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Indian Grid - Amongst the World’s Largest & Complex systems
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Dimensions of the Indian Power System
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Indian Power Sector - Institutional framework

Role Responsible Entity
Policy Making Central Government State Governments : .
Planning & Standards | Central Electricity Authority Bureau of Energy Efficiency o conre 40P e
. o o i ' Ha:v;;: = Ulta‘ kha I (:)Zehpa h re
Regulations & Central Electricity Regulatory State Electricity Regulatory Appellate Tribunal for e K| . rendfe
Adjudication Commission =~~~ Commission” """ ---- _ Electricity R .
National Load Despatch Centre Regional Load Despatch Centres\: . ot & g
System Operators |-~ - —— - —---— State Load Despatch Centres o e
------ Part.of Grid Controller of India (Grid-India)- -~~~ v maree S P i
{ v:l::;'e;,;‘d Navi Mumbai e of Load Dis:I::(‘: eeeeee
State Owned Generatin Independent Power = 4 P o
Generation Inter-State Generating Stations _ g Producers and Captive Power e R it
Stations Saa e g
P rOd u ce rs Lakshadwee| "Puducherry  LEGEND (‘
o @ Location of SLDC °
Inter-State Transmission System . oo ey
. . . y State Owned Transmission _ . e~
Transmission (Central Transmission Utility of Svstem Private Sector Players o " Indian Ocean et
India Ltd. — CTUIL for planning) :
T State Owned Distribution . e ~
Distribution _ Private Sector Distribution Licensee 3000 SyStem 0 perato rs
Licensee | across LDCs
Markets Trading Licensee Power Exchange ‘ OTC Platforms ~ 700 system operators in
Reaistr National Open Access Registry, Green Open Access Registry, Renewable Energy Certificate Registry, realtimeo perati ons 24x7
gIstry Energy Saving Certificate Registry, Indian Carbon Market Registry
Coordination Forums | Regional Power Committee Forum of Regulators ‘ Forum of Load Despatchers



Grid Controller of India - The National Grid Operator

6 Control Centres (1-NLDC, 5-RLDCs) ensure integrated
operation of National Grid, 24X7

« Electricity Act, 2003 Sec 26 — 29
« National Electricity Policy, 2005 Sec 5.3.7

« Gazette Noti. 19.12.2016 - Independent
Government Company under Ministry of Power

WRLDC ERLDC, Kolkata since Jan 2017

Mumbai
SRLDC « A Central PSE under Companies Act, 2013
Benga;uru « Discharging Mission Critical Statutory Functions of

National Importance

Integrated and . : :
oL Fair & neutral Knowledge Regulated and Financial and
AL ' Functional

operation of Market based statutory Profit neutral
Operation organization business model Autonomy

National Grid




Evolution of
Changing load profile

G ri d Integration of Renewables
Need for Flexible Systems

East and
Northeast
Pre 1991 synchronized
Five Regional Merchant
Grids - Five Power

Frequencies

October 1991:

March 2003:
West
synchronized
with East &
Northeast

Electricity
Act, 2003,
Open
Access

August 2006:
North
synchronized
with Central
Grid

Merging of
Markets,
Power
Exchanges

Dec 2013:

All India
Synchronized
Grid

Addition of
large 500 MW
& above gen.
units and 765
kV trans. Lines,
Ultra Mega
Power Projects



Resource
Spread across
India

* Hydro — North-Eastern
& Northern India; Coal -
Central India

e Renewables —
Northern, Western and
Southern India

GRID-INDIA

LEGEND
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MNudlear generation
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Wind Power Potential

Y R R

Wind Potential Map at 120m agl

bl "L—
. ? . Wind Atlas

Legend
| State Boundary
CUF (%) -
o-20 N 30 - 32
20.25 N 22 - 35
165 330 [T a0 1,320 e s - - 3s

Estimated potential: ~302 GW at 100 m, ~700 GW at

120 m ,~ 1150 GW at 150m[ Height (1) => Wind Speed(1) }

Off-shore Wind Potential ~ 70 GW (coast of Gujarat
& Tamil Nadu)

Commercially viable sites with CUF>30% —= 214 GW;
CUF>35% = 57 GW

Current Installed Capacity (June 2026): ~57 GW (less
than one-fifth of potential)

Huge wind potential in the country — Needs to be
prioritized for maintaining a balanced energy mix

Source: India’s Wind Potential Atlas Report, NIWE
ht Y, . in/ ia/150m- it
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Solar Power Potential - ., ™
The nationwide irradiance distnbution is shown in Figure 8. -,O\- [Andd 'a s
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. A Aims for 500 GW
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by 2030
2 o 2 |
’&? .‘d_ 300+ sunny days
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Figure 8; Solar irradiance map (GHI) of India’
24 World Bank Group (2019). Global Solar Atias. https.//globalsolaratlas.info. 9



Multi-tiered & Multi-lateral Coordinated System
Operation
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Core Areas — GRID-INDIA _ T JECEAER

Secure Real Time Operation
Forecasting, Scheduling,
Imbalances, Optimization,

Reliability Wholesale Electricity Markets

Operations Planning, OTC markets, Power

Transfer Capability, Reserves Ancillary Services Exchanges.
A

e
o

A
Pool Account Administration Data Analytics Capacity Building
Deviation, SCED, Reactive Operational Feedback, Policy System Operators basic and
Power, Congestion Advocacy, Big Data Analytics specialist level certification
€ .
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Ancillary Services

* Ancillary services consist of “value-added services” required for
* Maintaining generation and load balance (frequency control)
* Maintaining voltage and reactive power support (voltage control)
* Emergency preparedness (system restart & stability control)
* Necessary for maintaining power quality, reliability and security of the grid
* Ancillary services can be provided by
* Generators
 Distribution Utilities
* Transmission operators
e Other entities : Energy Storage, Demand Response
* Ancillary services despatched by system operator
* Maintaining generation reserves and reactive power support
* Need to define, measure and pay for services (regulated/market)




Ancillary Services in India - Classification

. e A Mandated by Grid
System-wide Primary Code. Provision for
provision Freguency PRAS in [IEGC-2023
- N Control Regulated through
_ Q J SRAS/AGC
Ancillary —
. arket-pase
Services Tertiary Shortfall
\ ) ( ) through TRAS
Voltage Control | @ 5 paise/kVArh: escalated at 0.5paise/kVArh per
Local provision through 9 y year

regulated mode;
facilitated in IEGC, 2023

@ 110 % of normal rate of charges for deviation for

Black Start the last block in which the grid was available.




Frequency Control Ancillary Services

Y )
Disturbance

SN

Frequency —

Active Power

L
| 1
1 . :
Sync. .‘ Primary Secondary TCertlar); E
Inertia \ ' Control ’ Control ontro ;
+ J : t SN 3 b Y :

TC '
7o Ss 30s 15 mins 30 mins

Reserve Start of activation Full Availability/  Ability to sustain the full
deployment deployment
Primary Response Immediately as soon as Within 45 sec 5 min
frequency crosses dead band
Secondary Reserve Ancillary Service | Within 30 seconds after the Within 15 Min 30 min or till replaced by
(SRAS) receipt of AGC signal Tertiary Reserves
Tertiary Reserve Ancillary Service Within 15 minutes of dispatch instruction from 60 min

(TRAS) NLDC/RLDC




Various Aspects Related to System Security 37 PR
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Renewable Energy Management Centres i? B

- Scheduling and
NRLDC, NLDC,
Delhi ‘L{gelhi Imbalance
Rajasthan Handling
* |
Gu]ép;qt :

Mahar#htra

Situational
Awareness — Real
Time Monitoring

DC,
Bengaluru

Karnataka

Tamil Nadu *

11 Nos. REMCs (State/Regional/National) co-located with
Load Despatch Centres Integration with other processes and systems in

62.5 GW renewables being monitored from 654 nos. RLDCs and NLDC
pooling stations pan-India
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W nR-REMC

‘ karnataka Andhra
Pradesh

TamilNadu

Approved REMC with available fund — 2 nos
» Andaman & Nicobar

» Telangana
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Renewable Energy Management Centre LV Qe

Dedicated control centres for managing
renewables

Co-located with LDCs at11 locations

Intra day, day-ahead and week ahead basis
forecasting

Dedicated scheduling platform for RE generation
for day ahead and intra day scheduling.

RE Schedule Integration with existing scheduling
tool

Real time tracking of generation from RE sources
SCADA data integration with state & National

REMC and respective LDC
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India’s Journey with Renewables

Maximum Wind + Solar penetration in instantaneous MW and
energy (day/year) terms — FY 2026-27

MW All India Solar and Wind Installed Capacity
Solar mWind -
Rajasthan Madhya Pradesh
250000 Inst.: 119% Inst.: 66%
. N Day: 37% Day: 28%
Solar: ~161 GW, Wind: ~57 GW AR Day: 28%
200000 /,
Renewable Capacity Addition > 17% CAGR since 2017 Gujarat ("v“
Inst.: 80% @
150000 {
Day: 44% o
I Annual:35% k rela"gZ;a
('( i nst.: ()
100000 I Maharashtra S (}_ﬁ Day: 25% )
|nst.: 40% /_‘;‘: Annua|.13/o
Day: 21% b
50000 Annual:15% | Andhra Pradesh
I Inst.: 63%
YEAR : .
. l Karnataka 2ay. 3?_?0 (J
0 Inst.: 66% nneaneA
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 Day: 37% Tamil Nadu
Annual:23% Inst.: 85% o
Source: CEA Installed Capacity Report Day: 42% ¥
Installed Capacity Report - Central Electricity Authority Renewabe Feneiatoh ANNUAI:24%

Highest All India Instantaneous VRE (Solar + Wind) penetration of

~42.8% (103.7 GW) recorded - 13-07-2026

*Till Jun 2026

500 GW non-fossil capacity by 2030

Highest All India Instantaneous RE (Solar + Wind + Hydro) Including ~293 GW Solar & ~100 GW Wind

penetration of ~“52% (~126 GW) recorded — 13-07-26



https://cea.nic.in/installed-capacity-report/?lang=en

Transnational Interconnections

India — Bhutan

400 kV, 220 kV and 132 kV
synchronous
interconnections
Transaction: Both
Export/import

India — Nepal

400 kv, 132 kv, 33 kV & 11
kV interconnections

Transaction: Both
Import/Export

India — Bangladesh

* 400 kV 2xD/C with HVDC back
to back. 132 kV D/C with radial
connection.

e 400 kV dedicated D/C to
Bangladesh

* Transaction: Export from India

India = Myanmar

e 11 kV radial interconnection
* Transaction: Export from India

\

Map not to scale. For representation only

Cross-Border Interconnections
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Cross Border Interconnections

Bangladesh ] Myanmar
(at higher
I\ Bhutan ] voltage level)
INDIA | Mymmar | /INDIA gy
\
(Existing [\ Nepal ] (Planned) Lanka
Interconnections) \ \
All fig in MW
Interconnection Existi impl Uml'etr. b Flannee
xisting  Imp emﬁ;lz:) ion (by (2030-31)
Under feasibility [, qi; - Bangladesh 1,160 0 1,000 2,160
MM India —Bhutan 7,560 0 0 7,560
e SaudiArabia -
. UAE India —Myanmar 3 0 504 507
. India —Nepal 1,600 8,100 5,350 15,050
* Singapore
India — Sri Lanka 0 0 500 500

Source: https://ctuil.in/uploads/annual_rolling plan/175949128588Interim%20Rolling%20Plan 2030-31.pdf



https://ctuil.in/uploads/annual_rolling_plan/175949128588Interim%20Rolling%20Plan_2030-31.pdf

Cross Border exchanges
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Energy Import/Export by India from/to Bhutan

®Import From Bhutan = Export To Bhutan

9381

7995
7253
6281
5730

2020-21 2021-22 2022-23 2023-24 2024-25

Energy Exported to Bangladesh

u Export To Bangladesh

8581

8394
8084
7555
7327

2020-21 2021-22 2022-23 2023-24 2024-25

2025-26

8142

2025-26
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1.5

Energy Import/Export by India from/to Nepal

= Import From Nepal  ® Export To Nepal
2127 2150
1870 1850
1725 1686
1552
1385
179
® |
2020-21 2021-22 2022-23 2023-24 2024-25
Energy Import/Export by India from/to Myanmar
™ Export To Myanmar
9.8
9.24
9.08
2020-21 2021-22 2022-23 2023-24 2024-25

3468

1473

2025-26

832

2025-26

Participation in Indian
energy markets —including
power exchanges

Harnessing diversity in
load and generation
patterns

Help in balancing
renewable-rich systems

Cooperation during
exigencies




Southern Region — Demand Scenario

Installed Capacity (MW) (source :CEA) —

Jul 2025 | Jul 2026 (% Change

70000 A

Hydro 13127 13676 4%

65000 A

Thermal | 59075 61783 5%

60000

Mw

RE/Others| 63250 73481 16%

55000

Nuclear 3320 3320

50000

Total 138772 | 152260 10%

45000 4

40000 4

i? Gf?n-&.;:l.NDIA
i
| I f‘{‘
\ M r', ' | , IAA[{‘
M | \JV wm\, “ A

Jan Féb Mar

Ai)r Mla.y

— 2026 - 2025

JL;H

Jul

Al:lg

2024

Stlap

2023

Oct

* SR Peak demand met on 11-09-2026 (14:47 Hrs)
* SR Max Consumption met on 16-04-2026 : 1533 MU

: 76746 MW




SR Energy Particulars if oL )

Maximum Energ All Time Maximum Values
. !,, All Time Max (MU) All Time Max (MW)
Consumption (MU’s)

I I
282 376 470

Telangana

344 19,543
MU | MW

Andhra Pradesh

289 15,016
MU MW

Karnataka Peak Demand (MW)

376 |20,094 (All Time Maximum Ever Recorded)
MU Mw

Puducherry
12 571
Tamil Nadu mu

469 | 21,724
MU MW

Kerala

17 KRES
N Mw ,

Bl All Time Max (MU)
Maximum Energy Consumption
ever recorded

Il Al Time Max (MW)
Peak Demand ever recorded

23




Southern Region Overview W B

2nd Highest RE Installed Capacity among
Regions in country

73.5 GW (RES excluing Large Hydro)

Lift Irrigation — 9 GW
TS - 7.5 GW (Kaleswaram — 5.7 GW) , KA
-1.3GW,AP-0.2 GW

Pumped Hydro Storage - 3680 MW

Greenko Pinnapuram (1680 MW), Kadamparal
(4X100 MW) in TN "
TS N’Sgr (700 MW) & Srisailam (900 MW)

UNIQUENESS OF SR © e
GRID -. 4 e e  HVDC Pugalur-Thrissur

e 320KV, 2000 MW, First VSC
HVDC in Indla

PE v N S oo

1000 MW Unlts
2x1000 MW units in operation at

E Upcomlng Pumped Storage : 6950 MW

»_:: Upper Sileru(AP) : 9x150 MW

S Sharavathy(KA) : 8x250 MW - Kudankulam

= Kundah.(TN) : 4x125 MW I i f s S B = ———— u

S Chitravathi(AP) : 2X250 MW ren it | Z# e~ In 1902 - Shivanasamudra Generating
Saundatti(KA) : 1600 MW B . 2t plant 42 MW Commlssmned
Gandikota(AP) : 1000 MW I \ = < = =1 “; —E SIE

Speua Me:tIng'» ‘



%’E GRID INDIA

Thank You
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