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Abstract - Solar energy is one of the most important renewable energy sources worldwide. The solar cell is the device that
converts solar radiation into electrical energy through the photovoltaic effect. The main objective of this work is to report the
development of solar energy in Iran and Malaysia. Malaysia and Iran were situated north of the equator and showed very high
temperatures and a rainy environment. These countries receive from average to high solar radiation throughout the year.
Research findings showed that several solar power plants (the solar panel was made using thin film materials and crystalline
silicon) were built and successfully delivered electricity to end users. Researchers also highlight that the government should
give several policies and initiatives to increase the number of solar power plants and installation of solar panels in these
countries.
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. Energy sources
1. Introduction % .

Energy sources could be divided into two groups: Renewable enerey Non-renewable eneray
renewable and non-renewable (figure 1). The advantages and ' ‘
disadvantages of solar, hydropower, biomass, wind and : :
geothermal were highlighted in Table 1. The solar cell is the Wind ol
device that converts solar radiation into electrical energy via
the photovoltaic effect [1]. When sunlight falls on the solar Solar Coal
cell, the sunlight transfers heat energy [2], and electrons
freely start moving in a semiconductor material, finally Biomass Nuclear
producing electric current [3]. Solar energy, due to its high
potential, is one of the most important renewable energy Geothermal Natural
sources and is widely spread worldwide [4]. It is a good way e
to provide energy regarding environmental compatibility [5] Hydropower
and sustainable development [6]. Solar energy has several

applications, including solar ventilation systems [7], solar Fig. 1 Examples of non-renewable resources and renewable resources

Water_ heating [8], solar lighting [9] and portable power Table 1. Advantages and disadvantages of renewable resources
supplies. Advantages Disadvantages
Solar Pollution-free No solar power on
This work reported the development of solar energy in and reduced cloudy days and
Iran and Malaysia. Several aspects such as solar energy electricity bill night
development, policies, strategies and challenges were Wind wind energy — | Wind turbines —
highlighted. Lastly, a solar power plant project and a low operating expensive to
literature review related to solar energy were reported. expenses install
Wind blades —
safety concern
Biomass Clean sources of | Required more
energy and land and
biomass energy | sustainable
could be stored | management
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Geothermal | High efficiency | Location restricted
with minimal and very high
maintenance costs

Hydropower | Green energy Destruction of

habitats and water

quality
degradation

sources and low
level of
pollution

2. Current status of solar energy development

With 300 sunny days a year, Iran is one of the countries
with high and rich potential in the field of solar energy [10].
Central, southern, eastern, and southeastern regions of Iran
(Zahedan, Kerman, Yazd, and Khorasan provinces) showed
high solar radiation throughout the year, and solar panel
installation could be invested in these areas [11]. Solar
radiation in hot and dry weather in the central part of Iran is
recorded at 3200 hours of solar radiation per year [12]. As
reported by researchers, the average daily sunlight, especially
in the central regions [13,14], is about 5.5 to 8.5 kWh/m?. On
the other hand, the average daily solar radiation potentials in
the south and north of Iran [15] are 5.4 kWh/m? and 2.8
kWh/m?, respectively. Solar energy reached the highest
growth rate (43%) if compared to wind energy (25.1%) and
biogas (15.4%) [16,17]. Ministry of Energy has announced
that the biomass, solar, geothermal and wind energy rates
were IRR 6930, IRR 8918, and IRR 7644, respectively, for
power plants [18] which produced less than 10 MW in 2021.
The potential of different types of renewable energy sources
is shown in Table 2. Solar energy achieved the largest
contributor to electricity generation (86198 MW) in Iran,
ahead of hydropower (26000 MW) and wind energy (18000
MW). Figure 2 shows the potential of electricity generation
by photovoltaic systems. As seen in figure 2, some regions
(especially the southern region) receive very high solar
radiation throughout the year, causing more electricity to be
produced in the solar energy plant.

Malaysia is situated near the equatorial zone. The large-
scale solar project could be carried out in Malaysia because
the average solar radiation was about 400 to 600 MJ/m? per
month [21]. Figure 3 shows the photovoltaic power potential
in Malaysia [22]. Kota Kinabalu (1900 kWh/m?), Bayan
Lepas (1809 kwWh/m?), George Town (1785 kWh/m?) and
Taiing (1768 kWh/m?) showed the highest solar radiation
compared to other cities in Malaysia. Several agencies, such
as Malaysia Energy Centre, Tenaga Nasional Berhad (TNB),
and Sustainable Energy Development Authority Malaysia,
have contributed to solar energy development [23]. Based on
Table 3, the installed capacity of solar energy has increased
to 1493 MW (in 2020) if compared to 166 MW (in 2014),
indicating the solar market has grown significantly because
of supportive government policies and initiatives at various
end-user segments.

On the other hand, photovoltaic manufacturers (local
and international companies) also play an important role in
developing solar energy. In 2014, Malaysia accounted for the
third biggest manufacturer of photovoltaic equipment around
the globe. Several international companies were located in
Malaysia, as highlighted in Table 4, due to some reasons
such as supportive banking loans, fair regulation, good tax
breaks, competitive labor costs, and excellent infrastructure
and facilities.

Table 2. The potential of different types of renewable energy sources in

Iran [19]

Renewable Energy Potential (MW)
Solar energy 86198
Hydropower 26000
Wind energy 18000

Geothermal energy 187.0

Biomass and biogas 19.04
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Fig. 2 The potential of electricity generation by photovoltaics systems in
Iran [20]
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Table 3. Total solar energy installed capacity (megawatts) in Malaysia

24

Year Installed cag)a(]:ity (MW)

2014 166

2015 229

2016 279

2017 370

2018 536

2019 882

2020 1493

Table 4. The photovoltaics companies in Malaysia [25]

Company Description
name
Malaysian companies
TS Solartech e It was located in Penang Science

Park.

This company has 7 production
lines, a capacity of about 500 MW
(solar cells)

Foreign companies

It was located in Kulim Hi-Tech
Park

This company has 24 production
lines, a capacity of about 2000 MW
(solar cells)

First Solar U

JA Solar It was located in Penang.
Its capacity is about 400 MW (solar

cells)

It was located in Penang

This company has 7 production
lines, and its capacity is about 500
MW (solar cells)

Jinko Solar

Panasonic e |t was located in Kulim Hi-Tech
Energy Park
Malaysia e Its capacity is about 300 MW
Q-cells e Itwas located in Cyberjaya
Malaysia e It has 4 production lines and a
capacity of about 1100 MW (solar
cells)
SunPower e It was located in Malacca
e 28 production lines could be
observed, and its capacity was
about 1400 MW (solar cells)
LONGIi e |t was located in Kuching, Sarawak
Solar e Its capacity is about 600 MW

3. Policies and strategies

In terms of strategy policies, a 20-year contract Feed-in-
Tariff has been offered by the Iranian Ministry of Energy for
renewable energy to the final consumer [26]. Under National
Renewable Energy Development Policy [27], the minister
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accounted for all renewable energy issues, including the
development and planning process [28]. Iran's main policy in
renewable energy is that the contract for purchasing
electricity is guaranteed. The fifth and sixth five-year
development plans of the Iranian government state that
77000 m? of solar power plants built in Iran up to 1000 MW
per year are to be added to the solar power generation
capacity [29]. But, this goal has not been achieved due to the
existing challenges [30]. The construction of 134 power
plants has been one of the effects of the Ministry of Energy's
policies on renewable energy in recent years [31]. The
private sector's share in electricity production increased
successfully in 2015 (8.71 MW) compared to 2018 (300.86
MW), which is the result of adopting the policies of the
Ministry of Energy of the lIranian government [32]. The
SATBA (Iranian renewable energy and electricity efficiency
organization) has 78 power plants in Iran. The construction
of these power plants has increased government tax revenues
[33] and created jobs and revenue for renewable energy
businesses [34].

In Malaysia, several programs such as feed-in tariff, net
energy metering, peer-to-peer, large-scale solar, Malaysia’s
National Renewable Energy Policy and Action Plan were
discussed under strategies and policies. Feed in tariff is a tool
to promote investment in renewable energy [35]. It means
that distribution licensees will buy the electricity produced
from Feed-in users at home for a specific duration. For
example, all the new approved FiT applications will be paid
the FiT for 21 years for renewable energy production [36].
The Net energy metering 1.0 program was introduced in
2016. It allows customers to offset some or all energy
produced by their solar system at the utility rate [37]. It
means that the consumer offsets the photovoltaic system’s
energy with a cost of MYR 0.50/kWh [38], and then any
excess is exported to the utility grid with the selling cost of
MYR 0.31/kWh [39]. Customers need to buy a bidirectional
meter that spins in both directions. Clockwise and opposite
directions represented customer exports energy to the utility
and consumed power from the utility, respectively [40].
Since 2019, the sale of excess power to the grid could be
carried out via a program called “Net energy metering 2.0”.
As a result, more and more customers were registered to
install a solar plant (up to 500MW) on the rooftop [41].
Every kWh exported to the grid is compensated from the
next electricity bill with the value of kwh [42].

The Net Energy Metering program was introduced in
2020 and encourage consumers to install a photovoltaic
system on the roof to save on electricity bill. This program
will be effective from 2021 to 2023, and the total quota
allocation of 500MW. This program could create many new
jobs and indirect connections to the grid [43]. Under
Malaysia’s National Renewable Energy Policy and Action
Plan, the renewable energy targets [44] were 1% in 2011, 6%
in 2015, 10% in 2020, 13% in 2030, 24% in 2040. Another
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program was called large-scale solar. It is a solar plant
project and could be applied via competitive bidding to
reduce energy costs [45]. The energy commission and large-
scale solar plant were the agency for this policy. Large-scale
solar must have a 30 MWac capacity to be connected to the
transmission network [46]. Reduction of carbon emissions
was achieved, and a great return on investment could be
observed in this scheme. Perlis obtained 87% or 3996 MW in
the first and second rounds of the LSS project because it
received the highest solar irradiance compared to other
states. The peer-to-peer program is a business model (virtual
market) designed on an interconnected platform [47].
Consumers can buy electricity directly from the producer
without needing a middle party to handle the transaction
[48]. Under these activities, the government expects to
improve solar cell efficiency, increase the number of solar
power plants and install solar panels at home in Malaysia.

4. Literature review

Afrouzy and co-workers [49] analyzed a new integrated
structure for liquefied natural gas production. They
successfully installed a solar panel in Chabahar and the
specific energy consumption improved by 0.2293
kWh/kg.LNG. Some scientists, such as Edalati et al. [50] and
Gorjian et al. [51], concluded that several factors, such as
technology conditions, bad weather conditions, and the
unclear roadmap were the most important obstacles to the
development of photovoltaic systems. Najafi and co-workers
[13] highlighted that 9 million MWh of energy could be
produced daily. However, only 10% efficiency of the system
harnesses solar energy. Dehghani and co-workers [52]
analyzed some solar plants indicated in Iran. They found that
monocrystalline and polycrystalline solar panels were
successfully installed in different locations such as Yazd,
Razavi Khorasan and Shiraz province in Table 5. Payam and
co-workers [53] revealed that Iran's land management was
another big issue. They pointed out that Iran's barren fields
and lands cover 60% of Iran's area, which has a reasonable
amount of sunlight. Based on Table 6, we can observe that
research can develop the solar industry, reduce solar energy
production costs and mitigate climate change.

Table 5. The photovoltaic system manufacturer in Iran [52]

Company Description

name

Hedayat e Itissituated in Yazd province.
Noor Solar e This company produced
Energy monocrystalline and

polycrystalline panels

Several projects were completed,
such as 45 kW, 50 kW and 20
kW in Taleghan, Kish and Yazd.

Solar Sanat e ltis located in Razavi Khorasan.
Firouzeh e This company produced
monocrystalline and

polycrystalline panels
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e Solar power plant projects were
built in rural and regional areas.

Pak Atieh

e ltis located in Razavi Khorasan.

e This company produced
monocrystalline, mini  solar
panels and  polycrystalline
panels.

e Several projects were completed,
such as 540 kW, 130 kw, 220
kW, 137.5 kW and 50 kW in
Mashhad, Khorasan regional,
south of Khorasanr Razavi,
Yazd and Fars.

Taban
Energy

e |tissituated in Shiraz.

e This company produced
monocrystalline and
polycrystalline panels

Annual  production  capacity
reached 130 MW.

Table 6. Recent solar energy research and development in Iran

Researcher(s) | Experimental results
Hadi and co- e More energy could be absolved
workers by using phase change

materials such as NaNOs,
KNO;3 and H250.

e Zahedan City received the
highest solar fraction (68.%)
compared to other cities [54].

Sadat and co-
workers

e Dust  particles  comprised
aluminium oxide, calcium
oxide and silicon oxide [55].

e Experimental results showed
dust deposition could reduce
the output power of solar cells
(by 98.13%) by increasing the
dust thickness (0.001 to 0.033
g/lcm?).

Bahareh and
co-workers

e Several barriers could be
classified as technical,
institutional,  political &
regulatory,  economic &
financial and social, and
cultural & behavioural [56].

e Government and policymakers
should pay more attention to
fostering the adoption of solar
energy technology

Maryam and
co-workers

e The researcher concluded that
minimize the number of
policy documents leads to the
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success of solar energy [57]

Solar energy technology could
be carried out nationally and
on an urban scale.

Mahya and
co-workers

It is noted that the success of
solar energy relied on policy
stabilization, the attraction of
foreign capital and long-term
technology acquisition
programs [58].

Shahsavari
and co-
workers

There, 180 million tons of
carbon dioxide gas will be
released from fossil-fueled
power plants [59].

Solar energy could reduce
greenhouse emissions; each
kilowatt per hour can save
715g of carbon dioxide.

Madvar and
co-workers

Based on the triple helix
approach, the  industrial
sector, government, and
institutions play a very
important role in solar energy
development [60].

Mostafa and
co-workers

The solar density in Jask was
2255.7 kWh/m?.year [61].

A photovoltaic system was
built, and the efficiency
values range from 14.4% to
21.16%.

Dehghan

The solar power plant supplied
electricity  (12kw  off-grid
system) to Dorbid village in
Yazd Province [62].

The gas-steam-solar  power
plant, located in the Middle
East, Yazd province, has a
capacity of 467 MW.

Hiva and co-
workers

Principal solar cell technology
issues include a lack of a
sustainable road map and
technical gaps [63].

The main barriers in the solar
electricity sector include the
financing  and licensing
process complexity.

Lari and co-
workers

Integrating  solar combined
cycle systems (ISCCS) and
standalone solar electricity
generating  systems  were
investigated.

The electricity output
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successfully increased by 39
MWe at high daytime
temperatures, high insolation
coincident by using ISCC
[64].

The researcher pointed out that
generating electricity without
consuming water in lran is
due to suffering from a severe
shortage of water sources
[65].

Findings revealed that the price
of $0.75/kWh from solar-
diesel generator battery is
located in Darab station.

Strengths, weaknesses,
opportunities and  threats
(SWOT) and DEMATEL
were used to study the
development of solar energy
technology [66].

Several factors caused the
underdevelopment of this
technology, such as lack of
effective policies, motives for
entering the private sector and
lack of understanding of the
necessity of renewable energy
development.

Thermal will be supplied to the
smart building via a heat
pump (produced electricity
through solar energy).

Research  findings  showed
average investment costs of
6453, 8125 and 7007 in
Zahedan, Tehran and Tabriz,
respectively [67].

It was observed that Zahedan
and Tehran need a
photovoltaic  array  with
nominal power of 1343 and
1989, respectively.

Mehdi  and
co-workers
Ghaemi and
co-workers
Hossin  and
Ali

Mehdi and
co-workers

The average monthly mean
daily solar irradiance was
found to be 5.92 kWh/m?/day
and 0.54 kwWh/m?/day by
using Guilan Meteorological
and EU PVGIS, respectively
[68].

Guilan can use a photovoltaic
pumping system in a rice
paddy (5000m?) due to the
mean monthly clearness index




Ho Soonmin & Masoud Taghavi/ IJETT, 70(8), 408-422, 2022

being 0.54 to 057 during the
irrigation period.

Majid  and
co-workers

Researchers  have  reported
various models were used to
predict monthly mean diffuse
solar radiation in Isfahan [69].

Research findings confirmed
that the best performance
could be reached via sunshine
duration compared to other
models.

Amir and co-
workers

Predicting monthly, hourly and
daily diffuse solar radiation as
carried out

The yearly average diffuse
fraction of solar radiation was
12.4,9.04, 7.65, 8.99 and 9.93
in Bandarabbas Kermanshah,
Mashhad, Tabriz and
Zahedan, respectively [70].

Seyed and
co-workers

Solar  energy technologies
reached  stable  revenues
because of establishing strong
relationships with targeted
customers and government-
supportive actions [71].

This project was carried out
based on interviews and
questionnaires  (experts in
renewable energy fields).

Yousefi and
co-workers

A fuzzy logic model was used
to identify the suitable site for
the solar power plant in
Markazi.

Based on the Boolean-Fuzzy
integration, the best place was
observed on the border
between Saveh and Zarandieh
[72].

Jahangiri and
co-workers

Wind solar system has the
highest  capacity (38818
kwh/y) if compared to
biomass (14612 kWh/y) in
Sarakhiyeh, Khuzestan [73].
The solar cell/diesel generator
system indicated the lowest
cost ($0.561) than diesel alone
($0.802) and wind
turbine/diesel generator
($0.833).

Saman and
co-workers

The particle swarm
optimization  (PSO) and
decision tree were used to
identify the best location for a
solar power plant [74].
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The decision tree (0.29) could
be the highest prediction rate
compared to PSO (0.13).

Khalil

Small-scale solar systems (1,5
and 10 kW) could be designed
on optimum fixed tilt angles
in 15 selected cities because
of the temperature changes
[75].

The  financial  assessment
included the rate of return, the
present worth of benefit,
Levelized cost of energy and
the present worth of cost.

Ali and co-
workers

The solar energy potential for
free trade and industrial zones
in  Kish, Chabahar and
Salafchegan was studied [76].

Research findings revealed that
semi-yearly tilt angles of
south-facing solar collector
adjustment were suggested
(two periods of cold and
warm).

Fathi and co-
workers

The sunny hours were found at
700 h, 1050 h, 830 h and 500
h in spring, summer, autumn,
and winter, respectively [77].

Electricity production supply
was observed in Semnan
(20000-83300 kwh),
Taleghan (10000-45000
kwh), and Yazd (8900-18000
kWh) from 2004 to 2013.

In Malaysia, researchers have highlighted that solar
panels have been installed in the home to save electricity
bills successfully. The airport-based solar plant was done in
Kuantan Airport, Malaysia, which covered a 0.2677 km2
area. The solar plant was made from 57143 crystalline silicon
photovoltaic modules and can produce 26304 MWh
annually. This plant consisted of 40 inverters and 20
transformers [78]---54]. The photovoltaic plant was built at
the University Malaysia Pahang Pekan campus and the
University Malaysia Pahang Gambang campus in Malaysia.
The Yingli Solar panel (crystalline silicon) was chosen for
this project. Under this project, 1390 Megawatt hours of
energy could be generated [79]--55] and successfully saved
about 173318 tCo2 (carbon dioxide gas) in a lifetime. The
use of solar energy in Sarawak was also highlighted. Based
on the research findings, solar energy contributed to 25% of
energy demand because Sarawak has four hours of average
sunshine per day [80]--56]. Solar panel made with cadmium
telluride (1370k Wh) showed the highest energy output
produced if compared to crystalline silicon (1220k Wh) and
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copper indium selenide (1250k Wh) for the irradiation of
1710 kWh/m?. Many scientists have studied solar energy
technology, incentive and the role of renewable energy
sources. Research findings, observations and conclusions are
described in Table 7.

Table 7. Recent solar energy research and development in Malaysia

Researcher(s) | Experimental results

Salleh  and
co-workers

e The grid photovoltaic electric
boat charging station was built
in Kuala Terengganu to
achieve green technology in
the commercial sector.

e Research findings showed the
payback period, and net
present cost were 8.2 years
and RM 759098, respectively
[81].

Johari  and e Energy
co-workers

consumption is
increasing to support tourism,
industry, population growth
and urbanization.

e They highlight solar radiation
intensity, feed-in-tariff, and
the role of renewable energy
sources [82].

Ayu and co- e Average = minimum  solar

workers radiation was increased from
1982 (3.07 kWh/m?), 1992
(3.373 kWh/m?) to 2006 (4.21
kwWh/m?), indicating solar
radiation for most areas was
found to be increased.

e The highest solar radiation in
Northern and East Malaysia
could be observed annually
[83].

Gomesh and e Malaysians accept solar energy
co-workers technology; They are ready
for any policies that could
enhance the use of solar
energy in Malaysia [84].

Maricar and e It was observed that solar cell
co-workers technology could increase its
local energy utilization index
due to effective and reliable
energy technology [85].

Solangi and e Solar energy can be considered

co-workers as environmental friendly
electricity generation.

e The highest average daily
radiation was 6.8 kWh/m? in
November and August [86].

Tamer and e The accurate artificial neural
co-workers network (ANN) models, such
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as mean absolute percentage
error of 5.3% and diffuse solar
energy of 1.53%, could be
used to predict solar energy in
Malaysia [87].

Lau and co-
workers

Feed-in  tariffs could be
introduced in the higher
photovoltaic array (costs up to
$2320/kW).

The grid-connected
photovoltaic installation is
very suitable for low arrays
[88] due to the production
cost ($1120/kW or lower).

Mekhilef and
co-workers

Large allocation was handled
by the 9" Malaysia Plan,
which provides support for
solar power installations [89].
Malaysian Building Integrated
Photovoltaic  project  was
implemented from 25" July
2005 until 2010.

and co-
workers

Green Technology Financing
Scheme was implemented for
individuals (soft loan scheme
with interest rate is 5% or
less) and companies (financial
sources).

The feed-In-Tariff scheme can
enhance the installation of
solar cells in rural and urban
areas [90].

Solangi and
co-workers

Survey results indicated that
80% of the respondents could
accept solar energy and
incentives can attract solar
energy usage, while 70%
believe that government must
lead the development of solar
energy technology [91].

Firdaus and
co-workers

The  experimental results
showed that Malaysians’
awareness levels are low, and
they were unwilling to invest
(in the Feed-In-Tariff scheme)
due to lower returns than
investment schemes.

Research findings confirmed a
higher  return  for  solar
installation  in  residential
houses compared to the
United Kingdom [92].

Hussain and

Solar energy systems must be
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co-workers

used in plantation projects and
homes to replace fossil fuels
in the future.

Researchers suggest they fed in
tariffs and net energy
metering should be
implemented because these
policies were applied in 80
countries [93].

Dut and co-
workers

Solar irradiance was observed
to be increased with time,
reached the maximum
(afternoon), and  finally
dropped from evening to night
based on the Davis Vantage
Pro2 Weather station.

The lowest solar energy
(0.4215 MJ/m?) was observed
in June compared to other
months in Perlis [94].

Syafawati
and co-
workers

Ulu Pauh was located in Perlis
(6.462 °N, 100.351 °E) and
received sunlight on average
12 hours per day [95].

Aghaei and
co-workers

Electrical power generation
(solar energy) will be built in
Pulau Perhentian Besar Island.

The highest irradiation rate
could be observed in February
and March, while the
minimum irradiation rate was
in November and December.

In this project, solar energy
contributed to 100% of the
building. in  zero-energy
buildings design.

The clearness index values
range from 0.488-0.567 from
January to December [96].

Mohd and
co-workers

Highlight RM 469 million for
the rural electrification
program in the 7" Malaysia
Plan [97].

Vaka and co-
workers

In 2020, the government
opened a tender for a 1400
MW solar power project

Malaysia spent US$ 2.9 billion
to install rooftop solar panels,
LED street lights and new
grids [98].

Shing  and
co-workers

MBIPV, government
institutions, incentives and
foreign investments encourage
solar cell development [99].
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5. Solar power plant projects

In Iran, Kerman showed the highest solar radiation
compared to other provinces. Therefore, eight solar power
plants were built in Kerman, with a total capacity
successfully reaching 48.7 megawatts, which can supply
clean energy to villagers. Several advantages could be
observed in this plant, such as attracting foreign investors,
saving natural gas (3.95 million cubic meters), reducing the
consumption of water (3060 cubic meters), reduce
environmental pollutants (9598 tons) annually. The Mahan
Solar Power Plant is the largest solar plant in Kerman, which
can produce 20 megawatts per day. This solar plant consisted
of 76912 solar panels, and the construction cost was US27
million. Ten solar plants were made in Fars, with a 67.6MW
cumulative production capacity. Lastly, several solar plants
with a maximum capacity of 20 MW have been built in
Tehran, Isfahan, Yazd, Khuzestan and Hamedan.

On the other hand, Shiraz solar power plant was located
in Shiraz, Iran and started in 2008. It has a 500 kW capacity
and uses a concentrating parabolic mirror to produce
electricity. The Yazd solar power station was situated in
Yazd, Iran. This plant used concentrating solar power to
produce electricity (about 467 MW). The Nika Energy Solar
Farm contained 37000 modules, was located in Fars, Iran,
and spread over 20 hectares. This plant was developed by
Banian Sanat Persian Holding, spent about $32.936m, and is
owned by Nika Energy. It can produce a 10 MW capacity,
supply energy to 2700 households, and reduce 22000 tons of
carbon dioxide emission annually. A solar power plant was
built in Khorasan Razavi (Ali Abad village and Khaf city)
and had a 5SMW capacity. It spent about 350 billion Rials and
spread over 11 hectares.

Solar energy is one of Malaysia's important renewable
energy resources [100---[57]. The government expects that
solar energy will account for 20% of renewable energy by
2025. Therefore, many solar plants were built. The Quantum
Solar Park was considered a large-scale solar plant [101---
58], located in Kedah, the northern part of Malaysia. This
power plant, 2019 grid-connected to produce 284 GWh
annually, sold to Tenaga Nasional Berhad (sufficient to
power about 93,000 households). These types of solar panels
require little maintenance for a long time (about 21 years)
and successfully reduce 188000 tons of carbon dioxide
emissions. Another solar plant (Redsol plant) was built [102-
--59] and is located in Northwest Malaysia. This power plant
(2020 grid-connected) can produce 67 GWh annually (21000
households powered) and reduce about 44000 tonnes of
carbon dioxide annually. Tenaga Nasional Berhad and BNP
Parbas contributed to this plant [103-----60]. The Sepang
solar plant was operated by TNB, located in Kuala Langat,
Selangor [104], and consisted of 38140 solar panels that can
produce 110000MWh of energy. Also, prevented 76000 tons
of carbon dioxide emissions annually.



Ho Soonmin & Masoud Taghavi/ IJETT, 70(8), 408-422, 2022

R

17 ==
s [

.

[c]
Fig. 4 Solar power plant in Malaysia [a] Quantum Solar Park [b] Redsol
solar plant [c] Sepang solar plant
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6. Challenging issues

Reluctance to using renewable energy sources is one of
the major challenges in Iran. Forough and workers [105--61]
have highlighted that managers, government employees,
artisans, and consumers showed little interest in renewable
energy sources because of the cheaper price of fossil fuels
(about 6US cents per litter). In 2016, the cost of producing
1MW was $1.5 million. However, it dropped to $600000 in
2018 [106]. There are many challenges facing investors in
this field. One of the most important challenges in recent
years was banking sanctions against Iran in 2018, as well as
the shock of fluctuations in the USD exchange rate. Another
issue is subsidies given to fossil fuels, and this causes
renewable energy to be neglected [107-62]. We observed that
the amount of photovoltaics installed in 2019 reached 367
MW (approximately 8.5 times more than in 2016). However,
only accounted for 0.05% of total renewable energy
production [108-63]. Another problem is the lack of
technicians and specialists in providing post-installation
services [109-64]. The large-scale use of solar energy could
be challenged, such as inadequate policy-making of the
Ministry of Energy, training problems and preparation of
specialized experts and pointed to international financial
sanctions [110-65].

In Malaysia, the big problem is purchasing land and land
use change. The government will buy land (a very large area
needs to be cleared) to build a large-scale solar power plant.
Table 7 shows the world's eighth largest solar power plant,
with a large area [111]. Also, solar panels require a huge
amount of space and cause environmental impact (plants and
animals can be disturbed). The construction and
manufacturing process of the solar plant could produce air
pollution, dust pollution, and soil erosion. In terms of
commercial perspectives, developing solar energy needs very
high investment values [112-66]. Investors required
incentives from the Government, such as the FiT scheme, at
the very beginning of the stage. Table 8 indicates the
estimation for solar panel price. Most solar installers
included Jinko, JA Solar, Canadian Solar, and Hanwha Q
Cells [113]. Average costs are based on warranty duration,
power efficiency, and manufacturer. Regarding maintenance
fees, most solar panels and solar inverters have 25 to 30
years and a 5 to 10-year warranty, respectively. Generally,

maintenance will be carried out every 3 to 5 years, and the
charges are about RM 320, which includes a clean solar
panel and tests on breakers and inverters.

Regarding technical issues, the key success criteria
depend strongly on pilot projects. Table 9 exhibits some pilot
projects that were implemented in Malaysia. The output
obtained from these projects could be used to develop solar
energy technology in future. Lastly, the power conversion
efficiency of the obtained materials. Based on Table 10,
average module efficiency values were 6.87%, 5.14%, 3.99%
and 2.23% in monocrystalline, polycrystalline, CIS and
amorphous silicon films, respectively, under Malaysian
climates. The silicon was produced into the bars and cut into
wafers to prepare a monocrystalline panel. The manufacturer
melted many silicon fragments to produce the wafer to
synthesise polycrystalline solar panels.

Table 7. The eight largest solar power plants in the world [111]

Location Name of | capacity
power plant

Sahar Noor o It was a

Desert, in | Complex concentrated

Draa- Solar Power solar power

Tafilalet, Plant plant; it had a

Morocco capacity of 580
megawatts in
2020 and could
supply 1
million people

e Size area: 2500
hectares

India Kamuthi e |t consists of 2.5
Solar Power million  solar
station panels, has a
capacity of 648
MW, and can
supply 750000
people

e Size area: 2500
acres

Rosamond, | Solar  Star e It consists of 1.7

California, Solar Farm million  solar

United panels and can

States supply 255000
homes.

e Size area: 13
square
kilometres

Cixi city, Longyangxia e It produces 220-
eastern Dam  Solar gigawatt hours
Zhejiang, Park and can supply
China 100000 houses.

e Size area: 300

hectares
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Kurnool Kurnool e It generates 1000
district, UltraMega MW, it consists
Andhra of 4 million
Pradesh, solar panels
India o Size area: 5932.2
acres
Viesca, Enel e It was a solar
Coahuila, Villanueva photovoltaic
Mexico Photovoltaic power  plant
plant successfully
launched in
March 2018. It
consists of 2.3
million  solar
panels and can
generate more
than 1,7000
GWh annually.
e Size area: 2400
hectares
Datong, Datong solar e It can generate
Shanxi, power is the 870 million
China top  runner watts.
base e Size area: 47000
acres
Zhongwei, Tengger e It was the
Ningxia, Desert Solar world's largest
China Park solar array

Size area: 36700
km

Table 8. Estimate of the overall solar panel price in Malaysia [113]

Number | System | Installati | Average
of solar onarea | cost
panels
Terrace 20 8 kWp | 45sgm RM
45000
Semi- 30 12 70 sqgm RM
detached kWp 60000
Bungalow | 50 20 110sgm | RM
kWp 95000

Table 9. Solar power pilot project in Malaysia

e Petronas Power Sdn Bhd completed the Rays of

Hope project with other collaborators (Orang
Asli Welfare Department and SOLS24/7). The
main purpose was providing free energy (6W
prtable micro grid solar system with LED
lamps) to Orang Asli in Kampung Tibang
(Perak), KampungTanjung Sepat (Selangor)
and Kampung Ulu Piong (Perak).

Four community-based centres (orphanages and
old folks' homes) will be supplied 10 kW solar
system [114].

TNB pilot floating solar farm project was built
in ash dump pond, Sultan Azlan Shah Power
Station, Manjung, Perak.

The pilot plant consisted of 288 solar panels
installed at a 175 ha pond. It can produce 100
MW, supply 30 houses, and reduce 7.9 tonnes
of carbon dioxide emission per month [115].

KUB-Berjaya Enviro and Berjaya Solar Sd Bhd
will produce a solar power plant (about RM 3
to RM 5 million, a capacity of 100 kW) in
Bukit Tagar, Selangor [116].

Kuala Lumpur City Hall (DBKL) has launched
Wangsa Maju (section 1) Pilot Project. It was
the first eco-conscious township (low carbon)
in Kuala Lumpur. This project could
encourage stakeholders to move to green
technology and solve climate change [117].

The solar power station was built in Kampung
Denai, Rompin, Pahang. This is a rural area,
and the Orang Asli Residents used candles,
kerosene or generator to get electricity. This
pilot consisted of a 10 kW inverter, 10kW
solar panel, and 150 kWh battery. The highest
capacity, about4195.35 kW, can supply
electricity to home and school appliances such
as television, video, small lighting unit, and
radio [118].

o Polygreen PMJ, Politeknik Mersing, Johor has

installed solar panel in campus. It has a
capacity of 1kW, which can be used for
corridor light and agricultural projects [119].
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Table 10. Photovoltaic panel performance under various climate high solar radiation throughout the year. Therefore, several
conditions [120] solar power plants have been successfully built to generate
Solar cell Average | Performance | Average electricity and supply it to people. However, several barriers
technology output ratio module could be identified, including technical, institutional,
e:fu:lency efficiency political & regulatory, economic & financial, social, and
i (%) (%) cultural & behavioral. Government and policymakers should
monocrystalline | 30.1 0.933 6.87 pay more attention to fostering the adoption of solar energy
polycrystalline | 30.34 0.941 >.14 technology. Researchers concluded that minimize the
Copper Indium | 35.31 1.094 3.99 number of policy documents and maximising the incentive
Selenide lead to the success of solar energy
Amorphous 33.74 1.046 2.23
silicon films Acknowledgements
INTI International University (Ho SM) supported this
7. Conclusion research work financially.

Malaysia and Iran, located north of the equator, received
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