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Revolutionizing City Gas Distribution (CGD)
through Strategic
Integration of
Artificial Intelligence, Machine learning
&
Cloud Computing

Enhancing Efficiency, Safety & Environmental Sustainability
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Business Sustainability : GOl Vision Transform India into a Gas-Based Economy
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Since May'14 -

79% growth inno. ot CNG stations.

90% growth inno. ot PNG connections.

Tubufnfout!czOEJB;
10,000 new CNG Stations

Joejbxjmnfful61!gfs!idfoulpgljut!fofshz!sfrvjsfnfout!gspn! expacted in next 10 years in india.
sfofxbcnf!fofshz!cz!3141
Joejb!xjmisFevdflui flupubnigspkfdufe!dbscpo!fnjttjpot!cz!pof!cjmjpo! 100% offtake guarantee
upooft!gspnlopx!poxbsetium3141 by OMCs for Compressed Bio Gas (CBG)
Cz!3141-Noejb!xjmisfevdflui fldbscpo!joufotjuz!pgljut! fdpopnz!cz! under SATAT initiative launched on 01.10.2018
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Eftjsf;!Up'jodsFhtflui FiObuvsbnHbt!tibsflgspn!7.26&!jolJoejb! employment opportunity
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CITY GAS DISTRIBUTION — MAKING GAS ACCESSIBLE TO PUBLIC

GAIL (India) Limited

CGD Infrastructure: GAIL & Group Companies

Pan-Indi < a & Group Companies 1. GAIL India Ltd. (06 GAs)

a*

PNG Connection (Lakhs) 161.8 102.4 Subsidiaries (22 GAS)
o CNG Stations (Nos) 8540 3340 1. GAIL Gas Ltd. (16 GAs)
o (o) Oo - 2. Bengal Gas Company Ltd. (01 GA)
0.0 Total a_uthorl_zed CGD 3. Tripura Natural Gas Company Ltd. (05 GAS)
0 00 8 0 00 00 O th‘s in India after JVs and Associates (44 GAs)
0 o 0 0 12" bidding round -
00 o Q0 307 1. Avantika Gas Ltd. (02 GASs)
0 O° 0 O * &oo 2. Bhagyanagar Gas Ltd. (03 GAS)
o 0 (o] 0 N 3. Central U.P. Gas Ltd. (03 GASs)
0 ooo CGD up to 117 round (295 GAs) 4. Green Gas Ltd. (04 GAs)
T OO % Authorized in 12" Bidding Round (12 GAs) 5. Mahanagar Gas Ltd. (06 GAs)
o 6. Indra
. e . prastha Gas Ltd. (11 GAS)
72 GAs of GAIL & GAILis Subsid dJv
g Oo o o >0 _ OS u SIANes andavs 2 Maharashtra Natural Gas Ltd. (06 GAs)
0o 0 Major Cities 8. Vadodra Gas Ltd.(01 GA)
0 © New Delhi, Mumbai, Bengaluru, Kolkata, 9. Goa Natural Gas Pvt. Ltd.(01 GA)

Hyderabad, Lucknow, Agra, Vadodara, Indore, 10. Godavari Gas Ltd.(02 GAS)
Kanpur’ Varanasi’ Patna’ Bhubaneshwarl 11. Haridwar Natu.ral Gas Pvt. Ltd. (01 GA)
Cuttack, Ranchi, Jamshedpur, Guwahati 12. Purba Bharati Gas Pvt. Ltd.(02 GAs)

13. Rajasthan State Gas Ltd.(02 GAs)

*Status as of 31.03.2026 by PPAC
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PRESENT CGD INFRASTRUCTURE - AT A GLANCE*

0 CGD inIndia: 307 GAs covering 34 States / UTs (only A&N and Lakshadweep islands are yet to be authorized)
0 CGD Coverage: ~100% Geographical Area of India and ~100% Population of India
0 CGD entities: 40+ CGD entities are operational
0 CGD Infrastructure: As on 31° May, 2026
Particulars Pan India / Average Gas consumption during FY25-26 (H1)*
CGD GAs 307

PNG (Domestic)

172.55 lakh / 3.4 MMSCMD
(Against pro-rata target of 417.7 lakhs as on May 2026)

PNG (Commercial)

51820 /0.9 MMSCMD

PNG (Industrial)

22350 / 14.5 MMSCMD

CNG Stations

8,980/ 26.8 MMSCMD
(Against pro-rata target of 6889 as on May 2026)

CNG Vehicles

~ 92 lakh

Average Gas consumption in the CGD sector during FY 2024-25: 41.4 MMSCMD
Average Gas consumption in the CGD sector during FY 2025-26: 45.3 MMSCMD

*Source: PNGRB, PPAC, Vaahan Dashboard



Are We Prepared
for
Current Energy Crisis Scenario
for CGD sector

277



The Energy Crisis

Why gas security has become a national priority

@

~85%
of India’s crude oil is
imported — exposing
energy costs to global
shocks

N

Ve

@

2-3X
spot LNG price swings
seen during recent

global supply
disruptions

N

Ve

©

15%

target share of gas in
India’s primary energy
mix (from ~6% today)

300+

Geographical Areas
authorised for CGD
roll-out nationwide

m CGD is India’s hedge against imported-fuel volatility — anchoring households and industry to a metered,

indigenous-priority gas grid instead of tanker-and-cylinder logistics exposed to global spot prices.




Keep energy flowing in shortages

CGDs Role ina
Crisis

« Prioritize CNG/PNG to reduce diesel and LPG
dependence

« Maintain minimum linepack to buffer short-term
supply swings

Flexible, resilient city networks

« Operate ring mains and isolation valves to localize
disruptions

» Use SCADA telemetry to rebalance pressure across
Zones

Protect essential services

+ Supply hospitals, kitchens, and emergency fleets via
priority feeders

« Stabilize MSMEs and public transport when power
and fuels tighten
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OVERVIEW OF CGD NETWORK
STATEMENT OF PROBLEMS: MAJOR ISSUES IN CGD BUSINESS

NEED FOR TECHNOLOGY INNOVATION IN CGD SECTOR

COST ECONOMICS & BUSINESS VIABILITY: TECHNOLOGY INTEGRATION
INTEGRATION OF Al,ML & CLOUD COMUTING

ROLE OF AUTOMATION & DIGITIZATION IN CGD SECTOR

DYNAMIC PRICING CONCEPT IN CGD

FLEET MANAGEMENT SYSTEM: DRY OUT AUTOMATION MODLELING
GAS RECONCILITION: ROLE OF SMART METERING

INNOVATION IN SAFETY IN CGD : LEAK DETECTION

PIPELINE INTRUSION SYSTEM (PIDS):A GAME CHANGER IN SAFETY OF PIPEL
GEOGRAPHICAL INFORMATION SYSTEM: MAPPING OF CGD NETWORK
CHALLENGES FACED
WAY FORWARD



GAS FLOW DIAGRAM (&0

GATHERING

TRANSMISSION

DISTRIBUTION

CGD is the last component of the
Natural Gas value chain delivering
“Natural Gas to end users in town
and cities to meet the demand for a
cleaner, more efficient, economical
and environmentally-friendly energy

source.
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CITY GAS DISTRIBUTION PROCESS(CGD)- PROCESS OVERVIEW @

Domestic Gas
Supply

City Gate Stations

19 bar (steel P/L)

iL Stove

Large Industrial Customers
Domestic Meter

100 mbar ( PE / GI

Service Regulator (SR)



Statement of Problems

High Operational Cost including Issue of Dry Out
scenarios at CNG stations

High Gas Losses in CGD sector

Pipeline Integrity and Safety: A Big Threat In
CGD network




High Operational Cost including Issue of Dry Out scenarios at CNG stations (&% >

Dry Out Scenarios at CNG Stations & High Operational Cost

Issues

Stock-Outs at DBS

Long LCV waiting time at DBS

High Operational Cost

Sub-Optimal utilization of LCV contract limit Kms
Over / under utilization of LCV

Impact

In-efficient operation
Financial loss

|

Customer reliability b
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High Gas Losses in CGD sector

SSIES

Leakage in Pipeline network
Metering and billing inaccuracies
Theft and operational errors

Impact

Emission of Green House Gas
Lack of Profitability

Loss of operational efficiency
Regulatory Penalties




Pipeline Integrity and Safety: A Big Threat in CGD network

SSIES

Third-party damage
Damage from traffic
Corrosion

Non-piggable pipeline
Non-standardized networks

Impact

Potential risk of accidents
Supply interruptions
Damage to Environment
Financial losses




Solution: Integration of Artificial Intelligence, Machine learning & Cloud Computing (@51

Operational Efficiency:
SCADA System for Monitoring and Control
Dynamic Pricing in CGD Network
Al based LCV Fleet Management System
Geographical Information System(GIS)
Smart Metering

Safety Enhancement:
LCV Fleet Management Geo Fencing
Driver Behavior Based Management System
Al based Network Pressure Control System
Mobile based Safety Work Permit System: GIS Integration
Leak Detection System
Integration of Odurization System
Remote ESD Operation for CNG station

Pipeline Integrity & Loss Management System
Station loss Prevention: Compressor loss
CGD Network loss capturing
Gas, Financial reconciliation




CGD DIVISION

Role of SCADA in the CGD Sector
vis-a-vis the Energy Crisis

Digital Intelligence for Secure, Efficient & Resilient Gas Distribution

Real-Time Monitoring Al-Driven Forecasting Leak & Loss Control




SCADA Architecture Central

Control Room
Signal flow from the city gate station to the customer meter

8 =

CGS Valve Stations Customers
City Gate Station District Regulating Station Sectional isolation points PNG / CNG / Industrial

Live SCADA/HMI oversight of
the full network

Connected throughout by OFC, 4G / 5G Cellular and Radio Telemetry — redundant paths ensure the control room never loses
visibility.



IMPLEMENTATION OF CLOUD BASED SCADA SYSTEM &)

i o

Centralized SCADA System
City Gas Distribution (CGD)
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CNG STATION CCTV

LCY
MONITORING

FIRE & GAS

LINE
PATROLLING

FLOW
METERING (LCV)

Y
g

ODORIZATION

CGD 6 Cities
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E;

VIDED WALL
DLP LED

J
=

BECADA SERVERS
(REDUNDAMNT)

TIWVMIHIS HLIM | TTYM3HIE HLIM n | m

2 # HIAHIS NdA | | # HIAHIS NdA

1
|
|
|

- v =l

| |Fruow compuTER

| ELEM COMPLUTER
| FLOW COMPLUTER

o 5
=)
B ek YEN HED

340085 SHIANIA YaVIS
H3aNN SW3a0W

AT b e

DRS
ERS
DAS




ETATION NAME |  COMPRESSOR 01 (ONLINE) COMPRESSOR 02 {ONLINE)

Compeessor-0d Stabys

F30TC004 - MOTHER STATION, TULSIRPAT T

Comgredsor BN

Capacity STATION INFO Ranning Hors:hin Panning Helrsin

Compressor Type B L AL 293521 33 29352¢1 33
T e

Saction Frebure TIAT Bar Saction Preseore V349 Dar

Comp, Type:

i 2y Ceach Preisiam VIR Dar Ird g Deah Prmisdane TS R
indel Termperature ikt Tormper e
I fy Dwsch Temperaiue TLEY*C Jnd g Dvach Temperiu Ay
oo &1 (29 00 &1 AN
.02 . )07 (719

=

180 1300

=
=

1

COE Satus Enging Flow G032 Status Emging Flow

Oas Sale

?.-i'i:

Comp AW Des pa il

e DR SLI LTI

g ff - W AL TY

!hl "
3 m*u
4]

o0 P0G OROT OGO ‘ﬂ-:lﬁﬂ-"n.ﬁ mmm G 032N s O3 6




CLOUD BASED SCADA SYSTEM IMPLEMENTED FOR CGD
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CLOUD




KEY BENEFITS : SCADA

CNG ol
Dynamic —
Pricing




KEY BENEFITS: CNG DYNAMIC PRICING

Actions Initiated

0 Dynamic Pricin(r:l change implemented L e .
through Centralized SCADA for all GA. e o

0 Real time price change through Algorithm sl - .. | s
Mass Totaizet (Xg)

Beneflts H 17640 1500 W60

CHG Rate (Ralg)  Gas Temparae ['C) CNG Rate (Raig)  Gas Tomperature ['C)

AT 9 b TR L

Instantaneous Price change
No manual errors

Proper Gas reconciliation
Flexibility in implementation
Financial savings*

*Cost of Manpower and vehicles. Revenue losses due to time lag



Al BASED LCV FLEET MANAGEMENT SYSTEM:

IMPROVING CNG VALUE CHAIN

Fleet Management system |
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Al BASED LCV FLEET MANAGEMENT SYSTEM C--9)

Key challenges

CNG dry out at daughter booster stations
leading to queuing, revenue
customer dissatisfaction

Absence of CNG transport vehicle real-time
tracking leading to discrepancy in lead time

High operational cost (fixed cost) of . B - of delivery resulting in dry out
LCV in MS-DBS network

Manual CNG network re-mapping

Technology solution Third party / Smart & Stable CNG
modules in-house tools transport network



SYSTEM ARCHITECTURE

I central database |
lis a combination of |
| live and static data |

1
Pressure data

Hoprly sales
MSADRS _ - ___
operational
status _
LCV live DBS Ioca_ltlons
locafiomr ~~ " TTTTT T T T T MS locations
| MS-DBS routes
X SCADA data
! Dispenser Sales
I LCV data
i
1 1
N Central
1
. Live traffic status
I | through third
1 | party apps
I
1
1
! CGD GA data
' Alerts delivered on mobile apps centre/control
to key personnel room—

AL/ML optimisation solutions engine

DBS stock
estimation
module

LCV
re-routing

module

J

A

[

Minimum LCV
estimation
module

J

\

LCV utilization
module

l

Analytical tools

Optimised LCV
schedule to control
centre

Dry-out estimation and
suggestions on
re-routing

LCV ETA calculations

LCV downtime report
LCV utilisation report

Alerts:
LCV idle
Route deviation
RO Dryout
High travel time

Live status:
#LCV #MS

\ #DBS #Route /

Real time

output/rep
orts on Ul

=



DBS stock estimation module

&0

Objective of the module is to estimate stockouts in advance and ultimately prevent real-time CNG stockouts at all the DBS

lrdividual DBS stockouts are estimated based
on miyltiole parameters

Customized trigger inputs for every DBS

Timely triggers to re-routing module and
control centre for acting against stockouts

Individual DBS stockout reports as per desired
frequency (including controllable /
uncontrollable factors for stockout)

Stock

Critical

CNG Stock

CNG Stock

600 DBS1
%
~ goo I m | m I = | —
) O ) Q ) Q O QO Q Q O O Q
& AY @ o & W° .@' ,{5 OO ,@Q &> 2% & o q9'-° g
500 DBS2
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Time stamp



LCV re-routing module (&

Objective of the module is to identify and re-route LCVs to DBS with expected stockout

Control Centre

Alert: stockout in 3 hours Yes

Re-route?

LCV rerouting module Re-routing suggestions . .
B Re-route directions to

el the LCV driver

DBS

LCV o

. re-route T
options
Network update post
re-routing
Emergenc LCV at LCV en-route to LCV waiting at a
y LCV MS closest DBS DBS

Key features:
Minimize network change / ripple effect in the operational GAs LCV related constraints

Real-time estimation of various LCV travel times Other factors
Suggestion of LCV with the least estimated time of arrival



Minimum LCV estimation module

&0

Objective of the module is to optimize the total number of LCVs in the MS-DBS network

DBS

s

MS

LCV

LCV optimization for a DBS

Optimized Schedule

Pre-commission: Post-commission:

Calculate the minimum @ Optimize number of LCV1 MS1 DBS1
number of LCVs based g LCVs based on pool Lcva VS DBS1
on demand profile available in the network

LCV2 MS2 DBS5

Filling point

01.07.2022 30.07.2022
01.07.2022 15.07.2022 40
16.07.2022 30.07.2022 70



LCV contract module (&S

Objective of the module is to optimize the utilization of individual LCV monthly contract km slab through analytics

Estimated
LCV real ‘ utilization
time data Optimum
utilization
LCV master N
data
Analytics
Central o
Database \_/_er )
Date: utilization
XXYY 1234 MS3DBS10 1500 1000
XXYZ 1324 MS1DBS3 2000 2200 0 1 MS2DBS6

XX AY 4321 MS2DBS3 2500 1700 800 2 NA



LCV Scheduling

& Al Based LCV Schedule
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s Al Based DBS 6-Hour Stock Projection
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E) Lcv Queue Management
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Cost Savings using Al tools iét)

Rs/kg: Cost involved in moving 1 kg of Gas in the network using LCV/HCV

Rs/Kg- 4.70 ,Kg/Km —10.24 Rs/Kg- 4.68,Kg/Km —10.35

Rs/Kg- 4.74 , Kg/Km —9.94

AS-IS Condition at Varanasi
Rs/Kg- 4.80
Kg/Km —9.92

Rs/Kg- 5
Kg/Km —9.89

Kg/km: Quantity of Gas moved/delivered in 1KM of the network using LCV/HCV



Gas Reconclliation
of CGD Network



CGD Network Overview
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CGD Gas Reconciliation Dashboard
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After Implementation of Solutions ()
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ACTIONS TAKEN

Network Section wise Reconciliation
CNG station wise Reconciliation
Integration with SCADA

Online connectivity of GC with SCADA
and data flow to Cs and Flow
computers

Leak checking of CNG stations, S/V
chambers

Zero checking of Mass flowmeters of
CNG compressors, Dispensers and
LCV filling points

Parameters of Flow computers at CGS,
DRS and MRS
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V1S (Vehicle Tracking system): Integration witn (
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CHALLENGES FACED

API Integration of different VTS vendors/systems

Integration with SCADA: modbus mapping of various systems

Online connectivity of GC with SCADA and data flow to EVCs and Flow
computers

Connectivity of old dispensers: firmware upgraded
Integration of VTS, Fleet management & SCADA Systems
Integration of manual CP systems

Integration of relay based compressors Systems



Innovation In
Safety in CGD




MOBILE PERMIT APPLICATION

CGD
Safety Work Permit
Management System

& Ty

E I'F -il.
A
ll.‘_,_'l

P Lizar 1D
& 1995

Colect Role

-=Select Role-

FPermit Receiver
FPermit lssuer
ﬁ F&S Authorization

4 CGD In-Charge




WORK PERMIT LOCATION IN CITY MAP: INTEGRATION OF GIS , WORK i D)

PERMIT W‘Fﬁ G§8iﬁ&'&0'\' BHUBANESWAR GA PERMIT ON MAP
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Services and Solutions

For Natural Gas Leak Detection

Innovative




LEAK SURVEY

FLANGE kl

METER

120 MBAR

REGULATOR OUTLET
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vortex

vortex
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Al Based Industrial Acoustic Imager

Leak

Ultrasounds

Features

&

Pinpoint leaks of any gas in real-
time

Inspect from a safe distance of up
to S0 m

Take pictures and videos of
detected leaks

Real-time beak rate estimation to
sel priorities

Integrated reporting system




LEAK SURVEY

Ballpark Figures of Gas Loss

From a Underground Leak at 4 Bar Pressure

Dia. of Leak Leak Rate Gas Rate Gas Loss
Case
Inch SCM / Day SCM / Year INR / SCM INR / Day INR / Year
1 0.05 123 . 44 907 28.00 3,445 12,57,408
2 0.10 492 1,79,630 28.00 13,780 50,29,630
3 0.20 1,969 7,18,519 28.00 55,119 2,01,18,520
il 0.30 4,429 16,16,667 28.00 1,24 018 4,52,66,671
5 0.40 7,874 28,74,074 28.00 2,20477 8,04,74 081
6 0.50 12,303 44 90,741 28.00 3,44.495 12,57,40,752







Principle of Pipeline Intrusion Detection System (PIDS)

The system works on the principle of nDistributed Acoustic
Sensingo (DAS).

Probe light pulse from Laser source is sent down the optical
fibre. (up to 50 Km)

Some of the light returns towards source due to Rayleigh
back-scattering & directed to photo detector

External acoustic disturbance ( such as digging , walking etc.)
around fibre cause phase changes in light source.

Since the speed of light pulse is known , time when it arrives
at photo detector determine the scattered location.

Phase change to pulse from each location is dynamically
processed to extract the acoustic signal by external activity.

(&=




Measurements all along a 20km fibre = 4,000 sensors!!

Standard multi- or single-mode optical

PIDS
SYSTEM

: Backscattered light provides
\ ' measurement point every 5m
I

g ,, 5m pulse of







Intuitive Software Interfaces — Operator Interface ‘&>
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PIDS CAPABILITY : LEAK SIMULATION
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WAY AHEAD

PIDS CONTROL ROOM

QRT TEAM

LINE PATROL MAN
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THE IDEAL COMBINATION FOR EFFECTIVENESS OF PIDS

DUAL FIBER




GAIL (INDIA) LIMITED
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Role of Enterprise GIS in
City Gas Distribution TR

Analysis &
. Modelin

Provides a Process _» 9

and Framework . . .

.. . Solving many ‘
business Challenges *




GEOGRAPHICAL INFORMATION SYSTEM: Dashboard

City Gas Asset Dashboard =
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Safety & Outage Management

¢ Manage Planned Outages and Unplanned

v/ Get list of customers affected
v/ Send SMS/Email to Customers

L
]

Emergency Response Control panel

! .

! L;. .I \
location on the é{S interface pangVNNE
the BP/CA numben VaIve ID or I'

[ Reports the responsq to the ng \

Authorities. | \ / \
b o

\ Aleris! Incidants Page




Smart prepaid gas meter
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Prepaid revenue management process

ﬁ Process removed

Gas consumption

l

é

Eevenue

Payment collection




Complying to the Best Practices in Smart Metering Roll

Out
Smart Common Integration
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Smart Metering HES Components and CGD System integrations

[ Utility Systems ]<

Web
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File
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Business Systems
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Al Based CGD Network Pressure Control System

f_...
1'."\ L

DRS Inlet pressure
monitoring without PT

DRS outlet pressure
monitoring without PT

1)
2)
- 3]
4)
5)

Intrinsic Safe Terminal Box
consisting -

S5v-101 termination
SSV-102 termination
GD-101 termination

Corr pulse counter from EVC
Unc-corrected pulse counter
from EVC

(=)



=~
Way forward: LCV /FLEET MANAGEMENT SYSTEM &

MGV Assignment and Fleet Manage
ment Engine

4

Android Driver Data to Cloud / Local

Display Unit Sever@ MCS
ATEX Pressure Input

| NATURAL ¢ 6AS.




Improving Gas Procurement Through Predictive Analytics C-o9)

iy, =

Al-Based Demand Forecasting

Machine learning models analyze consumption,
temperature, and economic data to predict gas
demand accurately.

Optimized Procurement Strategies

Forecasts enable companies to optimize
contracts and reduce risks from volatile market
prices.

Infrastructure and Risk Management

Predictive analytics support infrastructure
planning and help minimize risks during energy
crises.




Leak Detection and Predictive Maintenance with Al D

Al for Early Leak Detection

Al integrates sensor data and historical
records to identify early signs of leaks
and equipment failures.

Predictive Maintenance Systems

Machine learning estimates asset
lifespan enabling maintenance before
failures, reducing downtime and costs.

Enhanced Emergency Response

Al rapidly identifies affected network
sections and suggests isolation
strategies to improve emergency
response.




Enhancing Customer Experience Through Al (&

Al-Driven Billing Systems

Intelligent billing systems detect abnormal
usage and potential meter issues, preventing
revenue loss effectively.

Al-Powered Customer Support

Chatbots offer 24 /7 assistance for inquiries,
payments, complaints, and service requests,
enhancing responsiveness.

Advanced Analytics and Segmentation

Analytics segment customers by behavior,
enabling targeted energy-efficiency advice and
personalized services.




Innovation and Beyonde..

;‘l’UéD e ..

ﬂ:::.ﬂ:: ]

Iil

i

||.mm|r (R et
il.llllll "




