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ALL INDIA INSTALLED GENERATION CAPACITY  
(MW) 

Coal

Gas

Diesel

Nuclear

Hydro

RES

Category Gen (MW)
Coal 186593
Gas 25057

Diesel 919
Nuclear 5780
Hydro 42968
RES 44237

Total 305554



Renewable Energy Installed capacity in India (MW) 
as on 31.08.2016



Envisaged Renewable Capacity in RE Rich States In 12th Plan

State Existing Capacity 
(MW) as on 31.7.13

Addition in 12th

Plan (MW)
Total  capacity 

(MW)

Wind Solar Wind Solar Wind Solar

TamilNadu 7179 20 4339 3014 11518 4359

Karnataka 2142 14 3619 253 5761 267

A.P 392 92 3150 1677 3542 1769

Gujarat 3164 857 3368 1361 6532 2218

Maharashtra 3008 206 3763 300 6771 506

Rajasthan 2683 553 2181 3513 4864 4066

J&K - 2 12 102 12 104

Total 18568 1744 30382 9552 39000 13289

Total 20312 39934 52289

Moreover, SHP addition: 2061MW (H.P: 1281 MW;  Karnataka: 418MW; J&K-362)



SlNo. State
Total installed 
capacity(MW)

Wind Capacity Wind capacity 
penetration(%)

1. TamilNadu 20036 7179 35.83%

2. Karnataka 14357 2142 14.92%

3. Gujarat 22537 3164 14.04%

4. Maharashtra 31806 3008 9.46%

5. Rajasthan 12954 2683 20.71%

State wise ςinstalled wind power 
capacity and penetration level



Penetration Level of Wind Energy 
(in terms of MU)
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Annual Wind Energy Generation Pattern During 2011



Wind Power Generation Pattern in Tamil Nadu During 2011



Typical Solar  Power Generation Pattern in Gujarat

STF-SG



Typical Demand Profile and supply-Mix in Southern Region 
(July 2011)
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Typical Pattern of Southern Region Electricity Demand and Supply from different Sources 
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Typical Transmission  Arrangement of RE 
Generation Farm with Grid
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66/220kV

220/400kV

RES - 4

RES - 5

RES - 6

FARM

LOCATION - 2

ISTSIntra StateRE Generation/Developer

132/220kV

33/132kV

690V/33kV/66kV

66/220kV

RES - 7

RES - 8
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LOCATION - 3
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RES - 1

RES - 2

RES - 3
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LOCATION - 1

690V/33kV

220/400kV

Existing Substation + Strengthening



Solar Power Evacuation Scheme



ISTS Strengthening (Part -1)

Region Substations: Transmission Lines Estimated Cost

Northern Å 765/400kV, 
Substation  at 
Jodhpur, Ajmer 
,Chittorgarh,Moga& 
Suratgarh

Å Augmentation of 
transformation 
capacity at 
Chittorgarh,Moga
,Ajmer and 
Suratgarh
substation 

Å 765kV Jodhpur(New) ςAjmer(New) D/c 

Å 765kV Ajmer  ςSuratgarhD/c 

Å 765kV SuratgarhςMogaD/c

Å ChittorgarhςAjmer(New) 765kV D/c
Å Ajmer(New) - Suratgarh(New) 765kV D/c
Å Suratgarh(New)-Moga(PG) 765kV D/c
Å Bhadla(New)- Ajmer(New) 765kV D/c
Å Chittorgarh(New)- Chittorgarh(RVPN) 400kV D/c 

(Quad)
Å Ajmer (New)- Ajmer (RVPN) 400kV D/c (Quad)
Å Suratgarh(New)- Suratgarh(existing) 400kV D/c 

(Quad)
Å Bhadla(New)- Bhadla(RVPN) 400kV D/c (Quad)
Å Bhadla(New)- Pokaran(new-RVPN) 400kV D/c 

(Quad)

Å Suratgarh(new)-Suratgarh400kV D/c

Å Ajmer (new)-Ajmer 400kV D/c

Å 400kV Kankroli- Ajmer(New) D/c 

Rs. 4102 Cr.



ISTS Strengthening (Part -1)

Region Substations: Transmission Lines Estimated Cost

Western Up gradation of 400kV 
Narendra& Kolhapur 
substations at 765kV 
level.
765/400kV substation at 
Bhujpool ,Banaskantha

Å BhujPool ςBanaskantha765kV D/c
Å BanaskanthaςChittorgarh765kV D/c
Å Banaskantha ςSankhari 400kV D/c
Å Establishment of 765/400 kV, 2x1500 MVA S/s at 

BhujPool

Å 400kV Solar Park-II (GETCO)ςChittorgarh  D/c 

Å 400kV Bachau(PG)- Solar Park-II (GETCO) ς

Udaipur-Kankroli(PG) D/c  

Rs. 1868 Cr.

Southern HVDC terminal stations  
at New Pugulur & 
Hyderabad along with AC 
stations

Å +500 kV, 2500 MW New Pugulur - Hyderabad 

HVDC Bipole line

Å Srisailam ςKurnool 400kV D/c 

Å New Pugalur - Udumalpet 400kV D/c 

Å New Pugalur - Vagarai 400kV D/c 

Å New Pugalur - Pugalur 400kV D/c 

Å Hyderabad ςHyderabad(New) 400kV D/c 

Å LILO of Tuticorin Pool-Salem 765kV line at New 

Pugalur (initially to be operated at 400kV)

Rs. 4245 Cr.

Rs. 10215 Cr.
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ISTS Strengthening

State
Transmission line Sub Stations Estimated Cost in 

Rs. Crore

Northern ¶ 1480 ckms of 765 kV line

¶ 580 ckms of 400 kV line

¶3 no. of  765/400kV S/s

¶Augmentation of 

transformation Capacity 

at Moga S/s

4102

Western ¶ 1440 ckms of 400 kV line ¶Up gradation of 400 kV 

Kolhapur S/s to 765kV 

level

1868

Southern ¶ 60 ckms of 765 kV line 

¶ 620 ckms of 400 kV line

¶ 1600 ckms of HVDC  line 

¶2 no. of +/- 500 kV  

HVDC terminal stations 

along with 400 kV S/S

¶Up gradation of 400 kV 

Narendra S/s to 765kV 

level

4245

Total 10215



System strengthening within state for conveyance of ISTS  
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Region State
Transmission 

line

Sub Stations Estimated 

Cost in Rs. Cr.

Southern Tamil Nadu, 

Karnataka, 

A. P. 

¶1500 ckms of 

400kV line

¶1500 ckms of 

230kV line

¶1898 ckms of 

220 kV line

¶6 no. of 400/230/110 kV S/s 

¶4 no. of 230/110 kV S/s 

¶2 no. of 400/220 kV S/s 

¶4 no. of   220/132 kV  S/s 

¶400/220 kV S/s 

Augmentation 

¶220/132 kV S/s 

Augmentation 

4450

Western Gujarat, 

Maharastra

¶1384  ckms of 

220 kV line 

¶235 ckms of 132 

kV line

¶400/230 kV S/s 

Augmentation 

¶220/132 kV S/s 

Augmentation 

1293

Northern Rajasthan, 

H. P.

¶740 ckms of 

400kV line

¶500 ckms of 220 

kV line 

¶310 ckms of 132 

kV line 

¶220/132 kV S/s 

Augmentation 

¶1 no. of 33/220 kV S/s 

¶220/132 kV S/s 

Augmentation 

1309

Total 7052



Intra State Strengthening

18

State
Transmission line Sub Stations Estimated Cost 

(Rs Cr)

Tamil Nadu ¶1440 ckms 400 kV line 

¶91 ckms 230 kV line

¶45 ckms 110 kV line

¶1 no. of 400/230 kV S/s (830 MVA)

¶1 no. of  230/110 kV  S/s (300MVA)

2593 

Andhra 

Pradesh

¶460 ckms 400 kV line 

¶582 ckms 220 kV line

¶1 no. of 400/220 kV S/s (1260 MVA) 

¶5 no. of  220/132 kV  S/s (1120MVA)

1080

Gujarat ¶440 ckms 400 kV line 

¶1192 ckms 220 kV line

¶40 ckms 132 kV line

For Solar Park ïII

¶200 ckms 400 kV line 

¶2 no. of 400/ 220 kV S/s (1260 MVA), 

¶3 no. of 220/132/66 kV  S/s (500MVA)

For Solar Park ïII

¶1 no. of   400/220/66 kV  S/s (400/220 

kV -630 MVA, 220/66 kV 500MVA)

1500

Rajasthan ¶2010 ckms 400 kV line 

¶622 ckms 220 kV line

¶1114 ckms 132 kV line

¶3 no. of 400/220 kV S/s (3945 MVA) 

¶9 no. of  220/132 kV  S/s (1760 MVA)

¶29 no. of  132/33 kV  S/s (1025 MVA)

3817

Himachal 

Pradesh

¶282 ckms 132 kV line

¶134 ckms 66 kV line

¶4 no. new S/s (556 MVA) 376

Total 9366



Proposed Dynamic Reactive Compensation



Summary of Estimated cost

S.no Particulars Estimated 

Cost

(Rs. Cr)

1. Intra State Transmission System Strengthening 20,603

1A. For absorption of power within the state 9,366

(i) Tamil Nadu 2593

(ii) Andhra Pradesh 1080

(iiii) Gujarat 1500

(iv)  Rajasthan 3817

(v) Himachal Pradesh 376

1B. Connectivity to STU network 11,237

2. Inter State Transmission System 18,848

2A. ISTS Strengthening 17,267

2B. Connectivity to ISTS network 1581

3. Dynamic Reactive Compensation                                                    1204

4. Real Time Dynamic State Measurement Scheme as well as Communication Systems                                                  
473

5. Energy Storage                                                    2000

6.
Cost of Establishment of RE management Center 

(7 RE rich state, one each for NLDC / 3 RLDC )
234

Grand Total 43,362



Phase Wise Transmission  Strengthening

Year

Estimated Cost (Rs. Cr)
Total (Rs. Cr)

Intra State ISTS

2012-13 2799 0 2799

2013-14 8421 2062 10483

2014-15 4009 5549 9558

2015-16 3022 9111 12133

2016-17 2352 5803 8155

Total 20603 22525 43128
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Integration
ÅManaging Variability and Uncertainty

ïSufficient back-up power and balancing power

Å Forcasting=Controllability

ïReliable forecast tools and balancing power

Å Factors affecting impact of renewable energy on grid operations

ïLevel of RE power penetration

ïSize of topology of the grid size

ïGeneration mix of electricity in the system

ÅHydro machines in operation

ÅPumped storage plant should be operational

ÅVoltage control and Reactive power management-
SVC/STATCOM at pooling stations

ÅFrequency control

ÅAncillary services

ÅUse of Energy storage technology 



INTEGRATION ISSUES 
Å FORECASTING AND SCHEDULING
Å ENERGY BALANCING IN REALTIME DUE TO 

UNPREDICTABILITY
Å REGULATION ςAGC ETC.
Å LOAD FOLLOWING
Å UNIT COMMITMENT
Å COSTS OF WIND GENERATION ςMOD.
Å ENERGY STORAGE.
Å DEMAND RESPONSE.
Å EFFECT ON VOLTAGE PROFILE AND 

VARIATIONS.

























ÅDISTRIBUTION SYSTEM GETTING ALL 

PROBLEMS OF TRANSMISSION

ÅBI-DIRECTIONAL FLOWS IN DISTRIBUTION

ÅREVERSAL OF POWER FLOWS DURING 

HIGH RE CAUSE STABILITY ISSUES

ÅADDING TRANSMISSION VS CURTAIL RE 

GEN

ÅRESIDUAL LOAD FLUCTUATIONS

ÅVOLTAGE CONTROL IN REMOTE AREAS













PART-3: 

FORECASTING 

ISSUES













INTEGRATION ISSUES

ÅCONSTITUENTS ON DISTRIBUTION NETWORK.

ÅVOLTAGE STABILITY PROBLEMS.

ÅFREQUENCY STABILITY PROBLEMS.

ÅFAULT LEVELS.

ÅSMALL SIGNAL STABILITY ISSUES.

ÅDFIG/DVR.



Regulatory Issues

ÅGearing up of States in RPO monitoring

ÅStrict Compliance Measures

ÅMoving from yearly compliance to quarterly

compliance

ÅTapping significant potential of Voluntary

Market

ÅCreating awareness & capacity building

ÅTo simplify the procedures to purchase RECs

from Power Exchanges
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Operating Reserves ςReserve Management

ÅPrimary Response (FGMO/RGMO)

ÅSecondary Response (AGC)

ÅTertiary Response 

ÅLoad Ramping

ï1 min/5 min/15 min/ 30 min reserves

10-05-2012 STF-SG 64



Transmission Planning Issues

ÅPeak Demand with High RE

ÅPeak Demand with Low RE

ÅOff Peak Demand with High RE

ÅOff Peak Demand with Low RE

Distribution network to be planned with
criterion similar to Transmission planning
criterion.

10-05-2012 STF-SG 65



IMPACT OF WIND GENERATION ON ANCILLARY 

SERVICES REQUIREMENT.

(1) VARIABILITY OVER DIFFERENT TIME FRAMES.

ÅONE- MINUTE VARIABILITY.

ÅFIVE8-MINUTE VARIABILITY.

ÅSHORT TIME VARIATIONS.

ÅLONG TERM OF RAMPING.

ÅHOURLY VARIABILITY.

(2)LOAD FORECAST ERRORS.

(3)POWER SYSTEM INERTIA/FLYWHEEL MARKET.

(4)ROCOF AND UF RELAY OPERATIONS.

(5)FAULT RIDE THROUGH.



VISUALISATION

ÅTELEMETRY AND MONITORING

ÅVISUALISATION AT CONTROL CENTRES



Other issues for renewable 
integration

ÅPenetration limit for stable operation 

ÅCriteria for transmission planning 

ÅHarmonization of Grid Code

ÅForecasting accuracy

ÅAdequacy planning with renewable portfolio

ÅScheduling and settlement mechanism

ÅEMS for Renewable Energy

ÅAncillary market for handling renewable



Other Issues
ÅLarger Grid interconnection to handle variability

ÅForecasting for better execution of Operational

Åplanning

ÅMandatory Scheduling in order to induce

Åaccountability

ÅWTGs to be equipped with FRT/LVRT capabilities

Å Introduction of Ancillary Services & Storage 
devices

ÅRegistry/database for renewable generation in 
India



Issues in Large Scale Renewable Integration 

Å Intermittency

ÅVariability/ Uncertainty

ÅPlants connected at remote/concentrated locations with weak

transmissionnetwork

ÅRenewableplants providing lesser grid support during system

disturbances/exigencies



Vibrant Power Market

ÅElectricity Market

ÅBilateral Market

ÅCollective Market (Power Exchanges)

ÅTime tested Settlement Mechanism

ÅABT Mechanism

ÅMore than 1700 Remote Terminal Units



Mitigating Measures for Large Scale Renewable 
Integration 

¶ Flexible generation, Ancillary Services for supply-balancing

¶ Technical Standard Requirements (Grid code, Connectivity standards, Real time

monitoring etc.)

¶ Demand Side management, Demand Response and Storage for load balancing

¶ Forecasting of Renewable generation & Forecasting of Demand

¶ PMUs/WAMS on pooling stations and interconnection with centralized control

centre for real time information, monitoring and control

¶ Policy and Regulatory advocacy for power-balance market and pricing

mechanism

¶ Renewable Energy Management Centers (REMC)



Indian Grid - Avenues for Wind Integration

ÅVery Large Grid

ÅStrong inter-connections

ÅHigh Ramp Rate

ÅUpto 200 MW/Minute in peak hours

ÅTime Diversity

Å6°44' and 37°30' north latitude and 68°7' and 
97°25' east

Ålongitude

ÅNeighboursadd to diversity optimization

ÅInternational InterconnectionsSTF-SG



Energy storage alternatives

ÅPumped Hydro

ïTypically > 200MW and days of storage

ÅCompressed Air Energy Storage(CAES)

ï50-500MW based on blended gas.airgeneration

ÅDistributed Energy Storage System(DESS)

ïHigh temp batteries up to 50MW

ïFlywheels/lithium-ion up to 20MW

ÅCommunity Energy Storage(CES)

ï25-50KW,1-2 hour pad mounted



Electric Vehicles

ÅIntroduces vast electricity storage- potential 
for enabling wind integration

ÅProvide ancillary service for grid operators by 
participating in electricity markets

ÅReduction in vehicle urban air quality 
emissions

ÅReduces CO2 emissions

ïIf vehicles are managed to charge in off peak 
hours



Way Forward

ÅForecasts for resource adequacy and grid 
security

ÅEach state should assess its balancing 
capacity- fulfill RPO

ÅIntroduction of Real time markets

ÅTechnical and Regulatory measures to 
enhance the flexibility of conventional 
generation to increase balancing capacity of 
grid



Way forward
ÅEstablishing Renewable Energy Management Centres(REMC) 

equipped with advanced forecasting tools, smart dispatching 
solutions,realtime monitoring of RE generation closely 
coordinating with SLDC/RLDC

ÅWind farms to be set up with Competitive bidding to reduce 
tariff

ÅHealthiness of grid protection schemes through regular 
monitoring and updating

Å International cooperation for developing REMCs in the RE rich 
states, balancing capabilities using indigenous sources of 
conventional power, optimum development of enabling 
transmission infrastructure and capacity building of grid 
operators has become necessary at this stage of RE 
development.



Renewable Energy Management Centers(REMCs)

ÅREMCs at State,Regionaland National level 
should be co-located with respective LDCsς
hierarchical connection between SLDC,RLDC 
and NLDC

ÅReal time measurement and information flow



REMC-Functions
ÅThe REMC may have following functions: 

Å i. Forecasting of RE generation in jurisdiction area on day-
ahead, hour-ahead, week-ahead, month-ahead basis. 

Å ii. Real time tracking of generation from RE sources 

Å iii. Geo-spatial visualization of RE generation 

Å iv. Close coordination with respective LDC for RE generation 
and control for smooth grid operation. 

Åv. Single source information repository and coordination point 
for RE penetration. 



REMC-Functions-Contd..

ÅForecasting should be done by REMC

Å (i)cluster-wise for determination of power flows on intra-State 
network, 

Å (ii) the state as a whole to predict power flow at the inter-
state boundary 

Å (iii) forecasting its own RE portfolio for maintaining the load-
generation balance of the host state 

Å (iv) forecasting the RE portfolio of other states who have 
contracted RE power from the host state. 





ÅForecasting by the state REMC would be passed on to the 
state SLDC, which would be used for scheduling. In case RE 
power is being sold by RE generators located in a wind-rich 
state to another state, the revision of schedule, based on 
forecast, as mentioned above, would have to be done for the 
host and purchasing state at their respective state boundaries.

ÅThe SLDC of the host state would pass the schedule to the 
concerned RLDC for scheduling of wind generation at the 
states boundaries. 

REMC-Functions-Contd



Thank You



REMC-Functions-Contd

Å In case the host state and purchasing state lie in different 
regions, the RLDC of the host region will inform the NLDC, 
who will schedule power at the regional boundaries of the 
two states. This would lead to allocation of balancing 
responsibility among the States to the extent of their shares in 
the RE power. 

ÅSince the forecast is being done by the host State, the cost of 
forecasting would be shared by the purchasing States. 



Envisaged Wind & Solar Capacity addition by 2030

Resource Present

(GW)

2016-17

(12th plan)

(GW)

2021-22

(13th Plan)

(GW)

2026-27

(14th Plan)

(GW)

2030 

(mid 15th plan)

(GW)

Wind 17 47 97 148 164

Solar 0.92 9.45 20 30 35
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Increasing Renewable Penetration

Scenario Energy 
Penetration(%)

Capacity 
Penetration(%)

Present 4 12

2016-17 13 21

2030 21 35

2050 33 >50

* Envisaged RE Capacity (2050) :775 GW (including hydro (57 GW)
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Implementation  Strategy

Å LowGestationperiodfor renewableproject

Å Development of last mile connection, system strengthening takes
considerabletime

Å TransmissionSystemworks need to be started much before generation
projectsin a time boundmanner

Intra StateStrengthening:

Å Implementedby respectiveSTUs.

Å Support may be provided by some expert agencyhaving extensive
experience in design, tendering, implementation etc. for common
design,standardsandspeedyimplementation.

ISTSstrengthening:

Implementation of ISTS,by agency having sufficient experience in
developmentof highend technologiesin TransmissionSystemwith sound
projectmanagementskills



Financing Strategy

Å Capacity utilization Factor  low , No ISTS charges for Solar Generation till 
2014, RPO obligation of states, Promotion of renewable generation for 
clean development

Å Rational Transmission Charges needs to be evolved.

Å Intra State Strengthening -Grant  may be provided for Intra State Project.

Å ISTS Strengthening :

ïCost may be pooled into the  pool account, charges to be shared as 
per POC.

ïThe debt Component may be provided as a grant / soft loan 

Å Setting up Renewable Energy Management Centre (REMC) - Capital 

Expenditure of respective RLDC charges recovered as per provision of 

Regulations.



B2 Standards For generating station getting connected on 
or after completion of 6 months from date of publication 

of these Regulations 

ÅThe generating station shall be capable of supplying
dynamicallyvaryingreactivepower support so asto maintain
power factorwithin the limits of 0.95 laggingto 0.95 leading.

ÅThe generating units shall be capable of operating in the
frequency range of 47.5 Hz to 52 Hz and shall be able to
deliverrated output in the frequencyrangeof 49.5 Hzto 50.5
Hz.

Providedthat aboveperformanceshallbe achievedwith voltage
variation of up to ± 5% subject to availabilityof commensurate
wind speed in case of wind generating stations and solar
insolationin caseof solargeneratingstations.
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Low Voltage ride through

ÅAll wind farms connectedat 66 kV and above
shallremainconnectedto the grid whenvoltage
at the interconnectionpoint on anyor all phases
dips to the levelsdepictedby the thick lines in
the followingcurve:



Where  

Å VT/Vn is the ratio of the actual voltage to the nominal system voltage at the interconnection
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Low Voltage Ride Through(LVRT)

ÅProvidedthat during the voltage dip, the individual
wind generatingunits in the generatingstation shall
generateactivepower in proportion to the retained
voltage;

ÅProvided further that during the voltage dip, the
generatingstation shall maximizesupplyof reactive
current till the time voltagestarts recoveringor for
300ms, whichevertime is lower
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Wind generatingstation connectedat voltage level of 66 kV
and aboveshallhavefacility to control active power injection
in accordancewith a set point, whichshallbe capableof being
revised based on the directions of the appropriate Load
DespatchCentre.

ÅProvidedthat as far as possible,reduction in active power
shall be done without shutting down an operational
generatingunit and with reduction beingsharedby all the
operationalgeneratingunitspro-rata to their capacity.
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Back-Energization 

The bulk consumer shall not energize
transmission or distribution system by
injecting supply from his generators or any
other sourceeither by automatic controls or
manually unlessspecifically provided for in
the Connection Agreement with the
Transmissionor DistributionLicensee
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Synchronisation

ÅEvery DGR shall be equipped with automatic 
synchronisationdevice: 

ÅProvided that induction generators, except self-
excited induction generators, shall not require a 
synchronisingdevice: 

ÅProvided further that distributed generation 
resources using inverters shall not be required to 
have separate synchronisingdevice, if the same is 
inherently built into the inverter. 
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DSM Mechanism
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