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India's FLAGSHIP Power Transmission Utility

MAJOR SHAREHOLDING O 0 Q
BSIDIARIES: 7 INT VENTURES: 1
@ Gol: 51.34% | Fils: 24.73% | Dils: 20.26% SU ° 5:78|J0 URES: 13

@ MOU RATING: “Excellent” since inception

Gross Fixed Assets: > T3 Trillion

- CREDIT RATINGS ~
International®
AAA AAA AAA BBB BBB- Baa3
(Highest Safety) (Highest Safety) (Highest Safety) (Outlook: Stable) (Outlook: Stable) (Outlook: Stable)
\ CrRlaﬁlgE @ ICRA nc“ﬂ[se ggt':i’nagl;bal FitchRatings MoobDy’s 30

-

'_:‘ )e 4
Allinformation as on 31.12.2025  *At par with Sovereign @@69.



Transmission Assets
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STRENGTHENING THE NATIONAL GRID TO MEET CURRENT anD FUTURE POWER DEMAND

Transmission Lines

Sub-Stations

IR* capacity

System Availability

1,566 nos. 288 288 nos. 888 ~101 6w 99.84%
1,83,174 ckm (A] 599,016 MVA | | [|[[4]]] 84% of total IR = 99847
\_ /AN J N NG J
* Inter-Regional Capacity
C )
>2,92,000 18 70 169 31 22 201 68 >4,000
TRANSMISSION HVDC 765 kV 400 kV SUBSTATIONS SvC/ AIS GIS TRANSFORMERS
TOWERS SUBSTATIONS SUBSTATIONS SUBSTATIONS (below 400 kV) STATCOMS SUBSTATIONS SUBSTATIONS & REACTORS
_ _/
WORLD’S LARGEST 765KV TRANSMISSION NETWORK IS OPERATED BY POWERGRID  of
(=] =

@
L . . e
Availability as on 31.12.2025 and all other information as on 31.01.2026 0@@6
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Best Practices

Factors leading to high Transmission
Asset Management Performance Levels
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POWERGRID Asset Management Policy POWERGRID
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The policy reaffirms POWERGRID’s commitment towards:

POWER GRID CORPORATION OF INDIA LIMITED

. Safety, Sustainability and Resilience

~i. POWERGRID
SAUDAMINI, PLOT NO. 2, SECTOR-29, GURGAON — 122 001, HARYANA, INDIA. N L i fecyc Ie th i N ki N g fro m conce pt RN d es i g N —>
R s Pl e Wi o construction — operation — renewal — disposal
requirements of the Management System Standard detailed below.

Standard

ISO 55001:2014 . Risk-based, evidence-driven decisions

Scope of certification

Assot Managemant of ansmission system upto 1 600 K HVDUC an 765 KV AG . Continuous improvement through innovation and
digital transformation

RTAMC (Regi Tr ission Asset M g t Centres)

— o= . Stakeholder value creation

Expiry date of previous cycle: Not Applicable
Certification Audit date: 31 March 2024

bt AR e e o b S e . Regulatory compliance and transparent governance

this certificate is valid until: 05 June 2027
Certificate No. IND.24.3009/A/U-1 Version: 1 Issue date: 06 June 2024

Signed on behalf of BVCH SAS UK Branch UKAS |

R . It established Asset Management not merely as a function,

but as a culture and organisational philosophy. =
@

Certification body address: Sth Floar, 66 Prescot Street, London, E1 8H4G, Unitad Kingdom
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Creating Advanced AM Framework




Transmission Line Maintenance Practices uia=fals
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Use of GPS —
Enabled App

Use of Drone — Inspection

Satellite Image
Intelligence

Emergency Restoration )
Systems

. . — Maintenance
Hotline Maintenance

Systems upto 765kV 20
- 82si0




Substation
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Transformers &
Reactors
Switchyard
Equipments
GIS equipments
NTAMC/
Inspection
C >
N
Digital Tools Transformer &
Reactors
=
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National Transmission Asset Management Centre

Remote Operation & Monitoring of all substations from a centralized location — Largest such center
in world for Transmission Assets

Optimization of human resources — No shift operations at
substation

Faster restoration in case of tripping through online diagnostics
of real time parameters & disturbance records.

Enhance the asset life by ensuring operation of equipment
within rated parameters.

Safe & Secured operations with minimum human intervention
and interlocking applicability at multiple stages.
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Centre of Excellence (CoE) — Control &
Protection
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Enabling remote access of Protection Relays &
SAS of substations from CoE at NATMC.
Centralized Management of Protection & SAS
database /configuration.

Troubleshooting and Providing Support to sites
during commissioning and O&M.

Uniformity of Configuration in IEDs & SAS
Gateways.

Management of patch/ firmware/ anti-virus
upgrade of IEDs & SAS Gateways.

Remote Audit of IEDs & SAS Gateways.




UDAAN (Unified Digital Assessment of Asset Network)

KPls
Monitoring

Daily
Operational
History

Maloperation
Details

Equipment
Health
Analysis

Inventory
Analytics

Critical Asset
Identification

Outage
Management
Tools

Maintenance
trends

Weather
Forecast
Models

Bird's eye view for management over AM
performance and issues

S

1,544
291982
180,675 | L

:
UDAAN - Unified Digital Analysis of Asset and Network of POWERGRID : 25/07/2025 6:14:03 PM
Transmission Assets - & Outage Analysis | & Expense Analysis
Lines. Towers. @ Precipitsbon Foresast ) CFY Trpping Anatysis D Curent Trpping status (D Sub Stations [ Detas
Precipitation Forecast

Al
M
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& Maintenance Analysis

Daily Operational Status

& Inventory Analysis
n Tripping
pra—
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Evolution of Asset Maintenance Framework
e 6 Reliability centered
2020s

e

7’
7’

6
,
2000sA
19908
Value, savings

a Run to failure

naacﬂWf;}?eammﬂve
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RCM Framework

RCM Architecture for Transformers

Resource Mapping

Random Forest

Health Model

Asset O&M records
(Bushing,
Windings, OLTC, Oil v

ests, DGA, Furan, Age)
Database - d

ERP, SCADA, NLTK Clustering

Burton/ Dong Model Expert Inputs

Ageing Model Analytical Hierarchical Process

Probability of
Failure

DP-Furan-Methanol

Failure Model

Design U

Documents DGA history, Bath-
Tu_b Model, D|e¥ectr|c Analytical Hierarchical Process
failure history-

Yeo-Johnson
Transformation

BN oo ndex

Design Correlation Decision Trees
Impact of
Failure

4 Impact Model

Impact dimensions Feeder Connections,
Social Impact, Environmental

Impact, Commercial Impact, Grid Operator data,
Inventory Data

6‘ - O.. >0
ool



POWERGRID ASSET LIFE MANAGEMENT SYSTEM

(PALMS)

» Application developed in-house for real-time
health assessment of about 4200
Transformers/ Reactors in POWERGRID.

« Patent received in 2025

» Categorization of critical equipment based
on operational experience and latest
International standards

Advantages:

« Risk Based severity
transformers/ reactors

« Dashboard for monitoring of critical
equipment

* Age assessment models integration

« Dynamic Maintenance plan scheduling
based on severity grade

indexing  of

lll
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Outcome and Value Delivered
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RELIABILITY CENTERED MAINTENANCE (RCM)

@ Matrix - Transformers & Reactors 1;

O
@

* Real Time Health Indexing
along with Risk-Impact
Mapping

* Lower Maintenance Cost

* Inventory Optimization

* Optimized Resource Planning

* Data Driven Decision Making

Health Criticality / Probability of Fail

Importance / Impact of Failure

~ 20% Manhour requirement reduced in Asset Maintenance =



ura=fals

POWERGRID

Al
i e

Al
%

RCM Framework

RCM Architecture for Transmission Lines

Health of Assets Impact of Failure

Tree Growth, River

Crossing, River Course Line Tripping due to Loss in svstem I t on Grid
Susceptibility change, Hill Slope, Seasonal Impact clearan.ce , Storm, Jhum ! V _ Line Tripping mpac on ri Line Loading
Tower memmber theft Fire, Fog etc. Availability condition
etc.
G hical Change of higher wind
. it EOE?_E Ica zone then the designed , Failed to deliver Discom, radial feeder,
ower Lritica Defects from PG ondition Coastal area Revenue Loss Tariff power to critical Railway Traction Load,
defects Darpan load Any other Criticality
ST Pollution, Lightning Feeding Capital Connected to
affected on Tower . " . Failed to Evacuate b T
Asset life Tower Age Social & Palitical city . generation Link/ RE
impact Feeding Generation generation

Industrial Plant

Tower Failure

Failure History Hardware failure
Insulator failure
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Revision of TL Patrolling norms

Focus on Zero Defect = Zero Effect

Quality over
Quantity! Q

* Risk-Impact based Patrolling

* Mandatory use of high zoom cameras
 App based Ground Patrolling

* Drone and Aerial Patrolling for selected lines

e Use of Al/ ML for defect identification




POWERGRID Digital Application for Routine Patrolling and
Assessment of Network (PG- DARPAN) E?Ema?ﬁlg

In-house
Application for Transmission

developed model

patrolling activities

Features

» Real Time Monitoring of Patrolling Efficiency

Complete Geographical Asset Mapping
Automated MIS and Legacy Reports

Defect Catalogue and Rectification Record

monitoring
Resource Planning

e | —
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= PowerRGRID DIGITAL APPLICATION FOR ROUTINE PATROLLING & ASSES|

Total Towers

275309

400 kV & Below Towers( JAN - JUN )

113052 / 159207

71 % Patrolled in Current Cycle

Monthly Patrolling Status

400 kV & Below 765 kV & HVDC

0 10k 20k 30k 0 5k 10k 15k 20k

358/26524 - (1.35 %) 153/16643 - (0.92 %) 158/16508 - (0.

Daily Patrolling Status

141 Nos.
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AMRIT (Asset Management through
aRtificial Intelligence in Transmission)

Urafals
POWERGRID

Image Processing based Defect identification in Transmission Line Towers along
with geospatial defect tags — developed in-house

o Identification of more than 30 types of
defects

o Processing Speed — 400 photographs /
minute

o Accuracy is upto 90%

o Deployment of Convolutional Neural

Network Algorithm &  Transformer
models




AMRIT (Asset Management through
aRtificial Intelligence in Transmission)
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3. Image processing
using CNN models and
advanced State of the art Drone Inspection Model
Transf del .
%_ﬁ_ _ Transformer models trained on >30,000
T _ Ok l Photographs
Detected Defects
DATA CENTRE | "
Expert Review
2. Images uploading to "
6 Server Model Improvement
r =] e
1. Drone & Ground - | i
Inspertion e | PG-AMRIT | REVIEW WORKFLOW Ground Inspection

Model trained on
>13,00,000

W
s N Photographs
e w 7 4. Automatic SAP
- - N IRRRY % 04 | notifications for
f \ ) i BRE | defects detected

against specific
5. Corrective action by

tower
Maintenance Engineer & closure \ T R ‘Q
of Notification S : (=2 x! g
SAP NOTIFICATION 6‘? oo
—_— ®
- ®
s prand



Digitally Connected Employees
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Intelligent Inspection in POWERGRID - 12P

AR based Digital Headgear

Headgear being utilized to enable
Remote Virtual Supervision & Assistance
during O&M

Reduces chances of human error in
maintenance

Tablet based Intelligent Inspection

\
%°
| BN
L ' 1

701-cTug | #]

v
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\ J

End-to-end asset management on the go,
online or offline

QR Code based Asset Tracking

Efficient and paperless execution of O&M ol o@
works "3@oo .
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Automatic Data log in SAF

SAP Asset Manager
WTI- 70
OTI- 65
Bushing Oil level —

OK v" Not OK
MOG level —

OK v" Not OK
Silica gel —
OK v Not OK

ICT-1 400/220kV

SUBMIT

Wi

J T
LA MDA .","' -
AR iy
()7

4
by

e

Wl :v,‘f;‘.‘ 4
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Data Flow Process
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Real-time | Iidd
transfer of Data
to ERP

SAP Asset Manager
Cloud Server

charge for approval

Data transfer to Station In-

Test Data being filled in Tablet by
Engineer in Online/ Offline Mode

Station In-charge

Monitoring and approval by
=g



Automated analysis of Advanced Test —
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Results POWERGRID

if | T2_plat1

oo | TS._plot1

« Tests like SFRA (for mechanical condition assessment i L _5

of Transformers and Reactors) and DCRM (for health | E— | i

analysis of Circuit Breakers) are performed ll\ 50 f

I || F— 18 o

 Traditionally, these tests have been analyzed based on 0 1000 2000 200 a0 00 s
manual human interpretation like X-Ray/ MRI et [t v i -

interpretation

« POWERGRID has developed objective interpretation

models based on Big Data Analytics tools such as ol — f
Clustering/ Ensemble models to objectively interpret ;J
these test signatures and remove subjective bias in ; e e e -
analysis. i A A
- \"‘\\ A A ' \
. S "l‘\;é f
< W =



Alcohol Based Ageing Markers

POWERGRID has become the 4th utility
worldwide to establish facility for Alcohol
Based Ageing Markers test (set up at
Manesar, Haryana in 2022)

Advantages:
o Detects early stage ageing of paper =

o Easily differentiates between normal
ageing and localised overheating

o Higher recovery rate than Furans after
degassing of old units

o Higher detectability at temperatures
>100°C than furans 8S



Valve Hall Inspection Robot :%t%mﬁ@g

—_—
—_—
—
— | w—
| ——
et | ——
-— | —

Automation of Valve Hall Inspection including wireless

Thermo-vision scanning by using |IOT working model has
been successfully carried out at Vizag S/s and Kolar S/s.

Improved Professional customized version of such remote

inspection will be helpful for critical equipment monitoring

in STATCOM and for areas of specific suspected asset
monitoring safely.
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Rapid Response - ERS teams POWERGRID
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POWERGRID has used Emergency /

]
M

[

Restoration System towers to
Quickly, Safely and Efficiently | . /
restore power interrupted by natural | é \
disasters, sabotage or vandalism. ** ‘g\\

Indigenously developed ERS sets 4
available upto 400kV level | SN

.900%90 oO
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Operational resilience - Hot-Line Maintenance POWERGRID
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Replacement/ Rectification/ Tightening of spacers,
Spacer cum damper Tightening of Jumpers.
Replacement of Suspension insulator string.
Replacement of tension insulator string.

Insulated bucket can also be used for:
Replacement/Repair of damaged sections of the
conductor
Maintenance and replacement of mid-span joints.
Rectification/tightening/replacement  of  vibration
dampers
Strengthening of dead-end hardware
Placement of insulating tape/sleeve on conductor
Replacement of arcing horn and corona ring hardware,
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Climate Resiliency - Cyclone Preparedness = = POWERGRID
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Element Identification Preparedness activities after getting

ial P i
cyclone warning from IMD SPeC|a atr.o ing
4 Special patrolling and
- defect liquidation of

" critical elements

o
|dentification of critical /

transmission elements |
using satellite imagery -l

Control Rooms Transportation Tie-up

Setting up of 24X7

yo |

: 'I . Advance transportation
control rooms for , | & £ ’ tie-up thF swift
monitoring S y » 5 S S movemen

"

Manpower Pooling

Resource Planning / \'\

_*i\}/ )

/ ERS Expert,
Availability Qf |'_E_;__' r;_ffﬁ Fitter Gangs
resources in " L R et etc
nearby stations A\ S / . _—
Y Ne—-_ oD
oo *2 s

@0
With above efforts, POWERGRID has successfully endured last 14 cyclones without any major damage =] = 09




Self-reliance in O&M repairs = POWERGRID
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First Site repair of 765kV Successful GIS module F(e;:ra_rljc(::ast’iggmpoadrhsi efgrur;ﬁair
Reactor in 2020 at repair at various 3D printing method at
Aurangabad Substations P 9

Raipur
Resolving O&M issues without OEM support has become the norm rather than exception

AN

POWERGRID's collaborative efforts have also led to growth of indigenous vendors in the field of AIS & GIS
(upto 765kV), HVDC (upto 800kV), RIP bushings (upto 400kV), ERS towers (upto 400kV) etc.




VR based Safety Training

* In line with the POWERGRID’s commitment to adopting
innovative and effective training methods, Virtual Reality
(VR) based safety training modules have been developed to |
simulate critical work scenarios in a highly immersive and PALY
controlled environment.

* These modules are designed to enhance learning retention,
improve hazard perception, and promote safe behavior
among fitters / workers.

* VR based Safety modules developed and used for:
* Use of Ladders
* Tower Climbing Training
* Cardiopulmonary Resuscitation (CPR) Procedure
* Electrical Maintenance of Line Terminal Equipment
 Safety in Insulator String Replacement

SO552
[ ]
Vo O oY J




Human Capital Development

o Capacity Development through Skill Building

o Documentation of Best Practices

o Sharing of learning in National & International Forums
o Formation of Maintenance Specialist Groups

o Monthly Benchmarking Scheme

o Best Employee of the Month Scheme

o Competency Mapping and Job Description

Ay
>

griafols
POWERGRID




Creation of Maintenance Specialist Groups == uazfals
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TL-ERS, TL-Hotline, Transformer &
8 Reactor, AlS, GIS, Protection, HVDC &
Disciplines FACTS, SAS
MSG Groups MSG members
acrossregions
MSG involved in:
Failure Investigations at site
Revision of Controlled Documents/
Procedures
Pre-Commissioning activities @
. . a0,
Mentoring of Young Engineers 2 °o .







Impact of our AM practices ureRfals
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POWERGRID
3.9%
Relay
0
0.27 Maloperation 0.04%
} Rate SF6 Leakage -
Trip/ Line Rate /
0
o552 i Failuor.eGRQte of
Availability Major KPlIs
Transformers P
o Q JJJJJ

°®C- e@.




Outcome and Value Delivered
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Availability (%)

99,75 r---------------

2020-21 2021-22 2022-23 2023-24

2024-25
Incentive capping at 99.75

Tripping/Line
0.36

0.33

0.27 0.28 0.27

Yo .00
2020-21 2021-22 2022-23 2023-24 2024-25 @



Asset Base vs Manpower

Iy

|

|

il

i

CKM MVA
180375
176699 33% rise in MVA capamty 51742 546579
172890 488629
169040 467411
410794
161690
12% rise in Line Length I
. . . 2020-21 2021-22 2022-23 2023-24 2024-25
2020-21 2021-22 2022-23 2023-24 2024-25
. . M
Gross fixed asset (in Rs Crs) anpower
281312 290715 9583
262726 270180 - 14% fall in manpower
241498 l
8970
.. 8637
20 % rise in Gross Block 8375
2020-21 2021-22 2022-23 2023-24 2024-25 2020-21 2021-22 2022-23 2023-24 2024-25




Performance Comparison with major global utilities == POWERGRID

SYSTEM AVAILABILITY (2023-24)
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N
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Report for FY 2024-25 shall be published by December 2025

POWERGRID, India 1.5
National Grid, UK 1.5
REN, Portugal 1.5
EGAT, Thailand 3.4
ISA, Colombia 2.5
ISA, Peru 5.6
EirGrid, Ireland 5.5
ESKOM, South Africa 8.3
Red Electrica, Spain 2.2

*Only those trippings considered which were
caused due to sustained faults in transmission
line (>5 minutes).

Further, NERC (USA) reports 1.06 trip/ 1000 ckm
due to line faults caused by hardware failure. -\
Corresponding figure for POWERGRID is 0.340%)

trip/ 1000 ckm. - .9 oo

’3@0° o
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ITOMS 2025 Results = drerefals
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Overall Composite Benchmark - Weighted Average**

Overall Composite Performance Scatter Plot*

Strong
High Performance, Low Cost POWERG,RID ranke.d
High Performance, High Cost 18 cueis il shatlice i
- ’ overall composite
g TEP PO Cee e oA benchmark - best
‘ N S POWERGRID PG performing global utilities
° n ' .e. high operational
g crP SCAN EGN performance at low
S = *

ISAC operational cost.

Low Performance, High Cost

L ]
. =K Low Performance, Low Cost
ISAP LAN
Weak |~ UTE PS PY
Low

¢
High

Composite Cost Measure

Ranked among Transmission Lines, Transformers, Circuit Breakers, "\-\
; Oes
(=)} o
best performers Control & Protection, FACTS, Isolators o =00

®
Confidential - Not to be shared outside POWERGRID @' o?é @
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Global Benchmarking - ITAMS == powaaEaRIGaRgm

AM Performance Score vs. Operational Performance Score vs.
OPEX (EUR) / Total Circuit Length (km)

5.00 A - ElectraNet, Australia
H B -TAQA, UAE

@ q' C - LitGrid, Lithuania

D -Transelec, Chile

E — SSE, Scotland

F - EirGrid, Ireland

G - REE, Spain

H - TERNA, ltaly

| - FINGRID, Finland
J—-RTE, France

4,00

3.00

2.00

AM Performance Score

} AM Performance Score improved from 3.22 in 2023 t04.14 in 2025

Ranked as utility with the best AM Operating Model K - POWERGRID, India
0.00 L — TransPower, New Zealand
0.00 0.50 1.00 1.50 2.00
Operational Performance Score -\
4.14 (>Avg.) 1.69 (>Avg.) eo'
AM .F'E:’:,f-ﬂ'.".rf;i'-ﬂ.ﬁ'lL'gE. Score Operatio |".'I'.:I." P-—.—*.E.*'-:-_r.'i]:m ce Score 6..00@ >




Technology Initiatives under Progress/ Pilot Project
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Asset Performance Management (APM) System

Satellite based vegetation system

Dynamic Line Loading (DLL)

Green Gas in Place of SF6

Offshore Substations

Insulated Tower Cross Arm

Full scale use of Drones & Robots

Spatial Decision Support System

Green Hydrogen & Energy Storage System
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