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Abstract

Malaysia signed the Paris Agreement in 2015 and committed to reduce the

greenhouse gases emission up to 45% by 2030. Various large-scale solar (LSS)

projects are in operation and planned for the next decade to meet the national

target of 20% renewable energy among energy mix by 2025. Major issues faced

in LSS integration are the fluctuations in supply due to intermittency and

inability to meet the demand during night hours. An optimized large energy

storage system could overcome these challenges. In this project, a power sys-

tem which includes a large-scale energy storage system is developed based on

the maturity of technology, levelized cost of electricity and efficiency and so

on, to meet the demands of electricity generation in Malaysia. In addition, a

financial analysis of the proposed storage system is carried out by comparing

with a baseline study without energy storage. To develop a more realistic solu-

tion, the environmental aspect including safety and location dependency are

taken into consideration. The proposed model for the LSS can be replicated in

nations with similar geographical conditions and energy target.
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environmental impact, LCOE, power system, sizing

1 | INTRODUCTION

The world is transitioning into a low carbon energy sys-
tem to combat the effects of climate change. Renewables
play an important role in this transition toward a sustain-
able future. Malaysia has set a target of achieving 20%
generation of electricity from renewables by 2030.1 In
addition, Malaysia has signed the Paris Agreement of
2015 and pledged to reduce its emissions by 45% by
2030.2 To meet these targets, various projects of renew-
able energy are underway. The government is primarily
focusing on various large-scale solar projects across the

nation. With the latest phase 3 of large-scale solar (LSS),
the contribution of generation from solar photovoltaic
(PV) to the grid is going to be far larger than other renew-
ables.3 The LSS projects spread across the country face
some common issues of meeting the load profile and the
fluctuations in generation profile due to intermittency.
These issues can be resolved by using an optimized
energy storage system with LSS. The ever-increasing
share of LSS in the generation mix will have to consider
the economic and technical feasibility of the system.

Malaysia has an equatorial climate with an average
temperature of 27�C and annual rainfall of 250 cm.4
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Implementation of large-scale renewable energy projects
will lead to less dependency on conventional fossil fuels
and coal that are being exploited at an alarming rate to
meet the current energy demand. Solar PV panels can be
recycled post end of service and the material can be used
for other applications.5 Sustainable Energy Development
Authority (SEDA) had introduced various large scale
solar projects in line with the renewable energy target of
20% by 2025. The two major drawbacks of solar PV are
intermittency in generation and the inability to supply
during night hours. Grid integrated PV systems have to
meet the gap in peak generation and peak demand. LSS
1 total export capacity was 250 MW in Peninsular Malay-
sia and 50 MW in Sabah/Labuan as shown in Table 1.
The next phase LSS2 had an aggregate capacity of
360 MW in Peninsular Malaysia and 100 MW in Sabah/
Labuan. The recent phase 3 as shown in Table 2 will be
tendered from 1 to 100 MW to achieve the target of
500 MW in Peninsular Malaysia.7

The largest electricity utility provider in Malaysia,
Tenaga Nasional Berhad (TNB) has defined electricity
tariff rates according to the consumers business activity
(domestic, industrial, commercial or others), the supply
voltage and the user profile (peak/off peak) hours.8 The
rates for each category are defined and vary depending

on the consumers usage. The base tariff is set by Energy
Commission Malaysia at 0.3945 RM/kWh.9 The maxi-
mum rates for domestic consumer with consumption of
above 900 kWh per month with further consumption
charged at 0.5710 RM/kWh. The tariff for the consumer
business activity other than domestic users is defined
according to the voltage (low, medium, or high) as well
as the usage during peak/off-peak hours for various
users. For commercial users, it can range between 0.224
and 0.435 RM/kWh. Similarly, for industrial users it may
range from 0.2020 to 0.38 RM/kWh. The mining and spe-
cific agricultural industries have specific rates defined as
well. There is a minimum monthly charge that applies to
all categories that ranges from RM 7.20 to RM
600 depending on the category of the tariff.8

2 | GRID CONNECTED PV WITH
STORAGE

Large scale grid connected solar PV systems are widely
deployed across the world. The upscaling of such system
encounters various technical challenges due to its inter-
mittent supply and harmonious grid integration. To max-
imize the full potential of the system, they are being used
in conjunction with storage systems. Researchers have
studied grid connected PV with identified challenges and
proposed storage systems. Zahedi10 studied the technical
issues with grid-connected PV systems and proposed the
use of a combined battery and supercapacitor energy stor-
age to overcome them. The intermittency leads to vari-
able power generation which is not ideal for grid
connected PV. An energy storage system could help over-
come this issue and increase the penetration of grid con-
nected PV system. Another technical issue associated
with grid- connected PV systems is power quality. The
variation in solar irradiation leads to variations in solar
cells. The maintenance of power quality is important to
prevent damage to electrical appliances. Marco Bortilini
et al11 designed a PV battery energy storage system and
used analytical model for LCOE minimization. Linssen
et al12 carried out a techno economic analysis which
included the influence of different consumer load profiles
on PV battery systems.

Huat et al13 analyzed the cost benefit assessment of
energy storage for customers in Malaysia. Commercial
and industrial customers in Malaysia pay a peak demand
charge tariff that contributed to an increased electricity
bill. The load profile and generation profile has been
investigated to assess the cost benefit with and without
the energy storage. Lead acid battery has been selected.
The results have clearly shown that an investment in bat-
tery storage is economically beneficial as it leads to

TABLE 1 LSS 1 packages Malaysia6

Package

Range of
capacity for each
package (MW)

Total capacity
for each
package (MW)

P1 (Peninsular) 1 to 5 20

P2 (Peninsular) 6 to 9 100

P3 (Peninsular) 30 to 50 130

S1(Sabah/
Labuan)

1 to 5 10

S2(Sabah/
Labuan)

6 to 10 40

TABLE 2 LSS 3 packages Malaysia6

Package

Range of
capacity for each
package (MW)

Total capacity
for each
package (MW)

P1 (Peninsular) 1 to 5 20

P2 (Peninsular) 6 to 9 100

P3 (Peninsular) 10 to 30 380

S1 (Sabah/
Labuan)

1 to 5 33

S2 (Sabah/
Labuan)

6 to 10 28
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reduced bill. In addition, it also contributes to reduction
in carbon emissions. It presents the levelized cost of elec-
tricity for different battery storage technologies such as
lead acid, lithium ion, zinc bromide and redox battery.
Analysis of payback period and potential savings were
also included in the results. The payback period was
between 3 and 6 years.

Gopinath et al14 reviewed the maximum demand
shaving techniques related to grid tied PV with a battery
storage system taking into consideration the Malaysian
electricity tariff. Energy storage can be used to reduce the
peak demand. Since Malaysia has varying tariff rates in
peak demand, energy can be stored during off peak at
low rates and consumed during peak leading to savings.
Numerous energy management techniques are discussed.
The key factor that affects maximum demand shaving of
PV-battery including the battery capacity, irradiation var-
iation and load profile. Li et al15 studied the challenges
and outlook of solar powered rechargeable batteries.
Chun Sing Lai11 presented a comprehensive review on
large scale PV system with applications of electrical
energy storage. The study included PV stability and inte-
gration issues along with the electrical energy storage sys-
tems types and cost trends.

Hoda et al16 studied different energy storage that can
be efficiently integrated with PV systems. The selection of
the most appropriate energy storage also depends upon
the intended end use. Battery storage are suitable for alter-
nating current (AC) as well as direct current (DC) applica-
tions. Similarly, if the end application is space heating, a
direct conversion to heat can be applied. A comparison of
different energy storage is made on the parameters such
as power rating, discharge time, capital cost, efficiency
and lifespan. The major impediments to large scale imple-
mentation of PV are the intermittency in generation
which is also highly reliant on local weather conditions
and the fluctuations. The storage technologies studied are
batteries and thermal energy storage. The integration of
load management and energy storage with PV would lead
to reduced costs and optimization of the system.

Dehghgani et al17 carried out a study on energy stor-
age system and environmental challenges of batteries.
The study also included the recycling processes of differ-
ent types of batteries. Hongyang et al18 carried out the
grid parity and techno- economic analysis for large scale
solar in five different cities in China. A combination of
off and on grid systems were used to analyze the applica-
tion of residential PV systems. The cost effectiveness of
the project is based on the net present cost (NPC) and the
LCOE. The results show that the NPC and LCOE vary for
different cities. The grid parity estimation of PV power
generation is based on the learning curve. The LCOE for
grid connected is much lower than for off-grid systems.

The study of learning curves show that the cost trajecto-
ries have a similar declining trend in all cities where grid
parity varies among the cities. Finally, the sensitivity
analysis reveals that regions with high solar radiation are
better able to achieve grid parity.

Mahmoud et al19 proposed a generation demand
matching model for evaluating the large-scale implemen-
tation of grid connected PV in power plants in Peninsular
Malaysia. The results of the economic analysis present the
varying LCOE due to spatial variability in solar radiation
in different regions. The LCOE graphs for different capac-
ity factors and discount rates are included with the LCOE
break even installed system costs for different states. The
cost saving from emission reductions in different states is
also included in the study. Harder et al20 examined the
potential for a 10 MW PV plant in Abu Dhabi using the
RETScreen to predict greenhouse gas (GHG) emissions
reduction, energy production and financial feasibility. The
financial analysis includes the net present value, simple
payback period and the internal rate of return (IRR) of
the project. The results shown a payback period of
55.4 years while the IRR is 0.5% with negative net present
value. The negative net present value indicates a poor
financial yielding of the project. The paper also highlights
the high initial costs and low price of electricity as addi-
tional barriers in implementation of the project.

Hosseini et al21 reviewed the role of renewables and sus-
tainable energy in the energy mix of Malaysia. The energy
mix was found to be heavily dependent on nonrenewable
fossil fuels such as oil and natural gas. The potential to gen-
erate power from biomass, biogas, hydropower and solar
energy was significantly high for Malaysia. Moreover, gen-
eration through wind and mini hydro power and wind
energy is also possible in some rural regions. Akinyele22 car-
ried out an analysis for PV mini-grid system for remote
houses in three locations in Nigeria. The result of the
HOMER software revealed the designed system capacity to
meet the user load demand in the locations. The hybrid
arrangement with a backup diesel generator is able to pro-
vide reliable power supply during dry and rainy season.

Shetwi et al.23 reviewed the importance of improving
grid codes requirements due to the increasing trends of
grid connected PV power plants worldwide. The study
analyzed the existing requirements in modern grid codes
of different countries to meet the considerable PV power
plants integration. Yong et al24 presented comprehensive
testing guidelines for interconnection of solar systems
into Malaysian power grid. Major issues faced during the
grid connection of solar PV is stability and power quality
issues to the grid. The results of the case study indicated
that the system complied with all requirements as stipu-
lated in the testing guidelines. All the related research
and their key findings are presented in Table 3.
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TABLE 3 Summary of topic related researchers

Paper title Author Key finding Year Reference

Maximizing solar PV energy penetration
using energy storage technology

A. Zahedi • Advantages and issues with grid
connected PV.

• Review of storage systems that can be
used for solar PV.

• Model of solar PV system with batteries
and supercapacitor

2010 10

Technical and Economic design of PV
and battery storage system (BES)

Marco Bortilini et al • PV-BES system design and management
strategy.

• Using analytical model for LCOE
minimization.

2014 11

Techno economic analysis of PV battery
systems and the influence of different
consumer load profiles

Jochen Linssen et al • Integrated cost optimization model of PV
BESS system including system sizing and
battery aging.

• Importance of realistic consumer load
and PV generation profiles for cost
optimization is high.

• Results are highly sensitive to economic
and regulative framework including
support schemes.

2015 12

Cost -benefit assessment of energy storage
for utility and customers: a case study
in Malaysia

Kein Huat Chua
et al

• Financial benefits of the energy storage
system to utilities and customers.

• Energy dispatch model simulation using
HOMER for LCOE and carbon dioxide
(CO2) emissions reduction analysis.

• Comparison of system with and
without ESS.

2015 13

Grid tied PV and battery storage systems
with Malaysian electricity tariff

Gopinath S et al • Technical assessment of grid-connected
solar PV with batter storage system.

• Energy management technique with
solar BESS.

• Maximum demand shaving strategies.

2017 14

Solar Energy storage in the rechargeable
batteries

Qi Li et al • Brief on conventional application of
solar energy.

• Challenge and outlook of solar powered
rechargeable batteries.

2017 15

Comprehensive review on large scale PV
system with applications of electrical
energy storage

Chun Sing Lai • Global PV system and technology
development.

• PV stability and integration issues.
• Electrical energy storage systems types

and cost trends.

2017 25

Overview of large-scale underground
energy storage technology for
integration of renewable energy.

Catarina R. et al • Criteria for underground storage.
• Geographical requirements for

underground storage.
• Models of underground PHS,

underground gas storage and
underground hydrogen storage.

2018 26

Energy security and energy storage
technologies

Abdelrahman
Azzuni et al

• Schematic of various energy storage
systems.

• Storage technologies inter-relation with
energy security.

2018 27

Efficient energy storage technologies for
PV systems

Hoda A. et al • Technical characteristics of ESS.
• PV energy storage in smart buildings.
• Role of energy storage for PV.

2018 16
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3 | ENERGY STORAGE
TECHNOLOGIES

The energy storage technologies can be classified based
on the method of storage of energy as mechanical, chemi-
cal, thermal or electrochemical. Pumped hydro storage
(PHS) is the most mature energy storage technologies but
is location dependent and hence requires special

geographical conditions which are not suitable in our
selected location. The operating temperature of the tech-
nology also limits its use as in the case of sodium sulfur
battery. Batteries are flexible but require hours to
recharge. The efficiency, energy/power density and cost
of implementation are also important parameters in the
selection of storage technology. In addition to the techni-
cal parameters, the usage of a storage technology also

TABLE 3 (Continued)

Paper title Author Key finding Year Reference

Study of energy storage system and
environmental challenges of batteries.

A.R. Dehghgani et al • Classification of storage systems.
• Assessment of batteries.

Recycling process of batteries.

2019 17

The role of renewable and sustainable
energy in the energy mix of Malaysia: a
review

Seyed Ehsan
Hosseini et al.

• Energy mix of Malaysia is still heavily
dependent on non-renewable fossil fuels.

• Role of biogas as an effective source of
RSE can be developed for power
generation in Malaysia.

• High potential for solar power in
Malaysia.

2014 21

Analysis of photovoltaic mini-grid
systems for remote locations: A techno-
economic approach

Daniel Akinyele • HOMER simulation for three different
locations in Nigeria.

• The hybrid energy systems have
relatively higher initial capital, total life
cycle, replacement costs and the cost of
energy.

• It achieved a higher reliability compared
with the proposed photovoltaic mini-grid
systems.

2017 22

Grid-connected photovoltaic power
plants: A review of the recent
integration requirements in modern
grid codes

Ali Q. Al-Shetwi
et al.

• Trends of PV power plants worldwide
and significance of improving grid
requirements.

• Comparison of common requirements
for international grid codes.

• International grid codes requirements
concerning the penetration of PV power
plants.

2017 23

Testing guidelines for connection of solar
photovoltaic farm to distribution grid:
The Malaysian experience

Jia Y. Yong et al. • Comprehensive testing guidelines for the
interconnection of solar systems into
Malaysian power grid.

• This includes invertor and power quality
tests.
Case study of actual grid- connected
solar PV plant in Malaysia was
conducted.

2020 24

Large scale solar energy storage: design,
optimization and safety assessment.

M. A. Mujeeb Khan
et al

• Sizing and scaling of the system
according to Malaysian load and
generation profile.

• Technical characteristics of energy
storage systems

• Safety and environmental aspects of
storage systems.

• Technical and financial feasibility
modeling.

2020 -
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influences the selection. Supercapacitors are used for
power quality management. PHS are preferred for bulk
energy storage for load leveling. Similarly, batteries find
their application in demand side management, load fol-
lowing and power quality management. Table 4 shows
the classification of energy storage technologies.

3.1 | Pumped hydro storage

Pumped hydroelectric storage adopts the principles of
potential difference by pumping the water at lower eleva-
tion to the reservoir at higher elevation (upper reservoir).
The concept is similar to conventional hydropower station
where the water is released to tun the turbine during the
peak demand period for electricity generation. During the
off-peak period, water is pumped from lower reservoir to
higher reservoir using electricity from grid purchased at
lower price. Utility provider offers electricity at lower tar-
iff during the weekend and night-time when the demand
is lower. In this system, the pump-turbine pair (motor-
generator) has been designed that allows reversible func-
tion to accommodate pumped hydroelectric storage.28

Lou et al29 has conducted a comparative study of PHS
with other energy storage technologies. PHS is one of the
widely used energy storage worldwide. The principle of
PHS is to pump water to a high reservoir when there is
excess electricity and then release it when there is
requirement for electricity generation. They have a high-
power rating with the largest operational of 3000 MW
located in United States.30 The lifetime is 30 to 60 years
with efficiency of up to 85%. The two major challenges in
implementation are the high capital costs and the loca-
tion dependency. Due to the low energy density, large
capacity is required that leads to high capital costs of
installation of the project. PHS are location dependent in
terms of availability of water source, reservoir and the
weather (temperature). These are not suitable to be oper-
ational in extreme weather regions as the water may
freeze or evaporate.27 PHS systems are used as supply
reserve, frequency control and energy management.
Malaysia currently does not have any operational PHS
systems. With location survey and research PHS could be
implemented in the region.

3.2 | Flywheel

Flywheels are storage systems which convert kinetic
energy to/from electrical energy. When converting elec-
trical energy into kinetic energy, the electrical machine
works as a motor, consuming electrical energy and accel-
erating the shaft until the working speed is reached. On
attaining working speed, the electrical machine is discon-
nected from the supply, but, owing to the flywheel's iner-
tia, the shaft continues to rotate for a very long period.
Electrical energy is thus transformed into stored kinetic
energy. When the stored energy needs to be extracted,
the electrical machine, whose shaft is already in motion,
works as a generator and the kinetic energy is converted
into electrical energy. As a result of the energy conver-
sion, the speed of the shaft reduces. The electrical param-
eters of the extracted electrical energy are controlled by
electronics to obtain the appropriate frequency and
power.

Amiryar et al31 made a detailed review of flywheel
energy storage technologies along with its applications.
Flywheel is a type of mechanical energy storage. The
principle of flywheel is to store energy in the angular
momentum of a spinning mass by energizing a flywheel
through a motor/generator system during off peak hours
and releasing the energy through the rotational inertia of
the flywheel during peak hours.32 They provide a very
quick response time from millisecond to seconds. The
power density of the flywheel is high, but the energy den-
sity is relatively lower. The round-trip efficiency of this
storage is high at 90% and allows a large number of
charge discharge cycles. A major drawback is the high
self-discharge rate. They are used for frequency regula-
tion and short-time power quality services in grid appli-
cations. High speed flywheel systems are under research
and development for increasing their system speed by
using composite material to withstand high tensile
strength.33

3.3 | Battery

Batteries are electrochemical cells which convert chemi-
cal energy in electrical energy and ideally vice versa. A
battery consists of several electrochemical cells, where
each cell has a positive (cathode) and a negative terminal
(anode). The active substance is an electrolyte, which
allows ions to move between electrodes and terminals.
This in turn enables current flow out of the battery and
thus the ability to perform work. Batteries can be classi-
fied as primary or secondary. Primary batteries are not
rechargeable and mostly “single use.” These include most
alkaline batteries and dry cells. Secondary batteries are

TABLE 4 Classification of energy storage technologies

Mechanical
storage

Thermal
storage

Electrochemical
storage

PHS
CAES
Flywheel

PHES Lithium-ion battery
Lead acid battery
Sodium-sulfur battery
Redox battery
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rechargeable. Examples of secondary batteries include
nickel-cadmium (NiCd), lead acid, and lithium ion batte-
ries. Batteries have numerous applications from small
scale in case of consumer electronics to utility scale in
case of renewable energy storage.34

Nikolaidis et al35 comparatively reviewed various bat-
tery technologies based on technical parameters such as
operating temperature, lifetime, energy density, power
capital cost and discharge rates. Batteries are used for
small- and large-scale applications for energy and power
quality management. They are not location dependent
and hence highly flexible. Li et al15 studied the applica-
tion of solar energy storage in rechargeable batteries. The
system characteristics and performance parameters of
batteries demonstrated the advantages of using them for
solar energy storage.

Lithium ion batteries are widely used in small elec-
tronics but are extensively being applied in renewable
energy recently. The advantages include as high energy
density, low self-discharge and highest efficiency among
batteries. In addition, they require little to no mainte-
nance, have a wide range of operating temperature and
long lifetime of 15 year. The major disadvantage is the
high cost. Recent research developments are made to
include solid state electrolytes due to their chemical and
thermal stability and to make them more commercially
viable.15

Lead acid batteries have the largest market share for
rechargeable batteries. They are the most mature
rechargeable battery technology. The main advantages of
such batteries are the low cost of production, good charge
retention rate, availability in varying sizes and efficiency.
The limitations are low energy density and the compara-
tively low cycle life.35

Sodium sulfur batteries are high temperature operat-
ing batteries which work in the range of 300 to 350�C.
The advantages include the flexibility of operation and
high energy density. Due to the wide availability of mate-
rial the cost of these batteries is low.15 The major chal-
lenge for these is its high operating temperature and
safety concerns. The schematic diagrams of lead acid bat-
teries and sodium sulfur batteries are shown in Figure 1.

Redox flow battery is a type of flow battery in which
the cell generates electricity during the flow of electrolyte
in the electrochemical cell. The commonly used redox
battery is vanadium redox battery. The high cost of such
batteries is due to the cost of vanadium. The advantages
of these include easy scaling, rapid response time and no
to minimum self-discharge. Zinc bromide battery is a
hybrid flow battery which uses zinc bromide salt as elec-
trolyte. The disadvantages of these are low energy density
which is 60 to 80 Wh/kg, high cost and short discharge
duration.35

3.4 | Compressed air energy storage

Compressed air energy storage is a type of mechanical
energy storage. The major components of a CAES system
are motor/generator, air compressor, recuperator, turbine
train, controls and auxiliary equipment consisting of fuel
storage and handling, and mechanical and electrical sys-
tems. CAES uses excess or off-peak power from the grid
to pump cooled air into a sealed underground reservoir
(natural storage such as a cavern) or a storage tank to a
high pressure. Later during electricity demand, the pres-
surized air is released back to the surface and then
heated. This heated air is used to run a turbine and the
generated electricity is supplied to the gird.38

Lee et al39 reviewed CAES units for power generation
and demand side management in Korea. The technology
is developed, and they have a long lifetime of 20 to
50 years. The barriers for implementation are the rela-
tively low round trip efficiency of 40% to 50% and the
requirement of special geological sites for underground
cavern. The use of above ground tanks is limited due to
the increase in capital costs of the project. Large scale
CAES plants are used for bulk storage to store electricity
during the seasonal variations. These are also used for
load shifting and frequency control in grid applications.40

3.5 | Supercapacitors

Capacitors store electricity in the form of electrical poten-
tial energy. It is a passive electrical component made up
of a pair of conductors separated by dielectric (electrical
insulator that can be polarized by an applied electric
field. When a potential difference (voltage) exists across
the conductors, an electric field is present in the dielectric
which can store energy. Supercapacitors are electrochem-
ical capacitors. Supercapacitors are capacitors employing
plates with extremely large surface area, providing high
storage capacity. Maximizing the surface area of the elec-
trodes within the available space means the thickness of
the dielectric must be minimized. This in turn limits the
maximum working voltage of the capacitor.

Raza et al41 have reviewed supercapacitor energy stor-
age along with its recent advancements. A supercapacitor
stores energy directly between the electrodes in the form
of electricity rather than converting to other forms as in
case of mechanical storage. It has a very high capacitance
of up to 12 000 F in comparison to a capacitor. The maxi-
mum charge voltage of a supercapacitor is 2.5 to 2.7 V
and hence required series connection with voltage
balancing. They provide fast and efficient charge-
discharge as the energy is stored in electricity form. The
energy density is increased by using materials such as
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activated carbon that provide a high surface area.42 They
can be charged-discharged millions of times and hence
have wide applications in cases where frequent storage
and release of energy is required. Research on materials
that could increase the performance of supercapacitors is
being carried out.43 The technology is promising due to
rapid charging, high specific power and life cycles. The
use of graphene in supercapacitors is a promising
research development.44 With the advancements in sup-
ercapacitor technology, the cost is expected to decline for
potential commercial application.

4 | SAFETY AND
ENVIRONMENTAL IMPACT OF
STORAGE TECHNOLOGIES

The safety and environmental aspects of storage technol-
ogies is critical for its application. The impacts may be
direct, indirect or cumulative in nature. The safety
impacts may range from small accidents such as fire
breakout in case of batteries or much larger impacts of
causing damage to nearby settlements in case of reser-
voir accidents of PHS. Hence, it is imperative to consider
the impacts as part of the design process for the system
to be robust. The life cycle assessment (LCA) method
can be used to identify the overall environmental
impacts of manufacturing, operation, and disposal of the
different energy storage technologies. In Malaysia, the
climate is humid and the exposure to sun hours is usu-
ally longer, this makes for an important criterion for
selection of energy storage based on safety and environ-
mental impacts. Negligence of safety aspect can cause
system failure and may even be fatal in case of major
accidents.

Safety is highly imperative in the integration of the
renewable energy system and energy storage. The key to
planning and ensuring safe operation, it is essential to
understand the unique hazards and risk factors present
for a particular system. The first and the most crucial step
is to design the equipment and the installation of the sys-
tem to minimize the potential hazard. Different methods
of hazard mitigation and safety is are needed for various
types of energy storage equipment, installation sites, per-
formance characteristics and environments. When plan-
ning an energy storage system, it is important to consider
potential extreme weather events and environmental and
geologic hazards. These include, but are not limited to,
salt corrosion, hurricanes and tropical storms, tornadoes
and severe storms, earthquakes and ground movement,
wildfire, extreme heat, flooding, and incursions by flora
and fauna. In order to prevent any mishaps and unfortu-
nate situations for the personnel, equipment and to avoid
chemical releases, it is necessary to prepare adequately
for all the possible risks that might happened at site. The
Standard for the Installation of Stationary Energy Storage
Systems (NFPA 855) provides the minimum require-
ments for mitigating the hazards associated with ESS.45

The Standard addresses matters relating to how the tech-
nology should be located, how it should be separated
from the other components, the suppression systems in
place. The standard also covers ventilation, detection,
signage, listings and emergency operations related with
energy storage systems. The Safety, Operation, and Per-
formance of Grid-Connected Energy Storage Systems
(DNVGL-RP-0043) objective is to provide a comprehen-
sive set of recommendations for grid-connected energy
storage systems.46 The guidelines aim to be binding for
all major markets and geographic regions. Inclusive of all
applications for all levels ranging from components to

FIGURE 1 (A) Lead acid battery36 (B) Sodium sulfur battery37
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the system encompassing the entire cycle. End users,
operators and other stakeholders use this as a single all-
encompassing document for systems, providing direct
guidance or referencing through other guidelines and
standards.

Azzuni et al27 reviewed the energy storage technolo-
gies which included the safety and environmental aspect.
PHS is considered a clean option with low impact on the
environment. The issue is the safety of the nearby settle-
ments in case of a reservoir accident. It also impacts the
marine life if naturally available waterbody is chosen.

Dehghgani et al17 presented the environmental chal-
lenges of batteries. The mining and industrial activities
involved in the early phase leads to metal and their com-
pounds entering the groundwater, surface water and soil
causing pollution. The waste from battery manufacture
and recycling stages contribute to the solid waste, partic-
ulate emissions, GHG and wastewater have serious nega-
tive implications on the environment jeopardizing
human health. Lead acid batteries provide long term
environmental risk due to the presence of heavy metal,
lead. The recycling process of such batteries is efficient
up to 95%. Gaines47 discussed in detail the environmental
impacts of lithium ion batteries. Lithium ion batteries
have fire risk if not handled correctly. The different
recycling processes that are used for Lithium ion batteries
are pyrometallurgical and direct physical recycling.

The health and environmental impacts of PHS are
minimum compared to batteries on the same scale. In
order to choose an appropriate energy storage system, a
rigorous LCA must be carried out. Recycling must be car-
ried out to achieve circular economy and sustainability.

5 | RESEARCH GAP, NOVELTY
AND SIGNIFICANCE

Previous studies largely focused on PV system to grid
integration that highlighted the challenges of intermit-
tency and inability to meet peak demands.10-12,48 Some of
the studies examined the energy storage performance
independently without assessing the safety issues, geo-
graphical dependency and economic viability.13,16,25

Thus, this work aims to propose a large energy storage
for large scale solar PV projects in Malaysia, to design
and optimize a hybrid system, to analyze the financial
aspects of the proposed system and finally to address the
safety and environmental aspects of the large energy stor-
age system. The project proposes a suitable storage solu-
tion based on surplus with respect to the Large Scale
Solar cycle-3 projects in Malaysian context taking into
consideration the factors of Malaysian load profile, gener-
ation profile, location dependency, technological

maturity, financial feasibility and proposing a technically
and economically viable solution. These profiles are
assessed for appropriate sizing and scaling of the system
addressing the safety and environmental aspects of large
storage system. The design parameters considered are the
location of project. The storage system parameters consid-
ered are the location dependency, technological maturity,
storage capacity, area required, lifetime, self-discharge,
optimum operating temperature, climate conditions and
capital cost. This work also analyses the return on invest-
ment, payback period and net present value to confirm
its financial feasibility for long term adaptation. Associa-
tion of Southeast Asian Nations (ASEAN) target to
achieve 23% of primary energy source derived from
renewable energy by 2025. Investment in large scale stor-
age is highly capital intense in renewable energy project
development. This is due to large-scale land deployment
and its long-term environmental impact. Thus, the find-
ing of this paper contributes in large scale energy storage
regulatory and policy framework development for gover-
nance agencies and energy regulator. It provides
measurands and indicator to other ASEAN countries
who experienced similar climate conditions and expect to
achieve similar renewable energy target.

6 | METHODOLOGY

In this work, Hybrid Optimization of Multiple Energy
Resources (HOMER) Pro49 and PVSyst have been
selected to investigate the viable large-scale storage sys-
tem integrated with grid connected solar PV as shown in
Figure 2. At the preliminary stage, study of a hybrid
microgrid for on-gird and standalone systems including
types of PV module, storage and convertor have been car-
ried out. Optimization and sensitivity analysis will be car-
ried out to determine the optimized variable of selection
for all system combinations. The impact of various sys-
tem configurations on the design and operation of the
system will be further investigated. The modeling calcu-
lates the optimal system configuration with the given
constraints in the optimization with minimum total net
present cost. The optimization and sensitivity analysis
provide solutions to the challenges arising from the large
number of design options and the variability of parame-
ters, such as load growth and increment of operation and
maintenance cost.

6.1 | Site selection

Energy Commission Malaysia announced the packages
for LSS3 as shown in Table 5 which range from 1 to
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30 MW. These are further divided into three packages
which are package 1 (ranging from 1 to 5.99 MW), pack-
age 2 (6-9.99 MW) and package 3 (10-30 MW).50These
are available for various locations in Peninsular Malaysia
as well as Sabah and Sarawak region. In this study, three
locations are chosen: Kuala Mudah (Kedah); Klang
(Selangor) and Kuantan (Pahang) based on planned
installed capacity, global horizontal irradiance, tempera-
ture and the package.

Figure 3 shows the major components of the model
that consists of the grid connection, the electric load of
the location, the PV array of LSS 3 in terms of capacity,
the convertor for conversions form AC to DC and vice
versa and finally the storage systems. Different storage
systems with specific characteristics and capacity are
used to determine the most optimum system that meets
the defined system conditions. The PV depicted are flat
panel Longi LR4-72HBD modules that were selected due
to its high efficiency and derating factor. The grid is an
integral component of the system as the large-scale solar
projects are grid connected and have been included in
the modeling. The storage for the power system has been
investigated and optimized for eight different storage
options including lithium ion battery, lead acid battery,
vanadium flow battery with different models and
pumped hydro storage. The electric load represents the
electricity demand for the locations in the modeling. The
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TABLE 5 Sites and capacity of LSS-350

Location Total capacity (MW)

Selangor Klang 30

Rawang 9

Kuala Langat 10

Johor Pasir Gudang 25

Kluang 10

Mersing 5

Kedah Kuala Mudah 90

Sik 20

Pokok Sena 6

Terengganu Dungun 30

Setiu 5

Pahang Kuantan 30

Pekan 30

Melaka Alor Gajah 7

Kelantan Pasir Mas 10

Machang 30

Perlis Kangar 30

Perak Kerian 30

Kinta 20

Manjung 10

Larut dan Matung 10
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electric load component consists of a synthetic load pro-
file was generated based on studying the trends of the
load profile in Malaysia and literature review from other
relevant research papers. In the simulation, we consid-
ered the peak hours ranging from 7 to 10 PM

The meteorological data of the selected LSS locations
is determined by the National Renewable Energy Lab
(NREL) database and NASA surface meteorology and
solar energy database. The coordinates of the location are
used to determine the monthly average Global Horizon-
tal Irradiation (kWh/m2/day) and the clearness index,
wind velocity and the temperature values for that loca-
tion. The model requires a converter since the system
contains both AC and DC elements. HOMER Pro auto-
matically finds the best capacity for the convertor and
proposed the most optimum capacity in kW for each case
simulated. The simulation included four different types
of Li-ion battery specifically generic 1, 100 and 1 MWh
idealized model and a 1 kWh battery with modified
kinetic model, a 1 kWh lead acid battery with kinetic
model and modified kinetic model, a generic vanadium
flow redox battery with an idealized power capacity stor-
age model that allows to size energy and power indepen-
dently and a 245 kWh pumped hydro system.

6.2 | Storage selection

The selection of the appropriate storage system depends
on various parameters and characteristics as mentioned
in Table 6. PHS and CAES are the two most mature
energy storage technologies. However, they are location
dependent and require special geographical conditions.
Supercapacitors are a promising energy storage technol-
ogy but are not commercially available and still under
research and development. The operating temperature of
the technology also limits its use as in the case of sodium
sulfur battery. Batteries are flexible but require hours to
recharge. The efficiency, energy and power density and
cost of implementation are also important parameters in

selection of storage technology. In addition to the techni-
cal parameters, the application of storage technology also
influences the selection. Supercapacitors are used for
power quality management. PHS are preferred for bulk
energy storage for load leveling while CAES for spinning
reserve. Similarly, batteries are commonly used in
demand side management, load following and power
quality management. The selection of the appropriate
storage system was carried out based on the various
parameters and characteristics in Table 6. The literature
review presents a comparison of different energy storage
technologies with various technical parameters and char-
acteristics along with environmental impacts. The prior-
ity of selection criteria varies depending on the
application and constraints. The priority criteria for stor-
age selection and PV panel characteristics are depicted in
Table 7 and Table 8 respectively.

6.3 | Dispatch strategy

A dispatch strategy is a set of rules used to control gener-
ator and the storage bank operation whenever there is
insufficient renewable energy to supply the load. It is
important to specify the strategy according to the
requirements such as load following, cycle charging, pre-
dictive, generator order and combined dispatch. In cases
with solar and storage in grid connection the most opti-
mum dispatch strategy is cycle charging. In cycle charg-
ing strategy, the generator operates at full capacity while
the surplus power is directed towards serving the deferra-
ble load or charging the battery in a priority-based
model.51

The electric load curve is a significant part of the
design element. The load profile of that region allows us
to size and simulate the most appropriate hybrid model.
A synthetic load profile was generated based on studying
the trends of the load profile in Malaysia and literature
review from other relevant research papers.14,19,52 In this
work, the peak hours are considered staring from 7 to
10 PM This selection aimed to meet the peak demand
where the selected energy storage system will be charged
by the PV production during daytime.

6.4 | Design requirements

SEDA Malaysia and MIDA (Malaysian Investment Devel-
opment Authority) have collaborated to boost the local
renewable industry in Malaysia by providing bonuses
under the Renewable Energy Act of 2011. A list of the
recognized local manufacturers and assembler are eligi-
ble for these bonuses.53 The study requires the use of

FIGURE 3 Schematic diagram of the model
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various components such as PV panels, convertor and
storage. The selection of these is based on various factors
ranging from local availability, performance and cost that
are discussed below.

6.4.1 | PV module

PV modules have different characteristics in terms of
size, performance and technologies. The recognized PV
manufactures are First Solar, Flextronics, Longi
(Kuching), Hanwha Q Cells and Panasonic. A

TABLE 6 Design and Performance parameters of ENERGY STORAGE TECHNOLOGIES

Storage
technology

Energy
density
(Wh/kg)

Power
density
(kW/m3)

Power
rating (MW)

Technological
maturity

Location
dependency Ref

Pumped hydro
storage

0.5 to 1.5 0.1 to 0.2 <5000 Mature Yes 17,32

Compressed air
energy storage

Up to 15 kWh/
m3

0.2 to 0.6 <300 Developed Yes 17,32

Flywheel 10 to 50 up to 5000 <10 Demonstration/
commercially available

No 17,32,48

Supercapacitor 0.5 to 5 40 000 to 120 000 <0.3 Research/demonstration No 17,32,48

Lithium ion battery 70 to 200 1300 to 10 000 0.1 to 100 Demonstration/
commercially available

No 17,32,48

Lead acid battery 30 to 50 90 to 700 <30 Demonstration/
commercially available

No 17,32

Sodium sulfur
battery

150 to 240 120 to 160 <100 Commercially available No 17,32

Zn-BrFlow battery 60 to 80 1 to 25 <5 Demonstration No 17,32

Storage
technology

Capital cost
(USD/kW)

Efficiency
(%)

Lifetime
(years)

Operating
temperature (�C)

Respond
time

Recharge
time Ref

Pumped hydro
Storage

600 to 2000 70 to 85 30 to 60 Ambient second to
minute

minute to
hour

17,32

Compressed air
energy storage

400 to 1300 40 to 60 20 to 50 Ambient 1 to
15 minutes

minute to
hour

17,32

Flywheel 250 to 400 90 15 to 20 20 to 40 millisecond to
second

<15 minutes 17,32,48

Supercapacitor 100 to 500 90 to 95 10 to 20 −40 to 85 millisecond second to
minute

17,32,48

Lithium ion battery 1200 to 3500 90 to 95 5 to 15 −10 to 50 millisecond to
second

minute to
hour

17,32,48

Lead acid battery 300 to 800 70 to 80 5 to 15 20 to 25 millisecond hour 17,32

Sodium sulfur
battery

600 to 3000 75 to 85 10 to 20 250 to 300 millisecond hour 17,32

Zn-BrFlow battery 600 to 2500 65 to 80 5 to 10 20 to 50 millisecond hourr 17,32

TABLE 7 Criteria for selection of energy storage

Factors Priority

Location dependency High

Technological maturity High

Cost Medium

Environmental Impact Medium

Efficiency Medium

Lifetime Low

TABLE 8 Characteristics of PV Panel

Parameter Value Unit

Operating temperature 45 oC

Efficiency 18.1 %

Derating factor 90 %

Lifetime 25 years
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comparative study was conducted among the various
models currently available in the market from these man-
ufactures to select the module. The factors that were con-
sidered were efficiency, properties at STC (standard test
conditions) and NOCT (nominal operating cell tempera-
ture), temperature coefficient and cost of module. The
panel slope and azimuth angle are determined depending
on the location. A flat panel Longi LR4-72HBD module
was selected among the available manufacturer's due to
its high efficiency and derating factor. The properties are
mentioned in the table below.54

6.4.2 | Tracking and BOS

The PV module can be a fixed or tracking system with
single or double axis tracking to follow the movement of
the sun across the sky. Fixed systems exhibit several
advantages including reduced capital and maintenance
cost due to the lack of mechanical and electrical parts.
The system design is simpler and ease for installation
compared to the tracking systems.55 This study is based
on the fixed system. Balance of system (BOS) which com-
prises of the components other than PV module and
invertor that are part of the PV system. This includes
cabling, switches, control equipment, metering system,
support structures and protection equipment. Based on
the requirements of the system it may also include wind
and irradiation sensors, solar concentrator or additional
accessories specific to the application of the system. The
cost of BOS is not within the boundary of the study as we
only investigate the major costs of PV module, invertor
and storage systems.56

6.4.3 | Grid

Grid is an integral component of the system as the LSS
projects are grid connected and have been included in
the modeling. This can be defined with simple rates, real
time rates, scheduled rates and grid extension. The grid
power price and sellback rate (RM/kWh) are defined8 in
the scheduled rates along with other inputs relating to
capacity, emissions and reliability.

6.5 | Storage technology

In this work, the storage for the power system has been
investigated and optimized for eight different storage
options including lithium ion battery, lead acid battery,
vanadium flow battery with different models and
pumped hydro storage.

6.5.1 | Lithium ion battery

In this work, four different types of Li ion battery rated at
1 kWh, 100 kWh and 1 MWh (Idealized model) and
1 kWh battery (modified kinetic model) have been inves-
tigated as shown in Table 9. The idealized storage model
assumes a flat discharge curve because the supply voltage
stays constant during the discharge cycle. The modified
kinetic battery model is a combination of the kinetic
model which calculated the amount of energy that can be
absorbed or withdrawn from the battery in each time step
but additionally includes the rate-dependent losses, tem-
perature effects, and degradation of performance over the
lifetime. Among the numerous energy storage used for
modeling, lithium ion battery was the most based on the
selection criteria such as location dependency and tech-
nological maturity which were the highest priority for
the project. The other criteria of cost, environmental
impact and efficiency were also better compared to other
storage options.

6.5.2 | Lead acid battery

A 1 kWh lead acid battery with kinetic model and modi-
fied kinetic model was studied with the properties as
presented in Table 10:

6.5.3 | Vanadium flow redox battery

A generic vanadium flow redox battery with an idealized
power capacity storage model that allows to size energy
and power independently has been selected in this
context.

6.5.4 | Pumped hydro storage

In this case, a 245 kWh pumped hydro has been selected
with a reservoir' capacity of 1000 m3 which can be dis-
charged in 12 hours as shown in Table 11. The generator
efficiency is 90% with an effective head of 100 m. The
time to fill the reservoir is 14.8 hours.

6.6 | Economic viability assessment

The project lifetime is set at 21 years according to the
agreement.57 According to the predicted trends, the
expected inflation rate for Malaysia is 2.5% while the
nominal discount rate is 8%.58 The output of the PV array
is computed using Equation (1).

KHAN AND GO 13 of 20



PPV =YPV f PV
�GT

�GT,STC

� �
1+ αP TC−TC,STCð Þ½ � ð1Þ

where PPV the rated capacity of the PV array (under stan-
dard test conditions) (kW); fPV is PV derating factor (%); GT

is the solar irradiation incident on the PV array in the cur-
rent time step (kW/m2); GT,STC is the incident radiation at
STC (1 kWh/m2); αP is the temperature coefficient of power
(%/�C); TC is the PV cell temperature in current time step
(�C); TC,STC is the PV cell temperature under STC (25�C).

The modeling considered the emissions from various
pollutants including carbon dioxide (CO2), carbon mon-
oxide (CO), unburned hydrocarbons (UHC), particular
matter (PM), sulfur dioxide (SO2), and nitrogen oxides
(NOX). The emissions are produced by the electricity
from generators, consumption of electricity grids and
thermal energy by boilers. For grid connected systems,
the net gird purchases are multiplied with the emission
factor (g/kWh) for each pollutant. The average cost per

kWh of the fuel of useful electrical energy produced by
the system is the levelized cost of energy (LCOE). In
order to compare different power generation projects,
LCOE is used a measurement tool and is measured in
cost per kilowatt hour (kWh). LCOE encompasses the
investment and the operational cost of the system. It
includes maintenance and fuel costs throughout the sys-
tem's lifetime. LCOE serves the purpose of a benchmark
where it is used to evaluate the cost effectiveness of vari-
ous energy generation technologies by eliminating the
prejudices between the technologies. It is used to deter-
mine the feed-in-tariff (FiT) and discuss the power pur-
chase agreements (PPA), which covers the potential risk
to the investors in adopting new and relatively expensive
technologies, by assuring a practical return on invest-
ment for the producer.47 It is calculated by dividing the
annualized cost of producing electricity by the total load
served as shown in Equation (2).

LCOE=
AC+O&M

AE
ð2Þ

where O&M is the operation and maintenance; AC is the
annual cost; and AE is the annual energy produced by
the system.

Net present cost (NPC) or the life-cycle cost is the cost
of installing and operating the components over the

TABLE 9 Characteristics of Li ion battery

Li ion battery

Property Unit Value

1 kWh 100 kWh 1 MWh 1 kWh (modified kinetic model)

Nominal voltage V 6 600 600 3.7

Nominal capacity kWh 1 100 1.00E+03 1.02

Capacity Ah 167 167 1.67E+03 276

Round trip efficiency % 90 90 90 90

Maximum charge current A 167 16 1.67E+03 270

Maximum discharge current A 500 500 5.00E+03 810

TABLE 10 Properties of lead acid

battery
Property Unit

Value

1 kWh Modified kinetic model

Nominal voltage V 12 2

Nominal capacity kWh 1 1.03

Max capacity Ah 83.4 513

Round trip efficiency % 80 80

Maximum charge current A 16.7 167

Maximum discharge current A 24.3 500

TABLE 11 Properties of pumped hydro storage

Property Value Unit

Nominal voltage 240 V

Max. discharge current 91.6 A

Max. charge current 91.6 A
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lifetime of the project, excluding the present value of the
revenue that is earned during the lifetime of the project.
Equation (3) is used to calculate the NPC of each compo-
nent integrated in the system. It is one the crucial factors
in selection of storage as well as the overall performance
of the system.

NPC=NPVC−NPVR ð3Þ

where NPC is the net present cost; NPVC is the pre-
sent value of costs of installation and operating over pro-
ject lifetime; NPVR is the present value of all the revenues
over the project lifetime.

Payback period (PBP) is used to determine the
expected time required for the project to recover its initial
cost. A shorter PBP time will be better, because the pro-
ject recovers the initial cost in a short timeframe.

PBP=
II

NACI
ð4Þ

where PBP is the Payback period; II is the Initial Invest-
ment; NACI is the net annual cash inflows.

7 | KEY FINDINGS AND
DISCUSSION

The annual production from the 30 MW PV in all the
three locations had been carried out and compared the
economic viability of the project. The results of the pre-
liminary study are used to size the convertor and various
storages. The results for the grid connected 30 MW PV
are presented in Table 12. The difference in the annual
production among the three locations is due to the vary-
ing conditions such as GHI and temperature of each loca-
tion. Dmap as shown in Figure 4 indicates the variation
of the PV output during the hours of the day over the
year. In all three locations, the peak generation was
noted between 12 and 3 PM The results were used to size
the storage to meet the peak demand of the electric load
during the evening hours. The energy storage available
were sized to investigate the technical and economic fea-
sibility of the hybrid system. Table 13 provides the

comparison between the base case with only grid connec-
tion and the reference case that is grid connection with
solar PV. The economic parameters such as the simple
payback period and Internal Rate of Return is presented
along with the annual emissions saving. Numerous itera-
tions of the model with energy storage have been carried
out to meet the specific demand in each location. This
also included the sensitivity analysis with the minimum
renewable fraction and capacity shortage. The results
based on location of the selected system are presented in
Table 14.

Based on the criteria stated in Table 7 earlier, the
most optimized storage option is 1 kWh lithium ion bat-
tery. Tables 14 to 16 clearly shown that the economic
parameters such as operating cost and levelized cost of
energy are the most feasible in case of 1 kWh lithium bat-
tery model. Figures 5 to 7 provide a break-up of the com-
ponent type cost of the system highlighted in Table 14 to
16. It is noticed that the costs related to the components
is same for all locations in Malaysia. The system design
and the net present cost results were highly accurate with
the precision parameter set to 0.01% and 17 520-time
steps per year. All costs related to the components are
updated to the latest. The accuracy of the model and
inputs has been verified with previous research carried
out for different location. The results clearly shown that
1 kWh lithium ion battery is the most optimum storage
system for all the three locations. The difference in GHI
and temperature resulted in the varying output from the
PV installation in the three locations with the same com-
ponents and project scale.

Projects with energy storage have a high NPC due
to the high initial investment cost of the energy stor-
age. Storage options such as pumped hydro and fly-
wheel are not technically and financially viable. Hence,
these options have been omitted from selection. PHS
needs favorable location to install which is not possible
in all the three locations due to its geographical condi-
tions. Similarly, flywheel is used for frequency regula-
tion and short-time power quality services in grid
applications and hence inapplicable. The levelized cost
of energy for the winning system was in the range of
0.25 to 0.29. The profitability of projects with only PV
is higher compared to PV with energy storage due to
additional costs involved that lead to higher payback
periods and higher overall capital investments. From
environmental and safety aspect, the carbon emission
reduction is computed in Table 13. Additionally, the
lithium ion battery and PV module can be recycled and
used for other applications post end of their service life-
time and hence contributing to a circular economy by
enhancing the value that can be derived from the
project.

TABLE 12 Location wise annual production from 30 MW PV

system

Location Annual production (kWh/yr)

Kuantan, Pahang 47 569 807

Kuala Mudah, Kedah 48 762 884

Klang, Selangor 44 864 017
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FIGURE 4 Dmap of the PV power

output for PV installation in Kuala

Mudah, Kedah

TABLE 13 Comparison between base case and reference case

Location

Parameter

IRR (%) Simple payback period (year) CO2 emissions saving (kg/yr)

Kuala Mudah,Kedah 38.7 2.6 19 477 010

Klang, Selangor 35.7 2.8 18 334 850

Kuantan, Pahang 24.7 4 18 862 000

TABLE 14 Analysis result for Kuala Mudah, Kedah

Architecture Cost

PV (MW)

Storage

Converter (kW) NPC (RM, Mil) COE (RM) Initial Cost (RM, Mil)Type Size (kW)

30 1 kWh Li ion 44 850 29 000 103 0.25 80.5

30 1 MWh Li ion 45 28 461 113 0.261 87.1

30 100 kWh Li ion 450 28 461 113 0.261 87.1

30 1 kWh LA 70 000 23 450 153 0.302 75.1

30 Flow 12 315 24 128 169 0.313 127

TABLE 15 Results for Klang, Selangor

Architecture Cost

PV (MW)

Storage

Converter (kW) NPC (RM, Mil) COE (RM) Initial Cost (RM, Mil)Type Size (kW)

30 1 kWh Li ion 47 000 22 505 103 0.278 79.7

30 1 MWh Li ion 47 22 691 114 0.288 86.8

30 100 kWh Li ion 500 21 110 120 0.298 88.4

30 1 kWh LA 72 762 19 260 154 0.338 74.7

30 Flow 12 864 26 091 177 0.357 136
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8 | BENEFICIARY, CONCLUSION
AND RECOMMENDATIONS

The proposed model and findings are beneficial to SEDA,
the Malaysian authority on large scale solar projects. This
work provides a framework to the authority in decisions
making on the storage solutions. Based on the criteria of
location dependency, technological maturity, cost, envi-
ronmental impact and efficiency, 1 kWh lithium ion bat-
tery was the most suitable large energy storage system for
the selected LSS-3 projects. Projects with energy storage
exhibit higher net present cost due to the initial invest-
ment cost. The levelized cost of energy for the winning
system was in the range of 0.25 to 0.29. For Kuala Mudah
located in Kedah, the NPC of the winning system with
1 kWh Li ion battery was RM 103M. The cost of energy
was RM 0.25, and the initial cost was RM 80.5M. For
Klang located in Selangor, the NPC of the winning sys-
tem with 1 kWh Li ion battery was RM 103M. The cost of

FIGURE 5 Net present cost for Kuala Mudah, Kedah

TABLE 16 Results for Kuantan, Pahang

Architecture Cost

PV (MW)

Storage

Converter (kW) NPC (RM, Mil) COE (RM) Initial Cost (RM, Mil)Type Size (kW)

30 1 kWh Li ion 50 000 31 623 135 0.292 112

30 1 MWh Li ion 47 23 977 141 0.291 115

30 100 kWh Li ion 462 24 309 143 0.289 115

30 1 kWh LA 71 613 26 287 179 0.338 104

30 Flow 12 828 26 018 202 0.357 163

FIGURE 7 Net present cost for Kuantan, Pahang

FIGURE 6 Net Present cost for Klang, Selangor
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energy was RM 0.278 and the initial cost was RM 79.7M.
For Kuantan located in Pahang, the NPC of the winning
system with 1 kWh Li ion battery was RM 135M. The cost
of energy as RM 0.292 and the initial cost was RM 112M.
The profitability of projects with only PV is higher com-
pared to PV with energy storage due to shorter higher
payback periods and lower capital investments. Addition-
ally, lithium ion battery and PV module can be recycled
after the service lifetime. Hence, contributing to circular
economy by enhancing the project's value. The addition
of the storage system increases the cost of the project but
meets the peak night demand effectively. The net present
cost of the system did not vary much among the locations
due to uniform costs of components across Malaysia. The
study was carried out in three locations and can be fur-
ther carried out for locations with planned energy targets.
This work can also be extended by carrying out complete
LCA of the energy storage. In addition, the technical and
financial feasibility of a hybrid system with multiple
energy storage can be studied as well. The utility provider
(TNB) could benefit by the ability to meet the peak
demand and the implementation for storage for large
scale solar with on grid applications. Moreover, investors
of LSS will obtain an economic overview of the proposed
model and assist them in decision making related to stor-
age for LSS in Malaysia. The end user may get an insight
into the levelized cost of electricity as well. Energy con-
sultants, energy authority, utility provider, storage solu-
tion manufacturers and countries with similar climate
conditions could benefit from the findings. It can be used
as a source of reference for white paper for the Malaysian
government to consider renewable policy relating to large
scale solar.
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