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Abstract

Large-scale solar is a non-reversible trend in the energy mix of Malaysia. Due to the mismatch between the peak of
solar energy generation and the peak demand, energy storage projects are essential and crucial to optimize the use
of this renewable resource. Although the technical and environmental benefits of such transition have been exam-
ined, the profitability of energy storage systems combined with large-scale solar PV has not been studied in Malaysia.
This project aims to determine the most profitable business model of power systems, in terms of PV installed capacity,
and energy storage capacity, and power system components. A comparative study has been done to compare the
economic outcomes from different types of projects, with different scales and multiple configurations of large-scale
solar PV combined with energy storage. The lowest values of LCOE are guaranteed with energy storage output to LSS
output ratio, A=>5%. In this case, 30-MW projects have the cheapest electricity, equal to RM 0.2484/kWh. On the other
hand, increasing the energy storage output to LSS output ratio, A to 60% results in the increase of LCOE, exceeding
RM 0.47/kWh. On the economical side, with a difference of 0.06 kWh/m?/day for the analysis carried out in Pahang
and Perak, the difference in net present worth is more than 7.5% of the net present cost. The difference between the
two locations is comparatively higher for 50-MW projects. It is equal to RM 11.67 Million for A=60%, while it is equal
to RM 13.5 Million with A=5%. Due to the energy prices in Malaysia, the projects that include large-scale solar only
are more profitable technically and financially than those including large-scale solar and energy storage. It is found
that adding storage to a large-scale solar project is more profitable technically and financially with greater large-scale
solar capacities and smaller storage capacities. Nevertheless, with the current energy prices in Malaysia, projects that
include only energy storage are not financially profitable. This study determined the parameters that affect the profit-
ability of large-scale solar energy projects and energy storage projects, and the configurations that maximize financial
profits. The findings of this study are useful for the future regulations that intend to enhance the deployment of large-
scale solar PV and energy storage in Malaysia.

Keywords: PV installed capacity, Energy storage, NPC, LCOE, ROI

Introduction

It has been the global goal for reduction of greenhouse
gas emissions and steps to invest in renewable energy
(RE) generation systems have been taken in many coun-
tries around the world. With the announced large-
scale solar projects, Malaysia is already on the way to
reduce its greenhouse gas emissions. However, the
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environmental outcome is not the only motivation for the
authorities. Such projects must be financially profitable,
in order to ensure their sustainability and to guarantee
a future increase of the RE installed capacity after 2020.
Solar energy harvesting systems have been designed in
many different forms and models. Each model varies in
terms of how they operate and output capability, which in
turn affects the profitability on industry. Implementation
of the various models of solar and energy storage capaci-
ties often requires a multitude of aspects including geog-
raphy, climate and demography of a region. The aspects
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mentioned can either give slight if not large impact to
the financial income of solar power generation and stor-
age. This study aims to compare different types of power
systems that include large-scale solar and energy stor-
age capacities, in order to determine the most profitable
models. The comparative study is done in two different
states in Malaysia—Pahang and Perak.

PV storage systems

Solar energy was present ever since the beginning of time
and the form of energy that it was in is only the same.
The only thing that changes over time is our under-
standing of how to harvest such abundance of energy
efficiently with minimal wastage. PV harvesting in small
scales have dated back since the 1950s and possibly ear-
lier times within the nineteenth and twentieth century
(Silvi 2008). The harvesting of solar energy was not done
in large scale and not connected in a primary power grid
until the 2009, where the first large-scale PV harvesting
installation was installed. The 230 kV utility scale PV sys-
tem plant by Desoto Solar Energy Centre was established.
Being the early plant to generate power for utility provi-
sion, the plant faces problems especially when compared
to other types of renewable energy sources. One main
problem for large-scale PV power storage and harvester
is the uncontrollable amount of power generation and
demand [shah2015]. It was from this root of problem that
has led to many other researchers conduct plant feasibil-
ity and evaluations before considering establishment and
integration of large-scale PV power plants.

Energy storage systems design
There are various system storage designs that are being
tested for its feasibility in implementation as well as
power generations. One of the energy storage design was
developed by Babacan et al. (2017). This storage system
design implements a (CO)-based charge/discharge algo-
rithm scheduling with convex optimization. The algo-
rithm is located in close vicinity with solar PV systems
and minimizes the electricity expense of anyone who also
owns an ESS. It takes into consideration the usage time
volumetric tariff and charge demand tariftf for minimiz-
ing the electricity expenses. Babacan et al. (2017) men-
tions that other typical scheduling algorithms do not
incorporate the charge demand tariff and volumetric tar-
iff for customers, which have led to development of the
algorithm in question. Customers who exceed their load
requirements can be provided a supply charge to help in
sustaining their energy generation at reasonable cost.
Another system design was implemented within mul-
tiple different modes of renewable energy harvesting
systems. In managing energy generations from a micro-
grid comprising PV, wind and biomass harvesters require
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complex systems especially the energy storage systems.
This is due to the irregular nature and power genera-
tions of each different type of energy harvesters requir-
ing power backup from non-renewable energy sources
such as diesel generators. Singh and Singh (2016) have
proposed an algorithm for automation of PV, wind and
biomass energy harvesting to store energy within a bat-
tery. This algorithm was designed in mind that the energy
harvester operates and supply electricity in an off-grid
location. From these energy storage systems design men-
tioned, it is essential for an algorithm for energy storage
to take serious accounts of the various parameters in
each mode of energy harvesting that is included in a sys-
tem. When observing these mentioned works, it can be
concluded that systems design should be carefully imple-
mented based on what model is used for what configu-
ration of harvester systems. A poor and oversimplified
algorithm utilized on a sophisticated renewable energy
harvesting system could end up as a liability for consum-
ers demoting the practicality of renewable energy har-
vesting plants.

Literature review

The increasing importance of renewable energy deploy-
ment, notably solar energy, has urged researchers to
examine the economic aspect of solar energy projects.
Some of them assessed PV projects economically, but the
scale of the projects, the location and the grid connec-
tion were different from a study to another. Other studies
focused on the cost of electricity from solar power plants,
proposing new calculation methods. Furthermore, some
researchers examined the financial feasibility of LSS
projects, as well as the environmental outcome of such
projects.

Economy assessments

Hussain et al. (2013) carried out the economic assess-
ment for a large-scale solar PV project in UAE. Stochas-
tic analysis with project financial modeling was used for
LCOE calculations. Factors that play a crucial role in
LCOE are capital expenditure, operation and mainte-
nance cost, system energy production and cost of capi-
tal. The available models for project economic evaluation
such as NREL CREST solar Model, NREL System Advi-
sor Model and PVSyst are discussed and the underlying
drawback of these models is identified as the inability to
capture the impact of variability and uncertainty of input
parameters on the financial indicators of a project. The
study therefore uses an advanced spreadsheet model that
is similar to NREL CREST solar model to carry out sto-
chastic analysis. Oracle crystal ball was used to perform
the Monte Carlo simulation as it provides the numerous
advantages over single-point estimate approach on the
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model. The results were compared with the prevalent tar-
iff for electricity and the LCOE was found to be higher.
The study does not take into consideration the subsidies
provided for solar PV projects.

Pillai and Naser (2018) carried out the economic
assessment of a 1-MW grid-connected PV system opti-
mized for matching the daily peak load by analyzing
the LCOE, NPV, PBP and EBPT. PVSyst software was
used for design and optimization of the PV system. The
annual degradation rate of 0.5% and lifetime of 30 years
was assumed. The results show a positive indication for
investment in the project as the LCOE was found to be
43% less than the present cost of kWh generation. It was
also suggested by the author that with implementation
of a cooling system will allow LCOE to experience posi-
tive values. However, for the LCOE to become enhanced,
the maintenance cost of such system must be equal to
per unit of energy generated. This may not be plausible
in real situation, since the maintenance cost will always
be more due to accounts have to be taken in also clean-
ing of the solar PV cooling system and their sister com-
ponents. Solar PV projects can be further supported by
favorable policies and subsidies to diversify the genera-
tion mix of Bahrain and to be more financially viable at
the same time. The study thus provides data on the simu-
lated large-scale solar PV project built in Bahrain to sat-
isfy the growing demand of electricity power in the city.
However, some assumptions may need further study in
order to fully justify the requirements for constructing
large-scale PV stations.

Geographical location and scale

Zou et al. (2017) carried out the grid parity and techno-
economic analysis for large-scale solar in five different
cities in China. A combination of off-grid and on-grid
systems was used to analyze the application of residential
PV systems. HOMER software was used to carry out the
techno-economic analysis. The cost effectiveness of the
project is based on the net present cost and the LCOE.
The results show that the NPC and LCOE vary for differ-
ent cities. For cities with low electricity retail costs, LCOE
for the said city will be lower. The low retail electricity
costs may be due to such location is remote and the resi-
dents do not require much electricity in their daily lives.
Long distance from the main power grid also contributes
to the lower demands of electricity in remote towns and
villages. Cities with low solar radiation will have higher
LCOE and this contributes to the geographical aspects
that affect the LCOE region. 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 shows that the cost
trajectories have a similar declining trend in all the cities,

Page 3 of 23

but grid parity varies among them. Finally, the sensitivity
analysis reveals that regions with high solar radiation are
more able to achieve grid parity.

Ramadhan and Naseeb (2011) carried out the cost ben-
efit analysis for a 1-MW PV system in Kuwait. The LCOE
with different interest rates and prices were compared
with the oil prices to determine the break-even price. This
is due to the fact that barrels of oil translate to electrical
energy via conventional power plants. Kuwait’s energy
cost produced via conventional power plants averages
around 0.12 $/kWh at every 50$ barrel of oil. As such,
oil prices can influence the LCOE of the region due to its
reliance of the fuel for power generation. The expected
benefits Kuwait can gain with implementation of PV sys-
tem would be reduction of cost in overall energy produc-
tion of both oil and PV. Greenhouse gas emissions will be
lower altogether since less oil will be burn as fuel for elec-
tricity generation. The results indicate that as the price of
oil increases the LCOE generated by PV system becomes
more feasible. Additionally, the economic benefit of PV
system and the environmental benefit in terms of reduc-
tion of carbon dioxide emissions are also discussed. In
terms of socioeconomic, when an area successfully incor-
porates proper PV harvesting stations, more job oppor-
tunities will be available since operations of a PV stations
have different skill set requirements compared to a con-
ventional, fuel-driven power plants.

Modeling of PV system and optimization

Bazilian et al. (2019) discussed in detail the econom-
ics of PV power. The study focuses on highlighting the
recent reductions in the underlying costs, technological
advancements and the market prices for solar PV. The
three key parameters discussed are price per watt (capi-
tal cost of PV module $/W), the LCOE ($/kWh) and the
concept of grid parity. The availability of various methods
to calculate these parameters leads to ambiguity in analy-
sis. The curve for price per watt clearly depicts a dramatic
decline in costs in recent years. LCOE results can be
misleading and require careful interpretation and calcu-
lations. The grid parity for various countries is also dis-
cussed. Overall, the study presents the outlook of recent
reduction in costs in the PV industry and describes the
economic parameters associated with it.

Lai and McCulloch (2019) proposed a new method of
levelized cost of delivery (LCOD) to calculate the LCOE
for electrical energy storage. The method is developed to
overcome the challenges that arise in analyzing the eco-
nomic projections on complex hybrid systems utilizing
PV and EES. A detailed comparison of the levelized cost
analysis features for hybrid renewable energy system soft-
ware such as HOMER Pro, RETScreen Expert and Sys-
tem Advisor Model (SAM) by NREL is carried out. The



Laajimi and Go Renewables (2021)8:3

data from Johannesburg and Kenya are used for the case
study. The LCOE and LCOD are calculated for two stor-
age technologies namely lithium ion battery and vana-
dium redox flow battery. The long-term economic impact
for storage and PV system is provided and discussed with
marginal levelized cost of energy. The results present that
with present costs and technical specification, vanadium
redox flow battery has a lower LCOD compared to lith-
ium ion at low discount rate for energy storage applica-
tion in PV systems.

Sabo et al. (2019) proposed a generation demand
matching model for evaluating the large-scale implemen-
tation of grid-connected PV in power plants in Peninsu-
lar Malaysia. The results of the economic analysis present
the varying LCOE due to spatial variability in solar radia-
tion in different regions. The calculation for the LCOE of
the region for this study considers a variety of data sets.
These data sets include digital elevation model raster
data from shuttle radar topography mission of DIVA-
GIS, monthly 24-year average horizontal solar radiation
data from NASA and hourly radiation data from Malay-
sian Agricultural Research and Development Institute
(MARDI). The LCOE graphs for different capacity factors
and discount rates are included with the LCOE break-
even installed system costs for different states. Accord-
ing to the study, The PV power production in Malaysia
experiences 1% power degradation per year due to the
various climates in Malaysia. The cost saving from emis-
sion reductions in different states is also included in the
study. The spatial data availability is the limiting factor in
the application of cost estimations due to the calculation
method mentioned by Sabo et al. (2019), relies heavily on
the topography, road networks, different forms of elec-
trical demands and demographic data as these data are
owned and secured by utility providers and government.

Brankera et al. (2011) reviewed the methodology of
correctly calculating the LCOE for solar PV. Within
the LCOE calculations, the present LCOE value multi-
ply by the present net costs should be equal to present
value of the net costs. The net costs comprise cash out-
flows (maintenance cost, interests, etc.) and cash inflows
(incentives from governments). The major assumptions
and misconceptions related to LCOE for PV such as the
discount rate, system life, degradation rate, system costs,
financing and incentives, grid parity are addressed in the
study along with the LCOE methodology. A numerical
example for LCOE for Canada is included in the study. It
was also stated that the major generation cost for a solar
PV is the start-up cost and upfront costs. The LCOE will
be very dependent on the different financing method
available in the country. Mohammadi et al. (2018) stud-
ied the economic feasibility of a 5-MW grid-connected
PV system for 8 different cities in Iran. The LCOE was
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calculated for 3 different tracking modes namely fixed,
1-axis tracking and 2-axis tracking. The single axis track-
ing was the economical option among others. A sensi-
tivity analysis was also carried out to study the impacts
of different parameters and identify the most profitable
investment. The techno-economic and environmental
analysis was carried out using the RETScreen software.
The economic analysis included the NPV, PBP, LCOE,
IRR and BCR for the eight different cities. The results of
the sensitivity analysis show the variation of NPV with
varying inflation and discount rates as well as the impact
of loan interest rate on PBP and NPV.

Harder and Gibson (2011) examined the potential for
a 10-MW PV plant in Abu Dhabi using the RETScreen
to predict GHG emissions reduction, energy produc-
tion and financial feasibility. The RETScreen simulation
software is a tool for providing preliminary assessment
of renewable energy projects at relatively low cost. This
software have deviations of only 0-6% compared to
actual energy productions, therefore it is quite useful tool
for simulation of renewable project feasibility and used
in conjunction with other simulation tools. The financial
analysis includes the net present value, simple payback
period and the internal rate of return of the project. The
results are that the payback period is 55.4 years while
the IRR is 0.5% and the net present value is negative. The
negative net present value projects a poor financial yield-
ing of the project. The paper also highlights the high ini-
tial costs and low price of electricity as additional barriers
in implementation of the project. EI-Shimy (2009) inves-
tigated the viability of 10-MW grid-connected PV power
plant in Egypt. 29 sites were selected, and the techno-
economic analysis was carried out using RETScreen soft-
ware. The financial analysis including the NPV, payback
period and IRR clearly shows the profitability of the pro-
ject at the selected sites.

Research gap and contribution

Many researches have been conducted to determine the
economic viability of solar PV projects and to provide
new methods to calculate the cost of electricity from
energy storage projects. However, no previous study
had compared different solar energy systems in different
scales, with different energy storage capacities. The cur-
rent study is a continuation of Laajimi and Go (2019) that
focused on the economic effect of increasing or decreas-
ing the installed energy storage capacity in an energy
management system, including electricity pricing, grid
injection profits, and considering the weather conditions
in two locations of a single country. It compares the prof-
itability of energy storage projects to LSS projects, and to
energy storage combined with LSS projects. In Laajimi
and Go (2019), the work focused on energy storage
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system design with ethical and environmental assess-
ments. In this project, we determine the type of solar
energy projects that are most profitable to investors with
the current regulations. It also provides an insight of the
financial hurdles that energy storage and large-scale solar
could be facing in the near future (Table 1).

Methodology

Power system development and configurations

In this study, HOMER software has been used to simu-
late the studied power systems. Homer Pro is a computer
modeling software initially developed by the United State
(US) National Renewable Energy Laboratory (NREL) and
further enhanced by HOMER Energy. It is used to evalu-
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location. The reference case is simulated for each one of
the selected LSS capacities.

“A” is the storage output to the LSS-PV output ratio.
This parameter has been varied from 5 to 60%, then the
power system components were sized accordingly, and
simulated with the different LSS capacities as mentioned
in "Power system development and configurations".

For each value of “A”; the needed storage capacity is
determined:

LSSOutput X A

Storage capacity = 362

(1)

Knowing the energy storage efficiency and the energy
storage usable capacity, the number of batteries needed
could be determined:

Storage capacity

Batteries number =

Energy storage efficiency x storage usable capacity

(2)

ate design options for power systems in different applica-
tions, both on-grid and off-grid applications. HOMER, an
acronym for “Hybrid Optimization of Energy Resources”
simulates power system using three different processes
nested together in its core algorithm. It includes power
system data input by the user to determine the power
systems technical feasibility and life cycle. Multiple
power system configurations can be simulated simulta-
neously and compared to identify the optimal selection
based on cost of electricity or net present cost. Lastly,
sensitivity analysis can be carried out to perform multiple
optimizations based on a wide range of inputs, to deter-
mine the uncertainties in the input to the model. The
simulated power systems, as shown in Fig. 1, are com-
posed of a conventional generation, the electric load, the
LSS installed capacity, an energy storage capacity and a
converter. The conventional generation is auto sized by
the software according to the electric load. The meteoro-
logical data are imported from HOMER including GHI,
clearness index, wind velocity and temperature values. In
this study, 4 LSS capacities have been considered: 6, 10,
30 and 50 MW. These capacities correspond to the max-
imum of the 4 packages of LSS projects, announced by
Energy Commission (2016a,2017a).

Sizing of different power systems

A primary simulation is necessary to size the power sys-
tem with its different configurations. As explained in
Table 2, the reference case does not include an energy
storage capacity. Therefore, only the LSS capacity, the
electric load and the converter are introduced to the soft-
ware. This simulation’s aim is to determine the energy
output from the LSS installed capacity in the selected

For Scenario 1, the converter is sized according to the
energy discharged from the storage in one hour. For Sce-
nario 2, the converter size depends on the LSS output and
the storage output. The converter is sized to be able to
support the maximum of electricity delivered by each of
those components. For each combination of LSS capacity
and storage to LSS ratio, Scenario 1 and Scenario 2 have
been sized and simulated through HOMER Pro.

PV panel selections

The generic flat plate PV of HOMER is used in the pro-
posed power system. This model is characterized by a
47°C as operating temperature and 25 years as lifetime.
Depending on each location, HOMER Pro determines
the panel slope automatically. Several characteristics
of the PV panel are introduced to run the simulation; a
summary is presented in Table 3.

Economic input and calculations

According to Malaysia Inflation Rate-Forecast (2018),
the inflation rate in Malaysia is 3.1% by 2020. Since
Malaysia is a non-OECD country, the discount rate for
renewable energy projects is equal to 10% (Renewables
2016). These parameters are introduced to HOMER to
be considered in the economic analysis. The projects
lifetime is set to 21 years, in line with the power pur-
chase agreements in Malaysia (Overview of the FiT
System in Malaysia 2018). The economic viability of a
particular energy project is evaluated by metrics such
as net present worth (NPW), payback period (PB), net
present value (NPV) and levelized cost of electricity
(LCOE). In the economic analysis, power systems of
scenario 1 and scenario 2, as described in Table 2 are
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Fig. 1 Simulated power system in HOMER Pro

sized, simulated in HOMER and then analyzed. In all
the economic analysis calculations, the capital costs,
replacement costs, O&M costs and salvage values (Sal-
vage Value 2018) of the components of the power sys-
tem, except the conventional power generation, are
retrieved from HOMER Pro simulations results. These
values, combined with the energy generated, and the
energy output from the storage, are used to calculate
the levelized cost of electricity, the net present worth,
the net present cost and the payback period. The eco-
nomic analysis has been carried out in two states to
compare the economic outcomes with different average
values of solar irradiation. The energy storage technol-
ogy used in the simulated power systems is the 1I-MWh
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Net present worth

It is an economic tool used to analyze the profitability
of the project. Present value is defined as the current
equivalent value of a set of future cash flows considering
the time value of money. It is the value of all future cash
flows (positive and negative) over the entire life of an
investment discounted to the present. A positive value
indicates that the project is economically feasible while
a negative value shows that it is not (Net Present Value
(NPV) 2019). The general equation of a given project is
defined as follows:

mw:i—ﬂﬁ—%. (3)
(14 7)

With:

— C; net cash flow during the project lifetime,

— C, total initial investment,

— r:real discount rate,

— t: project lifetime, equal to 21 years (Che Mud 2019).

LSS with storage projects

For the case of LSS with storage projects, a part of the
financial incomes is ensured by the injection of the elec-
tricity generated by LSS to the grid during the daytime,
while the other part is ensured by discharging the stored
energy at the night peak time. C, is then calculated by the
following equation:

Ct = (1 — A) x LSSoutput X PPAprice + storageqpye X

storage income per kWh. (4)

zinc bromide battery. It is a 600-V zinc bromide flow
battery with 3000 kW as maximum discharge power.
The cost of energy storage is RM 400/kWh (USD 97/
kWh) (XE: Convert MYR 2019). This choice is based
on the great rated capacity of the battery. Furthermore,
the high efficiency, the full depth of discharge, the fast
charging and the excellent value for money insured by
this technology at this scale make it very competitive
in the future energy storage projects worldwide (Poul-
likkas 2013; International Renewable Energy Agency
2017).

Table 3 Characteristics of the PV panel

Parameter Value Unit References

Operating temperature 47 °C HOMER Pro

Efficiency 19 % Solar panel efficiency |
Solar System Malaysia
(2012)

Derating factor 80 % PV Derating Factor (2018)

Lifetime 25 Years HOMER Pro

Energy cost 727 USD/KWh  SEDA (2016)

Performance degradation 1 % Ye et al. (2014)

Table 2 Description of the different investment types to be compared in the economic analysis

This investment type includes only the energy storage and the proper converter
This investment includes LSS, energy storage and the converter. The energy

generated by the LSS will be partially injected to the grid, and partially charg-
ing the storage

a Scenario 1 Storage only
b Scenario 2 LSS with storage
C Reference case LSS Only

This is the reference case, including only the LSS capacity planned by 2020
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The electricity injected to the grid is sold at the power
purchase agreement price for the whole period of the
project. Since the agreement price is not announced for
the shortlisted projects, it is assumed to be the average
of the prices proposed by the investors for projects with
the same LSS capacity (Commission 2016b,2017b).
Consequently, the PPA, ;. in Pahang is equal to RM
0.4354/kWh (USD 0.1055/kWh) for 50-MW projects,
RM 0.4194/kWh (USD 0.1096/kWh) for 30-MW pro-
jects, RM 0.4222/kWh (USD 0.1023/kWh) for 10-MW
projects and RM 0.4609/kWh (USD 0.1117/kWh) for
6-MW projects. The financial income from storing a
kWh of solar-generated electricity and then discharg-
ing it, is the difference between the price of the kWh
discharged from the storage and sold at the peak time,
and the LCOE of the storage. The electricity discharged
from the storage at the peak time, is assumed to be
sold at the TNB peak price (Azmana et al. 2017), that is
equal to RM 0.584/kWh (USD 0.1415/kWh). Since the
investment includes LSS-PV and storage, the cost of
electricity charged to the storage is equal to the LCOE
from LSS-PV, without any additional margin. The ini-
tial costs include the cost of LSS, storage and converter.
The values are retrieved from HOMER simulation
results.

Storage projects

For the case of storage projects, the equation of NPW
remains the same, but C, is calculated according to the
following equation:

C; = storage gy X storage income per kWh.
(5)
Financial income from storing and then discharg-
ing a kWh is calculated by the same way used for the
LSS with storage case, with the only difference that
the cost of charging the storage is equal to the price
of buying electricity from the grid. It is assumed in
the current research that the energy storage solution
is supposed to solve the issue of generating electric-
ity at the day off-peak time from solar irradiation, by
storing it and delivering it at the night peak demand
time. Then, even the electricity is purchased from
the grid, the storage is assumed to be charged during
daytime when solar energy is available. The cost of
buying electricity is equal to the mid-peak kWh price
of TNB (TNB ENHANCED TIME OF USE (ETOU)
2018), that is equal to RM 0.357/kWh (USD 0.0865/
kWh). The price of buying electricity is used for all
the days of the week. The electricity time zones are
shown in Fig. 2.

Page 8 of 23

Enhanced Time of Use (ETOU) Time Zones

Weekdays Saturday, Sunday and
Public Holidays
00:00 00:00

22:00

18:00 06:00 18:00
17:00

08:00

14:00
12:00 "% 12:00

| [

A mid-Peak [l off-Peak

Fig. 2 Tenaga National Berhad enhanced time of use of electricity
(TNB ENHANCED TIME OF USE (ETOU) 2018)

The initial costs depend on every single case simulated.
Varying the value of A implies different storage capaci-
ties, different batteries quantities and different converter
sizes. For storage projects, the initial cost is calculated
without LSS costs, including only the batteries costs and
the converter costs. The storage initial cost can be dif-
ferent from the storage costs of LSS with storage pro-
jects, because of the converter size that can be bigger or
smaller than the one used for LSS with storage project.

LSS projects (reference case)

The LSS projects, under HOMER simulation, include
only the PV and the converter. These projects are serv-
ing as a reference cases to compare with the storage
projects and LSS with storage projects. The cash flow of
such projects is ensured by selling the electricity gener-
ated by LSS to the grid, at the PPA price. The cash flow
equation is as follows:

C; = LSS Output x PPA pyice. (6)

The initial costs include the cost of PV array and the
appropriate converter.

Net present cost

For each power system, the different costs of each com-
ponent are calculated for the whole project lifetime.
Net present cost also defined as life-cycle cost of a com-
ponent. It is the present value including the costs of
installation and operation of the component through-
out a project lifetime which minuses the present value
of all revenues. The model calculates the net present
cost of each component in the system. The initial costs,
the replacement costs and the O&M costs are calcu-
lated by HOMER as follows:
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21

NPCComponent = Z
t=1

Costs
1+t

With:

— ¢ project lifetime in years,
— r: real discount rate.

The real discount rate is given by the following
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on investment for the producer (Return on Investment
(ROI) 2019).

For LSS projects (reference case)

The LCOE of a project is the sum of its lifetime costs,
divided by the sum of the generated energy by this pro-
ject. The LCOE of large-scale solar PV is equal to:

%l LSS costs

LCOE(PV) = 77— 10
formula: V) %1 LSS output (10
r—f
r= .
1+f ® .
For storage projects
With According to Pawel (2014), LCOE of a storage system is
calculated as follows:
LCOE (ST) = %1 Storage costs LK x Initial electricity price' (11)

%l Storage output

Storage efficiency

— r’: discount rate,
— f inflation rate.

The salvage value calculated by HOMER is the remain-
ing value of a component at the end of the project lifetime
(Malaysia Inflation Rate-Forecast 2018). It is included in
the calculation of the NPC of a power system. The NPC
of the entire system is calculated by HOMER as follows:

21

NPCsystem = Z (NPCcomponents — CSV). 9)
t=1

With CSV: sum of the components salvage value.

Levelized cost of electricity
LCOE is a measurement tool that is used to compare dif-
ferent power generation projects and is measured in cost

With:

— K the increase of electricity price over the project
period,

— [Initial electricity price: the cost of 1 kWh at the
beginning of the project.

According to the Energy Commission (Electricity Sta-
tistics-Electricity Average Selling Price 2019), the elec-
tricity average selling price for industrial usage, increased
from 2010 to 2014 with an annual average of 4.7%. This
annual average has been used to calculate the LCOE of
storage projects.

LSS with storage projects
According to Azmana et al. (2017), the LCOE of LSS with
storage is as follows:

LCOE(PV)

A x Storage efficiency x LCOE(St)

LCOE(LSS + ST) =
(LS5 +5T) 1- A(l — Storage efﬁciency)

(12)
1- A(l — Storage efﬁciency)

per kilowatt hour (kWh). It covers all investment and
operational costs over the system lifetime, including the
replacement of equipment. LCOE can be considered as
a benchmarking tool used to assess the cost effectiveness
of different energy generation technologies by remov-
ing biases between the technologies. LCOE is also used
to determine the feed-in-tariff (FiT) and negotiate power
purchase agreements (PPA), which cover the poten-
tial risk to the investors in adopting new and relatively
expensive technologies, by assuring a reasonable return

In the case of LSS with storage projects, the LCOE(St)
is calculated with an initial electricity cost equal to the
LCOE from LSS.

Payback period

Payback period 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 project
recovers the initial cost in a short timeframe. PBP is equal
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to the time that is required to make NPV equal to zero.
To calculate PP, it has to verify whether the total NPV of
the project over its lifetime is a negative value. If it is, that
means the project is not feasible (Investopedia 2019).

The PP in this project is calculated according to the fol-
lowing equation:
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Results and discussion

Pahang economic analysis results

Net present worth

For each LSS capacity, the value of “A” has been varied
from 5 to 60%. For each case, the storage and the con-
verter are sized, and the project is simulated by HOMER.
The results such as the costs, the storage output and the

C . . .
Payback period = bl (13) LSS output are retrieved from HOMER simulation results.
G Those results are used to calculate the NPW of each pro-
With: ject for the three types of investment. The NPW of the
different investment cases is presented in Figs. 3 and 4.
— C, initial costs of a given project, ilsgsure 3 shqws tbi c;rflrflparlsonlof NPf\i(;lieftween Iihﬂferen;
— C;: the cash flow of the first year. capacities with different values of “A’, for each type o
NPW of LSS with Storage Projects (Million RM) NPW of Storage Projects (Million RM)
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Fig. 3 Net present worth of different LSS capacities with variation of “A”in Pahang. a LSS with storage projects, b storage projects, ¢ LSS projects
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Fig. 4 Net present worth of the different investment types for each LSS capacity in Pahang. a 6-MW projects, b 10-MW projects, ¢ 30-MW projects,
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investment. For LSS+ St projects, and for “A” lower than
43%, the NPW of 50-MW projects are higher than those
of 30-MW projects, 10-MW projects and 6-MW projects,
respectively. The NPW of LSS+ St projects are at maxi-
mum rates with low values of “A” Starting from A =43%,
the NPW of all the projects becomes negative, with the
lowest value for 50-MW projects, followed by 30-MW
projects, 10-MW projects and finally 6-MW projects. For
storage projects, Fig. 3b shows that the NPW is negative
for all the cases. The lowest NPW is for 50-MW projects,
while the highest NPW is for 6-MW projects. For all the
LSS capacities, the higher the value of “A”, the lower the
NPW of storage projects. For LSS projects, Fig. 3c shows
that NPW is higher with greater LSS capacities.

Figure 4 shows the comparison between LSS with
storage projects, storage projects and LSS projects,
with different values of “A” for each LSS capacity. For

all the LSS capacities; 6, 10, 30 and 50 MW, LSS pro-
jects have the higher NPW, followed by LSS+ St pro-
jects and then storage projects. This is due to the cost
of electricity for LSS projects and the efficiency losses
of the storage. With low values of “A”, the NPW of
LSS+ St are closer to the NPW of LSS projects. With
higher values of “A’, the NPW of LSS+ St projects is
closer to the NPW of storage projects. The LSS+ St
6 MW is the less profitable project, and the LSS 50 MW
is the most profitable. For all the LSS capacities, the
storage only projects are not profitable. This is due to
the electricity cost as well. It is assumed to be equal to
the price of electricity of the mid-peak time (Che Mud
2019), 0.357 RM/kWh (USD 0.0865/kWh). In order for
such project to be profitable, the electricity cost must
be very low compared to the current electricity prices
in Malaysia.
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NPC of LSS+St Projects (Million RM) NPC of Storage Projects (Million RM)
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Fig. 5 Net present cost of different LSS capacities with variation of A. a LSS with storage projects, b storage projects, ¢ LSS projects

Net present cost
The NPC of the investment cases in Pahang is presented
in Figs. 5 and 6.

Figure 5 shows the comparison of NPC between dif-
ferent LSS capacities with different values of “A”, for each
type of investment. For LSS + St projects, shown in Fig. 5a,
the NPC of 50-MW projects starts from RM 175 Million
(USD 42.4 Million) for A=5%, to RM 260 Million (USD 63
Million) for A=60%. For 6-MW projects, the NPC ranges
from RM 21 Million (USD 5.09 Million) to RM 31 Million
(USD 7.51 Million) for the same values of “A”. For stor-
age projects, shown in Fig. 5b, the 50-MW projects have
the highest cost, ranging from RM 9.2 Million (USD 2.23

Million) for A=5% to RM 110 Million (USD 26.66 Mil-
lion) for A=60%. The lowest costs are for 6-MW projects,
ranging from RM 1.2 Million (USD 291 000) for A=5% to
RM 13.4 Million (USD 3.25 Million) for A=60%. For LSS
projects, shown in Fig. 5¢, 50 MW projects have an NPC
equal to RM 168 Million (USD 40.72 Million), followed by
30-MW projects with an NPC equal to RM 101 Million
(USD 24.5 Million), then 10-MW projects with an NPC
equal to RM 34 Million (USD 8.24 Million), and finally
6-MW projects that have the lowest net present cost, equal
to RM 20 million (USD 4.85 Million).

Figure 6 shows the comparison of NPC between the
three types of investment for each LSS capacity. It can be
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Fig. 6 Net present cost of the different investment types for each LSS capacity. a 6-MW projects, b 10-MW projects, € 30-MW projects, d 50-MW

seen from the graph that for each LSS capacity, LSS + St
projects have higher NPC value than LSS projects, which
are higher than storage projects as well. With low values
of “A’”, the NPC of LSS+ St projects and LSS projects is
close to each other. With greater values of “A”, the NPC
of LSS projects are closer to the NPC of storage projects.
For each LSS capacity, the NPC of LSS+ St projects and
storage projects increases with high values of “A” LSS
projects are not concerned since the project does not
include energy storage, and “A” as explained previously
is the ratio of storage output to the electricity generated
by PV.

Levelized cost of electricity

The levelized cost of electricity of the different projects
is presented in Figs. 7 and 8. Figure 7 shows the com-
parison of the levelized cost of electricity for different

LSS capacities with different values of “A’, for each type
of investment. For LSS 4 St projects shown in Fig. 7a, the
lowest values of LCOE are guaranteed with A =5%, for all
the LSS capacities. With A =5%, 30-MW projects have
the cheapest electricity, equal to RM 0.2484/kWh (USD
0.0602/kWh); followed by 6-MW projects with an LCOE
equal to RM 0.2488/kWh (USD 0.0603/kWh), 10-MW
projects with an LCOE equal to RM 0.2489/kWh (USD
0.0603/kWh), and finally 50-MW projects with LCOE
equal to RM 0.2602/kWh (USD 0.0630/kWh). Increasing
the storage to LSS ratio results in the increase of LCOE,
exceeding RM 0.47/kWh (USD 0.1139/kWh) for A =60%.
For storage projects, the variation of “A” for 10-MW
LSS capacity does not have a considerable impact to the
LCOE. All the values are around RM 0.85/kWh (USD
0.2060/kWh). For LSS projects, shown in Fig. 7c, 50 MW
projects have an LCOE equal to RM 0.24/kWh (USD
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Fig. 7 Levelized cost of electricity of different LSS capacities with variation of “A” a LSS with storage projects, b storage projects, ¢ LSS projects

0.0582/kWh), while 30, 10 and 6 MW have an LCOE
equal to RM 0.23/kWh (USD 0.0557/kWh).

Figure 8 is a comparison of NPC between the three
types of investment for each LSS capacity. The LCOE
of LSS projects is relatively low compared to LCOE of
LSS+ St projects and LCOE of storage projects. It is
around RM 0.23/kWh (USD 0.0557/kWh) for most of
the investment cases. The LCOE of storage projects is
the highest for all the investment cases. The LCOE of
LSS+ St projects is close to LCOE of LSS projects with
lower values of “A”. The difference is RM 0.02/kWh (USD
0.0048/kWh) for A=5%, while it is equal to RM 0.288/
kWh (USD 0.0698/kWh) for A =60%.

Payback period
The PP of the different investment cases is shown in
Figs. 9 and 10.

Figure 9 shows the comparison of the payback period
for different LSS capacities with different values of “A’,
for each LSS+ St and LSS investment. It is less than
6 years for A=5% for all the cases. For A=60%, 50, 30
and 10-MW LSS+ St projects have a payback period of
more than 13 years, while 6-MW LSS + St projects PP is
12 years and 6 months. LSS projects have shorter pay-
back period, equal to 5 years 5 months.

The gap between the PP of storage projects and PP of
LSS+ St projects is significantly reduced with low “A”
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Fig. 8 Levelized cost of electricity of the different investment types for each LSS capacity. a 6-MW projects, b 10-MW projects, ¢ 30-MW projects, d
50-MW projects
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Fig. 9 Payback period of different LSS capacities with variation of “A” a LSS with storage projects, b LSS projects

values. For A=5%, 50, 30 and 10-MW LSS projects and  difference of 1 month. The higher the value of “A’; the longer
the payback period of LSS+ St compared to LSS projects.

LSS+ St projects PP have a difference of around 5 months.
For 6-MW capacity, LSS and LSS+ St projects PP have a

For A=60%, the payback period of LSS+ St is around three



Laajimi and Go Renewables (2021)8:3

Page 16 of 23

Payback Period of 6 MW Projects (Years) Payback period of 10 MW Projects (Years)
14 18
12 16
14
v 10 o 12
8 3 S 10
>~ (]
Iz 6 z 8
=5 c; o o © © o 6
~ oy & B—a = = == £]
4
2 2
0 0
0 0.1 0.2 0.3 0.4 0.5 0.6 0 0.1 0.2 0.3 0.4 0.5 0.6
A (%) A (%)
—6—LSS+St6 MW~ —e— LSS 6 MW LSS+St 10 MW —B—LSS 10 MW
a b
Payback period of 30 MW Projects (Years) Payback period of 50 MW Projects (Years)
18 18
16 16
14 14
o 10
?:/ 8 >‘:’ 8
Ay =5
IR O R0 A A A A—A—A~A
4 4
2 2
0 0
0 0.1 0.2 0.3 0.4 0.5 0.6 0 0.1 0.2 0.3 0.4 0.5 0.6
A (%) A (%)
LSS+St 30 MW —o— LSS 30 MW LSS+St50 MW —aA— LSS 50 MW
c d
Fig. 10 Payback period of the different investment types for each LSS capacity. a 6-MW projects, b 10-MW projects, ¢ 30-MW projects, d 50-MW
projects

times longer than LSS projects. Since the NPW of storage
projects is negative for all the investment cases, the values of
PP of those projects are all negative, which is the reason for
not presenting them in Figs. 9 and 10.

Perak economic analysis

Net present worth

The NPW of the different investment cases in Perak is
shown in Figs. 11 and 12.

In Perak, the NPW for the different investment types
with variation of “A” has the same pace as in Pahang.
The difference is within the value of “A”, above which
the NPW of the LSS+ St projects are negative. While it
is 43% in Pahang, it is 47% in Perak. While the highest
NPW for LSS+ St project in Pahang is for 50 MW, equal
to RM 123.74 million (USD 30 million), it is higher in
Perak for the same investment case, with a value of RM
137 million (USD 33.2 million).

The NPW in Perak is higher than those in Pahang.
For 6-MW projects, the difference in terms of NPW of
LSS + St projects between Pahang and Perak is RM 0.07
to RM 0.09 million (USD 0.017 million to USD 0.022
million). For 10-MW projects, the difference is between
RM 0.1 million (USD 0.0242 million) and RM 0.13 mil-
lion (USD 0.0315 million). For 30-MW projects, the dif-
ference is higher, ranging from RM 0.29 million (USD
0.0702 Million) to RM 0.67 million (USD 0.1624 mil-
lion). The difference between the two locations is com-
paratively higher for 50-MW projects. It is equal to RM
11.67 million (USD 2.83 million) for A=60%, while it is
equal to RM 13.5 million (USD 3.27 million) with A =5%.
The highest difference between Pahang and Perak is with
LSS projects. It is equal to RM 13.65 million (USD 3.309
million) for 50-MW projects. The NPW of storage pro-
jects is nearly the same in Pahang and Perak for each LSS
capacity.
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Net present cost

The net present costs of all the investment cases are the
same in Pahang and Perak. This is due to the equal costs
of the components in Peninsular Malaysia. The net pre-
sent costs in Perak are presented in Fig. 13.

Levelized cost of electricity

The difference in terms of LCOE between Pahang in
Perak is in the range of RM 0.001/kWh. This is due to the
equal NPC values and the same prices of selling electric-
ity, used for both locations. The LCOE of the different
investment cases in Perak is shown in Fig. 14.

Payback period and reflective analysis for Malaysia context

The same as NPC and LCOE, the payback period of the
different investment cases in Perak and Pahang are nearly
equal. The PP periods of all the investment cases in Perak
are shown in Fig. 15. Energy storage has become a viable
technology to reduce the peak demand. Battery energy
storage system (BESS) has been gaining more attention
with the increase in electricity generation by renew-
able energy resources like solar PV. The support of BESS
will be necessary at a certain point of penetration as the
ventures into renewable energy in Malaysia continue to
increase. Based on studies, as Malaysia targets reaching
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20% generation from RE, the support of BESS is neces-
sary to realize this goal (Akinyele and Rayudu 2014; Lucas
and Chondrogiannis 2016; McPherson and Tahseen
2018). In Malaysia, BESS for behind-the-meter (BTM)
which is can be utilized as backup power, peak demand
reduction, energy arbitrage and increased PV solar self-
consumption has become a research priority. However,
large-scale batteries, there has not been recent deploy-
ment as the capital cost of these projects can be very
expensive. With the lack of support from the government
with proper incentives and regulations, the ventures
into BESS can be a challenge. Based on past studies, the
reduction of electricity prices when using lead—acid bat-
tery storage system to decrease the maximum demand is
an economical viable option (Chua et al. 2015). The value
of a lithium ion battery has been predicted to drop from
$ 600/kWh to $ 200/kWh by the year 2020. This price
reduction will be a motivation to venture into energy
storage as an option to negate the peak demand. A study
conducted by Parra and Patel (2016), has proven that
simple retail tariffs, where electricity prices are constant

in a day is the best viable option for consumers that use
PV-coupled battery systems that only perform PV energy
time shift. Sustainable Energy Development Authority
(SEDA) has been proactively executing advanced and
robust incentives and policies to increase the ventures
into renewable energy in Malaysia. To ensure Malaysia
achieves its target of one third of renewable energy pro-
duction by the year 2030, several optimizations must be
carried out on the existing policies. The feed-in-tariff
(FiT) system needs to be extended and this can be done
by implementing a responsive digression model and to
further improve the funding for FiT. Digression rates
should be set to be evaluated in 2-year intervals for PV
will allow real pricing information to drive the digression
rates; this ensures that accurate data are used to influ-
ence these rates. The FiT is by a 1.6% tariff on consumer
electrical consumption. Green energy bonds and carbon
tax have been introduced to ensure renewable energy
becomes a part of the Malaysia’s energy mix. Carbon tax
is expected to improve the funding of FiT. With the intro-
duction of green energy bonds, investors will be assured
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that there will be a stable return of interest and reliable
payback time.

Conclusions

The multiple investment cases examined in the economic
analysis, aim to study the profitability of investing in LSS,
in storage and in both together. It is clear after the simu-
lations and the calculations done on different LSS capaci-
ties in Pahang and Perak, that storage as investment is
not financially profitable. A policy implying incentives on
the cost of electricity charging the storage is imperative to
make such investment profitable. Furthermore, encour-
aging the manufacturing of energy storage technolo-
gies could have a positive impact on the storage projects
costs, and consequently make the investment competitive
and profitable. LSS with storage as one project is profita-
ble in most of the cases, but as long as the storage output
to LSS output ratio is smaller, the benefits are higher to
the investor and the payback period is shorter. It can be

seen at this point, that the aims of the authorities will not
meet those of private investors. While the authorities will
encourage and welcome more storage capacity, investors
will be interested in lower storage capacities and even in
LSS alone since it is more profitable. The lowest values of
LCOE are guaranteed with energy storage output to LSS
output ratio, A=>5%. In this case, 30-MW projects have
the cheapest electricity, equal to RM 0.2484/kWh. On the
other hand, increasing the energy storage output to LSS
output ratio, A to 60% results in the increase of LCOE,
exceeding RM 0.47/kWh. Carrying out the economic
analysis, in two states, Pahang and Perak, where the main
difference is the GHI, showed that even with exactly the
same costs for the same project scales, profitability of LSS
with energy storage investments can be different. With a
difference of only 0.06 kWh/m?/day between Pahang and
Perak, the difference in NPW is more than 7.5% of the
NPC, which is equal for the same investment type and
size in both locations. The difference between the two
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Fig. 14 Levelized cost of electricity of the different investment types for each LSS capacity in Perak. a 6-MW projects, b 10-MW projects, ¢ 30-MW

locations is comparatively higher for 50-MW projects. It
is equal to RM 11.67 Million for A =60%, while it is equal
to RM 13.5 Million with A =5%.

Recommendations and future work

Incorporating a storage system in an LSS-PV will rec-
tify the lack of energy to provide for the peak demand at
night, and thus reduce the mismatch between the peak
solar generation and the peak demand at night. This is
a financially profitable and technically feasible option.
The incorporation of storage system is beneficial to the
environment as it reduces carbon dioxide emission and
can ensure stable power generation. Flow batteries and
lithium ion batteries are mature technologies that can
provide the necessary capacity of storage to suffice for
the peak demand at night. Ensuring a suitable energy
management system, will promise constant feed of
electricity generated by solar into the grid and charg-
ing of energy storage that will not cause any harm to

the power system. The authorities may apply some new
rules for investing in LSS, such as making a minimum
storage capacity, a mandatory part of any LSS project.
A low storage to LSS ratio can be used, allowing high
profitability for investors, and guaranteeing the peak
demand satisfaction by the totality of storage capac-
ity in each state. It is recommended that the authori-
ties may introduce regulations and rules when investing
into LSS-PV, like the inclusion of a minimum storage
capacity as a compulsory component in an LSS-PV
project. In order to promise profitability for investors
and stakeholders, a low storage to LSS-PV ratio can be
used which also satisfies the night peak demand of each
state. Further studies on the use of lead—acid batteries
and lithium ion batteries can be of benefit for future
projects. Studies of this nature allow a comprehensive
understanding of power systems with similar installed
capacities but with the usage of other storage tech-
nologies. Such studies will make it possible to compare



Laajimi and Go Renewables (2021)8:3

Page 21 of 23

Payback Period of 6 MW Projects (Years)
14
12
s 10
w
g 8
o
Z 6
o o o
2
0
0 0.2 0.4 0.6
A (%)
—6—LSS+St6 MW  —&—LSS 6 MW
a
Payback Period of 30 MW Projects (Years)
18
16
- 14
§ 12
> 10
an, 8
~
6 & o
4
2
0
0 0.1 0.2 0.3 0.4 0.5 0.6
A (%)
LSS+St30 MW —e— LSS 30 MW
C
50-MW projects

Fig. 15 Payback period of the different investment types for each LSS capacity in Perak. a 6-MW projects, b 10-MW projects, ¢ 30-MW projects, d

Payback Period of 10 MW Projects (Years)

18
16
14
12
~~
2 10
8
N
= 6 B8 = = = = £
Py
2
0
0 0.1 0.2 0.3 0.4 0.5 0.6
A (%)
LSS+St 10 MW —&—LSS 10 MW
b
Payback Period of 50 MW Projects (Years)
18
16
14
g 12
o 10
Z g
A
O" 6 A A A A A A A
4 = Y Y Y [y Ay 7\
2
0
0 0.1 0.2 0.3 0.4 0.5 0.6
A (%)
LSS+St 50 MW —A— LSS 50 MW
d

the profitability of power systems having the similar
installed capacities but using different technologies. In
order to ensure the environment benefits from this, the
installed capacity of LSS-PV should be increased. The
electricity consumption of the country should be main-
tained or reduced to avoid an increase in energy storage
capacity that is evidently depended on the electricity
load. Once these goals are achieved, the GHG emission
of the country will reduce significantly.
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