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The information, views, and conclusions set out in each report are entirely those of the authors and do 

not necessarily represent the official opinion of the International Forum on Pumped Storage 

Hydropower (IFPSH), its partner organisations or members of the Steering Committee. While all 

reasonable precautions have been taken, neither the International Forum on Pumped Storage 

Hydropower nor the International Hydropower Association can guarantee the accuracy of the data and 

information included. Neither the International Forum on Pumped Storage Hydropower nor 

International Hydropower Association nor any person acting on their behalf may be held responsible 

for the use, which may be made of the information contained therein. More information on the 

International Forum on Pumped Storage Hydropower is available online at https://pumped-storage-

forum.hydropower.org 
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Overview of India’s electricity market  

India is the third largest producer and consumer of electricity globally, with annual electricity production 
between 1200-1300 TWh. The Indian power grid is one of the largest synchronous power grids in the 

world. During the last decade, electricity production in India grew at an annual rate of about 5%, 

excluding the last two years. The Electricity Act 2003 delicensed power generation activity, which gave 
impetus to generation capacity addition and led to rapid coal-based generation capacity expansion 

during 2007-2017.  As of December 2020, the installed generation capacity of the country stood at 375 
GW, comprising 231 GW of thermal, 137 GW of renewable (wind, solar, hydro, and biomass), and 6.78 

GW of nuclear. The hydro generation with an installed capacity of 45.69 GW large hydro (above 25 MW 

capacity) and 4.5 GW small hydro (below 25 MW capacity) constitute the largest share (37%) in the 
renewable generation mix. Wind generation capacity accounts for 28% (38.62 GW), and solar power 

accounts for 27% (37.46 GW) of the total renewable energy (RE) installed capacity.  
 

India witnessed a peak electricity demand of 189 GW in January 2021. The per capita electricity 

consumption has gone up from 592 kWh during 2003-04 to 1,208 kWh during 2019-20 and is expected 
to exceed 1,300 kWh per capita by 2021.  

 
At COP 21 in Paris in 2015, India made a commitment of meeting 33-35% of its energy requirement 

from non-fossil-fuel-based sources by 2030. India is on its way to achieve 175 GW of renewable 
generation capacity by December 2022 and 450 GW by 2030, in line with the ambitious decarbonisation 

target of the Government of India.  

 
The variability of RE resources, due to characteristic weather fluctuations, introduces uncertainty in 

generation output on the scale of seconds, hours, and days and needs adoption of grid scale energy 
storage technologies to complement these sources. Pumped storage hydropower plants (PSH) can be 

highly useful for facilitating the integration of high variable RE power into the power system. The world 

is anticipating that grid-scale energy storage technologies may help to absorb more RE economically 
into the power system in the near future.  

 

Figure 1 Electricity demand and Hydro generation on 5th April 2020, India 

  

On 05 April 2020, following a call from the Indian Prime Minister, lights were dimmed nationally for nine minutes with a 
dramatic impact on electricity demand. Hydropower alone supported a reduction of 18 GW (20:45 –21:10) out 31 GW 
reduction. Hydropower then ramped up by 11 GW (21:10 –21:27) to meet rising power demand 
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The low tariffs for solar and wind assets are so competitive that new hydro is not able to compete 

through power purchase agreements (PPAs) or the regulatory market in the immediate run. The old 
hydro projects, although cheaper, are operating with old PPAs without any remuneration for balancing 

the market.    

Current status of pumped storage & development potential 
 

In India, a potential of about 120 GW for PSH has been identified at around 120 sites. However, some 
of these sites could be taken up only after clearing on-the-ground environmental issues that they are 

facing. Only 9 plants with an installed capacity of 4,785 MW have been commissioned, and 3 plants 
with a capacity of 1,580 MW are under construction. Out of 9 commissioned PSH plants, 3 plants of 

1,480 MW capacity are yet to be operated in pumping mode for different reasons. Most of the PSH 

plants are used for peaking power. Apart from these, about 12 PSH projects with an installed capacity 
of 10,000 MW are located in different states and are under various stages viz. pre-feasibility study, 

detailed surveys and investigations, detailed project reports, and obtaining clearances of different 
stages initiated by different state governments and Independent Power Purchasers (IPPs).  

 

Indian state Maharashtra has the maximum number of sites, about 30 with an identified potential of 
36 GW, followed by Karnataka, Kerala, and Tamil Nadu with 11.6, 11.5, and 6.9 GW capacity, 

respectively. The sites for off-river closed loop system are yet to be identified in India. Similarly, sites 
that use sea as the lower or upper reservoir, and gravity based hydropower plants are yet to be 

identified and implemented. India has 5,745 large dams and provides an excellent opportunity for 

developing PSH by placing it in between two large dams in cascade, or using one dam and second 
reservoir on the hill top with very low impact on biodiversity and resettlement and rehabilitation (R&R) 

issues. 
 

Presently, most of the PSHs are owned by state governments, Central-and-state governments joint 
venture power generating utilities, except one project being developed by an Independent Power 

Producer (IPP) as a special bid for peaking power supply. 

 
In India, a decentralized and federal governance model for the electricity sector has been adopted 

wherein both States and Central Government have rights to develop and implement power sector 
projects. For example, the Central Electricity Regulatory Commission (CERC) determines tariffs for 

power stations at the inter-state level and the State Electricity Regulatory Commission (SERC) 

determines generation tariffs at the respective state level. 
 

The Government is in the process of revising Electricity Policy and incorporating the energy storage 
including pumped hydro for grid balancing. The Government has recently issued an order for the 

extension of waiver of interstate transmission charges for pumping water or charging batteries, in case 
at least 70% of the energy requirement on an annual basis is met from wind or solar generation. For 

the energy generated by such storage facilities, a graded increase in interstate transmission charges 

starting from 25% (of the normal rate) in the first year to 100% by the 12th year has been announced. 
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Challenges, barriers and emerging opportunities for pumped storage 
development  

 
At present, PSHs in India are being dealt with the conventional model approach1, without the market 

interventions, and in the face of declining tariffs of solar energy, beneficiaries/users, like power 
distribution companies (DISCOMs), find it costly and less attractive to use this storage technology. In 

view of high investment cost and long gestation for a storage project, private participation has been 

low. Presently, PSH is predominantly owned by the public sector (State/Central). The public and private 
sectors find it difficult to invest in further development of PSH due to the cost recovery of high 

investment, and lack of a well-defined stack of value-added services market for assuring long-term 
revenue streams. In a recent peak power supply call (January 2020) by Solar Energy Corporation of 

India Ltd (SECI), a Government of India company working as an aggregator, only one integrated project 

having solar, wind, and 1,200 MW of PSH won the bid by an IPP but is still facing some barriers in 
terms of clearances and signing of PPAs. 

 
The existing PSH projects and proposed new developments presently face challenges in terms of  

a) regulatory and tariff regime;  

b) improper valuation (recognized) for the roles they play in providing grid reliability and security 
services; and  

c) non-uniform and inadequate compensation in the present tariff regime.  
 

In India, a decentralized and federal governance model for the electricity sector has been adopted 
wherein the Central Electricity Regulatory Commission (CERC) determines tariff for power stations at 

the inter-state level and the State Electricity Regulatory Commission (SERC) determines generation 

tariff at the intra-state level. The CERC Tariff Regulations 2019 specifies norms and methodology for 
tariff determination of pumped storage and hydro projects under its jurisdiction. 

 
The meeting of societal goals for carbon reduction and having technology neutral policy with levelized 

incentives is a challenge for PSH development. PSH projects are considered river valley projects, even 

if there is no construction of new dams in the river, resulting in a very long time (3–5 years) for 
obtaining the environment and forest clearances from the Ministry of Environmental and Forest and 

Climate Change (MoEF&CC). Utility scale off-river PSH integrated with renewable power are not being 
treated as renewable projects and thus all incentives and easy clearances available to solar and wind 

renewable projects are not available to PSH. PSH could play an important role in supporting the National 
Wind-Solar Hybrid Policy; however, this requires that projects are completed within 2-3 years whereas 

with PSH it may take 5-6 years.    

 
Additionally, there are no standard bidding guidelines available for the procurement of energy storage 

services, and the separate guidelines for off-river PSH for early concurrence from MOEF&CC are not 
available, resulting in a longer time for obtaining financial closure. 

 

In India, the monsoon period generally witnesses higher wind generation. However, in July 2020 there 
was abnormally low wind generation in India compared to the similar period in previous years. The 

monthly wind generation at the national level stood at 6,574 GWh in July 2020, which was 36% less 
compared to the July 2019 levels (10,312 GWh). The unexpected, depleted wind generation scenario 

was compounded by lower solar generation due to cloudy weather conditions. A significant number of 

coal-fired thermal power stations were taken out either under planned shutdown for annual 
overhauling/maintenance, or were taken off bar under economic shutdown (reserve shutdown) due to 

less demand prevailing on the grid in monsoon.  The system operators handled this skewed operational 
scenario by harnessing the flexibility (peaking and ramping support) from storage-type hydro units, 

including PSHs. Similarly, critical grid events, like solar eclipses of June 2020 and December 2019, the 

 
1 The conventional model here refers to the development by central and state Governments and private sector 
without the market interventions. 
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9:00 PM 9-minute pan-India lights off event of 05 March 2020, cyclone Nisarga (May 2020), etc. were 

handled safely, owing to the flexibility rendered by storage-based hydro units in India. A mechanism 
for compensation to hydropower and PSH plant owners in meeting such flexibility is still to be developed 

even though the opportunity cost of an alternate source of power would have been much higher than 
the per unit energy cost of such (storage/PSH) hydropower stations.  

 

Hydro and PSH being the state governments’ subject2 requires the support of policymakers, including 
the Ministry of Power, MoEF&CC, electricity regulators, and state governments for PSH development. 

There is a need to adopt IHA sustainability guidelines and to carry out an ex-post analysis of a few 
operational storage projects, as this might help to dispel some of the apprehensions related to storage 

projects; in large part these relate to legacy concerns with respect to hydropower more generally.  

 
India is on its way to achieve 175 GW of renewable generation capacity by December 2022, and 450 

GW by 2030, in line with the ambitious decarbonization target of the Government of India. This 
commitment has led to several policy initiatives to scale-up the share of clean energy in the energy 

production portfolio of the country. Around 15 GW of wind-solar hybrid capacity is expected to be 
installed between 2020-2025 and the wind-solar hybrid policy aims to achieve a hybrid wind-solar 

capacity of 10 GW by 2022. As part of the green energy corridor project, EHV transmission lines are 

envisaged to transmit 20 GW of power from 34 solar power parks spread across 21 states. The wind-
solar hybrid policy aims to achieve a hybrid wind-solar capacity of 10 GW by 2022. The CEA study3 of 

optimal generation mix for the year 2030 suggested that battery storage of 27 GW for 4 hours and PSH 
of 10 GW is required to sustain the added RE into the grid. This would provide PSH with an immediate 

opportunity to develop so that the optimal generation mix for VREs can be expanded to meet 2030 

targets. 
 

As a start to rapidly developing hydropower, MoP, Government of India, in March 2019 announced 
several policy measures to promote investment and growth in the hydroelectricity sector viz. large 

hydro projects (above 25 MW) to have the status of renewable energy, the introduction of Hydro 
Purchase Obligations (HPO) within non-solar Renewable Purchase Obligations (RPO), valuing the flood 

moderation component of storage-type hydro projects, and budgetary support for the cost of enabling 

infrastructure viz. road, bridges, etc. 
 

MoP has further firmed up its initiatives to expand the existing hydro generation capacity about 30 GW 
by 2029-30, and a revised trajectory of RPO was issued in January 2021 by factoring a long-term 

trajectory for the proposed Hydro Purchase Obligation (HPO) considering all large hydro units 

commissioned after March 2019. This mandates an HPO target of 2.82% by 2029-30. Ex-post analysis 
of the policies is required to be carried out to understand how these worked in different states, what 

the barriers were, etc., so that policy correction, if needed, may be done. 

Recommendations  

1.1 Non-economic levers 
 
There is a need for identification, carrying out surveys and investigations, preparing detailed project 

reports, obtaining the clearances, improving the market, and bring out the regulatory improvements 

for PSH development in the country. With the current procedures to construct PSH plants, presently it 
may take 2 - 4 years to secure clearances before starting the construction and thereafter 4 - 5 years to 

make it operational. Therefore, it is the hour of need for pumped storage hydropower to immediately 
be taken up, especially in order to support renewable energy integration. Some required policy 

interventions are suggested as follows: 

 

 
2 http://www.cbip.org/ExternalFile/Hydro_Regulations_Policies.pdf  
3 https://cea.nic.in/old/reports/others/planning/irp/Optimal_mix_report_2029-30_FINAL.pdf  

http://www.cbip.org/ExternalFile/Hydro_Regulations_Policies.pdf
https://cea.nic.in/old/reports/others/planning/irp/Optimal_mix_report_2029-30_FINAL.pdf
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1) PSH requires energy for pumping and, like all storage technologies, there is a loss in the form 

of conversion efficiency; this should be recognised by policymakers so that there isn’t double 

taxation in both the consumption and production of energy.   

2) In India, National Storage Policy should allow energy storage as an eligible transmission 

component and thus, direct/advise CEA/Central Transmission Utilities (CTU) to include energy 

storage in future transmission planning.  

3) The need for a National Hybrid Policy allowing PSH technology to be bundled with the RE Hybrid 

projects as eligible projects for round the clock (RTC) / flexible hours supply.   

4) The number of cycles for energy storage projects, which may be more than one, especially for 

PSH, need to be accounted in the financial analysis since the normal life of PSH project may be 

50 years or more. It is also recommended that a standard name-plating of PSH with energy 

and capacity (MWh and MW) to appropriately represent the energy to power ratio of the PSH 

for its utility for peak energy and peak power ramping. [Recommend that all storage 

technologies should be standardised in the name plate etc] 

5) PSH should be considered regulatory assets for grid supporting measures, and have the 

extension of all benefits (e.g., budgetary support) that grid/transmission elements do, through 

the intervention of system planning and operating agencies. PSH should be operated as per 

the requirement of national grid operator, mainly towards load levelling on the lines of Reserves 

Regulation Ancillary Services (RRAS). This shall ensure the tariffs for the input power for 

pumping and output power to be decided by the regulator. 

6) The regulator may consider PSH as a common asset under ancillary services with energy for 

pumping to be charged based on the cheapest source of power, with an option to procure 

cheaper power from the market; assured certain minimum duration of operation by the 

operator; and full capacity charges payable in case of availability for the agreed minimum 

duration of operation, with incentives for the extra duration of operation. 

7) The pronouncement of PSH capacity addition targets on the same basis as RE should also be 

considered by the Government to accelerate the PSH development 

8) Similar to transmission elements, where the grid development took place after delinking the 

thinking from per unit cost basis or the levelized cost of electricity, the PSH projects should also 

be delinked from the per unit energy cost basis for speedy development.4  

9) Appropriate policy frameworks that share the costs and benefits of PSH can increase the overall 

consumer benefits; the benefits of PSH can be shared across state and national boundaries.  

10) The modular structure for engineering could be explored for PSH as an alternative storage 

solution (similar to battery storage).  

11) To build more confidence in PSH, existing PSHs that are currently only operated in hydropower 

mode (i.e., they do not provide pumping services) should be refurbished and operationalized 

as soon as possible.  

12) PSHs have similarities to lift irrigation schemes and should be treated at par with the specific 

criterion based on storage of water required for PSH as 1 tmcft5 or based on energy storage 

(MWh) up to 10,000 MWh. PSH may be classified based on (a) on-stream and (b) off-stream 

and environmental as well as forest clearances procedures should be suitably revised.  

 

 
4 This refers to the per unit energy cost of PSH which is unable to survive the competition brought by wind and solar power. 
However, in a holistic view, a grid with a high percentage of wind and solar requires the installation of storage like PSH plants. 
5 thousand million cubic feet 
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1.2 Economic levers 
 

1) A suitable innovative business model for PSH, for long-term sustainability of PSH as a 
regulatory asset, needs to be developed. There is a requirement to develop market 

mechanisms and innovative economic models that evaluate energy storage technologies 

based on their abilities to provide key support services to the overall electric grid, particularly 
when taking into consideration project lifecycle costs, performance, and energy storage 

system degradation.  The following model could be considered:  
 

 

a) The CEA could assess and fix the optimum PSH capacity needed for the grid, 
concerning the RE integration targets after decommissioning/ utilizing flexibility 

already available, to reduce coal-based generation for the years 2030, 2040, and 
2050.  

b) The Regulator could determine the cost (cost plus tariff) or adopt the discovered price 
through a competitive bidding/suitable auction process.  

c) The determination of the appropriate Green tariff mechanism, which will be an 

enabling set of rules where the distribution companies can buy green energy and 
supply that to industries who ask for it at tariffs which are estimated to be lower than 

those for fossil-fuel energy. 
d) The Grid Operator would use the untied capacity and pay for the essential reliability 

service from the pool based on the regulations. 

e) At the end of settlement period, whatever cost remains un-realized would be 
socialized amongst all grid users in terms of a sharing mechanism devised by the 

regulator. 
f) In order to provide effective support to the grid, there must be an incentive 

framework for the provision of services like frequency support and voltage control, 

system stability, and other operational benefits. 
 

 
2) Time shifting has to be performed by PSHs to offset the wind and solar, thus time of day 

differential pricing needs to be provided to the PSH plants.  
 

3) PSH has many more functionalities other than just providing balancing power for a few hours 

to support VRE and should be exempted from transmission charges. 
 

4) The standalone RE development in the present scenario should factor various issues like grid 
stability etc. and be developed along with flexible sources like PSH or Battery Energy Storage 

Systems (BESS) for effective and efficient utilization of the proposed RE. 

 
5) The design and implementation of appropriate financing arrangements due to projects facing 

long approval, development timeframes, and high upfront capital cost is a requirement.  
 

 
 

 

 
 

 
 

 

 
 

 
 



 

9 
 

1.3 Longer-term recommendations/considerations 
 

1) When compared on the flexibility metrics, PSH can be considered a MW limited resource 

while battery storage is a MWh limited resource. Some recent studies indicate that PSH 

would be a more viable alternative for a longer duration (~8-10 hours) storage requirement 
and BESS would be more suitable for a shorter duration (4-6 hours). For the shorter duration 

storage requirements, existing PSH units can be deployed with multiple cycle operations. 
The additional flexibility provided by PSH should therefore be recognised, and it is important 

to note each proposed development’s capabilities in respect of both MW and MWh for a true 
comparison and thus name-plating of all the storage technologies be done accordingly. 

 

2) For energy and ancillary services, generators offer their capabilities (maximum load, 
minimum load, ramp rate, start time, etc.) and bid/costs. The charging and discharging of 

storage is also to be taken into consideration through market.6 
 

3) In addition to capital cost and energy supplied, PSH developers and policy makers should 

consider the following range of factors when prioritising projects:  

 

a) the location of the project under protected area or within 10 km of projected area 

boundary or otherwise, 

b) the capacity of the project as projects of 200 MW and above all are considered more 

economical presently,  

c) off-river or on-river,  

d) cycle efficiency,  

e) duration of storage,  

f) availability of the pre-feasibility report, detailed surveys, and investigations, detailed 

project report, etc.,  

g) the market forces towards the cost of the energy supplied as well as the value of 

flexibility rendered by PSH units, 

h) PSH projects that could be implemented within next 10 years with bankable feasibility 

reports, 

i) PSH projects with some existing structures/hydro projects and  

j) grid connectivity at interstate and super grid level. 

 

 
4) The preparation of Pre-Feasibility Report/Detailed Project Reports for the PSH projects 

should be prepared expeditiously by the government in order to create a shelf of potential 
projects and thereby reduce the implementation time. The PSH potential assessment needs 

to be investigated based on the categorization of the duration of storage as an alternative 

to other storage options. 
 

5) PSH potential would increase in future with the addition of off-river schemes and thus, 
identification of the off-river and non-traditional sites should be taken up immediately for 

reduction in gestation period7. 

 
6 It refers to the losses of capacity and frequency of charging and discharging in the pumping and generating of PSH on the 
similar lines as of battery energy storage system. 
7 refers to the reduction in the overall period from the commencement of the planning to the operating of the project. 


