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Background and Introduction

The transition towards green energy has gained momentum in the past two decades. Countries are optimizing their energy generation
to reduce carbon emissions and mitigate climate change impacts. Energy alternates that are non-fossil fuel based such as solar, wind,
hydro, nuclear and geothermal; assisted by Energy Storage Systems are the primary choices of countries.

India’s commitment towards the green energy transition has been demonstrated with a record 43 GW of generation capacity installed
in 2025-26 up to January 2026 from renewable energy sources.

The Long-term National Resource Adequacy Plan (LT-NRAP) is developed by the Central Electricity Authority under the notified
Electricity (Amendment) Rules 2022, Rules 16 (1) stipulating to assess the adequacy of electricity resources over a ten-year planning
horizon with a purpose to facilitate coordinated planning, policy formulation, and investment decisions.  

Key Projections

The CAGR has been calculated for the period of 2024-25 to 2035-36. The 20th Electric Power Survey has been utilised for these
projections

Definitions

Resource Adequacy is defined as a mechanism to ensure an adequate supply of generation resources to reliably meet the
projected electricity demand at the least cost. A crucial aspect of resource adequacy planning is ensuring that sufficient
generation capacities are available round the clock, capable of reliably serving electricity demand under various scenarios,
while considering factors such as extreme weather events, plant availability, etc.

Coincident Peak refers to the share of different distribution utilities in the national peak demand.   The occurrence of peak
demand varies across months and times of day.  Therefore, the top 5% or 10% of demand hours of the national load should be
considered for the determination of the coincident peak.

Capacity Credit refers to the dependable contribution of a power source or generation technology to meet peak electricity
demand reliably. It is typically expressed as a percentage of the nameplate capacity that can be counted on during peak demand
periods.

Objective and Methodology
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Through LT-NRAP CEA envisages to minimize the total system cost of generation (including future investment costs, operating costs of
generation fleet and others) while ensuring that all the technical parameters associated with different technologies are satisfied.  

CEA has utilised the mid-term review of the 20th Electric Power Survey to estimate electricity demand projections, peak electricity
demand growth rates and electricity energy requirement growth rates.

As part of the Resource Adequacy Planning framework, State-wise coincident peak requirement for 2026-27 and 2027-28 with
generator-source-wise capacity credit has been estimated. Year-wise solar and non-solar Planning Reserve Margin (PRM) has also been
estimated.

Key aspects in the methodology are as follows:

Electricity Demand Projection: A detailed demand projection using historical data, economic growth models, and demographic
projections. This includes estimating State-wise peak electricity demand and annual electrical energy requirements for multiple
timeframes, typically spanning twenty years.

Generation Capacity Assessment: This considers existing capacity, new capacity additions, potential retirements and upgrades
to ensure that the generation mix is able to meet the projected electricity demand in different scenarios.

Optimisation and Sensitivity Analysis: Optimisation techniques, such as MILP (Mixed Integer Linear Programming), linear
programming and Monte Carlo simulations, are used to identify the most cost-effective and reliable energy mix. Sensitivity
analysis is conducted to evaluate the system’s resilience to variations in electricity demand.

Policy and Regulatory Alignment: Incorporates national policies, such as renewable energy targets, electrification goals, etc.,
ensuring that the proposed plans align with long-term policy objectives.

Stakeholder Engagement: Discussions are carried out with stakeholders such as government agencies, utilities, industry
associations, etc., to ensure that all perspectives are considered in the plan.

Loss of Load Probability (LOLP) is the probability that projected electricity demand will exceed available generation capacity.

Expected Energy Not Served (EENS) is the amount of energy demand that cannot be met due to insufficient generation.



Planning Reserve Margin (PRM) represents the total available firm capacity above the expected peak demand to ensure
reliability in the face of uncertainties. Estimating PRM is essential for maintaining system adequacy, especially as power
systems integrate more variable resources like renewables.

Fundamental steps involved in Resource Adequacy study

Generation Expansion Planning Studies are the process to evaluate the most economically feasible generation capacity
additions to meet the projected electricity demand. It takes into account factors such as the electricity demand projection,
existing and planned capacity additions, evolving demand patterns, renewable energy profiles, cost trends of various
investment options, operational characteristics of different generation technologies, phasing out of older capacity, etc.  

Production Cost Analysis also known as Economic Dispatch studies, is essential to carry out economic (least-cost) dispatch,
adhering to unit commitment and other model inputs and constraints. This is typically carried out for a 1-year horizon with the
time interval of Hourly (60 min)/sub-hourly (15 min) resolution.  It gives information about the following:

Generator-wise annual generation, fuel cost, start-up cost, etc

Start- Stop of thermal generators

Renewable energy curtailment, if any

Unserved Energy- demand blocks

Reserve Requirement in the system

Ramping Constraints of thermal generators

System Reliability Analysis involves the use of advanced probabilistic methods, such as Monte Carlo simulation and stochastic
modelling, to capture the uncertainties that impact the power system. The analysis allows for the estimation of key reliability
indices such as LOLP and EENS. These methods help evaluate how the system behaves under various uncertain conditions,
including:

Scheduled and unscheduled outages or maintenance of generating units

Unforeseen fluctuations in renewable energy (RE) generation

Unexpected changes in electricity demand

Variations in hydroelectric generation, depending on hydrological conditions

ORDENA, a mixed-integer linear optimisation model that minimises the net present value of investment and operating costs
subject to constraints and STELLAR, an indigenous generation expansion planning tool that integrates long-term capacity
planning, economic dispatch, and reliability analysis into a unified framework are the Generation Expansion Planning Tools.

Demand Complementarity and Correlation among States

Demand complementarity refers to the compensating or balancing relationship between the electricity demand of different
States where an increase in demand in one State coincides with a decrease or lower demand in another.

Demand correlation denotes the statistical degree of association between electricity demand patterns across sectors, regions,
or time intervals. A positive correlation indicates that the demands in different States move in the same direction, such as
electricity demand in hilly States in the winter months.

Analysing demand correlation both spatially (across regions) and temporally (across time) allows system planners to identify
divergent demand patterns, assess load diversity, and design strategies that ensure reliable and balanced power system
operation.



States with high positive correlation exhibit similar demand patterns, indicating limited potential for resource sharing or
banking. Conversely, States with low or negative correlation demonstrate complementary demand profiles, which can be
leveraged to enhance system reliability through coordinated resource planning or banking.

Inputs and Outcomes (Scenario 1) [Electricity Demand Projections as per mid-term review of 20th EPS]

The midterm review of the 20th EPS demand projections by CEA indicates that peak electricity demand on an all-India basis is expected
to increase at a CAGR of 5.58% during FY 24-25 to FY 35-36. The annual electricity energy requirement is expected to grow at a CAGR
of 6.41% during the same period. The demand projections incorporate the demand estimates of the emerging sectors like electric
vehicles and Green Hydrogen. The visual above showcase the electricity demand projections as per midterm review of the 20th EPS.



Large Hydro installed capacity figures for 2026 year also includes PSPs capacity. Lignite projected capacity is clubbed with coal for
2035-36



The study emphasizes the push towards non fossil fuel-based capacity addition, projecting the likely increase to be about 786GW by
2035-36 in capacity. It has also observed the need of storage (about 4-6 hours) to make higher RE penetration viable beyond 2030 and
therefore places PSP as a comprehensive solution for meeting future storage capacity requirements at reasonable cost, along with
ensuring grid reliability by providing frequency regulation, inertia and voltage support. The likely requirement of energy storage is
about 174 GW/ 888 GWh by 2035-36 for energy shifting and facilitating increased RE integration. BESS is suitable for short-duration
storage, and PSPs are suitable for long-duration storage.

Summary on Reliability Analysis Results

Using the Monte Carlo simulation i.e. a probabilistic modelling technique that uses repeated random sampling to evaluate the impact of
uncertainty in complex systems. It captures the full range of possible scenarios and their probabilities, providing a more realistic picture.
of system performance has been undertaken.
Value of Loss of Load Probability (LoLP) and Normalised Energy Not Served (NENS) at 0.2% and 0.05% respectively has been
considered. These values are the same as taken for the preparation of the National Electricity Plan, brought out in May 2023. The
analysis has been done for chart of Year-wise Source-wise projected Installed Capacity requirement. The following variations have been
considered in the reliability-sensitive parameters.  The results of the reliability analysis are also mentioned below

Scenario II: Electricity demand projections as per recent trends

An additional scenario is envisaged for carrying out resource adequacy studies, wherein the recent trend of lower electricity demand
growth has been considered. As a part of this scenario, the peak electricity demand and the annual electricity energy requirement
projections as projected by the mid-term review of the 20th EPS study have been shifted by one year for the entire study horizon.

In this scenario, the projected peak electricity demand in 2035-36 reduces from 459 GW to 446 GW, while the electrical energy
requirement reduces from 3365 BU to 3215 BU. Correspondingly, the total installed capacity requirement in 2035-36 is about 1054
GW compared to 1121 GW The requirement of storage in this scenario is lower at about 128 GW compared to 174 GW in the scenario
where demand had been considered as per mid-term review of 20th EPS.

Conclusions

315 GW of coal-based generation capacity, which will continue to serve as the backbone of the power system for baseload
supply.



On the renewable front, significant capacity expansions to accelerate the clean energy transition are observable. This includes
78 GW of hydroelectric power, which offers both renewable energy and grid balancing capabilities, 509 GW of solar
photovoltaic (PV) capacity, and 155 GW of wind power.

The plan also recognises the need for energy storage systems to shift the energy generated in high RE generation periods for
use during low/no RE generation and high demand periods. Specifically, 94 GW of Pumped Storage Plants (PSP) and 80 GW of
Battery Energy Storage Systems (BESS) are projected to be added.

Recommendations

Planned Expansion of Non-Fossil Capacity

Progressive Development of Energy Storage

Maintaining Adequate Planning Reserve Margins (PRM)

Enhancing Grid Flexibility and Infrastructure

Ensuring Reliability through Resource Diversity

Focus on Nuclear Capacity Development
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