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ABSTRACT

Malaysia intends to increase the share of renewable energy (RE) in its installed power capacity from the current 23%, or 8.5 GW, to 40%, or 18.0 GW, 
by 2035. Renewable energy sources, specifically solar and biogas, are unpredictable and subject to sudden changes due to weather conditions and 
feedstock availability. Furthermore, their integration with the current conventional plants is complicated. In relation to this, deploying energy storage 
has become the main agenda under the Renewable Energy Roadmap to achieve 40% installed capacity by 2035. When selecting the most adequate 
energy storage system, the technological, environmental and economic aspects need to be considered. Therefore, the purpose of this article is to review 
the current state of energy storage and the renewable energy situation in Malaysia. The significance of this paper is that it encourages RE consumption 
in Malaysia in parallel with the government’s target due to the deployment of energy storage in the energy supply system. It can serve as a guideline 
for policymakers in their penetration of the renewable energy sector.

Keywords: Energy Storage, Renewable Energy, Malaysia, Integration 
JEL Classifications: Q400, Q420

1. INTRODUCTION

The Malaysian energy industry landscape is under threat due to 
its reliance on coal imports, the exhaustion of available local gas 
resources and the slow progress of energy from the penetration 
of renewable sources. Malaysia has drastically increased its 
renewable energy (RE) growth rates. The country aims to increase 
the RE share in its power installed capacity from 23%, or 8.5 GW, 
to 31%, or 12.9 GW, in 2025 and 40%, or 18.0 GW, in 2035 
(SEDA, 2021a). The Minister of Energy and Natural Resources 
stated that the agreements for more than 7,000 MW of coal 
power stations will end by 2033. Coal will be replaced mainly by 
gas and RE, as Malaysia will not be extending the operation of 

these plants to lower the country’s carbon emissions (Ministry of 
Economy, 2023a). Despite this, serious action must be taken to 
accelerate RE installation in Malaysia’s power sector. As a flexible 
solution, energy storage promotes the adoption of intermittent 
RE sources. Energy storage systems (ESS) are always needed to 
account for the continual fluctuations of renewable sources (Saha 
et al., 2022). As mentioned (Ministry of Economy, 2023a), energy 
storage becomes the flagship catalyst project under RE transition 
in developing utility-scale ESS to enable higher penetration of 
variable RE in Malaysia. As reported in the Malaysia Renewable 
Energy Roadmap (MyRER), solar photovoltaic (PV) has the 
potential to generate 269 GW, followed by 13.6 GW from large 
hydropower resources, 3.6 GW from biogas and 2.73GW from 
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small hydropower and geothermal resources. Approaches to 
managing the electrical system will need to be modified in response 
to changes towards RE generation. Energy sources from solar 
and biogas are unpredictable and subject to sudden changes due 
to weather conditions. As a result, ESS provides a more effective 
solution by acting as a storage unit for managing irregular 
subsequent generations from present sources RE (Lee et al., 
2023). Furthermore, their integration with the current conventional 
plants is complicated. Relevantly, energy storage has become a 
compulsory component to be installed. According to the Twelfth 
Malaysia Plan (RMK12) (under the strategy of enhancing the 
energy sector), the adoption of new energy storage technologies 
will be further promoted in RE. As MyRER indicated (SEDA, 
2021a), energy storage has become a new solution to ensure the 
system’s stability for RE consumption.

ESS can provide relevant support to the electrical system by 
integrating renewable energy sources, especially solar PV. 
According to MyRER (SEDA, 2021b), one of the key actions 
under the new solutions and resources pillar is to determine 
and implement appropriate execution plans for ESS, including 
decentralised and centralised options (SEDA, 2021a). Malaysia 
has announced plans to adopt up to 500 MW of battery storage 
technology from 2021 to 2039 (Suruhanjaya Tenaga, 2020). 
Biogas and battery energy storage systems (BESS) are examples 
of technologies that are still in the early stages of deployment in 
Malaysia. In determining their suitability for Malaysian conditions, 
research projects or small-scale pilot projects must be conducted 
(Abdullah et al., 2019). According to Liu et al. (2023), evaluating 
the integration of energy storage from both sustainability and 
economic perspectives is essential.

As previously stated, it is crucial to preserve excessive RE through 
suitable technology for energy storage (Martins et al., 2020). 
Economic, environmental and social factors must be considered 
when deciding on the best ESS. As a result, the selection process 
takes into account available energy resources as well as national 
or international political and strategic issues, particularly when 
it comes to RE generation and consumption. Additional factors 
include the particulars of ESS to be implemented, technical 
feasibility, expenses and returns on investment, simplicity and 
security of operation, storage effectiveness comprising durability 
and storage, and the total capacity decline over time (Amir et al., 
2023). The energy storage arrangement structures for incorporated 
power plants at various scales are geographically dependent 
(Liu et al., 2023). As stated in Chisale et al. (2023), boosting a 
combination of RE sources with energy storage applications is 
a difficult task because it is site-specific and dependent on the 
location, the economy and environmental conditions, demand for 
load, and accessible RE sources. The energy storage model based 
on Malaysian conditions is required to assist the decision-maker 
in considering an optimised model that emphasises environmental 
and economic perspectives.

2. RENEWABLE ENERGY IN MALAYSIA

Malaysia currently uses solar, biomass and biogas in its 
electricity mix to generate RE. Figure 1 indicates the trend 

of electricity generation based on RE sources. RE generation 
appears to have increased in recent years, owing to Malaysia’s 
solar energy development. The solar energy programmes include 
self-consumption (SELCO), net energy metering (NEM) and 
large-scale solar (LSS). Implementing policies and organising 
RE programmes gradually become the cornerstones of this 
successful journey. Figure 2 is an infographic related to Malaysia’s 
programmes and policies towards renewable energy consumption 
(SEDA, 2021b). Parallel to these, Figure 3 shows a solar power 
plant installation in Malaysia for 2023.

Malaysia’s roadmap towards 40% RE capacity in 2035 targets 
about 7,280 MW (30%) from solar and approximately 1,404 MW 
(7.8%) from biogas and biomass. Figure 4 depicts the combination 
of RE capacity required to meet the target in 2035. These energy 
resources will become the most reliable RE mix in the future due 
to their availability. Solar power has been recognised as the most 
promising RE source in Malaysia’s bright and sunny tropical 
climate. Figure 5 shows solar and biogas RE resources in Malaysia.

The increasing amount of RE in electricity generation requires 
exploring the details of energy storage. These ESS will allow 
surplus electricity produced from RE to be stored for further 
utilisation, thereby ensuring grid reliability. The application 
concept of energy storage is illustrated in Figure 6. Here, excess 
electricity is stored to be consumed later or at night.

Relevantly, energy storage technology is the most competent 
technology to be explored. With that in mind, Malaysia plans to 
implement ESS powered by batteries with an entire capacity of 
approximately 500 MW beginning in 2030. These battery energy 
storage systems (BESS) will enable the storage of excess energy 
generated by solar panels for later use. This concept is particularly 
useful for solar energy installations, as energy generation from 
such installations depends on the presence of sunlight. It is 
important to consider that the Net Energy Metering 3.0 (Net Offset 
Virtual Aggregation) Programme (NEM NOVA Programme) 
recently anticipates and permits the deployment of BESS in 
solar energy systems. This declaration has been included in the 
Energy Commission Malaysia’s regulations for the NEM NOVA 
scheme. It would seem that the first steps to encourage the use of 
BESS have been taken before. It has also been determined that the 

Figure 1: Trend of electricity generation based on renewable 
energy sources
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most significant improvements require incorporating additional 
components into the most efficient possible power generation 
facility (Javid et al., 2021).

3. ENERGY STORAGE DEVELOPMENT

One essential technology for implementing the energy transition 
and expanding global energy access is energy storage. BESS 
applies various technologies in power systems undergoing rapid 

development as policymakers in many countries increasingly 
propagate towards more intermittent renewable electricity 
generation that produces new demands on the system grid. BESS 
is an easy technique for storing energy for later use. Energy 
storage is more than just combining intermittent solar and biogas 
output. Battery solutions, which can be executed quickly and 
precisely, can be utilised to improve the whole grid’s efficiency 
and resilience, irrespective of subsequent generations’ sources. 
Additionally, battery prices are decreasing and energy storage 
markets are growing more rapidly than expected. Figure 7 shows 

Figure 3: Solar power plant installation in Malaysia for 2023

Figure 2: Infographic related to the programmes and policies towards renewable energy consumption in Malaysia
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global storage deployment projections by country from 2018 to 
2030 (Motyka et al., 2018).

There are five types of energy storage systems accessible and 
commercially used worldwide: (1) pumped-storage hydroelectric; 

(2) batteries (electrochemical); (3) solar electric with thermal energy 
storage; (4) compressed-air storage; and (5) flywheels. Further 
ESS in development, research and commercialisation, include 
capacitors and super-conducting magnetic storage. Electrolysis 
produces hydrogen, which is able to produce electricity and store 

Figure 4: RE capacity combination to achieve the target in 2035

Figure 6: Application concept of energy storage

Figure 7: Global storage deployment projections by country from 2018 to 2030

Figure 5: ( a and b) Solar and biogas renewable energy resources in Malaysia

ba
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energy. Thermal ice-storage systems utilise electricity at night to 
create ice in a huge vessel. This ice can be utilised to cool buildings 
throughout the day, reducing the need for costly electricity purchases 
during peak hours. For example, to supply electricity to an off-grid 
submission or to supplement a peak demand. Several energy storage 
systems include the blue battery system, air-compressed energy 
storage, lead acid batteries and lithium-ion batteries. Figure 8 shows 
size classifications of energy sources and energy storage (He et al., 
2023). Thermal, mechanical, chemical, electrochemical, electrical 
and magnetic fields are all potential energy storage methods. Energy 
can also be preserved in a combination of two separate kinds. Large-
scale energy storage options comprise batteries, hydrogen energy 
storage, pumped-hydro storage, thermal energy storage, compressed 
energy storage and gravity energy storage.

3.1. Battery Energy Storage
Battery energy storage types include lead-acid batteries, lithium-
ion (Li-ion) batteries, flow batteries, molten sodium (Na) batteries, 
nickel-cadmium (Ni-Cd) batteries and some advanced batteries. 
Lead-acid batteries are the earliest, most established and most 
affordable form of battery that can be recharged (Yang et al., 
2024). This kind of energy storage has constraints because of its 
low effectiveness and short life-cycle time (Zhang et al., 2023). 
Nevertheless, this battery energy storage is already incorporated 
into the renewable energy integration system (Yang et al., 2024). 
Li-ion batteries have been developed to be flexible, allowing them 
to be incorporated easily into a large-scale energy storage system.

This type of battery provides good performance, but caution 
should be exercised regarding safety (Christiansen and Murray, 
2015). The flow battery is extremely distinct from ordinary 
batteries. The battery system consists of two storage tanks with 
two distinct aqueous electrolytes and a reactor. Molten batteries 
are primarily proved and produced in Japan. This type of battery 
has almost four times the capacity and power output of a standard 
lead-acid battery. Nevertheless, nickel-cadmium batteries have not 
yet been commercially viable and are unsuitable for large-scale 
energy output. Normally, battery energy storage is not used to 
substitute grid power completely. Instead, it is used to offer short-
term resolutions in applications where access to the grid power is 
intermittent, or the use of a generator is inappropriate due to certain 
constraints like noise or pollution. In 2020, investment in battery 

storage increased by nearly 40%, reaching USD5.5 billion (Teo and 
Go, 2021). Furthermore, as RE consumption grew, the expenditure 
on grid-scale batteries increased by more than 60% (Aziz, 2021). To 
increase solar energy consumption, Malaysia intends to implement 
BESS with a total capacity of 500 MW beginning in 2030 (Ministry 
of Energy and Natural Resources, 2021). The most efficient storage 
technologies for solar photovoltaic are 1 MWh zinc bromide, 1 kWh 
lithium-ion and 100 kWh lithium-ion battery systems, which are 
limited to specific locations and properties (Laajimi and Go, 2019).

3.2. Hydrogen Energy Storage
A surplus of RE can be converted into hydrogen, which is 
subsequently stored to generate electricity as demanded. There are 
three types of hydrogen storage: compressed gas, liquid hydrogen 
and solid-state storage (Hassan et al., 2023). Although hydrogen 
energy storage is still in its early stages, it provides significant 
prospects for larger climate change mitigation initiatives. Despite 
the ineffectiveness of return energy conversions, hydrogen grows 
as an attractive option for maintaining energy from renewable 
sources and storage energy for applications off the grid.

3.3. Pumped-hydro Storage
Pumped-hydro storage is probably the wisest, most effective and 
durable technological advance. Pumped-hydro energy storage 
plays an important role for power lines that rely heavily on RE 
sources. It optimises energy use and reduces surplus electricity 
releases (Naval et al., 2023). This type of energy storage may 
function successfully for a long time, though batteries, for 
example, degrade within a less lengthy period.

3.4. Thermal Energy Storage
Thermal energy storage is the storage and retrieval of heat for 
future usage. The long-term economic feasibility of a thermal 
energy storage system is heavily affected by its maintenance and 
operation expenses (Barbhuiya et al., 2024).

3.5. Compressed-air Energy Storage
Compressed-air energy storage is considered one of its most 
ensuring energy storage technologies, capable of providing 
100 MW of capacity at affordable prices (Niu et al., 2024). The 
compressed-air energy storage system consists of a compressor, air 
storage room, expander and additional primary elements. A surplus 
of electrical energy propels the compressor’s motor, compressing 
low-pressure gas to high-pressure air and storing it within the air 
storage room. When electricity is required, high-pressure air is 
expelled from the storage room, driving the expander to generate 
electricity (Li et al., 2023).

3.6. Gravity Energy Storage
Gravity energy storage technology is an innovative large-scale 
mechanical energy storage system identical to the frequently 
employed pumped-hydro storage. This type of storage is especially 
appealing for seasonal use (Tong et al., 2023).

Several major initiatives and policies revealed in the last few years 
are projected to speed up global energy storage installation, which 
is developing in recent progress. Nevertheless, a misconception 

Figure 8: Size classifications of energy sources and energy storage
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exists about the value of energy storage due to its greater expense 
compared to fossil fuel. A knowledge gap is present when developing 
and enhancing grid design for storage installation. Despite several 
ASEAN countries taking steps to take the latest advances in energy 
storage, particular strategies to encourage further adoption of these 
storage systems are inadequate. A study is necessary to determine 
the technological possibilities for decentralised energy storage and to 
organise their primary characteristics considering various variables, 
such as expenses, capacity for storage, security of operation and 
sustainability, among other issues. A comprehensive multidimensional 
analysis that considers environmental, technical, economic and social 
factors is required to choose the best technology option.

The government has a critical role in determining the success 
of RE and energy storage in Malaysia. Due to this concern, the 
Sustainable Energy Development Authority Malaysia (SEDA), 
in its Renewable Energy Roadmap, highlights the following key 
points regarding energy storage development under the Energy 
Storage Pillar (SEDA, 2021):
•	 New battery chemistries and materials
•	 Green hydrogen production through electrolysis
•	 Fuel cells
•	 Other energy storage technologies (e.g., compressed air, heat 

storage).

As mentioned (Ministry of Economy, 2023b), energy storage 
has become the flagship catalyst project under RE transition 
in creating a utility-scale ESS to enable higher penetration of 
variable RE in Malaysia. Malaysia has made efforts to integrate 
several programmes and policies that serve as the foundation for 
developing policies and regulations that encourage RE growth. 
All of Malaysia’s policies and programmes promoting RE 
development are listed below:
•	 The Twelfth Malaysia Plan (2021–2025): High-Growth, High-

Value (HGHV) Industry Based on Energy Transition.
•	 KEGA 11: Renewable energy-Malaysia has the potential to 

progress far in this activity by facilitating new technology 
use, providing pilot localities and offering funding for RE 
generation.

•	 10-10 MySTIE Framework: Energy Socio-economic driver-
Decentralised electricity grid.

•	 Malaysia Renewable Energy Roadmap (2035) under new 
solutions and resources pillar.

•	 The Twelfth Malaysia Plan (2021–2025) under Theme Three 
(Advancing Sustainability) focuses on advancing green 
growth and enhancing energy sustainability.

•	 Parallel to SDG 7 (Affordable and Clean Energy), which 
ensures access to affordable, reliable, sustainable and modern 
energy for all.

•	 Sustainable Energy Development Authority Act (Act 726) in 
2011.

•	 Renewable Energy Act in 2011.
•	 Renewable Energy Feed-In Tariff (FiT) Programme in 2011.
•	 Sustainability Achieved Via Energy Efficiency 4.0 (SAVE) 

programme in 2011.
•	 National Renewable Energy Policy and Action Plan (NREAP) 

in 2010.
•	 National Green Technology Policy in 2009.

All the state policies are related to RE development and prove 
that the Malaysian government is serious about sustainable 
energy development to combat climate change. The energy 
transition connected to energy storage applications is another 
point of emphasis in the current RMK12. Therefore, this issue of 
energy storage will become an essential part of RE contribution 
in Malaysia. Related to this, Malaysia plans to adopt up to 500 
MW of battery storage technology (2021–2039) and thus possibly 
increase the RE share up to 40% (18 GW) of electricity generation 
in 2035.

3.7. Centralised and Decentralised Energy Storage 
Systems
Centralised and decentralised energy systems are truly different 
in terms of coordination, whereby the coordination by a system 
operator in real time refers to a centralised system. Figure 9 
illustrates the structure of centralised and decentralised energy 
systems. A significant portion of the power grid network relies 
on centralised energy generation, in which electricity is produced 
on a large scale from centrally located facilities, particularly 
in industries involving fossil fuel-based electricity generation 
(Liu et al., 2017). The installation of large-scale PV plants 
with BESS in grid networks or a centralised system will help 
distribution companies manage peak load demand, maintain 
voltage and eliminate technical losses (Boruah and Chandel, 
2024). Nevertheless, more research is required to fully understand 
the technical and economic implications of integrating large-
scale PV and storage systems into the grid network, followed 
by consumers and distribution companies’ shared use of such 
systems (Boruah and Chandel, 2023). The study by Wali et al. 
(2024) found that the grid-connected BESS market is diverse, with 
no key players or inventors. Nevertheless, in terms of published 
output from connected energy storage grids, the United States 
currently leads the world, followed by China. The study on energy 
storage in a grid-connected RE system with solar and wind energy 
sources discovered that improving discharge efficiency is the most 
significant way for energy storage developers to reduce levelised 
costs (Farah and Andresen, 2024). These challenges encompass 
technical aspects, like determining storage capacity sizing and 
regulatory considerations, including ownership, safety regulations, 
sustainability and commercial viability. Mongolia has installed its 
first grid-connected ESS, with an 80-MW capacity. With these 
implementations, a few key factors are involved: (1) determining 
the capacity of energy storage; (2) selecting the best location; 
(3) listing performance requirements and (4) creating operational 
guidelines (Sakai, 2021).

Figure 9: Structure of centralised and decentralised energy systems
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The decentralised system market for electricity requires 
substantially less coordination before transmission. Decentralised 
energy production refers to small-scale electricity generation 
ranging from 1 kW to 250 MW (Ogunjuyigbe et al., 2016). In 
contrast with the typical centralised generation, decentralised 
generation is situated near electricity consumers. It is not directly 
linked to the major transmission network and is not centralised 
dispatched. For instance, introducing innovative innovations like 
solar PV, energy storage and demand response is difficult in a 
centralised electricity market (Ahlqvist et al., 2022). As a result, 
decentralisation in the electricity sector is the primary step towards 
implementing RE in the country, and it has been growing rapidly 
due to environmental issues (Pelosi et al., 2023). The varieties of 
RE resources cause them to become distinct from conventional 
energy generation. Variable RE differs from conventional power 
generation in several ways, including its compact and flexible 
generator, non-synchronous mechanism and unpredictable 
characteristics (Erdiwansyah et al., 2021). Nevertheless, the 
technologies designated for this type of system may differ by 
geographical area and be contingent upon local circumstances 
(McPherson and Stoll, 2020). One of the most significant issues to 
consider when developing to meet long-term electricity demand is 
whether to produce electricity using a centralised or decentralised 
approach (Toloo et al., 2022). Figure 10 depicts centralised and 
decentralised renewable generation growth strategies.

The effectiveness of energy storage implementation depends 
not only on technological advancement but also on preliminary 
research from an environmental and economic standpoint. The 
Life Cycle Assessment (LCA) can provide decision-makers 
with environmental performance information on energy systems 
using a standardised, whole-system, transparent approach 
based on the best available science (Stougie et al., 2019). With 
the increasing concern about climate change, optimising the 
operation strategies of multiple energy systems, considering 
the low-carbon characteristic, is highly desirable. Economic 
benefits are frequently used to evaluate the performance of the 
coordination, either in cooperative or non-cooperative actions. 
The success of energy storage employment highly depends on 
economic potential and profitability in electricity markets (Xiao 
et al., 2022). Therefore, understanding the cost and environmental 
implications of centralised and decentralised RE systems requires 
a comprehensive assessment of the potential RE configurations 
that can arise locally. Optimal designs and configurations are 
vital when RE technologies are introduced into the power system 

(Ahmadi et al., 2021). Energy storage implementation research 
will positively impact society, academia, government, industry and 
the environment. The impact on society is to create jobs, generate 
income and provide educational opportunities, particularly in rural 
areas that benefit from RE access and empowerment. Furthermore, 
it improves energy security by reducing reliance on fossil fuel 
imports. It encourages more credible and original research in this 
field, particularly on ESS, which is beneficial from an academic 
standpoint. The positive side of the government will boost RE 
use, consistent with government policy shifting towards green 
energy. This situation supports the government’s goal of 40% 
RE generation by providing a framework for policymakers to 
implement more affordable and clean energy options. Regardless 
of the high initial costs, projected savings in the coming years 
will position the energy storage market as a significant contributor 
to increased investment in the RE sector and the low-carbon 
economy. These effectively capture and utilise renewable 
energy sources, transforming the green energy industry. Finally, 
implementing an ESS will reduce greenhouse gas emissions and 
air pollution by enabling more RE generation while avoiding the 
use of fossil fuels.

4. CONCLUSION

Malaysia has a huge potential for using renewable energy as 
its primary source of electricity generation in the near future. 
Limitations in renewable energy, particularly high costs, seasonal 
availability, technology application, stakeholder involvement and 
government support, are the most important factors to consider. 
Energy storage appears to be the most efficient method to optimise 
renewable energy consumption. The choice of energy storage type 
based on local conditions should be considered carefully. When 
choosing the best energy storage system, it is important to consider 
not only technological but also environmental and economic 
factors. Deployment of energy storage in the supply system can 
help achieve the government’s target towards renewable energy 
consumption in Malaysia.
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