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Abstract: Pumped hydro storage (PHS) is a well-established technology for storing energy in large quantities and over
long periods. Sri Lanka, a country rich in hydropower resources, has significant potential for PHS development. The
central highlands, where the country's major hydropower plants are located, offer many suitable sites for PHS development
thanks to their favorable topography, high rainfall, and large reservoirs. PHS can provide a reliable energy source, reduce
the country's dependence on fossil fuels, and mitigate the negative environmental impacts of conventional energy sources.
Despite its potential, PHS development in Sri Lanka faces several challenges, including high capital costs, land acquisition
issues, and environmental concerns. This paper reviews the current status of Sri Lanka's power sector, assesses PHS
potential in Sri Lanka, and examines the benefits of PHS development for Sri Lanka.

Index Terms: Pumped hydro storage system, PHS potential in Sri Lanka, Benefits of PHS

1. INTRODUCTION

Pumped hydro storage (PHS), also called “The World's Water Battery,” is an energy storage system that
utilizes water to store and produce electricity. The PHS system moves water from a lower reservoir to an
upper reservoir during periods of low energy demand, thereby storing potential energy. When electricity
demands increase, the stored water is released from the upper reservoir to the lower reservoir and turns a
hydroelectric turbine to generate electricity. This system can help balance the electricity supply and
demand in power grids, making it a reliable and flexible energy storage source [1]. The system includes
two reservoirs, one at a higher elevation than the other, and a pump turbine that can function as both a
pump and a generator as follows in Fig. 1. During low energy demand, during off-peak hours, the pump-
turbine moves water from the lower reservoir to the upper reservoir, storing potential energy [2]. When
electricity demand is high, the stored water is released during peak hours and flows back down to the lower
reservoir, turning the pump turbine and generate the electricity.
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Fig. 1. Pump hydro storage system [3]

During peak hours in Sri Lanka, the electricity demand fluctuates significantly (Fig.2). The late evening
peak demand (6:30 pm and 10:30 pm) is more than double the off-peak demand (10.30 — 05.30). This
fluctuation was a considerable challenge for Sri Lanka's power system. According to the Ceylon Electricity
Board (CEB) Long Term Generation Expansion Plan, a large amount of coal-fired generating capacity will
not be connected to the power system. Since coal power plants will be run as base load facilities, there will
be an excess of cheaper coal power above the base load requirements during off-peak hours (10.30 — 05.30)
[4].To address this issue, Sri Lanka needs to develop mechanisms to manage and serve this peaking
scenario, such as increasing the capacity of existing power plants or implementing demand response
programs to reduce energy consumption during peak hours [5]. To manage peak demand electricity in Sri
Lanka, pump hydro storage power plants can be utilized.

Year 2020

Figure 17: 2020 - Typical daily demand-supply scenario
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Fig. 2. Sri Lanka's daily electricity load curve [6]
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The Sri Lankan government has recognized the potential of pumped hydro storage and included it as a
priority area in its National Energy Policy and Strategies. The government aims to increase the share of
renewable energy in the country's energy mix to 80% by 2030. The government hopes to use 100%
renewable energy for electricity generation by 2050. Here pumped hydro storage is an essential tool to
achieve this goal. In addition, several private companies have expressed interest in investing in pumped
hydro storage projects in the country. Pumped Hydro Energy Storage (PHES) has significant potential in
Sri Lanka [7] due to the country's abundant water resources and hilly terrain, providing ideal pumped hydro
storage conditions. The development of PHES projects could be crucial in achieving this goal [8].

2. PUMP HYDRO STORAGE POTENTIAL IN SRI LANKA

Sri Lanka has a significant potential for pumped hydro storage, which can provide a reliable and flexible
energy source for the country's power grid. Overall, pumped hydro storage has the potential to play a
crucial role in Sri Lanka's transition to a more sustainable and resilient energy system, and the country has
significant opportunities to leverage this technology to achieve its renewable energy goals. The Sri Lankan
government has recognized the importance of pumped hydro storage and has included it as a priority area
in its National Energy Policy and Strategies. The government is also taking steps to encourage investment
in pumped hydro projects, including establishing a regulatory framework and providing incentives for
private sector investment [9]. Establishing a pumped hydro storage facility requires several key
requirements to be met. Here are some of the main requirements for establishing pumped hydro storage in
Sri Lanka:

TOPOGRAPHY: The topography of a site is an essential consideration for establishing a Pumped Hydro
Storage Plant as it can impact the ability to construct the necessary infrastructure, such as the reservoir and
power generation facilities. A suitable site should have a significant elevation difference between the upper
and lower reservoirs, which allows for efficient energy storage and generation (Sri Lanka Sustainable
Energy Authority [9]. In Sri Lanka, potential sites for Pumped Hydro Storage Plants are typically located in
hilly or mountainous areas with significant elevation differences that can be utilized for energy storage.

For example, when selecting Maha-oya (Fig.3) and Wewathenna-Victoria (Fig.4) for a PHS plant,
consideration was given to its topologies.
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Fig. 3. Topography of Maha-Oya Site [10] Fig. 4. Topography of Wewathenna-Victoria Site [10]

SUITABLE SITE: The first requirement for establishing pumped hydro storage is to identify a suitable site
with the necessary topography and geological features to support the construction of a reservoir and power
generation facility. According to a Sri Lanka Sustainable Energy Authority (SEA) report, the country has
identified over 200 potential sites for mini-hydro and pumped storage projects (Fig.5), with a combined
capacity of up to 4,000 MW of power generation. These sites are spread across the country, including in the
central, southern, and northern regions, and have the potential to significantly increase the country's
renewable energy capacity [11].southern, and northern regions, and have the potential to significantly
increase the country's renewable energy capacity.

Table 1. Suitable sites for Pumped Storage Power plant. [4]

Project Features
No. Name Capacity Length Height Ratio 1:50,000
(MW) L (m) H (m) L/H Map No.
1 | Kiriketi | 500 1,180 770 1.5 76
2 | Kiriketi Il 500 2,300 720 3.2 76
3 | Kiriketi 11l 500 2,700 1017 2.7 76
4 | Halgran 500 3,500 575 6.1 62
5 | Maha 500 3,750 520 7.2 61
6 | Gurugal 400 4,600 620 7.4 61
7/ | Dambagasta 300 3,030 440 6.9 68
8 | Agra 300 3,330 420 7.9 68
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WATER SOURCE: Pumped hydro storage facilities require a reliable water source to operate, typically

supplied from a nearby river or other water body. In Sri Lanka, water availability varies by region, so it is
essential to identify sites with sufficient water resources to support the proposed project. Most high
potential rivers originate from hilly areas show as Fig. 6, that revers make ideal locations for establishing
new PHS plants.

TemCOuaL L,

Fig. 5. Potential water resources for PHS Plant [4]

REGULATORY FRAMEWORK: Establishing a pumped hydro storage facility requires compliance with
relevant regulatory frameworks and obtaining necessary permits and approvals. The Sri Lankan
government has established a regulatory framework for renewable energy projects, including pumped
hydro storage. It has set up the Sustainable Energy Authority (SEA) to oversee the development and
implementation of these projects [12].

In summary, establishing a pumped hydro storage facility requires identifying a topography, a suitable site
with a reliable water source, regulatory frameworks, and significant capital investment. Sri Lanka has
substantial potential for pumped hydro storage and has established a regulatory framework and incentives
to encourage investment in renewable energy projects, including pumped hydro storage.
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3. THE WELL-BEING OF IMPLEMENTING A PUMP HYDRO STORAGE PLANT IN
SRI LANKA

Pumped hydro storage is a technology that allows for storing excess energy during times of low demand
and releasing that energy during times of high demand. This technology has several potential benefits if
implemented in Sri Lanka.

One of the main benefits of pumped hydro storage is its ability to store large amounts of energy for use
during peak demand periods. According to a report by the Asian Development Bank (ADB), Sri Lanka's
peak demand for electricity is expected to increase from 3,500 MW in 2018 to 7,000 MW by 2030.
Pumped hydro storage can help meet this future electricity demand by providing a flexible and reliable
source of energy storage [13]. These plants can rapidly respond to energy demand and supply changes,
ensuring a stable and reliable grid. PHES plants can also help to mitigate the effects of grid disturbances or
power outages, providing an additional layer of support to the grid. The ability to store energy through
PHES plants and release it during periods of high demand enables more efficient use of energy resources,
leading to a more resilient and responsive power system that can better serve customers' needs.

Pumped Hydro Energy Storage (PHES) plants can play a critical role in integrating renewable energy
sources, such as wind and solar, into the grid by storing excess energy when supply is high and releasing it
during peak demand. In addition to meeting peak demand, pumped hydro storage can help integrate
variable renewable energy sources, which can reduce greenhouse gas emissions by storing excess energy
during low-demand periods. While operating costs for pumped hydro storage may be lower than other
storage technologies, such as batteries, costs are still associated with the energy required to pump water to
the upper reservoir.

Typically, renewable sources are non-dispatchable and often subject to fluctuations due to weather patterns,
but pumped hydro storage can smooth out these fluctuations and provide a more consistent supply of
energy to the grid. PHES plants can help reduce the country's dependence on fossil fuels, lowering
greenhouse gas emissions and supporting Sri Lanka's climate goals [5]. The ability to store and discharge
renewable energy through PHES plants also provides a more reliable energy system, enabling greater use
of intermittent renewable sources and contributing to a cleaner and more sustainable energy future.

Another potential benefit of pumped hydro storage is its ability to reduce the need for expensive and
polluting fossil fuel-fired power plants. By storing excess energy during low demand, pumped hydro
storage can reduce the need for these power plants to be brought online during high demand, thereby
reducing costs and emissions. Finally, pumped hydro storage can help improve Sri Lanka's energy security
by reducing the country's reliance on imported fossil fuels. According to the ADB report, Sri Lanka relies
heavily on imported fossil fuels, accounting for around 45% of the country's primary energy supply.
Pumped hydro storage can help shift the country towards a more renewable and sustainable energy mix
[14]
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4 CONCLUSIONS

Sri Lanka's pumped hydro storage potential presents a promising opportunity for the country to transition
towards a more sustainable and reliable energy system. The ability of pumped hydro storage to store and
release excess energy during periods of high demand can help meet the country's increasing energy demand
while integrating renewable energy sources into the grid. Additionally, pumped hydro storage can reduce
the country's reliance on fossil fuels, lower greenhouse gas emissions, and improve energy security. While
costs are still associated with implementing and operating pumped hydro storage systems, the potential
benefits make it a worthwhile investment for Sri Lanka's energy future. Overall, a comprehensive overview
of Sri Lanka's pumped hydro storage potentials highlights the potential and benefits of implementing a
pumped hydro storage plant in Sri Lanka to meet the future energy demand.
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