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Disclaimer 

The study is an exercise to assess the least cost generation capacity mix to meet the projected 

Electricity Demand for the year 2029-30. The projected installed capacity shown in the report should 

not be in any way considered as target of the country. The study is based on numerous assumptions 

in respect of technical and financial variables associated with various power generation technologies. 

Any change in assumptions considered may vary the result. 

If publication is used, shared, copied, reproduced, printed, appropriate acknowledgement has to be 

given to Central Electricity Authority as the source. 
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Executive Summary  

India has emerged as a major force in the global energy economy. As the 

world is grappling with the challenge of climate change, India is committed 

towards reducing its carbon footprint in line with the global response to 

tackle this challenge. Indiaõs approach of growth in power sector is 

resonating with the global demand of shift towards green generation. In 

this regard,  India stands committed to reduce Emissions Intensity of its 

GDP by 45 percent by 2030, from 2005 level and achieve about 50 percent 

cumulative electric power installed capacity from non -fossil fuel -based 

energy resources by 2030.  

Between 200 5 and 20 22 , per capita electricity consumption doubled from 

631  Unit  to 1255 Unit  in India,  making it the third largest electricity market 

in the wo rld.  With t he onset of CovidȤ19 pandemic the pace of energy 

development  of the country slowed down temporarily. However, t he actual 

power scenario observed during April & May of FY 2022 -23 is indicating 

return to normalcy from Covid pandemic as power consu mptions are 

higher than the trends witnessed in the recent past . With steady economic 

growth expected there is much scope of the Demand to rise.  

To move towards a Carbon free future, t he world today is witnessing several 

kinds of technological disruptions which may lead to  replacement of 

thermal based generation with r enewable energy generation complimented 

with energy storage technology. This has been further aided by the 

downward trend of cost of solar panels and newer technology options like 

battery ener gy storage systems.  To meet the target of achieving 50% of non -

fossil fuel -based  IC by 2030, large scale integration of variable r enewable 

energy sources  is envisaged. The RE based generation is inherently 

intermittent and non -dispatchable in nature.  This would in turn require 

balancing by the conventional power generators to manage the variable RE 

based generation . As coal -based  generation being inherently inflexible in 

nature, m ultipronged approach including use of pumped storage plant  and 

battery storage , cyclical operation of Gas based generation, optimisation of 

hydro generation, etc. would be needed to ensure secure and reliable 

operation of the grid . 

The demand projections of  20 th  EPS report have been considered for this 

report, wherein the impact of various factors like reduction in transmission 

& distribution losses, energy efficiency improvement measures, production 

of green hydrogen, penetration of electric vehicles, roof -top solar, solar 

pumps etc. has appropriately been  considered on the demand o f the 

country in the future.  
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Furthermore, Honõble Prime Minister launched the National Hydrogen 

Mission on Indiaõs 75th  Independence Day where in it is envisaged to make 

India a green hydrogen hub with the target of production of 10  million 

tonnes of green  hydrogen by 2030.  This has been duly accounted for while 

making the demand estimates for 2029 -30.  

Keeping in view the recent developments and policy changes in the electricity 

sector both at global and national level since the publication of original 

report, generation planning studies have been revised to obtain the least 

cost optimal generation capac ity mix  which may be required to meet the 

projected peak electricity demand and electrical energy requireme nt of the 

year 2029 -30 .  

The study  as before  minimizes the total system cost of generation including 

the cost of anticipated future investments while  fulfilling all the 

technical /financial  constraints associated with various power generation 

technologies.  

The earlier report was based on consideration of a single node for the 

country with no transmission constraints in between the various regions. In 

this report, study has been carried out considering 5 nodes corresponding 

to each of the five regions of the country.  

The hourly studies  have been carried out to assess adequacy of the capacity 

mix obtained from long t erm generation planning studies  for  the year 2029 -

30 . All the technical/operation al characteristics of each individual 

generating unit have been adhered to arrive at the adequacy of the 

generation capacit y mix at least production cost.
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ACRONYMS  

ACRONYMS             EXPANSION  

BESS Battery Energy Storage System  

BMS  Battery Management System  

BU Billion Unit  

CAGR Compound Annual Growth Rate  

CERC  Central Electricity Regulatory Commission   

CO2 Carbon dioxide  

CUF Capacity Utilization Factor  

EMS  Energy Management System  

EPS Electric Power Survey  

GCF Green Climate Fund  

GDP Gross Domestic Product  

GW Giga Watt  

INDC  Intended Nationally Determined Contribution  

KGD6  Krishna Godavari Dhiru  bhai 6  

kWh  kilowatt hour  

LNG Liquefied Natural Gas  

LWR  Light Water Reactor  

MGR  Merry Go Round  

MNRE  Ministry of New and Renewable Energy  

MT  Million Tones  

MU Million Unit  

MW Mega Watt  

NEP National  Electricity Plan  

O&M  Operation and Maintenance  

PHWR  Pressurized Heavy Water Reactor  

PLF  Plant Load Factor  

PV Photo Voltaic  

RE Renewable Energy  

RLNG  Re-gasified Liquefied Natural Gas  

UNFCCC  
United Nations Framework Convention on Climate 
Change  
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1.    Introduction  

Central Electricity Authority had carried out òOptimal generation capacity 

mix  studies for the year 2029 -30ó. The report was published in J anuary  

2020.  The objective of th e report  was to find out the least cost optimal power 

generation capacity mix, which may be required to meet the peak electricity 

demand of 340 GW and electrical energy requirement of 2400 BU by the year 

2029 -30 as per 19 th  Electric Power Survey.  

Since the publica tion of the report , many assumptions have change d both at 

global and national level . The 20 th  Electrical Power Survey report has revised 

the projected peak electricity demand and electrical energy requir ement for  

the year 2029 -30 . 

With t he onset of CovidȤ19 pandemic the pace of energy development  of the 

country has taken a hit. The local businesses as well as world trade and 

movements have been affected to varying degrees by the pandemic. The 

generation capacity addition by different sources has got advers ely affected 

in the short run with lasting impacts.  The strict lockdown to arrest the 

pandemic , halte d the constructions activities due to a lack of  manpower  and 

supply chain issues . Delay in manufacturing and installation of various 

projects due to disruption in the global  supply chain led to difficulties with 

the availability of key components leading to delay s in  execution of projects. 

For instance, solar segment manufacturing companies faced delays in  the 

procurement of material.  As a result, the capacity of conventional and RE 

sources which was under construction has been delayed. Therefore, 

underlying data like status of under construction plants of coal, hydro and 

RE plants, new proposed nuclear and  hydro plants, cost trajectories of 

Battery Ene rgy Storage System s (BESS) has changed since the report was 

published in 20 20 . 

The world is actively addressing the threat of climate change and therefore 

the idea of growing sustainably is taking prominence globally. In view of this, 

all countries across the globe have been actively engaged in climate 

negotiations on different platf orms viz. UNFCCC. Towards realizing the 

objective of carbon free energy, India has updated its Nationally Determined 

Contributions (NDCs) according to which it stands committed to reduce 

Emissions Intensity of its GDP by 45 percent from 2005 level by 2030,  and 

to achieve about 50 percent cumulative electric power installed capacity from 

non -fossil fuel -based energy resources by 2030.  

In view of the  above-mentioned  aspects , the òOptimal generation capacity 

mix for the year 2029 -30ó study  has been revised.  
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2.   Context ðChanges incorporated in revised v ersion  
 

The report  published in J anuary  2020  projected the least cost optimal 

generation capacity mix for the year 2030 based on the 19 th  EPS projections.  

As per the earlier study , the likely installed capacity by the end of 2029 -30 

was projected as  8,17,254 MW comprising of Hydro 60,977 MW (including 

Hydro Imports 5,856 MW), Pumped Storage Plants 10,151 MW, Small Hydro 

5,000 MW, Coal 2,66,911 MW, Gas 25,080 MW, Nuclear 18,980 MW, Solar 

280,155  MW, Wind 140,000 MW and Biomass 10,000 MW along with a 

Battery Energy Storage capacity of 27,000 MW/108,000 MWh  to meet the 

projected peak electricity demand of 340  GW and electrical energy 

requirement of 2400  BU as per the 19 th  EPS report.  The projected insta lled 

capacity from RE sources excluding large hydro (Solar,  wind,  biomass and 

small hydro) in the year 2029 -30 was projected as  435  GW. 

Following are the broad assumptions, which  have been revised in the studies : 

2. 1. Demand  Projections  

The latest demand projections , as per the 20 th  EPS report , have been 

considered for the studies. It is emphasized that  while projecting the 

electricity demand,  the impact of various factors like reduction in 

transmission &  distribution losses, energy efficiency improvement measures, 

production of green hydrogen, penetration of electric vehicles, roof -top solar, 

solar agriculture pumps , electrification of households etc. has appropriately 

been considered in 20 th  EPS projecti ons . The major highlights of the 20 th  EPS 

projections  are:  

¶ Projected a peak electricity demand of 3 34.8 GW and electrical energy 

requirement of 22 79.7  BU for the year 2029 -30.  

¶ The impact of EVs on all India Demand in 2029 -30  is likely to be 3 GW 

in Peak Demand and 15  BU in Energy requirement.  

¶ All India energy requirement off set due to Solar Roof Top installation 

has been estimated as 34 .8 BU in 2029 -30.  

¶ All India energy requirement off set due to Solar pump installation has 

been estimated as 2.4  BU in  2029 -30 . 

¶ Additional energy requirement for the country on account of green 

hydrogen production  of around 10  million  Tonnes  (considering only 5  

million  tonnes load on Grid) has been estimated as 2 50 BU by FY 2029 -

30.  
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2. 2.  Five regional nodes  

The study has considered 5 regional grids , i.e.,  NR, WR, SR, ER and NER 

connected through inter -regional transmission links. A node  has been 

created representing each of the 5 regions and these nodes have separate 

demand profiles and RE generation profiles  of solar and wind resources . 

2. 3. Planne d and Candidate Capacity  

2. 3.1 Coal  

As per the latest assessment carried out by CEA, the coal capacity, which is 

under construction and is expected to be commissioned during 2022 -30,  is 

around 26 ,900  MW. Pit hea d based potential supercritical coal capacity 

totaling to 21,240  MW has been considered for investment options  (candidate 

plants)  in the modeling studies based on list of potential candidate plants  

which are either in development stages or are proposed to be set up by 

various Central and State utilities.  It may be noted that out of this a coal 

capacity totaling to 6,920 MW is under bidding (as on 28. 02.23).  

Additionally, coal -based  capacity  of Central and state sector utilities,  totaling 

to 9,420  MW which h as been  identified to be considered for development i n 

future, if required , has been also taken into consideration for the studies . 

The Capex for new coal plants has been considered  as Rs 8.34 Cr/MW (up 

from 7.85 Cr/MW considered in the earlier studies) as per the latest inputs 

provided by various manufacturers /developers .  

2. 3.2    Hydro (including PSP)  

As per the latest assessment carried out by CEA, the Hydro capacity, which 

is under construction and likely to yield benefits during 2022 -30  of around 

14,274  MW (including 27 80  MW of PSP) is considered for the studies . 

Location specific hydro and PSP projects totaling to 638  MW and 11460  MW 

respectively , which have been either concurred by CEA or are under S&I 

stage and are likely to yield benefits by 2029 -30, hav e been considered as 

investment options  (candidate plants)  for the studies.  

The capex and the technical parameters of the planned and candidate hydro 

projects have been  taken from the DPRs (Detailed Project Reports) of the 

respective power projects.  

2. 3.3  Nuclear  

As per the latest assessment by Dept. of Atomic Energy (DAE) , 8700 MW 

capacity is under construction and 7000 MW capacity addition has been 

accorded in principle approval. However, only capacity under construction 

(8700 MW) is likely to be achieved by 2029 -30  and hence the same has been 

considered for the studies  for the period of 202 2-30 . 
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2. 3.4 Solar and Wind based Capacity  

In the studies, region -wise solar  and wind -based  candidate  capacity  has been 

considered  based on latest state level potential furnished by M inistry of New 

and Renewable Energy.   

MNRE has indicated that cumulative  installed capacity of up  to 100  GW may 

be achieved by 2029 -30  from wind -based  projects and this has been 

modelled as a constraint for the studies . 

As per the MNRE strategy paper, offshore wind power capacity is expected to 

be added only after 2030  and therefore no offshore wind -based  capacity is 

considered for the period of 2022 -30 in the studies . 

2. 4. Retirement  of coal -based  capacity  

The coal -based  capacity of 2,121 .5 MW, which are likely to be retired due to 

non -submission of any FGD installation plan to abide by the new 

environmental reforms have been considered to  be retired till 2029 -30 . It may 

be noted that out of this, a capacity of 304 MW has already retired during 

the year 2022 -23 . 

2. 5. Batt ery Energy Storage System  (BESS) 

Region -wise BESS investment options have been considered in the  studies 

for the period of 2022 -30. Different BESS sizes i.e.,  2- hour, 4 -hour, 5 -hour, 

6-hour have been considered for the plan period.   

Cost of battery energy storage has been obtained from  latest projections 

available from various manufacturers.  The capital cost of the battery has 

been adjusted to account for the constraint of 90% depth of discharge. It may 

be noted that the incr ease in cost due to custom duty, taxes , etc.  have been 

duly considered while carrying out the studies bas ed on recommendation of 

sector experts.  

2. 6.  Inter -Regional Transmission lines  

Existing Inter Regional Transmission links with their available power transfer 

capacity  (as on 31 st March,  2022)  have been considered in the studies. 

Candidate inter -regional t ransmission lines with capital cost have been 

modelled  so that generation and transmission systems can be optimized 

simultaneously on regional basis keeping in view the availability of 

generation and transmission resources.  
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3.   Objective of the Study  
 

To f ind out the optimal generation capacity mix to meet the projected  

regional peak electricity demand and electrical energy requirement  in 

the year 2029 -30 considering possible/feasible technology options,  

intermittency associated with r enewable energy sources and 

constraints , if any, etc.  

Optimum g eneration mix study is an optimization problem  for generation 

expansion planning , in which the objective function is to minimize : 

a. The costs associated with operation of the existing and committed  

(planned and under construction)  generating stations.  

b.  The capital cost and operating cost of new generating stations required 

for meeting peak electricity demand and electrical energy requirement while  

satisfy ing different constraints in the system such as: 

¶  Fuel availability constraints.  

¶  Technical operational constraints viz. Minimum Power Load  of thermal 

units, ramp rates, startup and shut down time etc.  

¶  Financial implications arising out of startup cost, fuel transportation cost 

etc.  

¶  Intermittency a ssociated with renewable energy generation.  

Technologies /Fu el options available for power g eneration considered in the 

study are:  

¶ Conventional Sources ð Coal and Lignite, Large Hydro, Nuclear, 

Natural gas .   

¶ Renewable Energy Sources - Solar, Wind, Biomass, Small H ydro, etc.  

¶ Storage  Technologies ð Grid scale battery energy storage systems , 

Green Hydrogen based storage cells, etc.  

Note:  Various new technologies that may play an important role in power 

generation in future  have not been considered in the present study as they 

are in nascent stages of development and there is lack of reliable  projections 

regarding their financial and technical parameters.  

4.   Generation Capacity mix of the country  over the 

years  
 

Generation capacity mix of the country has under gone significant changes 

since  the time of independence with increased electricity demand in the 

country. Share of h ydro capacity, which was about 26% by the end of 10th 

plan period ( i.e., 2006 -07),  has come down to about 11 % presently ( March , 
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202 3) whereas the s olar and wind capacity has increase d to 26% as of March , 

2023 from 9% by the end 2011 -12. The share  of coal  (and l ignite)  based 

capacity has also reduced mar ginally from 56% at the end of 2011 -12  to 51% 

as of March , 2023 . The reason of higher percentage of coal -based  capacity in 

the generation capacity mix has been the abundant availability of domestic 

coal, shorter gestation period and lower capital cost of coal -based  plants 

compared to hydro and nuclear plants.  

With the enactment of Electricity Act,  2003 , coal -based  capacity addition 

further got a boost with increased participation of private sector in the 

generation segment. Share of private sector in the installed capacity of the 

country was about 10% before the Ele ctricity Act, 2003, which has grown to 

about 50.5 % by the end of FY 2022 -23 . Gas based generation, which  also 

started picking up with new finds of domestic gas, has however slowed down 

with the reducing product ion of KG -D6 gas . A significant capacity is 

presently stranded due to lack of availability of domestic gas and high cost 

of imported LNG. The countryõs installed capacity mix has seen growth in 

nuclear -based  capacity from 4 th  five-year pl an onwards which has grown up 

to 1.6 % of the installed capacity as on March, 202 3 and there are plans to 

increase this share  further .  

Exhibit 4. 1  and Exhibit 4.2  depict  the capacity and generation mix 

historically. It can be seen that  the  share of hydro in installed capacity has 

reduced in recent years , though the share of renewable energy has increased. 

However, in view of increasing share of variable renewable sources ( wind and 

solar)  in the system, hydro power plants with storage are the best option to 

address the intermittency of renewables as they have capabilities of fast 

ramping -up and ramping -down.  

Exhibit 4. 1 

Installed capacity mix of the country since the year 1980  
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