
ix. R&D Projects 400
Testing Facilities, Standards & Regulations development 200
Total 19,744




SIGHT -2B Scheme

Objective:
* Financial incentive mechanisms to support the production and use of Green Hydrogen.
* Major initiative by the GOI with an outlay of X 2,400 crore under SIGHT -2B Program

SIGHT-Mode-2B- (Use of GH2 in Refineries)

Tranche | of Mode 2B offi
* MNRE vide its letter dated 16th January, 2024 notified that the Scheme will be anehe | OF THIOBE 28 DI S

implemented by the Oil & Gas companies and CHT.

bidding capacity of 200,000
Metric Tons per annum.

Responsibilities of CHT

U Secretarial, managerial and implementation support
0 Develop supplementary tender guidelines along with OMCs to ensure uniformity

0 To implement a review process involving claim verification, document reconciliation, and compilation of
performance data.

O To submit comprehensive quarterly progress reports to MNRE via MoPNG

¥
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Favorable Factors:

(JCheap Renewable Power
] Legislative Support

] Grid Stability

1 Coastline and ports

JEngineering, Procurement &
Construction capability
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India’s Potential as World Leader in Green Hydrogen

s India has one of the largest
synchronous grids in the world,
capable of handling intermittent
renewable energy and it has
achieved ‘One Nation-One Grid-
One Frequency’.
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KEY TAKE AWAY

O&G Sector has potential to become prime driver of Green Hydrogen in India

Green Hydrogen can help decarbonize the O &G sector

Cost competitive Green Hydrogen in future signals promising opportunities

Voluntary carbon market can play a significant role

Many countries are blending 5-12% hydrogen in natural gas; studies indicate that blending
can be increased to 20% without any major infrastructural changes
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