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Abstract: The Malaysian Government has set an ambitious target to achieve a higher penetration
of Renewable Energy (RE) in the Malaysian energy mix. To date, Malaysia has approximately 2%
of its energy coming from RE generation sources compared to the total generation mix and targets
achieving 20% penetration by 2025. The current energy mix for Malaysia power generation is mainly
provided by natural gas and coal. The discussion will cover the traditional sources of generation
including natural gas, coal and big hydro stations. In addition, the paper will cover in depth the
potential of RE in the country, challenges, and opportunities in this sector. This study can give an
initial evaluation of the Malaysian energy industry, especially for RE and can initiate further research
and development in this area in order to support the Government target to achieve RE target of 20%
by 2025.

Keywords: renewable energy; conventional energy; Malaysia; renewable energy potential;
energy policies

1. Introduction

Tenaga Nasional Berhad (TNB), the incumbent utility company in Malaysia has set up a subsidiary
known as TNB Renewables Sdn. Bhd. (TRe) in line with the company’s goal of being among the
top 10 utility companies in the world under a transformation program named Reimagining Tenaga.
TRe covers several segments to grow RE in the local market, including Large Scale Solar (LSS) which
is categorized as being projects larger than 30 MW, small scale RE projects below 30 MW including
Biomass and biogas projects, retail self-generation focusing on roof top solar, and emerging technologies
such as Battery Energy Storage Systems (BESSs), as well as Microgrids and Virtual Power Plant (VPPs).
TRe is an investment company and also an asset owner for all RE plants in the local market for TNB.
TRe is also seen as a catalyst to achieve the government’s RE target. Figure 1 shows the penetration of
solar and wind power in the top 10 countries in the world, which are mostly from European region,
while Malaysia at this point of time only has 2% of RE penetration, which mostly is provided by solar
Photovoltaic (PV).
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Coal, natural gas and large hydro have been the main sources of power generation in Malaysia [2,3].
For nuclear power, Malaysia has been quite consistent with the decision not to include this technology
as one of the power generation sources in the country. Public acceptance towards this technology is
relatively low, and the main concerns are radioactive waste handling and the impacts on environment
and community [4–7].

For research development on renewable energy in Malaysia, there is significant growth in terms
of research publication in this area as analyzed by SCOPUS, the largest abstract and citation database
of peer-reviewed literature in Figure 2. This shows that RE has significantly caught the attention of
researchers to understand the potential, issues and opportunities in this area. Around 100 relevant
documents were published recently focusing on Malaysia. In comparison with the search keywords
of renewable energy in Europe, 400 documents were produced. This roughly indicates that the RE
research and development in Malaysia is still in progress and a lot of potential remains to be tapped.
The discussion in this paper will open up research and project development opportunities in RE
segments in Malaysia, since Malaysia is among the most developed countries in the Association of
Southeast Asian Nations (ASEAN) and has an ambitious target in the RE sector [8,9].
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In terms of greenhouse gas (GHG), Malaysia intends to reduce the GHG emissions intensity of
GDP by 45% by 2030 relative to 2015 numbers. The GHG intensity level improved by 27% in 2014
compared to 2005, where the level in 2014 was at the equivalent of 317.63 Metric Tonnes (Mt) of
Carbon Dioxide (CO2) and net emissions were at 50.48 Mt. In the eleventh Malaysia Plan (2016–2020),
it is outlined that the focus is to reduce the national dependency on fossil fuels while ensuring the
development of reliable and affordable energy resources. The execution of the Renewable Energy Act
2011 and the implementation of the Feed-in Tariff (FiT) scheme demonstrated the aim of the country to
explore and deploy RE as part of its national energy mix [10].
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2. Conventional Generation

Traditionally, Malaysia is dependent on conventional power generation, including natural gas,
coal and large hydro [11]. Figure 3 shows the difference in the fuel source for power generation.
Moving forward the government is aiming to increase power generation from RE sources [11–13].
This can include solar power, wind, biomass, biogas, BESS systems and VPPs [14].
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2.1. Natural Gas

Malaysia is blessed with natural resources. Natural gas demand in Malaysia in 2015 was
943,154 Million Metric Standard Cubic Meters Per Day (MMSCFD). The largest users out of this number
come from the power sector, which contributes 54.3% [16]. Most gas power stations are connected with
pipeline gas. Commercially, power sectors are charged with a subsidized gas price of RM 27.20/mmbtu
for the first 1000 mmbtu and the remaining balance is be charged using the market LNG price. The total
cost of fuel for power generation is passed through to customers via a mechanism called the Imbalance
Cost Pass Through (ICPT) that translates actual fuel cost to customer tariffs. The whole tariff setting
mechanism is called Incentive Based Regulations (IBR). Starting in 2014, the IBR mechanism was
introduced to promote transparency in tariff mechanisms [17].

2.2. Coal

Coal as the cheapest type of fossil fuel normally has a role in the energy mix. But countries like
Germany are reducing coal contribution in the energy mix when they embarked on RE energy policy
targeting carbon neutrality by 2050. Coal is the largest fuel source for power generation in peninsular
Malaysia. Most of the coal plants are used as base load plants. Malaysia owns large coal power plants
of up to 1000 MW each per plant. These plants also in terms of operations are partly used for spinning
reserves. In 2016, coal plants contributed 42.5% from the total generation mix, as shown in Figure 3.
As mentioned earlier, the main motivation for coal plant ups is mainly driven by the relatively low cost
offered by this type of fuel. Moving forward, with the government’s target and reducing cost of RE,
it is forecasted that the cost from RE generation especially solar will decrease below the price of coal
generation [18,19].

2.3. Large Hydro

Malaysia has a lot of natural hydro resource potential [20]. This is mainly provided by its
unique geographical advantage, as Malaysia has 189 rivers with the total length approximately of
57,300 km [21,22]. Hydro power generation contributed 13% of total Malaysian power generation in
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2016. Most hydro power stations that are more than 30 MW were developed by the incumbent utility
company, which has recently completed Hulu Terengganu (250 MW) and Ulu Jelai (382 MW) in the
state of Pahang. Small hydro stations below 30 MW operate in a liberalized market, meaning they are
open for any private developer and are mostly are incentivized by a Feed-in Tariff (FiT) mechanism
managed by the Sustainable Energy Development Authority (SEDA) Malaysia [23]. As of January
2017, small hydro power stations below 30 MW under FiT contribute up to 200 MW of Malaysian
energy generation. Most of the hydro plants in the system are used as peaking plants and the resources
are carefully planned to take high water levels into consideration of during the monsoon season.

3. Renewable Energy in Malaysia

Renewable energy in Malaysia has gone a long way since 1980 when Malaysia embarked on the
Four Fuel Diversification Strategy which aimed to balance the utilization of oil, gas, coal and hydro in
the energy mix. In 1997, the Kyoto Protocol was signed and Fifth Fuel Policy was signed in 1999 [24–26].
Malaysia committed to COP 15 to reduce its carbon emissions by 40% [27], and Malaysia pledged to
reduce its Green House Gas (GHG) emissions contribution to its Gross Domestic Product (GDP) by
45% in 2030 relative to 2005 [10,28–30].

Recently in 2011, Renewable Energy Act was gazetted and also the implementation of Feed-in
Tariffs (FiT) occurred to expedite growth in the RE sector. Finally, in 2018, the government targeted
the achievement of 20% of RE in the energy mix by the year 2025. The evolution of policies shows
the commitment from the government towards implementing RE in the country [31,32]. This is also
supported by the launch of Incentive Based Regulation (IBR) in 2014 which aims to reduce fuel subsidies
in a structured manner [33,34]. RE in this context covers solar, wind, biomass, biogas, mini-hydro and
other applications of Distributed Energy Resources (DER) including BESS systems. Next, this paper
will discuss in detail the RE market and its potential in Malaysia.

3.1. Solar Potential

Malaysia has among the highest potential for solar uptake as it is strategically located near the
equator. Monthly solar irradiation for Malaysia is estimated at 400–600 MJ/m2 [35]. The irradiation
is higher during North-East monsoon when the wind direction coming from central Asia to South
China Sea through Malaysia and finally to Australia between November and March. Lower irradiation
during South-West monsoon when the wind direction changes and proceeds from Australia and moves
towards Sumatera Island before reaching the Straits of Malacca between May and September [35].
Generally, Malaysia has a high potential for solar generation taking into consideration its hot and sunny
weather all year round [36]. Estimated potential for solar generation can reach up to 6500 MW [18].
Hence, Large Scale Solar (LSS) and rooftop solar is a good choice for solar deployment in Malaysia [11].

3.1.1. Large Scale Solar (LSS)

The Energy Commission (EC) of Malaysia has started the competitive bidding process for LSS
since 2016, offering a total of 434 MW for Peninsular Malaysia with a levelized tariff ranging from
39.95 to 44.95 sen/kWh. The incumbent utility company has won 50 MW for the first round of the
LSS bidding exercise and has successfully commissioned the Sepang LSS plant in November 2018.
The second round of LSS bidding by EC offers 563 MW in total and an estimated 500 MW for the third
round of bidding in 2019. For the second round of bidding, TNB has secured 30 MW that will be
built in Kedah, Malaysia. The third round of LSS in 2019 started in February 2019 with a total offered
capacity of 500 MW and up to 100 MW of capacity limitation for each developer.

Large scale solar is seen as a transparent mechanism for awarding LSS projects in order to achieve
the government’s RE target. The generation mix for peninsular Malaysia in Figure 4 shows the
percentage of solar and other RE projects in the generation mix until the year 2026 [15].
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From the first 50 MW LSS project for TNB, and among the pioneer large scale solar operating
in Malaysia, several challenges have been identified during construction and operation, including
changes in requirements during bids and construction, delays in getting approval from approving
authorities that lead to additional costs being incurred, and delays in work progress. As a pioneer in
constructing this kind of plant, with a tight project schedule, and limited experience in construction,
the project team is susceptible to requiring long working hours and facing project quality issues. At the
same time, fluctuations in the local currency can lead to a higher project cost.

From the total capacity awarded by EC in the first and second round of LSS in Figure 5, most of
the capacity is located in Perlis, which is 3996 MW or 87% of total awarded capacity of the first and
second phases of LSS bidding. This is because Perlis is the highest state with the high solar irradiance,
providing this state with good potential to harvest solar energy [35].
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3.1.2. Rooftop Solar

Rooftop solar is another segment in solar power generation that has been recently introduced in
Malaysia. Recently the launching of leasing packages for rooftop solar has attracted customers to put
solar panels on the rooftops of their buildings. Signing up for attractive packages such those requiring
zero capital can promote and incentivize buyers to invest into such plans that will give benefits in
terms of bill savings to customers [37–40].

The solar leasing program offers zero capital cost requirements that make it more attractive for
customers to install rooftop solar. Besides that, the packages offered include end-to-end hassle-free
services during the design, commissioning and operation periods. The installation of rooftop solar can
potentially reduce the monthly bill by committing to one fixed tariff offered by solar leasing companies.
Since this tariff is fixed, it is shielded from any tariff hike for the tenure of the agreement. Historically,
tariffs in Malaysia increased at a rate of 4.5% year-on-year. There are also other types of financing
structures available besides leasing. This includes outright purchases, loans from financing institutions,
and Solar Power Purchase Agreements (SPPAs). Customers also will be automatically signed up for Net
Energy Metering (NEM) which the government announced as part of the new NEM mechanism in 2018.

3.1.3. New Net Energy Metering (NEM) Mechanism

Prior to the new NEM mechanism that was introduced in 2018, the NEM mechanism was designed
to remunerate participants by using a displaced cost at 31 sen/kWh while the purchasing power price
is over 50 sen/kWh. Starting from 2019, the NEM mechanism offers the same tariff for selling and
buying electricity for NEM participants. This new mechanism is anticipated to attract more customers
to install rooftop solar and register with NEM. The quota for this mechanism is up to 500 MW on a first
come first serve basis.

For commercial and industrial customers, the solar capacity limit is based on 75% of Maximum
Demand (MD), while for low voltage customers, the limit is up to 60% of the current transformer
rating or 60% of the fuse rating. For residential customers, houses with three-phase system, the limit
is up to 72 kWp while for a single-phase system, the limit is 12 kWp. NEM credits will be in kWh,
which is different from the previous NEM, the credit is in Ringgit Malaysia. Customers are able to keep
any credit produced if the energy generated by the solar rooftop is more than the premise electricity
consumption. The credit in terms of kWh will be valid up to 24 months before it is expired.

3.2. Smart Meter Deployment

Smart meters are one of the enablers of NEM implementation. Smart meters are capable of
measuring, recording and transmitting data for analysis of the energy consumption. Smart meters
can also be used by the utilities to detect a fault in the system and plan for recovery management
during outages [41,42]. With a smart meter, a defective meter can be detected more quickly and sent
to the utility for faster restoration, and at the same time customers can be informed about the status
of the power grid. Furthermore, smart meters can reduce the frequency and duration of outages by
providing tools for better and more accurate planning and asset management [41].

The incumbent utility is embarking on a pilot deployment of smart meters in the state of Melaka
and Putrajaya. RM 18.8 billion has been allocated under the second Regulatory Period for investment
in Transmission and Distribution assets. From this amount, RM 2.7 billion will be invested into future
technologies for the grid. The deployment of smart meters covers 340,000 smart meters in Melaka
and 1.2 million in Klang Valley [43]. With the deployment of smart meters, it is more convenient for
customers to install rooftop solar as this technology requires metering capability to capture data. Smart
meters are an enabler for solar rooftop deployment where battery energy storage can be an additional
feature to complement the intermittency effect of solar generation and also taking advantage of peak
demand reduction and energy arbitrage that can potentially provide bill savings to customers.
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3.3. Wind Power Potential

Wind power is another type of RE potential in Malaysia. Malaysia can be considered as a low
wind speed area compared to other countries. Generally, strong wind in Malaysia is blown from
the Indian Ocean and the South China Sea. Monthly mean wind speed is between 1.5 and 4.5 m/s.
Higher altitude areas can harness between 9 to 11 m/s of wind power. In peninsular Malaysia, Mersing,
Johor and Kuala Terengganu have been identified as high wind areas while in East Malaysia, Kudat
and Sabah are the highest wind potential areas. Onshore wind power in Malaysia could reach up to
1.5 MW [44–46].

Malaysia also has the potential for offshore wind power which has not been tapped. Wind
blowing from the South China Sea will normally occur during the monsoon season in November to
February [47]. Detailed historical data of wind have to be analyzed in a specific site to ensure the
viability of the project. Based on findings from previous studies, Mersing and Kudat are considered
as potential sites with averages of 3 m/s at 60 meter heights [48]. Generally, the southern part of
peninsular Malaysia has more wind potential and more wind in the month of January due to the
monsoon season [44].

Support and incentives from the Government is required at the initial stage of deployment of
wind power in Malaysia, as this is a capital-intensive investment. For instance, at this point of time,
the absence of wind power technology in the Feed-in Tariff categories make it difficult to achieve
project viability. This exacerbates the issue of low wind for Malaysia. Suitable technology for low wind
conditions should be explored in Malaysia to harness the untapped potential of wind power.

3.4. Biogas

Biogas is normally produced by the Anaerobic Digestion (AD) process. It refers to a system where it
processes the organic material from waste to produce biogas that can be used to generate electricity [49,50].
It is also a potential option to decrease the use of fossil fuels for power generation [50–53]. Biogas plants
can be fed by several potential sources, including organic municipal waste, food waste, sewage as an
individual feedstock source or a co-digestion process where a combination of more than one source
can yield a higher biogas volume [54,55]. Potential feedstock to generate biogas in Malaysia include
Municipal Solid Waste (MSW) [56], food waste, cattle manure, sewage and the most established waste
product for biogas in Malaysia, which is palm oil mill effluent (POME) [57–64].

Biogas potential from cattle manure, POME and landfill sources by regions in peninsular Malaysia
are tabulated in the table below. The southern region covers Johor, Melaka and Negeri Sembilan,
the central area covers Selangor and Kuala Lumpur and the northern region covers Perak, Penang,
Kedah, Perlis. The east Coast region covers Pahang, Terengganu, and Kelantan.

From the data collected, the potential energy generation from biogas is calculated and tabulated
in Tables 1 and 2. Table 1 is the potential in terms of biogas yield while Table 2 in terms of energy
generated. The result shows that most potential coming from POME sources. This is because POME
comes from palm oil and has established a huge market in Malaysia. At the moment there are more
than 10 plants in Malaysia generating electricity using biogas and biogas engines. Biogas can also be
transformed into other sources of energy such as heat and power (co-generation) and biomethane.

Table 1. Potential of biogas feedstock in terms of biogas yield. Reproduced with permission from [65].
IEEE, 2018.

Cattle Livestock POME Landfill

Region Biogas yield (m3/day)
Total Chemical Oxygen
Demand (tonne/year)

Captured CH4
(tonne/year)

South 236,837 604,611 159
North 623,041 371,540 174
East 173,796 560,490 105

Centre 43,128 81,475 245
Total 1,076,802 1,618,116 683
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For heat production, biogas is burnt in a boiler and the heat can be used for steam production.
This option is suitable for industrial plants or large scale heat consumers. For combined heat and
power generation, biogas is used in Combined Heat and Power (CHP) plants, which produce electricity
and heat. Finally, for biomethane, biogas is treated with a method where CO2 is removed until the CH4

concentration is 96% or higher. Biofuel has its own market where it can be injected into natural piped
gas, transported via several mechanisms or can be used as a raw material in the chemical industry or
as a combustible for fuel cells.

Table 2. Potential of power generation potential from biogas. Reproduced with permission from [65].
IEEE, 2018.

Cattle Livestock POME Land Fill

Region Potential Energy
Generation (MWh)

Potential Energy
Generation (MWh)

Potential Energy
Generation (MWh)

Total Potential Energy
Generation (MWh)

South 646 887,602 994 889,242
North 413 545,441 1,081 546,523
East 474 822,830 669 823,973

Centre 118 119,610 1,517 121,299
Total 1650 2,375,484 4262 2,381,038

For Municipal Solid Waste (MSW), several main issues related to waste management contribute to
the implementation of biogas projects for power generation from MSW. From the laboratory exercise
conducted by various government agencies in 2015, it was highlighted that several key enablers are
crucial to ensure the sustainability of this sector. The suggestions include to strengthen enforcement
on preventing littering, illegal dumping and the separation of waste at the source. It is also worth
considering food waste as one of the highest potential sources for biogas production. It is estimated
that more than 40% of Malaysian MSW is food waste. High organic content in the food waste means
this source has a high potential to be tapped. The government of Malaysia also is targeting a 40%
diversion of total of tonnage of waste from landfill by 2020. The Malaysian recycling rate is around
11% compared to other countries like South Korea (49%), Germany (33%), Australia (33%), Canada
(27%) and the United Kingdom (17%) [66].

The analysis indicates that there is a huge potential for biogas generation. Anyhow, Malaysia
lacks aggressive policies to expedite the implementation and improper waste management, such
clear policies and enforcement on the separation of waste at the source, which hinders successful
implementation of such projects. Another factor to be considered is the location of biogas plants.
The further the location is from the nearest connection point to export generated power, the more that
the project’s viability is reduced unless the biogas and power generated are used for self-consumption.

3.5. Biomass

Malaysia produces approximately 168 million tons of biomass, including resources from palm oil
waste, rice husks, coconut waste, sugar cane waste, municipal waste and forestry waste [67]. Malaysia
being the largest palm oil producer in the world has huge potential resources from biomass. Biomass
has an advantage over other types of RE in terms of availability and huge resources, plus this type
of resources can easily be stored. In terms of RE technology deployment via the FiT mechanism in
Table 3, biomass has shown significant deployment status compared to other technologies which is
approximately 17% of total deployment. In terms of potential, biomass potential in Malaysia can
generate up to 2400 MW [67].

Biomass has potential for the pelleting conversion process and has attractive potential for co-firing
in conventional power plants, which traditionally use coal or natural gas. This is a huge benefit and
advantage in terms of using waste for electricity generation. Co-firing offers several environmental
benefits such as reducing the carbon dioxide, Sulfur Oxides (SOx) and Nitrogen Oxides (NOx) emissions
that can reduce the GHG level. Other than that, if this technology is compatible and feasible for
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deployment, it can offer additional benefits such offering energy security. This is because part of the
fuel can come from local resources compared to coal which is mainly an imported resource for Malaysia.
Co-firing with biomass also can potentially reduce electricity generation cost due to a lower biomass
pallet price compared to coal and natural gas. Although huge benefits can be demonstrated, it will
also provide some negative impact on the efficiency of the power plant machinery, cause corrosion for
boilers and generate fly ash [68].

The recent issue of the Malaysian palm oil ban from the European Union (EU) may have impacted
the supply and demand of this commodity. Malaysia practices sustainability in managing palm oil.
Furthermore, most of the deforestation is contributed by beef production industries and not by any
other agriculture activities, as claimed by the EU regarding this matter [69]. Malaysia as the second
largest country producing palm oil after Indonesia has a huge source of waste from palm oil that can
potentially be used for biomass.

Table 3. Installed capacity (MW) of commissioned RE installations. Reproduced with permission
from [70]. Sustainable Energy Development Authority, 2018.

Biogas Landfill Biomass Hydro Solar PV Total
2012 2 3.16 45.8 11.7 31.54 94.2
2013 3.38 3.2 0 0 106.88 113.46
2014 1.1 0 12.5 0 61.87 75.47
2015 0 5.4 20.8 6.6 60.33 93.13
2016 0 15.46 19.5 12 77.83 124.79
2017 0 22.54 0 0 38.47 61.01
2018 0 11.71 5.85 20 2.32 39.79

Cumulative 6.48 61.47 104.45 50.3 379.15 601.85

3.6. Small Hydro

Malaysia is rich in hydro potential, with high temperature and humidity all year round plus a
high rainfall volume. These factors make Malaysia one of the largest hydropower potential areas.
Small hydro plants which are sometimes referred to as mini-hydro in Malaysia are categorized as bing
under 30 MW. The smaller scale from 5 kW to 500 kW is called Micro Hydro. In Malaysia, there is
still a lot more untapped potential for small and micro hydro [71–73]. Small hydro also is considered
the cleanest energy form, as the GHG amount emitted is far lower compared to large scale hydro [73].
The adoption of small hydro in Malaysia is supported by the government via the Feed-in-tariff. Under
the FiT mechanism, the small hydro plants are able to sell power generation to TNB via execution of a
RE Power Purchase Agreement (REPPA). The FiT rate for small hydro is 26 sen for generation 2 MW
and below, 25 sen for 2 MW to 10 MW and 24 sen for above 10 MW up to 30 MW. The table below
shows the latest amount of RE power generated under the FiT system in MWh.

TNB is traditionally the developer for large hydro in Malaysia, including the Kenyir Hydro
Power Station in Terengganu, Sungai Perak Hydro Scheme consists of Temenggor, Bersia, Kenering,
Chenderoh, Sungai Piah Hydro Power Stations in Perak, Cameron Highland Hydro Power Stations in
Pahang and Pergau in Kelantan. From previous experiences in developing hydropower stations in
Malaysia, several challenges and risks have been identified. This includes ensuring the site selected has
enough water capacity for the targeted energy generated, as well as sedimentation issues that might
affect the performance of the machines. Hydrology studies have to be conducted thoroughly. Besides
that, a construction capital cost overrun can impact the entire economics of the project. Cost overrun
can be caused by unexpected earthwork costs or substantial amounts being claimed by stakeholders
of the projects, including resettlement of original residence of that project area. With the uncertainty
in the project costs, more attractive FiT rates will boost uptake in the development of small hydro
in Malaysia.
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3.7. Battery Energy Storage Systems (BESSs)

Battery Energy Storage Systems (BESSs), Virtual Power Plants (VPPs) and microgrids are part
of another area that can contribute to the development of RE in Malaysia. With the emerging of
Renewable Energy in the system, the support from BESS will be crucial at a certain point of penetration.
Based on studies, at the level of 20% targeted by the Malaysian government, support from batteries in
the system is needed [74–76].

BESS is capable of supplying services across many applications in the power system. These include
Frequency Regulation [77], Voltage Support, Spinning Reserve and Black Start for Grid System Operator
(GSO) for grid flexibility and reliability [78,79]. For utility services, BESS is capable of transmission
congestion relief and as an alternative for Transmission and Distribution deferral. For behind the meter
(BTM) services, BESS can be used for back-up power, peak demand reduction, energy arbitrage, and
increased PV solar self-consumption [80,81].

In Malaysia, BESS for behind the meter and VPP project have been deployed as research projects.
However, for utility-scale batteries, there has not been any deployment yet. The main challenge in
deploying such projects is the high capital cost. BNEF has projected a significant drop in capital costs
for BESS, estimated at 5% decrease yearly. However, without proper incentives and regulations from
the Government, commercial projects for BESS will remain a challenge.

South Korean provides an example of a high deployment of BESS projects. Since 2011, the Korean
government has implemented 500 MW of frequency regulation BESS. This is supported by its generous
multiple in the Renewable Energy Certificate (REC) [82]. Figure 6 shows the capital cost for 20 MW/80
MWh Fully-installed BESS and the projection price up until the year 2030.
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4. Policies and Incentives

Malaysia has embarked into several key initiatives on RE. Some of these started way back in 1997
when Malaysia signed for Kyoto protocol and committed to reduce greenhouse gas emission. In 1999
Malaysia announced the Fifth-fuel strategy where RE is the alternative power generation besides the
four previous fuel sources, namely oil, gas, coal and hydro [32,84,85]. In 2008, Malaysia embraced
on Energy Efficiency (EE) by launching the Efficient Management Of Electrical Energy Regulations
(EMEER) 2008 [86]. In the following year, Malaysia pledged to COP 15 where the county committed
to reduce carbon intensity by 40%. The biggest impact on the RE market was when FiT scheme was
introduced back in 2011. This incentive was based on a quota and managed by SEDA. This scheme
incentivized RE developers with a premium tariff rate.

The Net Energy Metering (NEM) mechanism has also been deployed successfully. It has been
revised to have more attractive rates. With this new mechanism, customers with roof top solar will
enjoy better electricity savings. Recently, the Government has also announced that the national RE
target has been revised to a more aggressive target, to reach 20% of RE penetration by the year 2025.
Approximately 50% of the target will be coming from solar technology while another 50% will come



Energies 2019, 12, 2437 11 of 16

from non-solar technologies. Solar technology is considered the easiest RE technology to be deployed
and also the low price that can be offered by solar makes it even more attractive. The other non-solar
technologies need strong support from the Government in terms of incentives to ensure project viability.

5. Key Challenges

Key challenges for RE deployment in Malaysia will be discussed in terms of technical, economic
and social perspectives. Technically, the key success criteria are to suit the selected technology based
on the actual resources in Malaysia, for instance, the wind technology selected should be for low
wind conditions, as Malaysia has a low wind resources compared to other countries. For the kind of
technologies which are still in early stages of deployment in Malaysia, e.g. biogas and BESS, they must
be supported by research projects or small-scale pilot projects to determine the actual suitability to
Malaysian conditions.

Most of the challenges will be coming from commercial perspectives. RE as a new energy resource
for Malaysia requires high investment values. Incentives from the Government are very important at
the initial stage of deployment. The FiT mechanism seems to be working in terms of implementation
but the rates might not be sufficient for some technologies after considering all other risks. For example,
for mini hydro projects, compensations to Aboriginal communities and other affected communities
can impact the total project cost. FiT for biogas generation from municipal solid waste (MSW) or food
waste should be revised to allocate specific FiT allocation for this type of technology, as this technology
can be a solution to the existing problem to treat MSW and to prolong the life of landfills in this country.

In terms of social, challenges could be seen from the perspective of procuring land especially
for big projects such as large hydro and large scale solar. Large hydro will impact the surrounding
community and also have other environmental effects due to large dam construction. Support from
the local community is essential for all types of project construction to mitigate the ‘not in my back
yard’ (NIMBY) syndrome.

6. Conclusions

In conclusion, Malaysia is blessed with an abundance of potential for Renewable Energy, including
solar, wind, hydro, biogas, and biomass. Geothermal was not discussed in this paper as Malaysia
based on its geographical condition has very limited geothermal resources. For tidal energy, Malaysia
has less resources compared to other countries. The ideal current speed to achieve the maximum
potential of the turbine to generate a substantial amount of energy is 2 m/s (4 knots) while average
current velocity in Malaysia is only at 1 m/s (2 knots). Both forms of technology are still in very early
stages of research as limited studies were found in these areas.

In order for the government to reach the RE capacity penetration target, it must be aggressively
supported by Government incentives and proper alignment in terms of government policies and
implementation [24,25,32–34,87]. For instance, for biogas technology, enforcement in terms of waste
separation can be the enabler of the successful deployment of this technology. For hydropower
and BESS, as these developments are capital intensive, government incentives will boost technology
deployment. For wind power deployment, Malaysia has to explore by using suitable technology
for low wind condition as geographically Malaysia is located in an area that is relatively low in
terms of wind speed. For large scale solar, as this technology is quite mature, Malaysia can consider
developing solar parks to boost the deployment rate. Finally, on the future for conventional generation,
Malaysia will be still depending on coal and natural gas generation but with a higher penetration of
RE, the conventional plants will potentially be changing role from base load to standby generation
sources as RE penetration increases in the system.

With the information provided in this paper, more research projects and commercially driven
projects can be initiated. This will help to expedite RE deployment projects in line with the Malaysian
Government to achieve 20% RE penetration by 2025.
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