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Development of the
Transmission System in India

An Overview of Indian Power
System
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The Grid in 1970’s and 1980’s ...
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Regional Grids — ‘Geographical’

Inter regional MW capacity
Link
NER-ER 1,260
ER-NR 6,330
ER-SR* (excl. 1,130
Talcher-Kolar
bipole)
ER-WR 2,990
. SR-WR 1,720
WR-NR 4,220
Other 132 KV 600
) i Links
Installed Generation Capacity
Current: 159,398 MW Talcher Kolar 2,500
Target for Year 2012: 200,000 MW HYDCBipole
Total as on 20,750
date
Target for 37,700
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Five Regional Grids
Two Frequencies

August 2006
March 2003 North synchronized ..f
West synchronized With Central Grid

With East & Northeast

October 1991
East and Northeast
synchronized

MERGING
OF
MARKETS

Five Frequencies

Five Regional Grids } [Installed Capacity 159 GM
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Generation Technology

Growth of thermal unit

= Till 1950 largest unit size was size
30 MW
1000
« Units of 200/210/500 MW form QOO ----vrrrree
the backbone of the thermal £ 988 L O
capacity in the country (nearly § 600 -
60 %0) & 500 oo
400 -
_ S 300
= 30 MW to 200 MW in 27 years 200 -y
- 200 MW to 500 MW in 7 years 108 == [ 1
« 500 MW to 660 MW in 24 years
I\ &
e 660 MW to 1000 MW in 3 years q"’ o,@ (\Qe ,556 o,‘i?y §D Q,Q
IR R
& & >
@
N
www.cea.nic.in: Report of the committee to recommend Yehr
next higher size of coal fired thermal power stations (2003)
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Very Large Grid
Installed
Type Capacity (GW)
. Coal 84.2
Installed Capacity > 159GW
Gas 17.0
Hvd Nuclear Non-conv. Diesel 1.2
yaro 3% 10%
23% e Total
Thermal 102.4
Hydro 36.9
Nuclear 4.6
Non-conv. 15.5
_ Gas Coal TOTAL 159.4
Diesel 10% 53%
1% ’
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Transmission technology
265 KV r:ﬂ.ﬂ.ﬂ.lﬂLl:uLD.C

HVDC
+- 500 kv |

400 kv
220 kv
132 kv
1950 1959 1977 1990 2000 2011
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765 KV RING MAIN SYSTEM

THE POWER

JULLANDHAR ‘H IGHWAY’

CHICKEN NECK Hydro

BHUTAN

BALLABGARH
(DELHIRING)

BHANDARA
\TARAPUR AKOLA
O AL

&

2 ¢HEAP HYDRO POWER FROM

THE NORTH-EAST AND PIT
HEAD THERMAL POWER
FROM THE EAST ENTERS
THE RING AND EXITS TO
POWER STARVED REGIONS

XIPLAN

SINGARPET LEGEND
DDALORE EXISTING/ X PLAN NATIONAL
IX PLAN GRID
765 KV LINES -Gt 0=0—0—0-0

400 KV LINES
HVDC B/B <E— <—E—>
HvDC BlIPOoLE B> B>

KOZHIKODE

COCHIN

KAYAMKULAM
TRIVANDRUM




Renewable Energy : Wind Power

India: 5™ Largest Wind
Power Producer

Total Renewable
KEnergy Sources ~ 13 GW

Wind Installed
Capacity ~ 10 GW

\ g S Estimated Wind
....... - N . s 1L Potential ~ 45 GW
% £ N = -y
= i\ == )
e = .. ___:___::_::-_::‘?i- .
Intern: . o Nepal
Intercon -

Over 16 links of 132/33/11 KV
Radial links with Nepal
Net import by Nepal

~———- UNDER CONSTRUCTION / PHOFOSED WEST BENGAL

Bhutan

BHUTAN i
Tala: 1020 M vk gss e WA ARUNACHAL
Cligihas 336 MW P o

Kurichu: 60 MW

BALPARA

Net import by Indja ASSAM

India- Bhutan synchronous links
400 kV Tala-Binaguri D/C

400 kV Tala-Malbase-Binaguri
220 kV Chukha-Birpara D/C ~ WEST™,

220 kV Chukha-Malbase-BirpargE'\JGAL

— 132 kV Kurichu-Gelegphug=Bongaigaon
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Power System Operation
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Legislation,Regulation And
Governance
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Indian Power Sector - Institutional Ecosystem

Central Sector Central R&D Mega IPPs
Companies ill:etcr:;l:iltty CPRI, NPTI, :
» Generating Utilities, Y PSTI,
NTPC, NHPC, ' Appellate
NEEPCO, NPCIL Tribunal for
T Electricity
e Transmission Utility, !
POWERGRID Ministry of Power, | Central
« RLDC ; Electricity
! Govt of India Regulatory
¢ Finance, PFC Comm|ss|0n
* Rural Electrification —
REC StaRte EIIecttrluty
; egulatory
‘ : ?MOP, State Govt. . Commission
Trading Co Electronic i :
’ Trading State Sector !
« PTC India Platform . State Forum Of
« NVVNL (IEx,pxi) ||+ Generation IPPs || Regulators
4 e Transmission | Pvt.
* Others B L
[o o R 4« Distribution DISCOM
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Transmission

A licensed activity

Transmission Utilities
» Central Transmission Utility (CTU) — POWERGRID
» State Transmission Utilities (STU)

Non discriminatory open access

» Implemented successfully in Inter-State transmission since
May-2004

» Implementation under progress in the States
Charges and incentives

» Linked to line availability, immune to power flow, neutral to
buyer, seller, traders

N-1 criterion for normal corridors, N-2 for high density corridors
“Power Highways” under implementation

» 765 KV HVAC ring across regions

» 800 KV HVDC from North-East to the Northern Region

13/07/2010 POSOCO, INDIA 18




Regulators — Central & State

» Central Regulator (Section 79, Electricity Act 2003)

» Tariff for Central Generators / generating companies with
more than one beneficiaries

» Inter-state transmission of electricity

» Tariff for inter-state transmission of electricity
» Issue licenses — transmission/trading

» Adjudicate disputes

» Specify Indian Electricity Grid Code

» State Regulator (Section 86, Electricity Act 2003)

» Tariff for generation, supply, transmission, wheeling of
electricity within the state

» Electricity purchase and procurement process of the
distribution licensees, including the price of procurement of
electricity

» Intra-state transmission and wheeling of electricity
» Specify state grid code

13/07/2010 POSOCO, INDIA 19

System Operation Hierarchy

NLDC:
Apex body to ensure integrated
operation of National Power System

RLDC:

Apex body to ensure integrated
operation of power system in the
concerned region

SLDC:
Apex body to ensure integrated
operation of power system in a state

13/07/2010 POSOCO, INDIA 20
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System Operation - Regional Level

OTHER REGIONAL GRIDS

CENTRAL X CENTRAL 7~ CENTRAL IPPs
THERMAL HYDRO NUCLEAR

REGIONAL GRID

BULK STATE STATE STATE
DISCOS DISCOS DISCOS
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System Operation - State Level

CENTRAL
GENERATION

REGIONAL STATE
GRID HYDRO

BULK DISCOM 2
CONSUMERS @ HA

CONSUMERS | CONSUMERS | CONSUMERS
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Coordinated Multilateral Model

17:00

22:00

23:00

Oto 24
hours

(NN

Final

\mjection Schedule

Revisions during

F Current day

O0r=x

Requisition &
Bilateral Agreements

Final
Drawal Schedul

Revisions during

Current day _/

Settlement System — ABT & Ul

e ABT is a scientific settlement system for contracted sale &
purchase of power

e Has three components
— Fixed Charges or capacity charge

Linked to day-ahead declared availability/subscription

— Variable Charges or fuel charges

Linked to before the fact energy schedules

— Charges for deviation from commitments
< Frequency actuated signal

— Signal transmitted at the speed of dynamics to be controlled
- Real time pricing stretched to its physical limits

— Merit order

— Economic load management
< Incentives for helping the grid
= Opportunities for a diligent player
= Simple, dispute-free weekly settlement system

13/07/2010
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A Typical Dispatch

Surpluses/Deficits - Balance supply and demand

36 I Forecast I Contingency || Real-time
34 Day Ahead, Ul
| [ Qe | R | N
2 32[ | Buy D Buy D D
< |[30f{set [ ]| -[sel [ ]
O llogl-cccccccccccc e L || \Nem e
3 |28
p o] A
E DVANCE SHORT TERM BILATERAL CONTRACTS
2 FIRM SHARES IN ISGS
1 |2 |3 |4 |5 |6 |7 |8 |9 |10|11|12|13|14|15|16|17|18|19|20|21|22|23|24|
Hours
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Regional Grid Operation Philosophy as per IEGC

e Operated as loose power pools
e States have full operational autonomy

e State power system treated as notional
(flexible) control area

» Very tight control of actual interchange
by state utilities & Inter State
Generating Stations not mandated

= Deviations from net drawal schedules
appropriately priced

13/07/2010 POSOCO, INDIA 26

13



GRID MANAGEMENT FUNCTIONS

e Ex-ante functions
— Scheduling
» Real-time functions
— Supervision & control of system parameters
— Facilitating Open Access transactions
e Post-facto functions
— Settlement system operation
e Interaction with stakeholders

13/07/2010 POSOCO, INDIA 27

Present SCADA/EMS
— Multi way information Flow

National NLDC
Level
RLDC

State HQ SLDC

Unified Load
Despatch &

Communication
5 Nos.

31
Nos. ©

Group of
District

|
¢ [susLDC

Nos o
Mg\\mhant/wb
‘I ‘I z:n I\Inr-
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=L~~~ FREQUENCY & FREQUENCY DURATION CURVE ==
DATE: 27/09/98  Sunday ==
FVI: 6838 STD:03 AVG.Freq:S26Hz  MauFreq: S33H2  MinFreq: SLAHz

FREQUENCY [Hz.)

i 9 2 2 2 2a I
- TIME (Hrs.) i

|
POWERGRID
ERLDC,CALCUTTA e 1
POWER GRID CORPORATION OF INDIA LTD.
SOUTHERN REGIONAL LOAD DESPATCH CENTRE
. FREQUENCY ANAL YS’S FOR 24-04-2002 Wednesday
485
48.4
48.3 |
482 |
481 | |
48.0 |
el 1 T
478
47.7
476
475 SO — -
R e S ol e R e e R e
Frequency Variation based on data integrated over ONE minute interval
48.0 & 48.5& 4954 50 & 505 &
480 | s | <ap |HOBH4S| 5 | 505 | Above
Minutes 1396 44 0 0 0 0 0
In % 96.9 31 0.0 0.0 0.0 0.0 0.0
[Average Frequency over the day: [ 4782 | Standard Deviation: | 0.08|Frequency Variation Index: | 47.70
Instantaneous Quarter Hourly Average
3 Freq Time Freq Time
Max 48.31 06:01 Max 47.97 05:15
Min 47.69 18:36 Min 47.75 13:45




NEW Grid Frequency Profile

NR/NEW GRID MAXIMUM AND MINIMUM FREQUENCY APRIL 2001 ONWARDS

+MAXIMUM = MINIMUM
520
§15
510
r
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4
! 500
I
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49.0 -
485
480 + T t
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Date -
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MAXIMUM, MINIMUM FREQUENCY PLOT FROM APRIL-01 ONWARDS
{Southern Region)
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TTC assessment block diagram
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Interactions with Stakeholders

Ministry
of
Power

Other
departments
within organizatio

Judicial bodies

& Regulators

Academia
& training
institutes

System Operator >
Industry ‘
associations {}
Other
Control

Centres

Electricity

Traders Real-time &

Off-line
Coordination
With generators
& constituents
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Unforeseen Load Crash: 8 Hour Test Of Nerves

e - 52.0

B -
o i i 23GW 1 51.5

22000
20000 -
§18000 4o
16000
14000 -
12000 1 ; 210 MW coal fired UNIT-3 AT DADRI (NTPC)
: OPERATED ON HOUSE LOAD FOR | o
L e THREE HOURS AND TWENTY MINUTES 777777777 .
8000 i : 48.0
10 1 12
10th, 11th and 12th FEBRUARY 2007
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Increasing Impact of Weather: ‘Killer Smog’

15
SMOG AFFECTED GRID-DAYS IN NORTHERN REGION
12
11
g 10 e e
@
(a)
o
O]
5 AU (0 IS )
2 2
0 T T T T
1995-00 2000-05 2005-06 2006-07 2007-08
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Blackouts, Defense &
Restoration
13/07/2010 POSOCO, INDIA 38
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Common Sequence of events in blackouts

Initiating Events }D:> System

Separation
Load /Generation e Formation of
Imbalance in islands Islands

=

|

Blackoutof | [I___ > | Begin Restoration
Islands Process
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Defense Plan Ingredients

Coordinated with planning, operations, and
maintenance

Help better utilize system margins

Clear understanding of the requirements and
consequences

Coordination with neighboring systems

High performance equipment - reliability

Emphasis on security

Real-time measurements and reliable communication

Planned & designed for future system and
technology expansions

13/07/2010 POSOCO, INDIA 40
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Restoration: Objectives

= Extending start up/survival power to all the Thermal
power plants and Synchronising at least one unit at
all power stations

= Restoring normal system operation as early as
possible

» Restoring essential loads
e Establishing all interconnections
= Minimizing amount of unserved energy

e Resume contracted and economic despatch

13/07/2010 POSOCO, INDIA 41

Restoration Process

e Top-down / Build down strategy

— Restore backbone transmission system, usually from outside
assistance.

— Restore critical generating station and substation load from
transmission system.

— Bring on more generation.
— Restore underlying transmission system.
— Continue restoring load.
e Bottom-up/Build-up Strategy
— Select units to black-start.
— Start and stabilize black-start units.
— Determine restoration transmission path.

- Fe%in expanding island(s) by restoring transmission and
oad.

— Synchronize island(s) when appropriate.
e A combination of the above ...

13/07/2010 POSOCO, INDIA 42
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Defense Plans

e Under Frequency Relays

—Operation In Stages
= 48.80 Hz, 48.60 Hz, 48.20 Hz, etc.

e Rate of Change of Frequency Relays
e Under Voltage Relays

e Islanding Schemes

e Special Protection Schemes

e Wide Area Measurement

— Implementation of Phasor Measurement
Units

13/07/2010 POSOCO, INDIA 43

Electricity Market in India

13/07/2010 POSOCO, INDIA 44
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Evolution of Power Market in India

__________

__________

Open Access
2004

Settlement
System
2002-03

45

INDIAN ELECTRICITY MARKET

ENABLERS STRUCTURE
Legislation Balancing Mechanism
Indian Electricity Act 2003 Frequency linked

Unscheduled Interchange

National Electricity Policy

12-Feb-2005, Para 5.7.1(d) Short-term Bilateral
Contingency
Regulation Day-ahead
IEGC-Feb 2000 Day-ahead Power Exchange
ABT Order-Jan2000 Multiple Power Exchanges

Open Access-May-2004
Power Exchange-Feb-2007

Short-term Bilateral
First-come-first served
Execution Three-month ahead
CTU/STU, RLDC/SLDC
Grid & Market Operation
Control Centres & SEMs
ABT settlement: in stages 2002-03

Long-term Bilateral
Shared resources (ISGS)
Own resources
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Market Design

Four Pillars of Market Design

ELECTRICITY MARKET
SCHEDULING '
2 CONGESTION : ANCILLARY IMBALANCES
MANAGEMENT i SERVICES
DISPATCH '
“Making Competition Work in Electricity”,
Sally Hunt
13/07/2010 POSOCO, INDIA 47

Power Exchange in India

Prices at Indian Energy Exchange (IEX) INR / Mih

F :I;\”l I]M [ ’ ‘
; \ n”s MM \ﬂf‘“" WH m’ i | i‘
‘ﬂ*\“nﬁ“rv i | gt
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Ul Vector (With Kinks, Ceilings and Additional Ul Charges)
1800
Payable 1 Under Injeiction D\ﬁ:er Drawl
BOO oo oo S S — N
Unddr Injection (Fuel Under APM) :
= ; : !
H ; : ; : :
2 300 oo peeeeneees [ S SRR A
" ! ' : : : : :
o
-200 4
-Over Injection (Greater than 120%)
. -Over Injection (Fuel Under APM)(Greater than 120%)
Recievabl _z7qp --{-under Drawl (Greater than 20% or 250 M)
~Over Injection (Less than 120%)
- Over Injection (Less than 120%) (Fuel under APM)
1200 - Underdraw (less than 20% or 250 M)

49.00 49.10 49.20 49.30 49.40 49.50 49.60 49.70 49.80 49.90 50.00 §0.10 50.20

4 Frequency =—p

Inter — Regional Exchanges

60

Billion Units

Growth of Inter-Regional Exchanges

: 6 -]

C4
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N W ~ O O O T N ™ n W &~ ©© O O
2 @ 9§ 9 9 @ ¢ § @ ? 9 9 9 o %
g W © M~ ® O © = o T 0 © M~ ® O
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Trade under Short-Term Open Access

™= \olume of trade (BUs) —#=No. of transactions

778
0 : : : : } 0
2004-05 2005-06 2006-07 2007-08 2008-09* 2009-10*

*Includes Bilateral + Collective transactions

13/07/2010 POSOCO, INDIA
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Electricity Market in India:
Key Success Factors

Control area demarcation & boundary metering
Seams Management

Robust transmission system

Assessment of Transfer Capability by the System Operator
Balancing mechanism

Clear Methodology for

— Transmission charge sharing

— Treatment of transmission losses

Streamlined scheduling and settlement mechanism
Transparency and non-discriminatory implementation
Dispute redressal mechanism

Congestion management

13/07/2010 POSOCO, INDIA
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Future, Challenges & Concerns

13/07/2010 POSOCO, INDIA 53

Ancillary Services in Indian Context

e Proposed Ancillary Services in India
— Frequency Control Ancillary Services (FCAS)

— Network Control Ancillary Services (NCAS)
« Power Flow Control Ancillary Services (PFCAS)

= Voltage Control Ancillary Services (VCAS)

— System Restart Ancillary Services (SRAS)

13/07/2010 POSOCO, INDIA 54
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WAMS Initiattves By POWERGRID

 Western Region
— PMU at 25-30 Locations

— Participation by the Industry and the Academia
— Project duration — 3 years

e Northern Region
— Pilot project

e PDCs located at the respective Regional Load
Despatch Center (RLDC) (Northern and
Western)

13/07/2010 POSOCO, INDIA 55

PMU Visualization in Control Center

gy,
B

05:30
VINDHYACHAL w.r.t MOGA

145

KANPUR w.r.t VINDHYACHAL

EHIWAD B

-90

-180
DADRI w.r.t KANPUR

0 80 100

Angle Diff. w.t.r. Threshold (%)

KANPUR  VINDHYACHAL
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Regulatory Initiatives: Maiden Regulations

Green Power

Renewable Energy Certificates (REC)
Power Market Design

Congestion Management

Open Access

Revision to Indian Electricity Grid Code
(IEGC)

e Development of Ancillary Services
» Review of Transmission Pricing
» Review of Transmission Loss sharing

13/07/2010 POSOCO, INDIA 57

RENEWABLES

*Recently CERC has come out with Renewable Energy
Certificate (REC) Regulation for “Green Energy
Promotion”

*NLDC is designated as nodal agency for the Purpose of
REC Regulations

«Trading Mechanism for RECs

13/07/2010 POSOCO, INDIA 58
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Projected Peak Demand and Installed Capacity
at 8% GDP growth

800
700
600
500
=
& 400
300
200
100
0
2006-07 2011-12 2016-17 2021-22 2026-27 2031-32
Estimated Investment Requirement for 2012 Target: US $ 200 Billion
Source: Integrated Energy Policy, Govt. Of India
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Technical Issues
High
Aging Infrasiructure and
Limited Fuel Availability, Limited New
Transportation, or Construction
Reduced Cnsite Supplies _
Voitdge/Reactive .Operatlng.clpser to load
System Protection Availabili fimits
¥s d Controls @ esefve Availability Transmission System
Medium and L.ontrols .La k of Preventative Congestion
. vegeanon-Reated Maintenance
Transmission Outagesp ‘@ Availabilit} of Reliability
Analys Tools for
> Lack of Mandatory Situationd| Awareness
= Standards for Reliable
2 Operation
]
[72]
Low Likelihood Medium High
Source: 2007 Survey of Reliability Issues, NERC
13/07/2010 POSOCO, INDIA 60

30



Business Challenges

Business Issues

High
Aging Workforce and a
Naturally Occurring Lack $Skilled Workers
Disasters
Cyber Attack & ® Long-term Investment
’ Risk/Uncertainty
Medium . J .'Fﬂ_
Physical nvironmental
Attack/Sabotage Regulation
Renewables Mandates
>
=
2
[
w
Low Likelihood Medium High
Source: 2007 Survey of Reliability | NER
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Great Expectations
System Operation is

a ‘mission critical activity’ for uninterrupted, secure, reliable and
quality power supply in the country

a ‘relentless pursuit’ for optimization of precious power
generating resources and minimization of inherent system
losses

a ‘facilitator’ for an efficient electricity market

a ‘vehicle’ for equitable and fair use of the transmission
infrastructure in the country

a ‘vital link’ between the administrators, planners & regulators
on one end and physical system on the other end
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Thank You and Namaste !!

Website: www.powergridindia.com

Email: sksoonee@powergridindia.com
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