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Abstract 

Malaysia targets to achieve an energy mix that is inclusive of at least 20% of renewable energies by the year 2025. 
Large-scale solar photovoltaic system (LSS-PV) emerged as the most preferable choice in Malaysia. Energy Com-
mission (EC) Malaysia has launched competitive bidding on LSS since 2016 with a capacity of 500 MW in Peninsu-
lar Malaysia and targets to add the solar capacity in Peninsula Malaysia to 500 MW by 2021. Solar energy is a very 
intermittent source which causes voltage variation. This project aims to overcome the shortcomings of the inter-
mittency of solar energy by identifying an optimum PV panel sizing and configuration that reduces the intermit-
tency of the supply. The project was carried out in three distinctive stages; first suitable sites were selected based 
on the EC proposed locations and further scrutinized to locations near the Main Transmission intake. The second 
stage was to size of PV panels and the inverters. The optimization was carried out at the PV module level. Suitable 
inverters for the said configuration was identified with a tool that evaluates the technical aspects of renewable energy 
power systems. The final stage was the economic analysis and environmental assessment. The optimization method 
has shown improvement in the system production from a range of 1.7–3.9% in the 30 MW plants. Countries with simi-
lar climates as Malaysia like Indonesia, Philippines and Thailand can adopt this optimizing method to size PV farms.

Introduction
The world is embarking on the potentials of renewable 
energy as a dominant supply in the energy industry. Solar 
energy is the sun’s energy that has been harnessed by 
humans. Large-scale solar photovoltaic (LSS-PV) system 
is the arrangement of hundreds of thousands or millions 
of photovoltaic (PV) panels arranged to generate energy 
which can generate energy up to 1 MW at least. South-
east Asian countries have shown an increase in the need 
for energy due to the exponential increase of industrial 
activities, growing population and rising incomes. With 
the constant reliance on fossil fuels the greenhouse gas 

(GHG) emission rates have been increasing and the need 
to switch to renewable energy has become the main goal 
of the governments involved.

There are 10 major operational solar plants in Southeast 
Asia located in countries like Philippines, Thailand, Cam-
bodia and Malaysia. Philippines houses the biggest opera-
tional Solar Plant, the Cadiz Solar Power Plant, which has 
a capacity of 132.5 MW. The Philippines has had a large 
growth in PV installations since the year 2014, with more 
than 881 MW of recently added capacity. Philippines has 
a grand capacity of 903 MW currently installed and aims 
to achieve 3 GW of installed capacity (Dorothal, xxxx). 
Thailand has also been actively venturing into solar farms 
and currently has 11 operational solar PV projects. The 
combined capacity of the 11 plants equates to 729.4 MW. 
Thailand aims to achieve a 6 GW installed capacity by the 
year 2036 which will ensure the renewable energy makes 
one-third of the energy mix in the country (Dorothal, 
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xxxx). According to IEEFA (IEEFA, 2019), the cumulative 
solar PV capacity of Southeast Asia could reach 35.8 GW 
by the year 2024 as compared to the year 2019, indicating 
an increase of almost three times.

Malaysian government planned to increase the per-
centage of renewable energy into the energy mix to one-
fifth of it. The LSS tender in Malaysia that was introduced 
by the Energy Commission (EC) Malaysia was started in 
2016 and has been the most promising one by far (Chris-
topher Lee & Ramlel, 2019). Currently Malaysia has 
one active Solar Farm which is the 19 MW Kuala Lum-
pur Airport Solar Plants. 563 MW of capacity has been 
auctioned and is expected to start operation in 2019 and 
2020 (Dorothal, xxxx). Malaysia is situated at the equa-
tor and has a daily average radiance of 4500 kWh m−2 
and has average sun hours of 12  h per day (Aziz et  al., 
2016). The average annual solar irradiance of Malaysia is 
1643 kWh m−2. It has been identified that Kota Kinabalu, 
Sabah has the highest irradiance of 1900 kWh m−2 (Aziz 
et  al., 2016). For the time being Malaysia uses the solar 
energy for water pumping, water heating and to dry agri-
culture. With the governments initiative to ensure that 
LSS is incorporated into the renewable energy plan, the 
reliance on solar will increase promising to reduce net 
carbon emission as per agreed in the Paris Agreement. 
Perak and Kedah have the highest potential for solar 
energy with 20% and 19% capacity, respectively. Based 
on this observation it can be concluded that these states 
have the land availability and sufficient solar irradiance to 
cater for LSS-PV. Table 1 shows the summary of LSS-PV 
capacities across Southeast Asian Countries and Malay-
sia. Table 2 shows the potential solar capacities for each 
state in Malaysia.

A PV system design generally has limitations that need 
to be tackled. The factors that need to be considered 
when sizing and scaling a PV system is dependent on the 
available space and budget. Space is the most prominent 
factor that needs to be addressed, and there are two cate-
gories of area sizing: roof ’s space area limitation and land 
space area constriction. In this context the land space 
area is what matters. To achieve optimum configuration 
of PV modules in given installation area, several factors 

need to be studied. The tilt angle, maximum land space 
area and shading factor have been taken into considera-
tion by past researchers (Alsadi & Khatib, 2018). Budget 
constraints should also be considered when sizing a PV 
system. An economic analysis on the cost benefit of the 
system to ensure the investment into it will not be a 
loss. With the community being more aware of the need 
of green technology, initiatives by the government like 
introducing Net Energy Metering (NEM) and Feed-in 
Tariff (FiT) have become very beneficial for the renew-
able energy sector. Hence, the novelty of this project 
is to focus on the optimization of the system at the PV 
modules level. This project thrives to identify the suitable 
optimizer that can be fit with the selected PV modules 
to improve the system production. Optimizers assist to 
increase generation and to reduce hotspots and shading 
of the panels. The use of optimizers can tackle the matter 
of land shortage as lesser panels can be used to achieve 
the targeted generation.

The energy demand is a very crucial parameter that 
needs to be considered when sizing a solar PV farm. 
Understanding the countries need and the current gen-
eration profile will ensure the energy produced is not 
wasted and is put to good use. Based on the MS-1837, 
the PV modules can either be crystalline silicon PV mod-
ules which need to comply to MS IEC 61215 or be thin 
PV modules which need to comply to MS IEC 61646. The 
PV class should be Class II. As for reverse current, the 
PV modules must be able to conduct a reverse current of 
2.6 × ISCMOD continuously without damage. The inverter 
must comply to either of these standards set MS IEC 
61000-3-2, MS IEC 61000-6-3, MS IEC 61000-6-4, MS 
IEC 60364-7-712 and MS 1992 or IEEE 1547 and IEEE 

Table 1  Summary of operational PV plants in SEA

Countries Operational PV plants in 
Southeast Asia (MW) (Dorothal 
xxxx)

Malaysia 19

Thailand 729.4

Philippines 625.3

Cambodia 10

Table 2  Solar capacity potentials in Malaysia

States in Malaysia Solar 
capacities 
(MW)

Selangor 87.942

Terengganu 56.99

Kedah 194.89

Kelantan 39.99

Perak 198.87

Penang 21

Perlis 33.996

Johor 68.99

Melaka 6.8

Negeri Sembilan 121

Pahang 109.916

Sabah 61.5

Labuan 11
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1547.1. In the event of a main supply failure the inverter 
needs to be kept separately.

Literature review
According to Notton et  al., (2010), the optimal sizing 
ratio was studied based on the PV technology, type of 
inverter and the location of the plant. The curve of effi-
ciency for the chosen inverter severely influences the 
relative size of the DC-AC converter and to the PV array. 
The PV module tilt angle has a great influence on the PV 
system performance, provided the inverter is undersized 
as compared to its influence on the PV system optimal 
ratio. The mean value on a monthly basis of the PV mod-
ule and the PV efficiency is also affected by the PV incli-
nation. It was proven that the optimal ratio of size for a 
45° inclined surface is lower compared to that of a per-
pendicular and flat surface. Based on the site location, 
when the area of the site is large and there is a variance 
in the solar radiation and ambient temperature, it shows 
some difference in the optimal sizing ratio. Clearly based 
on the study led by Notton et al., (2010), the PV technol-
ogy has not much of effect on the optimal sizing ratio and 
the efficiency of the inverter.

Based on the study conducted by Sulaiman et  al., 
(2012), evolutionary programming (EP) was utilized to 
make a selection on the optimal number of PV cells and 
inverter for the system, which is a technique that sizes 
the GCPV intelligently. The conventional GCPV sys-
tem sizing model is presented in this paper based on the 
Malaysian Standard, MS 1837: 2010 (FIRST REVISION), 
D.O.S. MALAYSIA & Editor., 2010). The study was done 
based on GCPV systems without energy storage as it is 
predicted that such method of installation will be popular 
in the near future. The PV technology that was taken into 
consideration is the common silicon-based, monocrys-
talline and polycrystalline PV modules, which is the 
boundary of the research. The Meta-EP sizing method 
was identified to be superior compared to the other EP 
methods studied in this research. The Meta-EP method 
has been compared to two other optimal sizing meth-
ods, namely, Artificial immune system (AIS) and Genetic 
Algorithm (GA). The sizing results of the optimization 
methods have proven that the Meta-EP gives an average 
system yield of 1142. 19 kWh/kWp which is higher than 
that of the AIS and the GA methods. When looked at in 
terms of Net present value (NPV), the Meta-EP optimi-
zation technique has proven to give a better NPV of RM 
−11181.99.

Ramli et al. (2015) studied how to identify an optimal 
photovoltaics (PV) array and inverter size for a grid-con-
nected PV system in Saudi Arabia. It is understood that 
the PV array size relies on the solar radiation available 
in the region. The PV size is adjusted to accommodate 

the yearly load demand. There is a need for an inverter 
to convert the DC to AC. The inverter size relies on the 
maximum DC input power and the maximum defined 
output power. Based on the simulation conducted by 
HOMER, it can be seen that the electricity produced 
by the PV array is dependent on its size, and there is 
an almost linearly increasing relationship. The study 
also proves that a bigger PV size has a lower CO2 emis-
sion rate in million kg/year. The inverter size needs to 
be maintained at an optimum point as an increase in its 
capacity will lead to an increase in the Net Present Cost 
(NPC) after 1500 MW. When the inverter of 1500 MW is 
combined with a PV Array of 2200 MW, there is an excess 
electricity percentage of 1.65% which will be wasted. 
From an economical point of view, when the ratio of PV 
array to inverter (R) is 1.47 (size of PV array: 2200 MW; 
size of inverter: 1500 MW), the total NPC in $ million is 
much lower compared to that of when the R = 1.00 (PV 
array and inverter same size).

Zebarjadi et al. (2016) studied the heuristic approach to 
be used as an optimization tool for a grid-connected PV 
(GCPV) power plant. The study was conducted based on 
the variety of electricity prices available in Mahan, Ker-
man, Iran. The harmony search algorithm was used as a 
basis for optimizing the sizing of the GCPV power plant. 
It is observed that using PV systems once the electricity 
prices 3.8 times, which proves that it is more worth it to 
utilize the PV system for electricity generation. When 
the price of electricity surges up to 10 times more, using 
a storage system instead of buying the deficit electricity 
from the grid is a more cost-effective option. Luo et  al. 
(2018) studied the use of PV-STATCOM in the optimal 
sizing and siting of distributed generation systems in PV 
solar farms. To ensure no discrepancy in the data used to 
obtain the results, the modelling of uncertain solar irradi-
ance, the modelling of the PV’s output and the modelling 
of the loads were conducted. The model was proposed 
to minimize the cost associated with the distributed 
generation (DG) that is yet to be planned. The possible 
constraints that might be faced have also been studied, 
namely, PV’s power factor constraint and the constraints 
on normal operation. Luo et al. (2018) concluded that the 
proposed model can take into consideration the reactive 
power quick response characteristics of PV during DG’s 
optimal sizing and siting.

Kerekes et al. have presented two papers (Kerekes et al., 
2011, 2012) on the optimal sizing of utility-scale solar 
power plants. The researchers have studied the impor-
tant factors that influence the optimization of an LSS-PV, 
which are the solar irradiance, the PV cells, the combina-
tion of inverters/converters to be used and the possible 
presence of shading. In Kerekes et  al., (2011), an opti-
mization algorithm was proposed, which calculated the 
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number of modules to be arranged in series and parallel. 
The proposed algorithm results were compared with the 
simulation done by PVSYST, and the results show that 
the annual electricity productions (MWh) were 119.9 
and 115, respectively, showing a deviation of 4.26%. In 
Kerekes et  al., (2012), the GA functions available in the 
Global Optimization Toolbox was simulated with MAT-
LAB and the results of the annual electricity production 
(MWh) were compared to the simulation done by PVS-
YST. The proposed design and PVSYST had yield an 
annual electricity production of 38.983 MWh and 37.619 
MWh, respectively. Rosselan et  al. (2017) used the Dol-
phin Echolocation Algorithm (DEA) optimization. This 
algorithm uses the concept of the behaviour of the flying 
bats to determine the location of the prey and obstacle 
by listening to the echoes reflected from high-frequency 
clicks that they emit. DEA was used to optimally size the 
PV modules and the inverters to yield maximum perfor-
mance ratio (PR).

Kornelakis & Koutroulis (2009) have studied the meth-
odology of optimizing the design of a grid-connected 
photovoltaics system (GCPV). The first step in modelling 
a GCPV system is to identify the number of PV cells to 
be mounted based on the installation area, the tilt angle, 
dimension limitation and to carter the feasible allocation 
of PV cells among the inverters. The next step is to opti-
mize the sizing procedure with a GA-based optimization 
procedure. The data used in the optimization step is the 
solar irradiance and the ambient temperature throughout 
the year. The device-type combinations were optimally 
sized and the combination that resulted in the highest 
net profit was concluded to be the optimal GCPV struc-
ture. Kornelakis & Marinakis (2010) have studied the use 
of Particle Swan Optimization (PSO) in optimally sizing 
the GCPV system. The significant step in this paper that 
is different from Kornelakis and Koutroulis (2009) is the 
use of PSO. This algorithm is a stochastic optimization 
technique based on the evolution of population of solu-
tions. The advantage of this method is there is no need 
for calculation of derivatives. When the GA and PSO 
optimization are compared, it can be clearly seen that the 
number of iterations for the PSO algorithm is lesser com-
pared to GA’s.

The survey conducted by Rakhshani et  al. (2019) on 
the integration of LSS-PV in the power system, the most 
vital characteristics of a PV system are the PV genera-
tors and the inverters that are connected in parallel to the 
power grid. This will lead to an even distribution of the 
load when the power grid is accessible. PV-based invert-
ers do not have the ability to provide any type of reactive/
voltage support. Geographical factors, setting of PV and 
aspects related to the environment are vital character-
istics to be taken into account for PV systems. In Alsadi 

& Khatib’s work (2018), the optimization of PV power 
systems relying on the criteria, limitations, models, tech-
niques and software tools. The crucial parts of modelling 
a PV system are modelling of PV panels and the model-
ling of battery systems. The available software to model 
a PV system are divided into simulation tools (INSEL), 
economic evaluation tools (CalSol, HOMER etc.), analy-
sis and planning tools (PVSYST, PV*SOL, SolarDesign-
Tool etc.) and solar radiation maps (iHOGA, PVGIS and 
SolarGis). Optimization techniques for GCPV presented 
in this paper are numerical methods, Genetic Algorithm 
(GA), Particle Swarm Optimization (PSO) and Evolution-
ary Programming (EP). The constraints that are consid-
ered when planning a PV system are the space, energy 
demand and the budget of the project.

Tobar et al. (2016) reviewed the grid needs for the inte-
gration of LSS-PV plants in the transmission system. It 
was concluded that power plants that use conventional 
energy must provide reactive support to the grid and 
reduce voltage deviations. Commonly, voltage function 
in a one-tenth band of the rated voltage. The reactive 
power support feature of the inverter and the ancillary 
devices such as STATCOMs or capacitor banks are the 
reasons of this obligation. When connecting the LSS-
PV to the grid voltage regulation, two problems have 
occurred: the voltage has to be kept within a dead band 
regulated by TSO and the LSS-PV has to fulfil the capa-
bility curve specified by the TSO for the relation between 
reactive and active power. There is no definite guarantee 
of voltage stability studies need to be conducted to con-
ceive different solutions and control algorithms. Wong 
et al. (2014) reviewed the voltage issues when connecting 
the PV system to the grid in Malaysia. The abuse of volt-
age upsurge is very deceptive in the low voltage distribu-
tion networks in Malaysia. There probability of voltage 
violation is approximately 47% per day in Malaysia. Volt-
age fluctuation is very common in high voltage (HV) and 
medium voltage (MV) networks. The HV and MV are 
connected to the because arc furnace, welding machines, 
rolling mills and mine winders causing the fluctuation in 
voltage. According to Malaysia’s grid code, the acceptable 
tolerance of the voltage unbalance factor is 2%.

The economical part of a GCPV have been studied by 
several researches (Liu et  al., 2012; Mondol et  al., 2009; 
Türkay & Telli, 2011), when a GCPV system is installed 
the cost of each component has to considered, including 
the replacement of inverter as the inverter generally has 
a shorter lifespan compared to that of PV modules. The 
IRR is studied and evaluated; it has been concluded that 
in Queensland (Liu et al., 2012) the installation of PV has 
a return of 12–16.3% per year. Based on Mondol et  al., 
(2009), the cost of PV electricity varies significantly based 
on the PV surface slope. In Europe the lowest cost of PV 
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electricity was identified at approximately 30–40°. Türkay 
et al. (Türkay & Telli, 2011) highlighted that the high ini-
tial investment cost and the intermittentcy of renewable 
energy are the reasons that restricted  the development 
of these technologies. The advantages of switching to 
renewable energy are the low cost of maintenance, quick 
payback time and demand dependent. The payback time 
of a PV hybrid system is approximately six to seven years. 
The summary of all the papers (Alsadi & Khatib, 2018; 
Cabrera-Tobar et  al., 2016; Failed, 2017; Kerekes et  al., 
2011, 2012; Kornelakis & Koutroulis, 2009; Kornelakis & 
Marinakis, 2010; Liu et al., 2012; Luo et al., 2018; Mon-
dol et al., 2009; Notton et al., 2010; Rakhshani et al., 2019; 
Ramli et  al., 2015; Rosselan et  al., 2017; Sulaiman et  al., 
2012; Türkay & Telli, 2011; Wong et al., 2014; Zebarjadi & 
Askarzadeh, 2016) mentioned in this section is provided 
in Table 3.

Based on previous researchers, the solar PV systems 
have been designed in the conventional sizing pro-
cedures. Several algorithms have been introduced to 
further improve the design stages in an LSS-PV. The 
prominent design parameter that is always optimized or 
improved is the PV modules and the inverter sizing. The 
intermittency of solar energy has been a prevailing prob-
lem in the road to greener energy. The intermittency of 
the resource has led to a fluctuation of voltage, therefore 
leading solar energy to be an unreliable constant source 
of electricity. The optimization of the configuration of 
LSS-PV will pave a path in reducing the intermittency of 
the resource, ensuring the PV modules are efficient and 
can capture as much energy during the day to provide it 
to the gird. The novelty of this project is to focus on the 
optimization of the system at the PV modules level. This 
project thrives to identify the suitable optimizer that can 
be fit with the selected PV modules to improve the sys-
tem production.

Methodology
This project focuses on the sizing and optimization of PV 
modules and inverters. This study was conducted by sim-
ulating four potential PV farms with an energy optimiz-
ing tool. The LSS-PV was assessed based on its energy 
yield, losses and performance ratio. The research was 
conducted in three stages, first one was to identify suit-
able locations with reference to Energy Commission (EC) 
Malaysia. The next stage was to design the LSS-PV based 
on Malaysia’s guidelines and to identify the suitable con-
figurations of PV modules and inverters that can generate 
the optimum amount of energy to the grid. The final step 
was to carry out an economic analysis on the PV system 
and an environmental assessment on the proposed LSS-
PV. Fig. 1 shows the overview of the general workflow of 

the study. Figure  1 clearly shows the stages involved in 
this project.

Resource assessment
a. Location of site
Malaysia is a country with sunlight throughout the year. 
The site is selected based on the irradiance of the loca-
tion. A steady solar irradiance will promise a steady flow 
of energy throughout the year. The Energy Commission 
of Malaysia has identified locations with good irradiance 
and low shading factor. The LSS project in Malaysia has 
an aggregated capacity of 500 MW. The ongoing LSS pro-
ject in Malaysia is the LSS3 project. Bidders have been 
finalized and the export capacity have been determined. 
The sites were further scrutinized to be located near the 
Transmission Main intakes of each site based on the Dis-
tribution Map by Tenaga Nasional Berhad (TNB).

b. Load profile and solar irradiance
Malaysia is a developing Southeast Asian country that 
has a steady growth in its Gross Domestic Product 
(GDP), which leads to a surge of energy consumption. 
Statistics (Malaysia Electricity Consumption, 2020) have 
shown that in the last 10  years there has been a steady 
increase of electricity in Malaysia, indicating the need 
for greener options to be a part of Malaysia’s energy mix. 
Malaysia has already installed two LSS with installed 
capacity of 958 MW. The Energy Commission of Malay-
sia has already initiated the third cycle of LSS in Malay-
sia. The current issue faced by the government on the 
installation of LSS is that there is an intermittency and 
storage options are being studied to overcome this (Shap-
ing the Future of Malaysia’s Energy Sector & E.C., 2018).

Malaysia’s monthly electricity consumption is var-
ied depending on the consumers usage. As observed in 
2019 the electricity consumption in May is the highest 
which is 13,004.3  kWh and the least usage is in March 
with a consumption of 11,794.5  kWh (Malaysia Elec-
tricity Consumption, 2020). The average annual elec-
tricity consumption in Malaysia is 4342 kWh (Energy 
consumption in Malaysia, 2020). The climate conditions 
in Malaysia are light winds, uniform temperature, high 
humidity, and copious rainfall. Malaysia has unvary-
ing temperature throughout the year as it is situated at 
the equator (Petinrin, 2015). Solar irradiance maps play 
a role in helping users gauge the solar resources that are 
available. The solar irradiation average in Malaysia daily 
is about 4.7–5.8 kWh/m2 and can achieve a solar radia-
tion of 6.8 kWh/m2 in August and November. The annual 
average in Malaysia is 1596.5–1643 kWh/m2/year and the 
monthly irradiance is 133 kWh/m2.
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c. Tilt angle identification
Khatib et al. (2015) have studied the optimal tilt angle 
that is applicable in Malaysia. The study was con-
ducted based on Liu’s and Jordan’s model of solar 
energy incident on a tilt surface. The study has proven 
that the optimal angle of Malaysia varies seasonally. 
Therefore, to fit the all year-round requirement, an 
average value for the tilt angle was identified for each 
zone. The zones were categorized based on the states 
in Malaysia. The average values of tilt angle vary from 
4° to 5°.

Sizing modelling of PV panels and inverters
In sizing a utility-scale PV module, a very crucial pro-
cedure is the technical sizing which takes precedence 
over the economical sizing. Based on the energy model-
ling tool the conventional sizing approach was imple-
mented to size the PV modules for the PV farm. The 
sizing assumption was based on the Malaysian climate 
and the tilt angle assigned was 5°. The aim of sizing the 
panels was to ensure maximum output of the system. 
The technical sizing steps (FIRST REVISION), D.O.S. 
MALAYSIA & Editor., 2010; Sulaiman et  al., 2012;; 

Fig. 1  Flowchart of project methodology
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Edmund et al., 2022; Rates, 2020; Hamzah et al., 2023; 
Failed, 2017; Thadani et al., 2021; Standard and for Pho-
tovoltaic (PV) arrays.  xxxx; PVSyst xxxx) are explained 
in detail below.

Step 1: A PV module and an inverter should be cho-
sen at this point to ease the sizing process. The ratings 
of these components need to be identified. The crucial 
specifications given by the manufacturers that are needed 
from the PV modules are to be at Standard Test Condi-
tions (STCs). The maximum power, Pmax_STC , the maxi-
mum voltage at maximum power, VMP_STC , and IMP_STC 
are needed. The open-circuit voltage,VOC , and the short-
circuit current, ISC , the temperature coefficient for 
short-circuit current,µISC , the temperature coefficient for 
maximum power, µPmax , the temperature coefficient for 
open-circuit voltage, µVOC , the temperature coefficient at 
maximum power voltage, µVMP, and the maximum allow-
able system voltage of PV arrays are needed. In terms of 
dimensions the PV panels length and width are specified 
by the manufacturer, LPV and WPV. STC is a wide industry 
standard of PV modules at cell temperature of 25 °C, irra-
diance of 1000W/m2 and air mass of 1.5.

For the inverter, the specifications set by the manufac-
turer are the nominal PV power, Pnominverter , the maximum 
input voltage of inverter,  VMaxinverter , the maximum and 
minimum MPP voltage, VMPP,inveter and VMPP,main , and 
the nominal MPP voltage, VMPP,nom.

Step 2: The input voltage limit to the MPPT of the 
inverter was revised. This is necessary to ensure the out-
put voltage to the PV array does not exceed the allowable 
range of input voltage into the inverter. The voltage that 
was revised were the “maximum input voltage of inverter, 
Vinv_max_rev , maximum input voltage limit into MPPT of 
inverter, VMPPT_max_rev , and the minimum revised input 
voltage limit to the MPPT inverter, VMPPT_min_rev ”. These 
values were calculated based on Eqs. (1, 2 and 3):

A safety margin was applied to the input voltage of the 
inverter, represented by �upper and �lower which are 5% 
and 10%, respectively, as per the lowest and the highest 
module temperature known in Malaysia.

Step 3: The maximum open-circuit voltage of the PV 
modules, VOC ,max , the maximum voltage at maximum 
power of PV cells, VMP,max, the minimum voltage at 
maximum power, VMP,min, and the minimum voltage 
at maximum power after the voltage drop has been 

(1)Vinv,max_rev = (1− �upper)× Vmax_inv,

(2)VMPPT ,max_rev =
(

1− �upper

)

× VMPP_max,

(3)VMPPT ,min_rev = (1+ �lower)× VMPP_min.

considered, Vmin.VD, are to be computed to identify the 
utmost voltages of the PV cells. These voltages can be 
computed based on the equations below:

Tcell,min and Tcell,max are the minimum and maximum 
cell temperature which were set to be 20  °C and 60  °C 
based on the simulation data, respectively. Based on the 
Malaysian Standard MS1837 the maximum allowable 
voltage drop across the direct current cables was set to 
5% as per the standards.

Step 4: To accommodate the inverter voltage and the 
current limit the minimum and maximum number of 
PV cells in a single string and the maximum number of 
parallel strings can be calculated based on Eqs. 8, 9, 10 
and 11:

With reference to the open-circuit voltage and the 
maximum power of PV cells, Ns,max_OC and Ns,max_MP, 
the maximum number of PV cells that can be fit into a 
string can be obtained. Based on the computation, the 
lowest value from Ns,max_OC and Ns,max_MP was chosen 
as the maximum allowable number of PV cells that can 
be fit into a string, Ns,max . To ensure the output voltage 
of the PV cells do not drop below the VMPPT ,min_rev the 
minimum permissible number of PV cells, Ns,min fit in a 
string was rounded up to the nearest integer. In order to 
ensure the array current does not surpass the IDC ,max_inv 
the maximum allowable of PV cells arranged in paral-
lel,NP,max was rounded down to the nearest integer. 
Based on Sulaiman et  al., (2012) the safety margin,ω, 
was set to be 25% after the consideration that there will 
be a variation in the irradiance (> 1000 Wm−2).

(4)VOC ,max = VOC −
[

µVOC ×
(

Tcell,min − TSTC

)]

,

(5)
VMP,max = VMP,STC −

[

µVMP ×
(

Tcell,min − TSTC

)]

,

(6)
VMP,min = VMP,STC −

[

µVMP ×
(

Tcell,max − TSTC

)]

,

(7)Vmin.VD = (1− ρ)× VMP,min.

(8)Ns,max_OC =
Vinv,max_rev

VOC ,max
,

(9)Ns,max_MP =
VMPPT ,max_rev

VMP,max
,

(10)Ns,min =
VMPPT ,min_rev

Vmin,VD
,

(11)NP,max =
IDC ,max_inv

(1+ ω)× ISC
.
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Step 5: The possible array configurations are decided 
with reference to Ns,max , Ns,min andNP,max . The configura-
tions are seen in terms of the possible number of strings 
arranged in series and parallel, Ns,possible and NP,possible . 
Based on each array configuration the PV array’s voltage 
of the system V,system can be computed as per Eq. 12:

The V,system needs to be within the permissible voltage 
of the system, V,system_max.

Step 6: For each PV configuration, the actual rated 
power, Parray,STC_actual , was computed with Eq. 13:

Step 7: Inverter–PV ratio, SRinv−PV ,   was deduced 
based on Eq. 14:

Step 8: The PV configurations that exceeded the 
inverter–PV ratio from 0.75 to 1.0 (Khatib et  al., 2012) 
according to Malaysia’s optimal sizing range was 
eliminated.

Step 9: The shading analysis was carried out to iden-
tify the crucial parameters, like the orientation, tilt angle 
and the spacing between the panels. The surroundings 
around the PV configuration were considered, like trees 
that may cause hindrance to the solar radiation to reach 
the PV cells. Equations 15 through 19 describe the mini-
mum distance needed between each solar panel:

where α is the sun elevation angle, φ is the latitude angle 
of the solar PV site, ψ is the azimuth of the sun, δ is the 
solar declination angle, ω is the hour angle, θ is the tilt 
angle, LSH is the shadow length, h is the height of the 
solar panels, L is the length of the solar cells and Dr is the 
distance between two rows.

Step 10: The technical performance of the system was 
identified; the system’s yearly performance was computed 

(12)V,system = Ns,possible × VMP,STC .

(13)
Parray,STC_actual = Ns,possible × NP,possible × PMP,STC .

(14)SRinv−PV =
Pinv

Parray,STC_actual
.

(15)sinα = sinφsinδ + cosφcosδcosω,

(16)cosψ =
cosδsinω

cosα
,

(17)LSH =
hcosψ

tan[arcsin(0.648cosφ − 0.339sinφ)]
,

(18)Dr = LSH sinθ ,

(19)h = Lsinθ ,

and the Performance Ratio (PR) was analysed to under-
stand the reliability of the system to inject power to the 
Grid. The PV modules manufacturers that are approved 
by the Malaysian Sustainable Energy Development 
Authority (SEDA) are listed in Table  4. These PV mod-
ules were used to make a comparison on the suitable type 
of PV modules to be used in each of the systems.

Economic analysis
Levelized Cost of Electricity (LCOE) is normally com-
puted based on the capital cost and the operation cost 
of a Renewable Energy (RE) system and the electricity 
generation in its lifetime. LCOE is defined as the “ratio of 
the present value of all discounted costs incurred during 
the project life to the total electricity generation capac-
ity (kWh) of the project”. LCOE acts as a tool to reason-
ably estimate the cost of electricity generation and can 
be used to compare the technologies that can reduce the 
cost of generation. LCOE is computed based on Eq. 20:

From Eq.  20 we understand that LCOE is the sum of 
the investment and expenditures of the year, It , with the 
operational and maintenance expenditure of the year, 
Mt , divided by the electricity production of the year, Et . 
The discount rate that can be earned with an alternative 
investment is represented by r and n represents the life-
time of the project and in these cases 20 years.

Part 1: preliminary scoping
Based on the methodology in 4.2, a scoping energy tool 
was utilized to understand the PV system. The energy 
tool was able to project the expected optimization needs 
for the system. Two locations with low capacities we cho-
sen to understand the governing factors in sizing a PV 
system: Kuala Langat, Selangor (9.98  MW) and Kluang, 
Johor (9.99 MW). Table 5 shows the design assumptions 
of the PV plants.

(20)LCOE =

∑n
t=1

It+Mt

(1+r)t

∑n
t=1

Et
(1+r)t

.

Table 4  PV module specifications

Model No. Module type Rated power Cell 
efficiency 
(%)

Q-PLUS BFR-G4 .1275 Polycrystalline 275 16.47

FS-6450 Jun 2019 Thin film 450 19.94

JKM410M-72H-V Monocrystalline 410 20.50

Q.PEAK L-G4.1 345 Maxim Monocrystalline 345 17.31
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Part 2: advanced system analysis
In this section, further analysis was done to understand 
the PV system proposed. The PV system was analysed 
in terms of its shading analysis, placement of PV cells, 
the configuration of the PV arrays and the suitable 
inverter–PV ratio. Two locations Machang, Kelantan 
and Pekan, Pahang were selected with capacities of 
30  MW and 100  MW, respectively. The sun path dia-
grams of Machang and Pekan are shown in Figs. 2 and 
3.

The main design parameters are listed in Table 6; these 
values are crucial in calculating the energy generation 
profile of the PV system.

Optimizer
There are several optimizer options available in the 
advanced system analysis stage, the first one being a 
module-level optimizer. The one used in the energy mod-
elling tool is the AMPT module-level optimizer. This 
optimizers act as DC-DC boost-buck converters that 
promises maximum power produced from the PV cells. 
The pre-defined voltage and current governs the maxi-
mum power curve. The maximum power curve is defined 
as per Eq. 21:

This indicates that the lower the power, the more 
the parts of the hyperbola in the limits. Through this a 
range of voltage where optimal power is produced can 
be promised within the number of strings of AMPT 
optimizers. The PV specifications (i.e. voltage, current 
and power) need to be compatible with the AMPT con-
verters. Another optimizer used in this project is the 
DC-DC converters which are connected to each sub-
module of a PV cell. The MAXIM integrated optimiz-
ers are used with PV cells that have built-in optimizers. 
These optimizers behave as MPP trackers for each sub-
module and work in the “Buck only” mode.

Results and discussion
The results obtained from the preliminary scoping and 
advanced system analysis in order to identify an optimum 
configuration of the PV systems have been documented 
in this section. The parameters used in this study to sim-
ulate a real-life situation have been kept almost similar to 
a real-life case scenario.

(21)Iout =
MaximumPower of PV

Uout
.

Table 5  Design specifications for preliminary scoping

Specifications of Kuala Langat, Selangor Specifications of Kluang, Johor

System Components and Matrices Data System Components and Matrices Data

Modules Malaysian Solar, MYS-72P/B3/
CF-300 (300W)

Modules Malaysian Solar, MYS-72P/B3/
CF-300 (300W)

Inverters Solaron 250 kW Inverters Solaron 250 kW

String wiring 10 AWG (Copper) String wiring 10 AWG (Copper)

Performance ratio 79% Performance ratio 79.4%

Irradiance kWh/m2 Irradiance kWh/m2

Energy kWh Energy kWh

Racking Fixed Tilt Racking Fixed Tilt

Module azimuth 180° Module azimuth 180°

Cells per string 19–21 Cells per string 19–21

Cells spacing 0.05 ft Cells spacing 0.05 ft

Setback 8 ft Setback 10 ft

DC/AC ratio 1.24 DC/AC ratio 1.24

Weather dataset TMY, 10 km Grid, meteonorm Weather dataset TMY, 10 km Grid, meteonorm

Solar angle location Meteo Lat/Lng Solar angle location Meteo Lat/Lng

Transposition model Perez Model Transposition model Perez Model

Temperature model Sandia Model Temperature model Sandia Model

Soiling 2% Soiling 2%

Irradiance variance 5% Irradiance variance 5%

Cell temperature spread 4 °C Cell temperature spread 4 °C

Module binning range −2.5 to 2.5% Module binning range −2.5 to 2.5%

AC system derate 0.50% AC system derate 0.50%
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Fig. 2  Sun paths of Machang, Kelantan

Fig. 3  Sun paths of Pekan, Pahang
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Stage 1: preliminary scoping
The simulation was done for two locations, (1) Kuala 
Langat, Selangor and (2) Kluang, Johor. The simula-
tion was conducted by mapping out the possible array 

arrangement and calculating the monthly production 
of the system. Figure 4 shows the Grid power produced 
throughout 2021 for Kuala Langat, Selangor.

Table 6  Input parameters for project design for advanced system analysis

Machang, Kelantan Pekan, Pahang

System variant System variant

Parameters Data Parameters Data

Variant n° VC1 Variant n° VC1

Orientation Orientation

Parameters Data Parameters Data

Field type Fixed tilt plane Field type Fixed tilt plane

Plane tilt 5° Plane tilt 5°

Azimuth 0° Azimuth 0°

Optimization Yearly irradiation yield Optimization Yearly irradiation yield

System System

Parameter Data Parameter Data

Planned power 30 000 kWp Planned power 30 000 kWp

PV module First Solar PV module Hanwa Q Cells

Inverter type ABB Inverter type Growatt New Energy

Detailed losses Detailed losses

Parameter Data Parameter Data

Thermal parameters “Free” mounted modules with air circulation Thermal parameters “Free” mounted modules with air circulation

Ohmic losses STC losses—1.5% Ohmic losses STC losses—1.5%

Ageing Degradation factor as PV cell datasheet Ageing Degradation factor as PV cell datasheet

OPTIMIZER AMPT V430-12 OPTIMIZER MAXIM (MAX20800A)

Fig. 4  Energy injected to grid for Kuala Langat
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The total energy injected to the grid is 13,674,600 kWh. 
As observed in Fig.  4, the highest production of energy 
is in March and followed by October. The PV cells used 
are the MYS-72P/B3/CF-300, which has a 300 W Nomi-
nal Power and is made of Polycrystalline. The system has 
a performance ratio of 79%. Figure 5 shows the single line 
diagram (SLD) of the PV system that was simulated, and 

based on the diagram we can observe that there are four 
clusters of PV cells that each has string counts from the 
range of 16 to 35. Each cluster is connected to a discon-
nector with 10 AWG copper wires which is connected to 
the inverters of the PV system, and there are a total of 35 
inverters in the system. The inverters are connected to a 
35-circuit interconnect and then to the AC disconnect 

Fig. 5  Simplified single line diagram (PVSyst xxxx) of PV plant proposed in Kuala Langat

Fig. 6  Energy injected to grid for Kluang
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which is connected to the service panel. The service panel 
is connected to the metre which is then connected to the 
grid.

Figure  6 shows the Grid power produced throughout 
2021 for Kluang, Johor. The total energy injected to the 
grid is 15,842,300 kWh. As observed in Fig. 6, the high-
est production of energy is in March and followed by 
October. The PV cells used are the MYS-72P/B3/CF-300, 
which have a 300 W Nominal Power and are made of 
Polycrystalline. The system has a performance ratio of 
79.4%

Figure 7 shows the single line diagram (SLD) of the PV 
system that was simulated for Kluang, Johor, and based 
on the diagram we can observe that there are four clus-
ters of PV cells that each has string counts from the range 
of 17–33. Each cluster is connected to a disconnector 
with 10 AWG copper wires which is connected to the 
inverters of the PV system, and there are a total of 41 

inverters in the system. The inverters are connected to 
a 41-circuit interconnect and then to the AC disconnect 
which is connected to the service panel. The service panel 
is connected to the metre which is then connected to the 
grid.

From stage one the governing parameters and the influ-
ence of PV cells selection and the inverter selection were 
identified and further improved in stage two. Table  7 
shows the summary of the results from stage one.

Stage 2: advanced system analysis
In this stage, higher capacities of solar PV plants were 
simulated, and the locations that were studied are 
Machang, Kelantan and Pekan, Pahang both with capaci-
ties of 30  MW. In this stage an optimizer option was 
introduced into the system configuration to further 
improve the annual power production.

Fig. 7  Simplified single line diagram (PVSyst xxxx) of PV plant proposed in Kluang

Table 7  Summary of Preliminary Scoping

Kuala Langat, Selangor Kluang, Johor

System metrices Results System metrices Results

Annual energy production 13,674,600 kWh Annual energy production 15,842,300 kWh

Performance ratio 79.0% Performance ratio 79.4%

kWh/kWp 1256.1 kWh/kWp 1265.6

Number of modules 36288 Number of modules 41724

Number of inverters 35 Number of inverters 41

Number of strings 1785 Number of strings 2050
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a) Machang, Kelantan
The performance ratio of the PV system before the opti-
mizer was introduced; the average performance ratio 
of the system is 71.3%. Figure 8 shows the performance 
ratio of the optimized system in Machang, Kelantan, and 
the average performance ratio is 74.1%, and with 66,667 

PV modules connected to 16 inverters the PV system has 
an annual generation of 38,710 MWh/year. The inverter 
was switched to one that was suitable for the AMPT 
optimizer.

Figure 9 shows the energy that is annually injected to 
the grid, the highest is observed to be in March and the 

Fig. 8  Performance ratio of Machang

Fig. 9  Energy injected to grid for Machang plant
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lowest in December. This is due to the irradiance dur-
ing this time of the year. A higher irradiance generates a 
better yield. As observed the generation is much lower 
towards the end of year as the irradiance reduces due to 
the wet season.

The system was simulated before introducing an 
optimizer. The pre-optimized system had a lower sys-
tem production. Once the system was optimized there 
was an increase of 3.9% in the system production. The 
implementation of an AMPT optimizer maximized 
the output power of the PV modules, therefore further 

improving the PV plant. Table  8 shows the improve-
ment to the LSS-PV when the optimizer was intro-
duced to the system.

b) Pekan, Pahang
The performance ratio of the PV system before the 
optimizer was introduced; the average performance 
ratio of the system is 79.1%. Figure  10 shows the per-
formance ratio of the optimized system in Machang, 
Kelantan, and the average performance ratio is 80.1%. 
With 86,957 PV modules connected to 24 inverters the 
PV system has an annual generation of 41,262  MWh/
year. The inverter was switched to one that was suit-
able for the MAXIM optimizer. Figure  11 shows the 
energy that is annually injected to the grid, the highest 
is observed to be in March and the lowest in December.

The optimizer has further improved the annual 
generation by 1.17%, from 40,785  MWh/year to 
41,262  MWh/year. The MAXIM optimizer optimized 
the system by improving the PV modules at the sub-
module stage. Table  9 shows the comparison between 
the pre-optimized and post-optimized plant that has 
been proposed in Pekan.

Table 8  Pre-optimized system vs post-optimized system 
(Machang)

Pre-optimization Post-optimization

PV model FS-6450 Jun2019 FS-6450 Jun2019

inverter model ULTRA 1500-TL-OUTD-1-
US-690-M/S-DNVKEMA

ULTRA 1500-TL-
OUTD-1-US-690-M/S-
DNVKEMA

Optimizer None AMPT V600-12 (6875W)

system production 37,253 MWh/year 38,721 MWh/year

Performance ratio 0.713 0.741

System losses 0.17% 0.17%

Fig. 10  Performance ratio of Pekan plant
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Analysis of the systems
The preliminary scoping was done to scope out the nec-
essary parameters that need to be considered when 
designing a PV system. Based on the scoping  outcome, 
design parameters that need to be optimized are the PV 
modules, the inverter and to include an  optimizer. The 
shading analysis was done in a detailed manner in the 

advanced system analysis. The shading factor was calcu-
lated linearly for Machang, Kelantan and Pekan, Pahang. 
The shading factor for diffused was computed to be 0.064 
and the albedo shading factor is 0.587 in Machang. In 
Pekan, the diffused and albedo shading factor was 0.01 
and 0.171, respectively. A lower shading factor indicates 
better production of power. Table  10 shows the com-
parison of the final yields of each of the systems. The 
preliminary stages prove that the plants can be further 
optimized and the energy that can be injected to the grid 
can be improved drastically. Implementing optimizers in 
the advanced analysis stage has proven to be fruitful as 
the energy injected to the grid has improved as shown in 
Table 10.

Economic analysis
The economic evaluation of this project was done based 
on the Levelized Cost of Electricity (LCOE). After the 
systems were optimized, the economic analysis for the 

Fig. 11  Energy injected to the grid from Pekan plant

Table 9  Pre-optimized system vs post-optimized system (Pekan)

Pre-optimization Post-optimization

PV model Q-Peak-Duo-G8-345 Q.PEAK L-G4.1 345 Maxim

Inverter model Growatt CP1260 Station Growatt CP1000 Station

Optimizer None MAX 20800A (384 W)

System production 40,785 MWh/year 41,262 MWh/year

Performance ratio 0.791 0.801

System losses 0.06% 0.06%

Table 10  Overall View of all Proposed Systems

Sites Preliminary scoping Advanced system analysis

Kuala Langat, Selangor Kluang, Johor Machang, Kelantan Pekan, Pahang

Capacity 9.98 MW 9.99 MW 30 MW 30 MW

Number of PV cells 36,288 41,724 66,667 86,957

Number of inverters 35 41 16 24

Energy injected to grid annually 1,364,700 kWh 15,842,300 kWh 38,709,728 kWh 41,261,527 kWh

Performance ratio 0.79 0.794 0.741 0.801
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30  MW plants was carried out. The Feed-in-Tariff for 
a 30  MW plant is 0.85 MYR/kWh according to Rates 
(2020). Machang, Kelantan has a payback period of 
7.7 years with a LCOE of 0.484 MYR/kWh. The LCOE is 
an indicator that the plant is worth investing and is prof-
itable to the investor. The payback period for the Pekan 
project is 3.9 years with an LCOE of 0.535 MYR/kWh.

Environmental analysis
The construction of any power plant has its impact on 
the environment. The construction of an LSS-PV can be 
beneficial to the environment and therefore should be 
encouraged. The proposed LSS-PV in Machang, Kelan-
tan has proved to save 20,451.88 tonnes of carbon dioxide 
per year. The Pekan, Pahang LSS-PV can save 23,628.894 
tonnes of carbon dioxide per year. These figures prove 
that the implications of LSS-PV on the environment have 
its pros and are much more sustainable in the long run.

Conclusion
With detailed analysis of the design considerations of 
solar PV plant, optimizers are beneficial in ensuring that 
the generation of the system can be increased, there-
fore ensuring the solar PV plant is able to achieve the 
desired generation. Due to the intermittent nature of 
solar energy, the usage of optimizers proves to be a viable 
option to ensure this clean source of energy is used more 
prevailing. From an economic perspective solar energy 
has become more affordable and in fact a lucrative source 
of income to the country as more stakeholders’ venture 
into new technologies to ensure the advancement of 
this field. The preliminary stage has proven effective to 
understand the design parameters that can be optimized 
to provide an increase in the system production. The 
small plants which were proposed to be built in Kuala 
Langat, Selangor and Kluang, Johor produce energy of 
1,364,700 kWh and 15,842,300 kWh, respectively.

The advanced analysis stage studies the design param-
eters in depth incorporating an optimizer at the module 
level. The plant proposed in Machang, Kelantan has an 
improvement of 3.9% in the system production and the 
one in Pekan, Pahang has an improvement of 1.7%. The 
AMPT and MAXIM optimizer improved the output 
power at the PV modules level and therefore affected 
the system as a whole. These optimizers are DC-DC con-
verters that promise maximum power from the module 
regardless of the voltage or current imposed at the output 
of the device. The advanced analysis was further studied 
in terms of the economic viability and the environmental 
benefits. The plants proposed in Machang, Kelantan and 
Pekan, Pahang have an LCOE of 0.484 MYR/kWh and 
0.535 MYR/kWh, respectively. LCE method was used 
to calculate the carbon balance. The amount of carbon 

dioxide that was saved for Machang, Kelantan and Pekan, 
Pahang was 0.682 tCO2/kWp/year and 0.788 tCO2/kWp/
year, respectively.

For the future, there are several design and overall 
system parameters that can be considered to further 
improve the performance of a utility-scale solar PV plant. 
Future projects can investigate the influence of optimiz-
ing the system losses as a whole on the energy produc-
tion of the system. The Sustainable Energy Development 
Authorities will have great benefit from the outcome of 
this project as it will be done in the context of Malaysia’s 
Renewable Energy development. The national utility pro-
vider can use this work as reference regarding potential 
solar-related developments that will be rapidly developed 
soon as the Malaysian government seeks to switch to 
greener energy. The neighbouring Southeast Asian coun-
tries with similar climate can refer to this project when 
venturing into potential greener energy options.
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