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Disclaimer 
 

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 the region’s electricity market  

 
Driven by increased consumption of goods and services, power demand in South East Asia (SEA) has continued 

to grow rapidly over the last decade. Of the region’s ten countries, Indonesia (26%), Vietnam (22%), and 

Philippines (8%), comprise over half of total electricity demand in the region. In 2020, the economic slowdown 
from COVID-19 has translated into an overall 1% dip in electricity demand relative to 2019.  

 
Looking ahead, electricity demand is projected to double by 2040 in SEA in countries, with air conditioning as 

one of the primary drivers. The Association of South East Asian Nations (ASEAN) has set forth bold plans for 

coordinated economic growth and regional grid integration to meet the projected doubling of electricity of 
demand with higher shares of renewable energy (RE). Although coal-fired power generation is still expanding 

in the region—with 20GW under construction in Indonesia, Vietnam, Philippines—plans are being revisited, with 
more attention oriented towards natural gas and renewables. As a region, ASEAN has targeted a 23% of 

electricity generation from renewable by 2025. Estimates for storage requirement to balance a 100% renewable 

electricity system in East Asia is roughly 20 GWh per million people (Cheng et al 2019).   
 

Indonesia 
 

As a member of the G-20, Indonesia is the tenth largest economy in the world and fourth largest carbon emitter. 
Indonesia has relied primarily on fossil fuels to meets its rapidly growing energy needs.  In 2017, the country 

committed to integrate climate action into its development agenda, announcing the Low-Carbon Development 

Initiative (LCDI) in 2018, which aims to improve pricing policies for RE and incorporate the cost of subsidies 
and environmental externalise of fossil fuels to decarbonize the sector.  

 
In Indonesia, the power system faces several challenges: (1) ambitious objective of achieving 23% of RE from 

power supply by 2025 and 29% by 2030 from the current 12%; (2) increasing rooftop photovoltaic (PV) energy 

systems and other distributed energy resources; (3) and national goals to accelerate electric vehicles (EV) sales 
to reach 20% market share by 2025. Meeting Indonesia’s ambitious RE target of 43GW of total energy supply 

will demand additional storage capacity, and complementary measures to enhance system stability, security, 
and reliability.  

 
Currently, the lowest cost and commercially viable option is pumped storage hydropower (PSH), but other 

storage options are being considered as well. The imperative to integrate higher shares of variable renewable 

energy (VRE) has strengthened the business case for PSH to ensure system stability, security, and reliability.1  
In addition, schemes such as the Upper Cisokan Pumped Storage Plant are being developed to support 

Indonesia’s energy transition and decarbonization goal by: (i) developing the first large-scale PSH to improve 
power generation peaking and storage capacity of the Java-Bali grid; and (ii) strengthening capacity for 

hydropower development and management. 

 
Vietnam 

 
Under Vietnam’s draft Eighth Power Sector Development Plan (PSDP 8), Vietnam plans to build on previous 

commitments to renewable energy by significantly expanding solar and wind capacity to 18.6 GW and 18 GW 

respectively, by 2030. The draft PSDP also prioritizes grid infrastructure enhancements to ensure stability with 
higher shares of VRE.  

 
Nearly 4.5 GW of grid-connected RE generation was installed in the past two years alone, which amounts to 

nearly as much solar energy capacity added in Vietnam as in all of South East Asian countries combined. Private 
investments in rapid solar and wind energy are incentivized through a Feed-in-Tariff policy. The rapid expansion 

 
1 PLN (state-owned electricity corp.) plans to scale up clean energy such as hydropower and geothermal baseload combined with VRE. The 
large-scale integration of VRE will necessitate increased storage options – and the lowest cost is Pumped Storage Hydropower, but other 
storage options are being considered as well. PLN has been planning for a series of pumped storage hydropower projects on the Java-Bali 
grid: Upper Cisokan (1,040 MW), Matenggeng (943 MW), and Grindulu (early development stage). The economic case for pumped storage 
has been strengthened with the imperative to integrate more VRE on Indonesia’s most important, but heavily coal-based, power grid.  
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of VRE generation, however, is constrained by power system limitations, resulting in large curtailment and 

inability to balance the intermittent nature of VRE. Battery storage is project to become the dominant storage 
system for Vietnam, since mostly short-term duration storage is needed for balancing RE generation.  

 
In Vietnam, PSH development has been under consideration for two decades, driven by the steady increase in 

power demand and dependence on imported fossil fuels to meet evening peak demand. To meet forecasted 

electricity demand growth of 8.9% per year, Vietnam has planned generating capacity largely based on 
imported coal. The plans include a quadrupling of coal-fired capacity to more than 60 GW and a decrease in 

hydropower generation. Vietnam’s Power Development Plan (7.3) lays out plans for development of Bac Ai PSH 
in the South, Dong Phu Yen in the North, with PSH capacity reaching 2,400 MW if plans materialize. Despite 

considerable financial issues around financing and business models for PSH, Vietnam is exploring PSH to meet 

rapidly increasing peak demand over recent years and to reduce dependence on imported fossil fuels for peak 
demand.  

 
Philippines 

 
In the Philippines, the adoption of the Philippine Energy Plan (2017-40) prioritises energy security, reduced 

reliance on fossil fuel imports, and increased energy access by harnessing domestic resources. To reduce heavy 

reliance on imported fossil fuels, an ambitious target of 20 GW of RE by 2040 has been set, with key provisions 
to facilitate private sector participation and expedite project implementation. Energy storage systems are 

emphasized in the Department of Energy’s (DoE) 2019 circular “Providing a Framework for Energy Storage in 
the Electric Power Industry” which lists battery systems, compressed air systems, flywheel systems, and PSH. 

The circular highlights grid ancillary services and mitigation of VRE intermittency as two of the primary purposes 

of developing energy storage in the country.        
 

Current status of pumped storage and development potential 

 

Table 1 Typology of Electricity Markets and PSH development in Indonesia, Philippines, and Vietnam 

Country Market Type T&D Ownership Market Mechanisms PSH Capacity 

Indonesia State-owned 

monopoly: 
Perusahaan 

Listrik Negara 

(PLN).  
No unbundling 

of electricity 
services 

PLN sole owner. 

IPPs can 
construct 

transmission or 

distribution lines, 
but ownership of 

those is usually 
transferred to PLN 

on completion. 

Private sector participation is 

allowed but is limited, and 
usually takes place through 

independent power producer 

(IPP) agreements or public-
private partnerships (PPP).  

Power plants with capacity of 
more than 10MW are open 

for foreign participation of up 

to 95% (or 100% for PPP 
projects). 

Under Construction: 
Upper Cisokan. 
2024. (1,040 MW) 

 

Planned: 
Matenggeng. 2025. 

(943 MW) 
 

Announced:  
Grindulu. (1,000 
MW) 

Philippines Partially 

vertically 
unbundled 

Transmission 

assets owned by 
state-owned 

National 
Transmission Corp 

(TRANSCO).  

Distribution 
Utilities (DISCOs) 

own and operate 

Bilateral Contracts.  

Wholesale Electricity Spot 
Market (WESM).  

Open access to transmission 
network.  

Cross-ownership between 

generation and distribution 
allowed 

Operational: 
• Kalayaan. 1983. 
(739 MW) 

Used for Peaking 
Load. IPP.  

Private ownership.  

Build -Own-Transfer 
(BOT) 
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Distribution 

networks 

Under Construction: 
• Wawa. (500 MW) 
 

Planned:  
• Kibungan Badeo. 
2030. (500 MW) 

• Alimit. 2023. (350 
MW) 

• Nueva Ecija 

Province PSH. 
(120MW) 

 

Vietnam Partially 
vertically 

unbundled.  
Vietnam 

Electricity (EVN) 

EVN  Vietnam competitive 
generation market 

established a cost-based pool 
model in Vietnam's power 

sector.  

Bilateral Contracts 

Announced: 
• Son La Dong Phu 

Yen. 2030. (1,500 
MW) 

• Moc Chau. 2026. 

(900 MW) 
 

Planned: 
• Bac Ai. 2028. 

(1,200 MW) 

 
In Indonesia, there is enormous PSH potential, with a combined potential storage capacity of 2,300 GW in Bali 

alone. A series of PSH projects have been planned for the Java-Bali grid with the aim of increasing Java-Bali 
power system peaking capacity and ability to absorb viable VRE in an environmentally and socially sustainable 

way. These projects include: Upper Cisokan (1,040 MW), Matenggeng (943 MW), and Grindulu (pre-

development stage). 
 

A study financed by Japan International Cooperation Agency (JICA) in 2011 screened ten PSH locations to be 
developed with total capacity of 10 GW out of a list of 58 locations in Java Bali System. Screening criteria 

included size of catchment, maximum head, distribution of power demand and economic viability. Recent 

research by Australian National University confirms that the potential for PSH in Indonesia vastly exceeds (by 
1,000 times) the requirements for the country to rely exclusively on renewable electricity generation. This 

significant PSH potential allows authorities and developers to select sites with least environmental and social 
impacts.  

 

In Vietnam, since it is expected that the country will require short duration storage, battery storage is expected 
to serve as the primary storage system for balancing power. PSH has been under consideration in Vietnam for 

nearly two decades, and the first PSH system is planned for Bac Ai reservoir and anticipated to be completed 
in2028. EVN, in partnership with General Electric have announced plans to work cooperatively to implement 

further PSH systems in Vietnam (EVN, 2019). The economic potential for conventional on-river PSH to make 
significant contributions to Vietnam’s electricity network appears limited, with a total economically viable 

capacity of around 1.5 GW (World Bank, 2017). In the long-term, delaying or displacing thermal plants can 

increase the economic benefits of PSH schemes such as Bac Ai, since they could be used to generate power 
during hours of peak demand and provide reserve capacity. 

 
Blakers et al. (2020a) reported that the modelled potential of PSH storage in the Philippines hovers around 

63,000 GWh across more than 5,000 sites. In January 2020, the Government approved the development of a 

120 MW PSH project in the north of the Philippines, in Nueva Ecija Province (Hydro Review, 2020). 
 

Closed-loop off-river PSH schemes can have relatively low environmental impacts, with the main environmental 
considerations in South East Asia relating to land use and water requirements. The identified PSH in the ANU 
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Global Pumped Hydro Atlas poses no significant threat to the region’s rivers.  Land use requirements for 

reservoirs in closed-loop systems are smaller than for conventional river-based systems, using between 2 – 4 
km2 for upper and lower reservoirs to generate 20 GWh of storage. These requirements are negligible compared 

to the land needs for corresponding solar and wind facilities that PSH supports. The vast number of identified 
potential sites means that more sensitive areas can be avoided. Water requirements for PSH systems consist 

of the initial fill (roughly 20 million gigalitre per million people) and replacement of evaporation losses (variable). 

Assuming a 20-year lifecycle, water needs for the initial fill estimated at 3 L/d per person is substantially lower 
than current water-use in gas and coal-fired generation. (Cheng et al 2019).    

 

Challenges, barriers and emerging opportunities for pumped storage 
development  

 

The SEA region is endowed with abundant PSH resources that may be suitable for PSH development. High 
CAPEX costs, lack of adequately rewarding storage operators for the range of services that storage provides to 

the grid, long lead times, limited but improving capability to prepare and implement complex PSH projects, land 
use concerns, and the presence of competing technologies (in particular, natural gas, demand response, and 

battery storage) pose significant barriers for major PSH development in SEA. Compounding these challenges 

are artificially low tariff levels and fossil fuel subsidies, which threaten the economic competitiveness of large-
scale PSH development. For open-loop systems, permanent alterations of hydrological regime, land use change, 

dam safety risk, occupational, community health and safety risks can make some of residual impacts long-
lasting and irreversible. Specific mitigation measures are available, but are complex, and require specialized 

expertise. To fully capture the ancillary services and flexibility benefits of PSH, current grid operations require 
revised scheduling practices and corresponding pricing strategies to adequately reward PSH assets for services 

provided. 

 
Developing PSH in the archipelago setting of many SEA nations presents unique challenges and opportunities. 

Large-scale PSH storage options that can facilitate VRE absorption are viable options in primary power systems 
with large population centres such as on Java-Bali. For smaller systems on remote islands, solar or wind-based 

generation plus storage “mini grids” may be more suitable, since it may not be economically viable to 

interconnect remote regions. Although still in inchoate stage, research suggests that seawater PSH systems 
could become options for renewable energy storage in isolated electric gids in the future, provided that 

anticipated technical, environmental, and financial challenges of using seawater are understood and managed. 
In SEA, fragmented electricity markets with differences in regulation and market operation can create unstable 

frameworks for energy storage. Cross-border transmission and distribution interconnections, such as the 
Indonesia – Malaysia transmission line linking the island Sumatra and Malaysian peninsula, present promising 

opportunities for moving towards regional electricity market integration.  

 
As power systems absorb higher shares of VRE, electrical energy storage requirements increase. This presents 

an opportunity for PSH to meet medium-to-long-term storage needs as installed VRE grows. Figure 1 shows 
growth in storage needs in Australia. In general, as VRE shares increase, requirements for medium and deep 

storage increase proportionately. All storage technologies can contribute to meet system capacity and improve 

reliability in the long run, but bulk storage PSH is likely to have a more important contribution to generation 
adequacy and transmission capacity.  
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Figure 1 Storage capacity needs as a share of total installed capacity in Australia (AEMO, 2020) 

 
 

In Indonesia, a Power Purchase Agreement (PPA) between an independent power purchaser (IPP) and the 

utility is a stated requirement as part of procuring ancillary services. However, due to the lack of financial 
compensation, plant operators are not prepared to dispatch. Coupled with the absence of a competitive energy 

market, the Indonesian national utility as the grid operator is in the best position to own and operate PSH in a 

system. With growing deployment and integration of VRE, this will necessitate increased storage options – and 
the lowest cost option is PSH. 

 
In Vietnam, proper site selection remains a challenge as a consequence of the length and capacity of the 

transition network between Vietnam’s principal load and generation centres. This can impede ability of PSH to 

support peak demand from the south. More research is required to ascertain the potential role for PSH in 
Vietnam, as other energy sources for peaking support are also available, such as natural gas, hydropower 

plants, or imported power from Lao PDR. To successfully develop and operate PSH in Vietnam, work is needed 
to ensure that the policy and regulatory framework explicitly classifies PSH as both a buyer and generator of 

energy. Here, the Electricity Regulatory Authority of Vietnam (ERAV) should endeavour to properly compensate 
PSH for energy and ancillary services.  

 

Rapid economic growth and growing energy demand in the Philippines signifies necessitate additional energy 
storage solutions. The DoE’s Framework for Energy Storage System in the Electric Power Systems PSH explicitly 

includes PSH as a technology to maintain power reliability and integrate VRE. This circular also highlights 
licensing and permitting procedures, frameworks for market participation, connection, and operational 

requirements. To meet ambitious targets of tripling RE capacity by 2030, demand for conventional hydropower 

and PSH is projected to increase to ensure grid stability and reliability. As of 2018, projects deemed of “national 
significance” can be streamlined through the regulatory procedures and fast-tracked under Executive Order 30. 

The existence of good PSH potential, competitive power prices, conducive feed-in tariff rates and a liberalized 
electricity market offers significant opportunities for PSH developers. It is important to note, however, each 

main island region is characterized by a unique set of risks and opportunities, population, geography, and 
historical resource development policies.  
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Recommendations  

 

1. Develop new business models to value PSH services and thereby ensure financial and commercial 

viability of PSH.  

 

2. Reduce investment costs for developers by supporting analyses, quantification of economic and 

environmental benefits of PSH, and pre-feasibility studies for identifying most suitable sites.  

 

3. Streamline licensing and permitting procedures to accelerate lead times and reduce transaction costs 

(e.g., Executive Order 30 in Philippines). 

 

4. Stimulate private sector participation by providing adequate price signals with secured guarantees, and 

long-term contacts with commensurate returns. 

 

5. Support the expansion of PSH with a conducive regulatory environment for storage with clear 

contractual frameworks that value long-term storage. 

 

6. Integrate PSH as part of long-term strategic energy and decarbonization plans, solar PV and wind 

expansion 

 

7. Introduce financing mechanisms like bonds to help ensure long-term financial stability and revenues. 

 

8. Enshrine in regulatory frameworks the value of all services provided by hydro facilities. 

 

9. Support public-private partnerships and mobilize capital to de-risk PSH  
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