






Objectives of the Framework

• Ensure 24x7 reliable power for all consumers.
• Mandate DISCOMs to contract sufficient capacity.
• Align power planning with climate goals (50% non-fossil 

capacity by 2030).
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ResourceAdequacyPolicyFramework



ResourceAdequacyPolicyFramework
The State Commission may determine non-compliance charges for failure to comply with
the resource adequacy target approved by the Commission.

The State Load Dispatch Centre shall carry out assessments of resource adequacy, for
operational planning, at the state level, in consultation with all the concerned stakeholders
on an annual basis ,in accordance with the guidelines issued by the Central Government and
the directions of the State Commission.

The State Load Dispatch Centre shall review the operational resource adequacy on a daily,
monthly and quarterly basis
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Overview of Resource Adequacy
ResourceAdequacyisthe dimensionof gridreliabilitywhichtakesthe longestview.It entailshavingenoughresourcesin the powersystemavailable
to the systemoperatorto meetfuture load,whileaccountingfor uncertaintyin both generationandload.

• Theinstalledreservemarginsformsthe basisof resourceadequacy
• Thereservemarginisthe amountof capacityabovewhat isrequiredto meetpeakload

Unforeseenload increasesand
infirm generationreduction



ResourceAdequacy(RA)
WhatdoesRAtry to measure?

• Resourceadequacystudiestry to estimate the occurrenceof Lossof
Load.

• A loss of load occurs when the system load exceedsthe available 
generationat that instance,dueto anyfactors

10000

9000

8000

7000

6000

15000

14000

13000

12000

11000

0:00 6:00 12:00 18:00 0:00 6:00 12:00 18:00 6000

7000

8000

9000

10000

13000

12000

11000

14000

15000

Demand AvailableCapacity AvailableCapacity

Systemshould be able to meet demand notwithstanding scheduledand
unscheduledoutagesof systemcomponents,variation in demandand non-
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Illustration:DemandGrowth greaterthanprojections canleadto Lossof Load
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• Planningistypicallydoneon the projectedpeakdemand.If the demandgrowth ishigherthanprojected,the plannedcapacity 
additionfallsshort leadingto lossof load

• Anextramarginof capacityshouldbeplannedto mitigatesuchissues



ResourceAdequacy(RA)
SystemImbalancescancauseLossof Load
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1. Systemimbalancenecessitatesaneedfor flexibleresourcesin the system.

2. Sufficientreservesshouldbedeployed to meetthe expectedsystemimbalancein future.
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Resource Adequacy Stakeholders



Roleof CEA

• Vettingof statespecificLT-DRAPfor all states



Roleof NLDC





Roleof STU/SLDC



Roleof SERCs

• SERCsto timely approve the LT-DRAP and contracted

capacitiesof DISCOMs

• Monitoring/Complianceof RAbySERCs

• 12-13SERCsissuedfinal/Draft RAregulationtill now



Statusof RARegulationsbySERCs
Statusof RARegulations SERC/ JERC

FinalRegulationsIssued Punjab, Meghalaya,
MadhyaPradesh, 
ArunachalPradesh, 
Karnataka, Maharashtra, 
Assam, Goa, Haryana, 
Jharkhand,TamilNadu, 
Odisha

DraftRegulationsissued Uttar Pradesh,
Nagaland, Himachal 
Pradesh, Sikkim

Yetto be issued Jammu& Kashmir, Uttarakhand,
Delhi,Rajasthan, Gujarat,Kerala,
Andhra Pradesh,Telangana,
Chhattisgarh, Bihar,WestBengal,
Sikkim,Assam, Manipur,Tripura,
Mizoram



ResourceAdequacyGuidelinesFramework



IEGConResourceAdequacy

Chapter2 of CentralElectricityRegulatoryCommission(Indian 
ElectricityGridCode)Regulations,2023talksaboutResourcePlanning 
Code.
CoreComponents:
IntegratedResourcePlanning(IRP):

• Encompassesdemandforecasting,generationresourceadequacyplanning,
andtransmissionresourceadequacyassessment.

• Aimsto meetprojecteddemandreliably,adheringto reliabilitystandards, 
andoptimizingthe generationmixwith a focuson integratingrenewable 
energy.



IEGConResourceAdequacy

DemandForecasting:
•Distributionlicenseesmustestimatedemandacrosslong-term, medium-term, andshort-term
horizons.

•Utilizesvariousforecastingmethods(trend, time series,econometric,etc.)andincludesdetailed
dailyload curves.
•StateTransmissionUtilities (STUs)consolidatelicenseeforecastsfor state-widedemand
estimations.

•TheForumof Regulators(FOR)mayprovideguidelinesfor consistencyandaccuracy.



IEGCon ResourceAdequacy

Generation Resource Adequacy Planning:

Licensees assess existing resources and identify additional requirements to meet forecasted demand.

Develop generation resource procurement plans, considering both state and regional resources.
• Ensure adequate resources and maintain a planning reserve margin (PRM) as specified by the Central Electricity Authority (CEA).
• Prioritize optimal and least-cost procurement, considering peak demand, seasonal needs, and potential for inter-state capacity 

sharing.
• The National Load Dispatch Centre (NLDC) conducts simulations to aid states in optimal generation resource planning.

Distribution licensees are responsible for final procurement decisions and must demonstrate resource

adequacy, facing penalties for non-compliance.

FOR may develop model regulations for standardized assessment and procurement.



Judiciousmixof Long,MediumandShort-TermContracts

Typeof Contract MeetingDistribution Licensee
Contributionin nationalPeak

Distribution licenseeown peak
andelectricity requirement

Long-Term 75-80% >75%

Medium-Term 10-20% 10-20%

Short-Term 0-15*% 0-15%

* Power procurementthroughthe power exchanges,suchasthe Day-AheadMarketsegment,shallnot beconsidered



Challenges and Opportunities

• Challenges: Data granularity, state-level modeling capacity, 
regulatory compliance.

• Opportunities: Grid modernization, storage integration, 
investment signals.



Roleof CentralElectricityAuthority UnderResourceAdequacyFramework

PublishLong-term NationalResourceAdequacyPlan
(LT-NRAP), which shall determine the optimal
PlanningReserveMargin (PRM)requirement at the
All-India level, conforming to the reliable supply
targets(section3.1)

Publishthe capacitycreditsfor different 
resourcetypesonaregionalbasis.(Section3.1)

Specifythe State/UT’s contributiontowards
nationalpeak.(Section3.1)

Publishthe national-levelPRMasaguidancefor 
all the States/UTsto considerwhile undertaking 

their RAexercises.(section3.1)

CENTRALELECTRICITY 
AUTHORITY



Methodologyfor
CapacityCreditof GenerationResources 

&
CoincidentPeakRequirementof Utilities 

under
ResourceAdequacyFramework



What isCoincidentPeak?

• Contribution of State/UT or
Distribution Utilities during
NationalPeak

• Top 5% of National Peak
insteadof SinglePeak

• May or May not be sameas
own peakof State/UT

CoincidentPeak
ResourceAdequacyframework

• The utilities must ensure sufficient tied-up capacity from long-term,
medium-term, and short-term (Bilateral only) as per their contribution
to NationalPeakdemand+PRM

• Shareof Capacitytie-up
Longterm- 75-80%
Medium-term- 10-20%
Short-term- 5-10%

• 100%tie-up for the first year and a minimum 90%tie-up for the second
year to meet the requirement of their contribution towards meeting
nationalpeakto SERCs/JERCs
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Methodologyfor Calculationof CoincidentPeak
• Top5%methodology

 AverageState/DistributionUtilitiesDemand 
Duringthe Top5%of NationalDemand.

• PROS:
 Easierto calculate.

• CONS:
 Doesn’t take into account time of day( Solar

,Non-Solar).
 Averagevalue may not be adequate during

high-demandhours.
 Stateswith Solar Capacitytied up may face

challengesin meeting their coincident peak
demand duringNon-SolarHours

Solarvs.NonSolarHours
 Top5 %of demandduringSolarandNon-Solar 

Hours.
 80th percentileInsteadof Maximum
PROS:
 Impactof Solar,Non-Solarhoursconsidered
DifferentCoincidentPeakrequirementsfor Solarand 

Non-SolarHours
CONS:
 Stateswith higher coincident peak demand during

non-solar periods compared to solar periods may
need to acquire additional conventional power
capacity (like coal or gas) to meet their resource
adequacyrequirements







What isCapacityCredit?

• CapacityCredit refers to firm
capacityavailableduringpeak
demandperiod.

• CapacityCreditof 
ConventionalSourcesisbased 
on availability.

• CapacityCreditof VRE 
Sourcesiscalculatedusing 
Statisticalanalysis.

Capacity Credit
ResourceAdequacyframework

At NationalLevel

∑ SourcewiseInstalledcapacity(ALLINDIA)* CapacityCreditof the
source=NationalPeakDemand*(1+National PRM)

ForDistribution Licenses

∑ Sourcewisetied up capacity(Distribution licensee)* CapacityCredit
of the source=Contributionto NationalPeak*(1+NationalPRM)



Methodologyfor calculationof CapacityCreditfor VRESources
Top10%Demand
methodology

Medianof VREProfile 
duringTop10%demand 
Hours.

 Easierto calculate
 Doesn’t takeinto account 

time of day(Solar,Non 
Solar).

SolarVsNon-SolarHours
 Top5 %of demandduring 

SolarandNon-SolarHours.
 Medianof ProfileduringTop

10%demandHours
 Variationof WindCCduring 

Solarvsnon-SolarHours

CriticalDayAnalysis
 Criticaldaysinsteadof 

Criticalblocks
 BothDemand& RE 

generationinsteadof only 
highDemandperiod

HighDemand- LowRE, 
MediumDemand-LOWRE 
days

 Kmeansclustering algorithm
 Computationallycomplex



CapacityCreditusingCriticaldaysanalysis

HIGHRE-LowDemand HighRE-Medium Demand High RE-HighDemand

Medium RE-Low Demand Medium RE-Medium Demand Medium RE-HighDemand

LowRE-LowDemand LowRE-Medium Demand LowRE- HighDemand



CapacityCreditof VRESources(CriticalDays)

0.17

0.07

0.14

0.21

0.19

0.09

0.08
0.09

0.13

0.08

0.00

0.05

0.10

0.15

0.20

0.25

KARNATAKA TAMILNADU ANDHRA
PRADESH

GUJARAT MADHYA
PRADESH

C
ap

ac
ity

C
re

di
t(p

.u
.)

CapacityCreditof Wind( StateWise)(CriticalDays)

NONSOLAR SOLAR



(Generation 
expansion 
planning 
software)

Optimisationconstraints
Plantavailability,startup 
anddynamiccharacteristics, 
Ramprates,fuel constraints 
etc.

Existingresourcesdata
Unit capacity,auxiliary 
consumption,fuel type& cost, 
heatrate,outagerate,availability 
profile,O&Mcost, HourlySolar 
andWindgenerationprofile,etc.

Optimizedresourceplan
LongTermPlanning:-Totalsystemcost,annualsystemcapacityrequirement fuelwise.
Shortterm planning:-Hourlyeconomicdispatchto meet the hourlydemand

Input dataassumptions
Demandandenergyforecast, 
Loadprofile,retirements,etc.

Newresourcesdata
Capitalcost,fixedO&Mcost, 
yearof availability,availability 
profile,fuel type& cost,heat 
rate,etc.

Modelling Methodology

18



Optimization Model Framework

3
8



Future Outlook
• Resource Adequacy tools to Utilities, SERCs, and SLDCs 
• Annual updates to LT-NRAP and LT-DRAP.
• Emergence of new technologies (AI, advanced analytics).
• Improved coordination and system resilience.



Sample LT-DRAP Results

KARNATAKA



ContractedCapacityason31.03.2024
Nuclear,698,3%

Coal,9614,40%

Hydro& SmallHydro, 
4401,19%

Wind,3197,13%

Solar,5524,23%

Nuclear Coal Biomass& Co-gen Hydro& SmallHydro

Biomass& Co-gen,435, 
2%

Wind Solar

Total:23868MW



DemandAnalysis(FY2023-24)
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LongTerm Resource AdequacyStudy

• FirstUn-servedEnergyisevaluatedbasedon existingandplannedcapacity.

• Basedon the resultsobtainedfor unservedenergyinvestment, Optionsprovidedto
reduceunservedenergy-

• CandidateCoalCapacity
• RECapacity
• ShortTermOpenAccess
• EnergyStorageSystems

• CAPEX,O&Mcost,yearof availability,maximumcapacity,and yearlymaximumlimit

haveto beprovidedfor these investmentoptions

• OUTPUT:Annualsystemcapacityrequirement fuel-wise.



ProjectedContractcapacity(SampleState)
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ProjectedContractcapacityof SampleState

COAL GAS NUCLEAR
BIOMASS+ 

CO-GEN

HYDRO+ 
SMALL 
HYDRO

WIND SOLAR
Solar 
DRE PSP BATTERY STOA

2024/25 9614 370 698 435 4401 3197 6277 1133 0 0 3374
2025/26 9614 370 782 435 4401 3197 8587 1713 0 1000 3571
2026/27 10614 370 1003 435 4401 4197 10087 2378 0 1000 4025
2027/28 11614 370 1224 435 4401 5947 11087 3180 0 1000 4943
2028/29 11914 370 1224 435 4401 6897 11287 4003 0 1000 6302
2029/30 12233 370 1924 435 4401 8647 13932 4950 3000 1000 3786
2030/31 12233 370 1924 435 4401 10397 16263 5877 4500 1000 3601
2031/32 13713 370 1924 435 4401 11147 16263 6872 4500 1000 4087
2032/33 14106 370 1924 435 4401 11897 17081 8027 4500 1000 5723
2033/34 15040 370 1924 435 4401 12647 18110 9329 4500 1000 7120
2034/35 15853 370 1924 435 4401 13397 20110 10826 4500 1000 8819



RecommendedYear-WiseCapacityAddition
FY

COAL SOLAR Wind YearlySTOA
Planned Additional Planned Additional Planned Additional Additional

2024/25 0 0 753 0 0 0 3374
2025/26 0 0 2310 0 0 0 3571
2026/27 1000 0 1500 0 1000 0 4025
2027/28 1000 0 1000 0 1000 750 4943
2028/29 300 0 200 0 200 750 6302
2029/30 0 320 1000 1645 1000 750 3786
2030/31 0 0 1000 1331 1000 750 3601
2031-32 1600 0 0 0 0 750 4087
2032/33 0 393 0 818 0 750 5723
2033/34 0 933 0 1028 0 750 7120
2034/35 0 813 0 2000 0 750 8819

FY
Battery DRE NUCLEAR Gas PSP
Planned Additional Planned Planned Planned

2024/25 0 1133 0 370 0
2025/26 1000 580 84.4 0 0
2026/27 0 664 221 0 0
2027/28 0 802 221 0 1000
2028/29 0 823 0 0 0
2029/30 0 948 700 0 2000
2030/31 0 926 0 0 1500
2031-32 0 995 0 0 0
2032/33 0 1155 0 0 0
2033/34 0 1303 0 0 0
2034/35 0 1496 0 0 0



10

ReliabilityStudy

Reliabilityisrun subjectto followingconditionsto checkLOLPandENSandif
requiredLTisrun againto bringthe LOLPandENSwithin limit.

Lossof LoadProbability- It isproportionof hoursperyearwhenthe 
availablegeneratingcapacityis insufficientto servethe peakdemand.(LoLP 
of 0.2%)

EnergyNot Served(ENS)- it isexpectedamountof energywhichthe system 
will beunableto supplyto the consumersasa fractionof total energy 
requirement.(0.05%)



ReliabilityStudy
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Conclusion
• AnnualPeakdemandoccursin the monthof March.

• Dailypeakis mainlyobservedin the solarhour.

• 2459MW of additionalcoal-basedcapacityrequiredfrom 2028-29 till 2034-35onwards(beyond
underconstruction/planned).

• Duringthe periodMayto September, surpluscoalavailabilityrangesfrom 2100MW to 7400MW in
2027-28.

• YearonyearSTOA/MTOA/Bankingarrangement/Market-basedcontractsto meet the powerdeficit in
peakhoursduringMarch/April is:

Year 2024/25 2025/26 2026/27 2027/28 2028/29 2029/30 2030/31 2031/32 2032/33 2033/34 2034/35

Required 
Market 

Contracts
3374 3571 4025 4943 6302 3786 3601 4087 5723 7120 8819



Q&A

• Thank you for your attention!
• Questions and discussions are 

welcome.



Key Concepts in Resource Adequacy

• Resource Adequacy (RA): Contracting enough capacity to 
reliably meet peak demand.

• Planning Reserve Margin (PRM): Extra capacity beyond 
peak load to handle uncertainties.

• LOLP (Loss of Load Probability) and NENS (Normalized 
Energy Not Served): Metrics for reliability.



Long-Term National Resource 
Adequacy Plan (LT-NRAP)

• Covers a 10-year planning horizon.
• Determines optimal Planning Reserve Margin (PRM) and 

generation mix.
• Guides capacity investments and ensures national RA 

compliance.
• Updated annually by CEA.



Short-Term National RA Plan (ST-
NRAP)

• One-year outlook prepared by NLDC.
• Includes demand forecasts, outages, under-construction 

status.
• Updated annually and aligned with DISCOMs’forecasts.



Distribution Licensee RA Plan (LT-
DRAP)

• Each DISCOM prepares a 10-year RA plan.
• Incorporates PRM, forecasted demand, contracted 

capacity.
• Validated by CEA and submitted to SERC for approval.



RA Planning Process

• Forecast demand over 10 years.
• Assess existing and under-construction resources.
• Identify additional capacity needs.
• Ensure compliance with RAR and PRM.



Procurement Strategy

• Use a mix of Long (75-80%), Medium (10-20%), and 
Short-term contracts.

• Exclude power exchange procurement from RAR.
• Contract ahead of time to match gestation periods of 

technologies.



Energy Storage and Flexibility

• Essential for integrating intermittent RE sources.
• Guidelines issued for co-located storage with solar.
• Storage can enhance reliability and reduce system 

costs.



Capacity Credit Methodologies

• Top Demand Hours: Used for existing resources.
• Top Net Load Hours: Accounts for system stress.
• ELCC (Expected Load Carrying Capability): Advanced, 

stochastic modeling approach.



Scenario Modelling

• Incorporates uncertainty: demand, RE 
generation, outages.

• Uses Monte Carlo simulations.
• Tests system response under multiple future 

scenarios.



Optimal PRM & System Cost

• Balance reliability and cost efficiency.
• Use Marginal Cost of Reducing Load Shed (MCRLS) to find 

economic PRM.
• Target: PRM where MCRLS equals Value of Lost Load 

(VoLL).



Methodology Summary

• Demand forecast (hourly resolution).
• Optimization with technical and policy constraints.
• Model includes RE profiles, storage, ramping limits, 

reserve needs.
• Outputs: generation mix, investment needs, RA 

compliance.



Compliance Monitoring

• Timeline-driven approach from May to March each year.
• CEA, SLDC, RLDC, and NLDC roles defined.
• Shortfalls addressed via national auction or regulatory 

action.



DemandProjections

2024-25 2025-26 2026-27 2027-28 2028-29 2029-30 2030-31 2031-32
20thEPS 16277 16947 17810 18578 19352 20254 20954 21613
Karnataka 16579 18075 19690 21745 23372 25051 26765 28453
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Defining Features of STELLAR

6
6

Chronological modelling

Transmission modelling

Unit commitment constraints

Co-optimization of energy and ancillary services

Integrated Demand Response


