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ABSTRACT

Environmental issues and economic factors such as emission of Greenhouse Gases (GHGs),
fossil fuel depletion and fluctuation of oil prices are also the reason behind the utilization
of sunlight as a source of energy. Even though with the spread of unprecedented pandemic
of COVID 19, the industry of solar photovoltaic (PV) is surviving at a very promising rate
compared to the oil industry. Malaysia has a high potential to be successful at harnessing
solar energy as this country is located within the equatorial region. The government
of Malaysia (GoM) introduced various policies, acts and incentives programs for the
purpose of increasing this country’s potential to harness solar energy. Along with the
efforts, goals and aims have also been set as a benchmark to measure Malaysia’s success
in utilizing sunlight as an energy source. This study reviews the roadmap programs
executed by GoM to elucidate the significant roles played in the development of solar PV
starting from a few pilot projects in1980s until present. The roadmap focuses on incentive

programs namely Feed-in Tariff (FiT), Net

Energy Metering (NEM), Self-Consumption
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Scheme (SELCO), Large Solar Scale (LSS),
Supply Agreement with Renewable Energy
(SARE) and ‘Peer-to-Peer’ (P2P), which
complement all the projects and solar PV
applications in Malaysia. The contributing
result of this roadmap is the highlights on the
continuous solar PV programs stimulated
by GoM, the identification and effort to
improve the less performing GoM incentive
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programs combined with the positive responses from communities and industries, have
laid a strong platform to forecast a promising future of solar PV industry in Malaysia.

Keywords: Feed-in tarif; large solar scale; net energy metering; peer-to-peer; self-consumption scheme

INTRODUCTION

Malaysia’s electricity demand is forecasted to rise by 35% in 2030 from 14 007 MW in
2008. The rise in demand for electricity calls for the utilization of renewable energy as
an alternative to non-renewable energy sources. Malaysia is blessed with an abundance
of renewable energy sources, particularly sunlight. The average annual sum of global
horizontal irradiation (GHI) of Malaysia is between 1400 kWh/m? to 1900 kWh/m?
(Samaiden, 2020). On top of that, Malaysia receives on average 12 hours of sunlight daily
(Aziz et al., 2016; Bakh et al., 2014). Harnessing solar energy for source of sustainable
energy can be done by utilising solar photovoltaic (PV) technology (Pacudan, 2018).
Through proper policy and encouraging incentives, solar energy potential to become this
country’s source of sustainable energy can be enhanced (Pacudan, 2016).

Various initiatives have been carried out by the GoM in order to maximize solar energy
harnesses (Hussin et al., 2012). In 2000, Fifth Fuel Policy 2000 which included renewable
energy as the fifth fuel in the energy mix was introduced during the 8" Malaysia Plan (Bakh
et al., 2014; Maulud & Saidi, 2012; Petinrin & Shaaban, 2015). Renewable Energy Act
2011 (Act 725) was introduced by the GoM to implement a special tariff for enhancing
the generation and utilization of renewable energy in Malaysia. Feed-in Tariff (FiT) was
the tariff highlighted in the act (Sustainable Energy Development Authority, 2011) and
was the foundation policy for solar PV in Malaysia (ASEAN Centre for Energy, 2016).
The incentive programs were taken very seriously by GoM, hence the incentive programs
were introduced under the Ninth and Tenth Malaysia Plan (2011-2015). The programs have
stimulated PV systems installations by providing benefits to the applicants.

Four more major programs have been employed consecutively as an effort to
harness renewable energy sources in Malaysia namely Net Energy Metering (NEM),
Self-Consumption Scheme (SELCO), Large Solar Scale (LSS), Supply Agreement with
Renewable Energy (SARE) and ‘Peer-to-Peer’ (P2P). Besides these five significant and
recent programs, there are many more programs successfully executed by GoM in the past;
but this study is limited to discuss in-depth of these five programs.

The objective of this paper is to trace the roadmap of solar PV in Malaysia. The
roadmap is presented in a timeline, which has been divided into three different categories
which are past, present and future. The significance of this study is to forecast the future
development of solar PV in Malaysia, acknowledge and encourage the application of best
practice mechanisms in promoting solar PV and learn the drawbacks of the less performing
incentive programs related to solar PV development.
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ROADMAP OF SOLAR PHOTOVOLTAIC (PV)

The roadmap includes the development of solar PV in Malaysia, incentives carried out
for facilitating the utilization of solar PV technologies, and any events related to solar PV
in Malaysia.

Past

In the 1980s, solar PV applications were first used for rural electrification and to power
telecommunications infrastructure. The PV system used was off-grid photovoltaic (OGPV),
which required minimum maintenance due to its simple operation (Almaktar et al.,
2015). In order to provide electrical energy to rural communities in Malaysia, more rural
electrification programs were accepted by the Ministry of Rural Development. Under the
initiatives of the Ministry of Energy, Water and Communications (MEWC) and support from
the Japanese New Energy and Industrial Technology Development Organization, a pilot
project of solar PV was implemented in Marak Parak, Sabah in the year 1995 (Almaktar et
al., 2015; Solangi et al., 2011). The project implemented was an OGPV system consisted
of 1887 solar panels (Dalimin, 2018).

Chua et al. (2011) mentioned that the Grid-Connected Photovoltaic (GCPV) in Malaysia
was first installed in July 1998 in Universiti Tenaga Nasional, having 3.15 kWp capacity.
Following the event, British Petroleum (BP) Malaysia installed 8 kWp GCPV at BP petrol
station and Universiti Kebangsaan Malaysia (UKM) installed 5.5 kWp GCPV at Solar
Energy Research Park. These were three of six pilot projects of GCPV in Malaysia aimed
to minimize consumer’s electricity bills by reducing the amount of electricity imported
from the grid (Almaktar et al., 2015; Ruoss, 2007).

Ruoss (2007) stated that the first house to have Building Integrated Photovoltaic (BIPV)
installed was the home of Tenaga Nasional Berhad (TNB) senior officer’s house in Port
Dickson with 3.15 kWp capacity in August 2000. The second BIPV was installed at a
house in Shah Alam in November 2000 with a capacity of 3.24 kWp. In November 2001,
another BIPV with a capacity of 2.8 kWp was installed in Subang Jaya (Mekhilef et al.,
2012; Ruoss, 2007). These three BIPV home installations were the continuity of the GCPV

Figure 1. Port Dickson, Shah Alam and Subang Jaya first home installed BIPV (Haris et al., 2003)
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pilot project in Universiti Tenaga Nasional, BP petrol station and Solar Energy Research
Institute (SERI). Figure 1 shows the image of the first three home installed BIPV system.

Under the 8™ Malaysia Plan (2001-2005), Fifth Fuel Policy was implemented in
2000 to introduce renewable energy as a part of the energy mix (Chua & Oh, 2012). The
implementation of this policy was driven by the increase of oil price and depletion of fossil
fuel (Maulud & Saidi, 2012; Petinrin & Shaaban, 2015). Small Renewable Energy Program
(SREP) was launched in 2001 with an aim to make renewable energy sources contribute
to 5% of electricity generation (Malaysian Building Integrated Photovoltaic Project Team,
2006). Unfortunately, only 0.3% of electricity was contributed from renewable energy
sources by 2005 (Spicher et al., n.d).

Along with the 9th Malaysia Plan (2006-2010), a Five-year project called Malaysian
Building Integrated Photovoltaic (MBIPV) was launched on 25 July 2005. The MBIPV
project aimed to provide an encouraging environment of BIPV application in Malaysia
so that solar energy uptake can be intensified (Almaktar et al., 2015; Petinrin & Shaaban,
2015). Consequently, dependency on fossil fuels as a source of energy can be reduced.
Under MBIPV, a program Surial000 was launched on 22nd June 2007 as a financial
incentive to aid the MBIPV project (Mekhilef et al., 2012).

Present

National Renewable Energy Policy and Action Plan (NREPAP) was launched in April
2011. This policy was also included in the 10™ Malaysia Plan (2011-2015) (Almaktar et
al., 2015). Under the 10™ Malaysia Plan, FiT was introduced as an incentive to increase
renewable energy utilization (Chua et al., 2011). The mechanism of FiT is investors are
rewarded upon electricity generation. The FiT was quite desirable because the program
was a business opportunity as it encourages the export of electricity generated to the grid.
The benefits of FiT are guaranteed payment, consumers have access to the grid and the
creation of jobs (Pacudan, 2018). According to Bakh et al. (2014), 8% of yearly degression
is very discouraging to investors. Table 1 shows the FiT rates after the yearly 8% degression
rate and also the details of bonus FiT rates for Solar PV installations ( Sustainable Energy
Development Authority, 2012):

11™ Malaysia Plan covers the time span of 2016 until 2020. In 2017, FiT was no longer
an incentive program for solar PV but limited to biomass, wind and small hydro (Chen et
al., 2018). Three new incentive programs were introduced under the 11" Malaysia Plan
which are NEM, SELCO and LSS (Ahmad, 2019a).

Net Energy Metering (NEM). NEM was introduced to replace FiT. The concept of NEM

is consumer utilise the electricity generated from solar PV and export the excess energy
generated to the grid to be sold to utility (Sustainable Energy Development Authority, 2017).
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Table 1
FiT rates for solar PV (21 years from FiT commencement date) ( Sustainable Energy Development Authority,
2012)

FiT rate (RM)

Basic rates according to installed capacity

2012 2013 2014
Installed capacity up to and including 4 kWp 1.23 1.1316  1.0411
Installed capacity above 4 kWp and up to and including 24 kWp 1.20 1.1040  1.0157
Installed capacity above 24 kWp and up to and including 72 kWp 1.18 1.0856  0.9988
Installed capacity above 72 kWp and up to and including 1 MWp 1.14 1.0488  0.9649
Installed capacity above 1 MWp and up to and including 10 MWp 0.95 0.8740  0.8041
Installed capacity above 10 MWp and up to and including 30 MWp 0.85 0.7820  0.7194
Bonus FiT rates according to the following criteria (one or more) 2012 2013 2014
Use as installation in buildings or building structures +0.2600 +0.2392 +0.2201
Use as building materials +0.2500 +0.2300 +0.2116
Use of locally manufactured or assembled solar PV modules +0.0300 +0.0276 +0.0254
Use of locally manufactured or assembled solar PV inverters +0.0100 +0.0092 +0.0085

Instead of being paid for gross electricity generated as in FiT, consumers are paid based
on the net energy generated (Razali et al., 2019). However, due to its poor financial return
of RM 0.31/kWh for low voltage PV (below 1 kV), NEM that was initially introduced
in 2016 failed miserably (Sustainable Energy Development Authority, 2020). To fix the
flaw of NEM, the GoM introduced a new NEM in January 2019 in which excess energy is
exported to the grid on a one-on-one offset basis (same gazetted tariff, G7). The mechanism
of the new NEM is calculated based on Net Charge Amount (NCA). NCA is expressed as
Equation 1 (Ahmad, 2019b):

NCA = (zX GT) — (y X GT) []

Whereby,
z = energy imported
y = energy exported

Application of solar PV under NEM is open to broader types of consumer, which are
domestic, commercial, agricultural and industrial consumer. The cumulative net metered
rooftop solar capacity, increased by 7.8 times from the first three years of the new version
of NEM implementation (The Malay Mail, 2020). A study was also conducted to compare
the previous and present NEM. The study found that the new NEM is more cost saving for
most large and medium consumers excluding small scale consumers (Razali et al., 2019).
Figure 2 shows the significant increase in cumulative net metered rooftop solar capacity
after 11 months of new NEM implementation (Bhambhani, 2020).
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Figure 2. Cumulative net metered rooftop solar PV capacity in Malaysia (Bhambhani, 2020)

Self-Consumption (SELCO). Self-consumption (SELCO) is a scheme in which consumers
generate electricity from solar PV for their own consumption that cannot be exported to the
grid (Ahmad, 2019b; Chen et al., 2018). Solar PV installed under the SELCO scheme can
be on-grid or off-grid. If it is on-grid, the capacity limit is 75% of the maximum demand of
the existing installation, meanwhile for off-grid type there is no capacity limit. According
to Chiew (2019), excess energy generated under the SELCO scheme goes to waste. The
participants for the SELCO scheme are limited to only individual and commercial premise
consumers (Ahmad, 2019b). Under the SELCO scheme, a private generating license is
compulsory for the system beyond 72kW (Sustainable Energy Development Authority,
2017). By the end of 2018, the total capacity recorded under the SELCO scheme was 60
MW (Chen et al., 2018).

Large Solar Scale (LSS). Large Solar Scale (LSS) is a bidding program to lower the
levelized cost of energy (LCOE) for LSS PV plant development (Samaiden, 2020). This
incentive program is for a local company with a minimum of 51% equity interest. Chen
et al. (2018) stated that besides NEM, LSS is also reported to be the main driver of solar
PV markets in Malaysia contributing to gigawatt worth of solar potential in Malaysia.
In 2016, the first LSS tender achieved an aggregate capacity of 200 MW and 60 MW
in Peninsular Malaysia and Sabah respectively (Energy, 2019). The increased aggregate
capacity of 360 MW for Peninsular Malaysia and 100 MW for Sabah was achieved in
the second tender in 2017. The third LSS bidding opened in February 2019 targeted 500
MW of aggregate capacity and waiting to be commissioned in 2021. Post COVID-19 has
strengthened Malaysia’s solar PV industry with the announcement of the fourth LSS with
a targeted capacity of one gigawatt. This fourth cycle is expected to be operating by end
0f 2023 ( NST Business, 2020).
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Supply Agreement with Renewable Energy (SARE). Supply Agreement with Renewable
Energy (SARE) was announced by GoM on 18" October 2018 and the mechanism started
on the 1% January 2019. SARE aims to transform Malaysia’s energy landscape to be
greener. This act involves three parties which are prosumer, asset owner or investor and
utility provider. The advantage of SARE is the zero upfront cost when installing a GCPV
system. There are three types of solar solution under SARE, which are solar Power Purchase
Agreement (PPA), Solar Hybrid and Solar Lease. Both Solar PPA and Solar Lease can enjoy
zero upfront cost but not for a solar hybrid which requires approximately 20% contribution.
These three types will also differ in terms of the contract term, solar tariff rate, installment
and metering requirement (Tenaga Nasional Berhad, 2020). Nevertheless, the uncertainty
in the trading is still significant to study and to find ways of mitigation in strengthening
the programs and making it more financially attractive.

Peer-to-peer (P2P). Peer-to-peer (P2P) energy trading is introduced by GoM to increase the
momentum of the community to produce green energy. The pilot run of P2P took place in
November 2019 in two phases; ‘Alpha run’ and ‘Beta run’. Malaysia is the second country
in ASEAN to execute P2P after Thailand (Sustainable Energy Development Authority,
2019). P2P mechanism allows a consumer who generates green energy via NEM and has
surplus energy to sell the surplus to other consumers. The consumer with the surplus of
green energy is called ‘prosumers’. The bridge between the prosumers and customers is
the utility grid, which is the TNB grid in Peninsular Malaysia. The bridge cost has to be
taken into account in calculating the economic return.

This scheme enables the prosumer to sell green energy to other consumers of higher
tariff (tariff B) at an estimated profit of 10% higher than the production cost of the green
energy. On the other hand, the consumer can enjoy an estimated 11% saving from this
trade. Since the program is still in the pilot run stage, a reliable forecast of the economic
return of this program is still debated. One of the drawbacks is on the untraded energy;
is it a condition when the amount of surplus energy is greater than the traded energy. A
pilot run involved up to 5 prosumers and up to 8 consumers employing ‘regulatory sand
box’ was conducted in Malaysia with the involvement of multiple bodies including GoM
(Sustainable Energy Development Authority, 2019).In this study, an analysis of the result
from the pilot run was conducted and Figure 3 shows the percentage of untraded energy
during the pilot run from November 2019 to June 2020. The minimum, median and
maximum untraded energy were 4%, 18.5% and 54% respectively. It is significant to notify
that maximum untraded energy was in March 2020 during the Movement Control Order
(MCO) due to the unprecedented pandemic COVID-19 in Malaysia, where the majority
of industries, which represents the consumers were shut down. This is one of the identified
drawbacks of this program, which the untraded energy is a bonus to the utility company
and not pleasant to the prosumers.
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Figure 3. Percentage of untraded energy during
P2P pilot run from November 2019 to June 2020

Future

The way forward of the Solar PV roadmap is forecasted to be very promising when the GoM
has positioned two solar PV initiatives under the Ministry of Energy, Science, Technology
and Environment Malaysia (MESTECC) in the ‘The eleventh Malaysia Plan’ (RMK11).
The two initiatives are extending access to basic infrastructure in providing electricity by
applying solar PV together with micro and pico hydro in the remote area, and ensuring solar
PV contribution in renewable energy electricity generation by executing big scale program
(LSS) and net energy metering (Kementerian Hal Ehwal Ekonomi, 2018). Even though
RMK 11 has just ended, the GoM announcement of the target to achieve 20% of renewable
energy contribution in the energy mix by the year 2025 continues to keep the solar PV
industry at high momentum (Choong, 2019). Hence, Malaysia is also said to harness solar
power up to 17 075 MW solar capacity by the year 2030. Consequently, this will contribute
to 11.4% of the energy mix in Malaysia (Bhambhani, 2016). Figure 4 shows the Malaysia
PV target from 2020 until 2030. The effort of GoM in keeping the future of solar PV has
also proven with the new initiative of the Renewable Energy Transition Roadmap 2035
(RETR), which will help in strategizing to achieve 20% of renewable energy contribution
in the energy mix by the year of 2025 (Kementerian Tenaga dan Sumber Asli, 2021).

The trend that portrays the bright future of solar PV as a promising sector is also
observed when one of the GoM programs, which is LSS4 has attracted 138 bidders.
This program of LSS4 as described in the previous section will eventually create job
opportunities for approximately 12, 000 people (Yee, 2021).

Furthermore, one of the major and dominant players of energy providers in Malaysia,
Tenaga Nasional Berhad (TNB) is also seen to be progressing very fast through their
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Figure 4. Malaysia Solar PV Capacity Target (Bhambhani, 2016)

investment and involvement in the Solar PV sector. The GoM initiatives together with the
positive acceptance of the industry players depict and interpret the bright future of solar
PV in Malaysia.

CONCLUSION

Malaysia has a high potential to succeed in harnessing solar energy due to its location
that provides almost consistent high solar irradiation all year round with slight monthly
variation. Environmental issues and economic factors should be the main driver for
harnessing solar energy because harnessing unlimited energy can reduce dependency
on non-renewable energy sources such as fossil fuel and yet provide a worthy financial
return to investors. The GoM has been doing a great job in continuously upgrading flawed
incentive programs to maximize this country’s potential to harness solar energy. Finally,
the most effective program would be the one that provides the highest financial return to
its investor. The solar PV road map in Malaysia has witnessed the success of solar PV
development and proven the role of the GoM in keeping the solar PV momentum to become
a promising energy sector in Malaysia.
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