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Atmanirbhar Bharat in the Energy Sector
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National Green
Hydrogen Mission

5 MMTPA
by 2030

Supported by SIGHT Programme.
~125 GW RE addition. 50 MMT
CO, annual reduction.

@

National Electric -—:1%

Mobility Mission

Long-term EV
Roadmap

Accelerates clean mobility,
domestic manufacturing, and
reduces national petroleum
consumption.
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& SATAT |

5000 CBG
Plants

Waste-to-energy circular economy
utilizing municipal/agri waste to
reduce LNG/CNG imports.

Bioenergy Programme O“ﬂ‘\

National Infrastructure !ﬁ
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Developing Energy
Infrastructure

Expanding LNG terminals,
pipelines, power transmission
networks, and smart grids.

Renewable Energy
Mission

National Solar &
Offshore Wind

Large-scale parks, rooftop solar,
grid integration. PLI for Solar PV
to reduce coal dependency.

Small Modular Reactor
Programme

Expanding
Nuclear Energy

Indigenous reactor development
providing clean baseload power
supporting net-zero.



Clean Energy Innovations: Transforming the Future

SS LLNG an initiative Towards wider Gas

Kccess Hydrogen as Future Fuel
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Objective of SSLNG

Objective 1: Asset Monetization

Capturing and monetizing stranded or isolated upstream

gas assets where traditional pipeline construction is
geographically or economically unfeasible.
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ans Objective 2: Geographic Expansion

Reaching new Geographical Areas (GAs) and hilly
‘ﬂ) regions completely disconnected from the main
grid or coastal LNG terminals.

Objective 3: Heavy Duty Mobility _ _

Providing an economical, longer-range LNG @

transport fuel specifically designed for G
heavy-duty commercial vehicles.
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GAIL Initiatives Aligned with Government Energy Schemes

~6.5% 9 15% by 2030 nNatural gas share in India’s primary energy mix — enhancing energy security

LNG Infrastructure Development

New LNG import terminals,
regasification facilities and LNG
transportation.

» GAIL has constructed SSLNG plant
and a Dispensing Station on the
Agra—Mumbai Highway at
Vijaipur, MP.
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and a cleaner energy transition

>

Small Scale LNG (SSLNG)

Supply of natural gas to remote
industries and transport sectors
not connected by pipelines.

GAIL has constructed an SSLNG
plant at Vijaipur — first of its
kind in India.

Compressed Biogas (SATAT)

Integration of CBG into the existing
gas infrastructure to reduce fossil
gas consumption.

» One SSLNG unit installed at the
Punjab Verbio CBG plant
converts CBG to LNG for

transport to nearest NG/PL.



GAIL Initiatives Alighed with Government Energy Schemes

~6.5% 9 15% by 2030 nNatural gas share in India’s primary energy mix — enhancing energy security

and a cleaner energy transition

-

Live Asset

SSLNG Unit

Installed directly at the Punjab
CBG plant to enable highly
efficient offtake of LNG.

Irr'

Live Asset

LNG Dispensing
SSLNG Unit

Fully installed and currently
operational at Vijaipur.

L.
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Strategic
Commitment

30

Additional LNG dispensing units
fully committed for future
development to scale the
national clean mobility network.

Under
Construction

LNG dispensing units
actively being built
across various strategic
locations in India.



Process Family Comparison

Selectionsions: efficiency, complexity, flexibility and typical fit.

Pure refrigerants in separate

Refrigerant principle [ Single blended refrigerant N2 or methane expansion
Efficiency nghes't thermodynamic High efficiency with flexibility Lower energy efficiency
potential
. . High: multiple loops and . . . .
Equipment complexity ST Moderate to high Lower, simpler configuration
Capital cost Higher CAPEX Balanced CAPEX/OPEX Lower for small trains
. .. . . Large onshore LNG
Typical application Large, capacity-driven plants benchmark Small-scale LNG and FLNG
P Inter-stage temperature Blend composition and Expander efficiency and
Key optimization focus .
matching compressor power recycle duty

Takeaway: MR normally provides the best practical balance for large onshore LNG; Cascade targets maximum efficiency where
complexity is justified; Gas Expansion fits compact, flexible and offshore-style applications.

Comparison



Small Scale Liquefaction Plants Selection

Licensor Capacity Infrastructure Type | Land Requirement CAPEX

lcensor A ‘ermanent (Moderate)

Construction Period

(Moderate)

Plug-&-play,

LR highly scalable

Licensor B ~1 acre

| ' (Very High)
(Moderate)

3.8 anros (Moderate)

. (VeryLong)
(Y LEER)
) (Long)

) (Long)




NALURAL GAS
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Gas Pretreatment Process :

To reduce CO2 and water the gas is treat
in a zeolite adsorption towers.

The unit consists in a fix bed in a
continuous contaminant’s removal, with a
pair of tower in operations and the rest of
the equipment in regeneration process.

Adsorption process could be arranged in
series or parallel in order to reduce water
and CO2.

NG TREATED

GAS PARAMETERS

Temp. (Inlet) : 10-50 deg C .

16-18 Barg.

Gas Liquification Process: -

Compression 15 bar to 260 bar (four Stage
Compression)

Cooling up to -60/-70 C (Isobaric Cooling) using
refrigerant in this case propane

(iii) Expansion such that the temperature drops to
approximately -140 C/-130 C

Project Configuration SSLNG

NG Liquefaction Module

56 KL LNG Storage Tanks

LNG (Liquefied  "oo®
Natural Gas)

GAS PARAMETER

Pr.(Inlet) : 15-17 Barg
Temp. (Inlet) :  10-50 Deg C

Pr. (Outlet) : 2-3 Barg.

Temp. (Outlet) : -153 TO -145 Deg C




Portability / plug-and-play:

Every Cryobox module has the
size of a 40 feet sea container,
which facilitates its delivery in a
single trailer and multiple
relocations in reduced footprint
plant areas.

The installation requires only
concrete pads for its erection
and connection to gas sources,
electricity services, compressed
air and internet.

Superior technology

Its multi-stage liquefaction
cycle eliminates possible inert
contents and is powered by a
450 kW motor connected to
Compressor.

SSLNG SK

) F

EATURES

10 VS,
min

Cryobox

18
hs

Mini NG

Boil-off free:

The automatic boil-off
recovery system provides
emission-free LNG storage
and loading. This feature
avoids natural gas waste,
ensuring safe operations in
compliance with
environmental regulations.

Start-up record time:

Its cold start-up capacity
allows it to reach peak
productionin only 10
minutes, without energy
losses nor inefficiencies.
This is a advantage
compared to mid-scale or
large-scale plants that
require 12 to 18 hours to
start production.



Easy and fast loading :

The transfer of LNG to storage
tanks can be completed
without the use of pumps.
Through the priority panel,
LNG can be sent from those
tanks to distribution trailers, to
industrial vehicles or to
equipment for immediate
consumption.

High availability :

The minimization of dynamic
components, use of fluids
and labor ensure

an autonomous operation
rate over 99%. This is
especially important for the
operation in remote areas,
such as hydrocarbon fields.

SSLNG SKID FEATURES
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Multiple fuels for future need:

Besides producing LNG Cryobox
offers Compressed Natural Gas
(CNG) or Compressed
Biomethane (Bio-CNG*) on
demand. This way, both fuels are
simultaneously available, ready to
meet every need, for example:
CNG/Bio-CNG for light-duty
vehicles and LNG/Bio-LNG for
high horsepower applications.

24/1 monitoring :

The operation can be run
low manpower and
includes a 24/7 remote
monitoring through
Galileo Cloud
Technologies SCADA
System.



KEY HIGHLIGHTS OF LNG STATION

e
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/e . 50-60 TRUCKS/DAY
\-Q, Refueling capacity

-

J
™
{ 6 20 MT/Day
/' Maximum dispensing capacny
— ™
z. \ 56.0 kL.
l{,: LNG Storage Tank
— J
-— ™
/ \ 150 LPM
\ iﬂ f, LNG Dispenser
S J
e N
ﬂﬂ 100 SCMH
\. Vaporizer
. J
N
3000 square meters
GE Dispenser Station Area
J
r ™
LONGER DRIVING
RANGE
\_ J
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ECONOMICAL FUEL
OPTION
\ J




s e
I

|

[

_”

“.#_.

i

b
-




The

ydrogen Horizon:

Categorizing Production by Carbon Intensity

Coal POX (Partial SMR (Steam
Gasification Oxidation) Methane
Reforming)

Converts coal to Produces syngas
syngas. Abundant  via partial Uses NG + Steam.
in specific oxidation.
regions. :

& Suited for heavy Most widely used,
High carbon hydrocarbons. generates CO2
footprint. unless captured.
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ATR
(Autothermal
Reforming)

NG + Steam +
Oxygen.

Ideal for large
scale Blue
Hydrogen
projects.

_ﬁ

Methane
Pyrolysis

Produces
hydrogen and
solid carbon.

~ Lower CO2 than
conventional.

)

Water
Electrolysis

Splits water using
electricity.

Produces true
Green Hydrogen
when powered by
renewables.




Green Hydrogen Production Process
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Usar Petrochemical Complex Hydrogen Production, Specification & Internal
Consumption

Hydrogen Production

Internal Consumption

H2 Available for Sale

13 TPD = 24 KTA

Max 49 TPD H, can be utilized within the Usar

Hydrogen purity 99.5 Vol.% (min) complex;
Min 24 TPD H, is available for sale.
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Hydrogen Offtake Planning

G Dedicated H2 Pipeline a Hydrogen Cascade Sale

REGULATORY ENABLEMENT
@ Compressors and loading facility

PESO regulation for cross-
country hydrogen pipeline is not
notified.

Nearby Consumers N - o - . :
Ammonia Production
SUPPLY OPTIONS
ﬁ CONVERSION ROUTE
e Hydrogen Gas Turbine Power
Option 1: GAIL leased land @ 20 bar Initial in-house estimate available

Option 2: Nishal facility @ 200 bar POWER ROUTE for ammonia production.

fe1_ . GTG
. SOFC
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Macro Level Comparison of GTG vs SOFC

Gas Turbine Generators and Solid Oxide Fuel Cells on 100% hydrogen - two radically different technology paths

GAS TURBINE GENERATOR (GTG) SOLID OXIDE FUEL CELL (SOFC)

CAPEX

Land Requirement

Fuel Efficiency (LHV)

Fixed OPEX

Variable OPEX

Major Asset Overhaul

Low
~$400 - $1,500 / kW

Compact
Small physical footprint

35 -45%
Moderate (Simple Cycle)

Low
Routine turbine servicing

High

Dependent on high fuel consumption

15 - 20 yrs

Major structural rebuilds

High
~$3,000 - $7,000 / kW

High

Modular stacking scales up footprint

55 -65%
Very High (Standalone)

High

High-temperature cell degradation

Moderate
Lower fuel volume needed

4 -7yrs

Stack replacement required



Thank You

Tomorrow is Yours, with green Energy for PEOPLE & PLANET
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