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This study provides a comprehensive analysis of renewable energy
development in ASEAN, focusing on policies, environmental impact, and
economic implications. It examines the effectiveness of renewable energy
policies across member countries, highlighting challenges in implementation
and the need for effective policy frameworks to drive investment. The review
explores environmental concerns, including land use change, soil erosion, water
use, and waste generation, while emphasizing the potential economic benefits
such as GDP growth, job creation, and reduced dependence on energy imports.
Addressing challenges and promoting sustainable development are crucial for
achieving renewable energy targets in ASEAN.

1. Introduction

The Association of Southeast Asian Nations (ASEAN) is a
region that is home to over 650 million people and has a
rapidly growing economy [1]. With this growth comes an
increasing demand for energy to support industrialization
and modernization, leading to a greater dependence on fossil
fuels [2]. However, in recent years, ASEAN has made
significant strides in developing renewable energy (RE)
sources, which has become an important focus of the region's
energy policy [3]. ASEAN countries have been taking steps to
develop their RE infrastructure, with many setting ambitious
targets to increase their use of renewable energy sources. For
example, the ASEAN Plan of Action for Energy Cooperation
2016-2025 targets a share of 23% renewable energy in the
region's energy mix by 2025, up from 15.3% in 2015 [4].
However, despite these efforts, the transition towards
renewable energy faces several challenges, such as regulatory
barriers, lack of investment, and inadequate infrastructure
[5]. This review paper aims to provide a comprehensive
overview of renewable energy development in ASEAN,
focusing on the policies, environmental, and economic
impacts. By analyzing the current state of RE in the region,
this paper aims to identify the key challenges and
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opportunities for future development and provide
recommendations for policymakers, investors, and other
stakeholders. In recent years, several studies have explored
the development of renewable energy in ASEAN. For example,
a study by Pratiwi and Juerges [6] examined the
environmental impact of RE development in the ASEAN
region. In contrast, another study by Vakulchuk et al. [7]
analyzed the barriers to investment in RE in the region.
Furthermore, a study examined the impact of policy on the
adoption of RE in Vietnam, a key ASEAN country [8]. By
synthesizing the findings of these studies and other relevant
literature, this paper aims to provide a holistic overview of
the renewable energy landscape in ASEAN, highlighting the
progress made, challenges faced, and future opportunities for
development.

2. Policies for renewable energy development in

ASEAN

RE policies are critical for the development of the RE
sector in ASEAN. This section will provide an overview of the
policies implemented in ASEAN member countries, followed
by a comparative analysis of their effectiveness. Finally, it will
highlight the challenges and opportunities for policy
implementation in the region.
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In recent years, most ASEAN member countries have
established renewable energy policies to promote deploying
renewable energy technologies. These policies include feed-
in-tariffs, renewable portfolio standards, tax incentives, and
public-private  partnerships. For example, Indonesia
introduced feed-in tariffs for renewable energy in 2017, while
the Philippines implemented a Renewable Portfolio Standard
in 2010 [9]. Additionally, Thailand, Malaysia, and Vietnam
governments have implemented tax incentives and public-
private partnerships to promote renewable energy
development. Despite these efforts, the effectiveness of these
policies varies across ASEAN countries. For instance, in
Malaysia, the feed-in-tariff policy has been effective in
increasing the deployment of renewable energy technologies,
while in Indonesia, the implementation of feed-in tariffs has
been delayed due to regulatory challenges [10, 11].
Furthermore, while the Renewable Portfolio Standard in the
Philippines has been successful in attracting investments in
renewable energy, the country still faces challenges in grid
integration and the expansion of transmission infrastructure
[12]. A comparative analysis of renewable energy policies in
ASEAN reveals that most countries have set renewable energy
targets, but the achievement of these targets has been slow.
According to the ASEAN Centre for Energy (2021), ASEAN
member countries achieved a 15.3% renewable energy share
in their energy mix in 2015, which increased to 17.3% in
2019. However, this is still below the 2025 target of 23%. The
implementation of renewable energy policies in ASEAN faces
several challenges, including regulatory barriers, lack of
investment, and inadequate infrastructure. Regulatory
challenges include delays in project approval processes and
uncertainties in regulatory frameworks. A lack of investment
in renewable energy is another major challenge, with limited
access to financing and the perception that renewable energy
technologies are risky investments. Finally, inadequate
infrastructure, such as grid capacity and transmission
infrastructure, presents a significant barrier to the
deployment of renewable energy technologies (EY, 2019).
Despite these challenges, ASEAN presents significant
opportunities for renewable energy development, including
abundant renewable energy resources, increasing energy
demand, and government support for renewable energy. To
achieve their renewable energy targets, ASEAN countries
need to address the challenges faced in the implementation of
renewable energy policies and adopt effective policy
frameworks that encourage investment in renewable energy.
Therefore, renewable energy policies in ASEAN member
countries have made significant progress in promoting the
deployment of renewable energy technologies. However, the
effectiveness of these policies varies across the region, and
challenges remain in the implementation of these policies. To
achieve their renewable energy targets, ASEAN countries
need to address the challenges faced in the implementation of
renewable energy policies and adopt effective policy
frameworks that encourage investment in renewable energy.

3. Environmental impact of renewable energy

development in ASEAN

RE development in ASEAN has the potential to
significantly reduce greenhouse gas emissions and mitigate
the impacts of climate change. According to [13], preventing
negative effects such as air pollution and greenhouse gases
(GHGs) could be possible by using renewable energy sources
instead of fossil fuels or coal. Compared to coal-fired power
plants, renewable energy sources' electricity emits 90-99%
fewer GHGs and creates 70% to 90% less pollution. However,
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the development of RE sources can also have environmental
impacts that must be carefully managed to ensure sustainable
development. One of the key environmental impacts of RE
development in ASEAN is land use change. The development
of large-scale renewable energy projects, such as solar and
wind farms, can require large amounts of land, which can
impact natural habitats and wildlife. Ref [14] states that
construction of RE projects can lead to habitat fragmentation
and loss of biodiversity, particularly in areas that are
ecologically sensitive or contain endangered species. For
example, solar power plants are constructed on agricultural
land with an area of over 160 hectares in Thailand. In recent
years, Thailand has significantly increased its solar energy
capacity, with a large portion of this expansion occurring on
agricultural land [15]. Due to this, agricultural land and other
agricultural regions have been converted into solar power
plants, which may have a negative influence on the
ecosystems and residents. Satellite imagery and aerial photos,
which depict the conversion of agricultural land into huge
solar power plants, provide tangible proof of this change in
land use. This has sometimes resulted in the eviction of
farmers and the destruction of their means of subsistence, as
well as negative effects on the local biodiversity and water
supplies. The trade-offs and difficulties involved in the
development of RE, particularly in densely populated and
land-constrained countries, are highlighted by the
construction of solar power facilities on agricultural land in
Thailand. Ultimately, the development of the solar farm
serves as a stark reminder of how difficult it is to strike a
balance between the need for RE and possible harm to nearby
residents and ecosystems. To guarantee that RE projects are
built in a sustainable and socially responsible manner, it is
crucial for governments and developers to collaborate with
regional communities and stakeholders.

Moreover, another environmental impact of RE
development is the potential for soil erosion and degradation.
This can occur when RE projects are developed on steep
slopes or in areas with poor soil quality [16]. Soil erosion and
degradation can lead to a loss of soil fertility and reduced
productivity of agricultural land, which can have negative
impacts on local communities that rely on agriculture for their
livelihoods. For example, hydropower dam construction in
Laos has caused soil erosion in the Mekong River Basin. It is
stated that since the hydropower dam building in the area
started, sedimentation levels in the Mekong River Basin have
risen by 20% [17]. Significant soil erosion may result from the
excavation of rock and soil, the construction of access roads,
and the installation of transmission lines during the project's
construction phase. This erosion may cause sedimentation in
surrounding rivers and streams, which may have a negative
effect on local communities that depend on fishing and
agriculture, as well as aquatic habitats. Because of changes in
the water flow and sediment movement downstream of the
dam, the dam can potentially have a long-term negative
influence on soil erosion in addition to the immediate effects
during construction. This may significantly reduce
agricultural output and raise the possibility of landslides in
the region. To lessen these effects, hydropower projects in
Laos normally need to submit environmental evaluations and
management plans that include actions like sedimentation
basins, soil stabilization projects, and reforestation schemes.
However, based on the project and how it is carried out, these
measures may not all be equally beneficial. Not to mention,
water use is another potential environmental impact of RE
development in ASEAN. Ref [18] rationalizes that some RE
technologies, such as hydropower and bioenergy, can require
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large amounts of water for their operation. This can have
negative impacts on water resources and aquatic ecosystems,
particularly in areas that are already experiencing water
scarcity or where freshwater ecosystems are already under
stress. For example, the construction of the hydropower
Baram Dam in Malaysia has caused water use issues [19]. Due
to worries about their effects on local ecosystems and
indigenous groups, the construction of hydropower dams in
Malaysia has been controversial. Thousands of indigenous
people would be uprooted, and a sizable portion of the
rainforest would be flooded. Hydropower dam development
and operation can also have detrimental effects on the
quantity and quality of water available downstream. This may
have an impact on local people’s health and well-being, as well
as industries depending on water, like agriculture, fishery,
and others. So, Malaysia has implemented several efforts to
enhance water management in the area in response to these
worries, including the creation of new water treatment
facilities and the encouragement of water conservation
techniques. The severe environmental and socioeconomic
effects of the Bakun Dam, however, may preclude these
actions from being sufficient.

Finally, the production and disposal of RE technologies
can also have environmental impacts. For example, the
production of solar panels and wind turbines can involve the
use of toxic chemicals and generate waste, which can have
negative impacts on the environment and human health [20].
Similarly, the disposal of old or damaged RE technologies can
also create environmental problems if not properly managed.
[21] mentions that geothermal power plants constructed in
Indonesia can be taken as one of the examples that cause the
issues. To reach the hot water and steam needed to produce
energy at geothermal power plants, deep wells must be
drilled. Large amounts of drilling waste, such as drilling fluids
and rock shavings, may be produced because of the drilling
operation, and these waste materials may be challenging to
securely dispose of. Deforestation, land degradation, and the
disruption of regional ecosystems are other potential
negative effects of the development of geothermal power
facilities. Therefore, the Indonesian government has put
policies in place to control geothermal waste and encourage
sustainable development to address these problems.
Enforcing these laws, meanwhile, can be difficult, especially in
isolated locations where geothermal projects are sometimes
located.

4. Economic impact of renewable energy development
in ASEAN

Recently, attaining energy sustainability has been a
major goal for the ASEAN countries, as it brings many
benefits, including enhanced energy efficiency and a clean
environment. This has resulted in the rise of sustainable
energy sources such as wind, hydropower, and solar power,
which are the prominent sources of electricity growth
globally. Based on research done back in 2020, the GDP
growth and RE sources in ASEAN countries have been
recorded in Table 1 [22].

Economic growth can be defined as an increase in
production in an economy, which results in increased
incomes and raises the standard of living. Economic growth is
usually measured in terms of GDP and is an indicator of the
economic health of the country. RE has been an attractive
method to recover the falling GDP of ASEAN countries, which
has been caused by the pandemic. It has been reported that
the GDP for the ASEAN-5 (Indonesia, Malaysia, Philippines,
Singapore, and Thailand) has been 2.9% for 2021 and 5.8%
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for 2022, following a 3.4% fall in 2020 due to the pandemic.
One of the main reasons RE has been deemed the future is that
itwould cause the ASEAN countries to achieve a steady supply
of energy and be self-sufficient. Currently, the countries still
rely on energy imports that are predominantly fossil fuels to
operate. With RE, the funding will not be required for imports,
and thus the GDP will rise. This, coupled with the increasing
demands to prevent global warming from investors, can make
investing in RE a worthwhile venture.

Table 1. GDP growth and renewable energy sources in ASEAN
countries

Countries Economy  Populations GDP Capacity of
size (Millions) per renewable
(USD in capita energy
billions) (USD) MW)
Brunei 16.18 0.42 38760 1
Cambodia 16.20 15.14 1070 1438
Indonesia 868.35 250.80 3460 9471
Laos 11.00 6.78 1620 5118
Malaysia 313.16 29.72 10538 8157
Myanmar 44.85 61.95 724 3315
Philippines 272.07 98.39 2770 6482
Singapore 297.94 5.40 55183 279
Thailand 387.25 67.01 5780 10411
Vietnam 170.55 89.71 1901 18523

In the last five years, ASEAN countries have increased
their RE production. EY-Parthenon, a global strategy
consulting arm, had conducted a study of eight economies
across Asia and has recorded more than 800 clean energy
projects. If they are all realized, it could result in an
investment potential of over 316 billion USD and an emission-
saving potential of over 229 metric tons of carbon dioxide.
These projects and investments also have the potential to
generate up to 870,000 jobs. Furthermore, as stated earlier,
RE is attractive, resulting in private sectors and investors
being more likely to deploy capital and back its’ projects. This
would, in turn, bring economic growth. According to the 58th
edition of the EY RE Country Attractiveness Index (RECAI) in
October 2021, the Philippines, Vietnam, and Indonesia have
risen up the rankings of the world’s top 40 markets in terms
of the attractiveness of their RE investment and deployment
opportunities. Indonesia has set more ambitious goals and
policies to retire diesel and coal power plants.

While the merits of pursuing RE are clear, the path is not
without challenges. Inability to access financing, absence of or
uneven government support in incentives and the
implementation of renewable projects, as well as
geographical limitations - such as the lack of suitable or large
land for solar or wind farms or hydropower generators - are
some of the main challenges. RE projects are often located in
remote locations due to traditional town planning, which
places industrial assets far from suburban areas and
increases the costs of renewable energy. This lowers the
attractiveness for consumers to convert to RE usage when
conventional energy products may be cheaper and more
accessible. Further, Southeast Asia’s renewables market is
still in development. Market knowledge is still shallow, and
some countries are still sceptical about investing in this new
technology, which may result in waning market interest over
time.
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5. The ASEAN countries' renewable plan and progress
by now

The development process for RE has always been the
main target accomplished by the ASEAN governments. The
investments towards this goal, accompanied by cheaper
technologies implementation and given economies of scale
that contribute to less cost involved, the authorities took
significant actions to tackle the problem regarding the
reduction of carbon emissions. Unforeseen challenges are
presented during 2020 that somehow negatively affect the
development of this sector; however, the determination
towards achieving the main outcome for the RE plan in the
ASEAN governments has not been affected, and it is expected
to pick up at a quick pace despite the obstacle encountered.
The consensus is to enhance the development of the RE plan
and recover the loss caused during the pandemic in the
ASEAN countries. The authorities of ASEAN proceed with the
second phase of the ASEAN Plan of Action for Energy
Cooperation (APAEC), in which a five-year sustainability plan
will commence starting from 2021 till 2025. A 23% share of
RE in total primary energy supply, along with 35% in the
region and ASEAN installed power capacity by 2025,
respectively, has been agreed and set as a target by the ASEAN
energy ministers under the APAEC. In terms of energy power
to be generated as RE, 35GW to 40GW is set as a target to be
achieved by 2025 [23]. Significant progress towards the
development of RE is shown within the ASEAN member
countries; the evaluation is done by looking at the
investments towards the infrastructure in the sustainability
plan. Table 2 (Appendix) represents the evaluation of the top
investments for each ASEAN member country.

The RE project implemented for each member country of
ASEAN has a significant trend to be observed. The size of the
project implementation is very dependent on the size of the
country itself; the larger the scale of the country region, the
more the human population, hence, the energy consumption
demand rises. The government implements large-scale
projects to satisfy the daily needs of consumers. However, the
condition regarding direct proportionality of the country
scale region and consumer demands does not really apply to
all countries in ASEAN. There are still some other factors that
greatly affect the decision of local authorities to scale up their
project regardless of the country’s regional scale. Among the
countries, it is shown that the Vietnamese government
emphasized the RE sector more than that of the Malaysian
government by direct comparison; although both countries
had almost a similar regional scale, the investments and the
outputs varied differently. The demand for RE is greatly
economically beneficial for some countries, depending on the
local authorities' decision. Hence, for some reason, a smaller-
scale country may produce more energy output or invest a lot
in the renewable energy sector, but on the other hand, a large
country might not do so. According to research information,
there is a trend that shows ASEAN member countries focus
more on the renewable sector regarding hydropower. Even
the largest ongoing project, Mamberamo Hydro Power Plant
23,000 MW in Indonesia, is also the largest hydropower
generation project. Being the largest regional-scale country in
ASEAN, the Indonesian government is currently planning the
largest RE project in the country. Compared to other member
countries, their project scale is way larger than the others,
regardless of the cost of the project or the amount of output
RE produced. As shown above, several member countries of
ASEAN have significantly low amounts of data acquired due
to the RE project scale of the location being contrastingly
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lesser than that of bigger regional coverage member
countries. As shown above, regarding Brunei and its overall
development in the RE sector, the most recent project is
completed, the project scale is also small compared to other
bigger countries, and the value of investments is similarly
lesser. The BSP (photovoltaic) solar farm project did not
announce the exact total amount of investments towards the
project; hence, the exact value remains unknown. The overall
RE targets and plan to achieve regarding each member
country in ASEAN are at a good pace in terms of development.
Predictions and expectations are set by different countries in
the hope of achieving their expected outputs within the time
span they set. Brunei has not set any specific RE target, but
the country has made efforts to promote the use of RE,
particularly in the form of solar power. Cambodia aims to
increase the share of RE in the electricity mix to 20% by 2023,
with plans to increase the use of hydropower and solar energy
[31]. Indonesia aims to increase the share of RE in the
electricity mix to 23% by 2025, primarily through the
increased use of geothermal, solar, and hydropower [32].
Laos aims to generate 90% of its electricity from renewable
sources and have their total energy consumption by 30%
through RE by 2025, mainly through hydropower, but also
through other sources such as solar and wind power [33].
Malaysia aims to increase the RE in the capacity level to 20%
by 2030, and currently, up till 2023 is at 25% [34], with plans
to increase the use of solar, biomass, and biogas. Myanmar
aims to increase the share of RE in the electricity mix from 8%
in 2021 to 12% by 2025, mainly through hydropower butalso
through other sources such as solar and wind power [35].
Progress is in good condition. The Philippines aims to
increase the share of RE in the electricity mix to 35% by 2030,
with plans to increase the use of wind, solar, hydro, and
geothermal power [36]. Singapore aims to increase the share
of RE in the electricity mix to 3% by 2030, with plans to
increase the use of solar power [37]. Thailand aims to
increase the share of RE in the energy mix to 30% by 2036,
with plans to increase the use of solar, wind, and biomass
power. Vietnam aims to increase the share of RE in the
electricity mix to 10% by 2030, with plans to increase the use
of wind, solar, and hydropower power [38]. Overall, the
ASEAN region aims to achieve a collective target of increasing
the share of RE in the region's energy mix to 23% by 2025. To
achieve this, ASEAN countries are implementing a range of
measures, including policy reforms, capacity building, and
investment in RE infrastructure. The region has significant
potential for RE, including solar, wind, hydropower, and
biomass, and governments are working to harness this
potential to reduce greenhouse gas emissions and increase
energy security.

6. Case studies of renewable energy development in

ASEAN

Energy resources in the ASEAN region are diversified
and plentiful, ranging from oil and gas to a variety of RE
sources. Several case studies on the growth of RE in ASEAN
have been published. The region has set ambitious goals to
increase the amount of RE in its energy mix. The primary
conclusions of successful RE projects are summarised and
examined in this literature review. The first example is the
Tolo Wind Farm, which is constructed in Indonesia. The Tolo
wind farm in South Sulawesi, Indonesia, is one of the largest
wind farms in Southeast Asia. It has a total capacity of 72 MW
and consists of 20 turbines [39]. The project was developed
by PT UPC Sidrap Bayu Energi and started operating in early
2018. The Tolo wind farm is expected to reduce carbon
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emissions by more than 200,000 tons per year. Likewise,
another example is The Coara Marang Solar Plant project,
which can be found in Malaysia. According to [40], the solar
facility site covers 245 hectares to the northeast of Peninsular
Malaysia. It is made up of 216,832 premium bifacial solar
panels that are fixed to single-axis trackers. This is to ensure
maximum energy production efficiency with a total capacity
of 116 MW. The solar panels are expected to generate roughly
230 GWh of electricity per year, which is enough to power
55,000 households on average. More than 170,000 tons of CO2
emissions are also prevented annually by the project.
Furthermore, the Srepok 1 and Quang Minh Solar projects are
other examples that are built in Vietnam. Ref [41] states that
Srepok 1 and Quang Minh solar projects are developed by
Sunseap Group and InfraCo Asia, respectively, which have a
combined capacity of 168 MW. They are expected to generate
more than 350,000 MWh of electricity per year, enough to
power around 200,000 homes. The projects are helping to
reduce carbon emissions and support the growth of the RE
sector in Vietnam.

In addition, the next example is The Bangui Bay Wind
Farm, which is in the Philippines. The Bangui wind farm in
Ilocos Norte, Philippines, was the first commercial wind farm
in Southeast Asia. It has a total capacity of 41 MW and consists
of a total of 26 turbines [42]. The project was developed by
NorthWind Power Development Corporation and started
operating in 2005. The Bangui wind farm has helped to
reduce carbon emissions and provide clean RE for the region.
Lastly, the Nam Ngiep 1 Hydropower Project is the last
example that can be found in Laos. It has a capacity of 290 MW
and is expected to generate over 1,200 GWh of electricity
annually [43]. The project is being developed in Bolikhamxay
along the Ngiep River, with a 167-meter main dam height, to
create a 67 km? water storage reservoir. The objective is to
develop a power project that is socially and environmentally
responsible, will offer clean, renewable electricity, and will
aid in the reduction of poverty in Laos. Besides, there are
some factors that may have contributed to the success of the
RE projects. This can also include lessons that can be learned
and implications for future RE development in ASEAN.
According to [44], one of the factors is supportive government
policies that can provide a favorable environment for RE
projects to succeed. In some cases, governments may offer
incentives such as tax breaks or subsidies to encourage
investment in RE. The importance of these supportive policies
and regulations can be a lesson to be learned. Additionally,
policies such as feed-in tariffs, RE targets, and carbon pricing
mechanisms have been effective in promoting RE
development in the region. It also prioritizes RE sources over
fossil fuels, which can help to create demand for RE projects.

Similarly, another factor will be access to financing,
which is crucial for RE projects to succeed [45]. This may
include access to loans, grants, or other types of funding.
Financial institutions and development banks may play a
critical role in providing funding for RE projects. Therefore,
future RE projects in ASEAN will need to secure adequate
funding and financing to ensure successful implementation,
especially for large-scale projects. Haile et al. [46] also
rationalize that strong collaboration between public and
private sector entities can be another essential factor for the
success of RE projects. Public-private partnerships can bring
together the strength, expertise, and resources needed to
develop and implement large-scale RE projects. By working
together, countries in the region can share best practices, pool
resources, and develop joint projects. This could include the
development of regional transmission infrastructure, joint
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investment in RE projects, and the sharing of expertise and
knowledge. Future RE projects in ASEAN should seek to
establish strong public-private partnerships to achieve
project goals and bring in private sector expertise. Then,
favorable natural conditions, such as high wind speeds or
ample sunlight, can be an important factor in the success of
RE projects. Projects that are in areas with abundant natural
resources may have a higher likelihood of success [46]. This
can also be important for future RE projects in ASEAN that
should take advantage of these resources to develop a diverse
portfolio of RE sources and reduce dependence on fossil fuels.
After that, Mokan et al. [44] mentioned that engaging and
securing the support of local communities is another critical
factor for the success of RE projects. Communities that are
supportive of RE projects may be more likely to participate in
them, which can help to increase project viability. Then,
several successful RE projects had environmental and social
considerations at the forefront of project design, such as
creating jobs for residents and mitigating environmental
impacts. Future RE projects in ASEAN must consider
environmental and social implications and engage with local
communities to ensure their buy-in.

Finally, the last factor is technological innovation, which
plays a significant role in the success of RE projects. This is
because many countries in the region still lack the technical
expertise and infrastructure necessary to fully realize the
potential of RE. Advances in RE technologies can make them
more efficient and cost-effective, which can help to increase
their viability [44]. So, future RE projects in ASEAN should
continue to embrace technological advancements and
innovation to drive progress and improve efficiency. In short,
future RE development in ASEAN can learn from the success
of past projects by emphasizing government support and
policies, establishing strong public-private partnerships,
securing adequate funding and financing, addressing
environmental and social considerations, taking advantage of
diverse RE resources, and embracing technological
advancements and innovation. By doing so, ASEAN countries
can continue to accelerate the transition to a more sustainable
energy future.

7. Discussion

Considering the economic and environmental impact, as
well as the policies of respective member countries for RE
development in ASEAN, the future progress of the region's RE
development plan seems promising despite the challenges
faced. ASEAN countries have recognized the importance of
transitioning to RE sources to reduce carbon emissions and
promote sustainability. Although a major downfall in this
renewable plan has happened, which is the COVID-19
pandemic, this did not ravage away the recognition of ASEAN
countries to progress towards sustainability. ASEAN
countries have implemented various policies, as mentioned
previously, such as feed-in-tariffs, tax incentives, and
renewable portfolio standards, to drive RE deployment. While
challenges exist, including regulatory barriers, a lack of
investment, and inadequate infrastructure, there are
significant opportunities, such as abundant RE resources and
increasing energy demand. With concerted efforts to address
these challenges and further refine policy frameworks,
ASEAN has the potential to make substantial progress in RE
development over the next few decades. Continued
commitment and collaboration among member countries will
be crucial in achieving their RE goals and fostering a
sustainable future.
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Based on Table 1, Vietnam has the capacity of renewable
energy with approximately 18523 MW. This can be attributed
to its vast natural endowments. Vietnam has four to five
kilowatt-hours per square meter for solar and 3,000
kilometers of coastlines with consistent winds in the range of
5.5 to 7.3 meters per second. Whilst its focus is primarily on
wind projects, this renewable-led pathway has led Vietnam to
a cheaper and cleaner energy plan whilst also providing an
additional 465,000 jobs through 2030. Brunei has the least
renewable energy capacity, with it only being 1 MW. This can
be caused by its’ small and limited land, with it being the
smallest country in Southeast Asia by population, making it
hard to construct renewable energy plantations.
Furthermore, its land is oil-rich, making renewable energy
unnecessary. Despite this, Brunei acknowledges the
importance of renewable energy. Brunei’s government is
planning to utilize a waste-to-energy facility. This facility is
expected to have an installed capacity of up to 10 MW.
Whether other alternative energy sources such as wind
power, hydropower, and ocean are economically and
technically feasible in the medium term and the long term is
still being researched. These initiatives are supporting the
government’s aspiration of generating at least 10 percent of
the total power generation mix from renewable resources by
2035. Every country has its own renewable energy that is best
suited for it. For example, Malaysia’s hydropower generates
much more energy than its’ solar department. It all comes
down to allocating funds to the correct and most suitable
renewable energy source for each criterion. Furthermore,
investing in RE will not produce results immediately but
instead is a long-term project that will yield results in the
future and, overall, reduce global warming.

8. Conclusion

RE policies in ASEAN countries promote the use of RE
technologies. While countries have implemented policies like
feed-in-tariffs and tax incentives, their effectiveness varies.
Challenges include regulatory barriers, lack of investment,
and inadequate infrastructure. Despite obstacles, ASEAN has
opportunities for RE development due to resources and
government support. To achieve targets, countries must
address challenges and adopt effective policies that
encourage investment in RE. The case studies of ASEAN
member countries' renewable energy (RE) development
plans reveal diverse experiences and challenges. Thailand
stands out as a success story with effective policies and
incentives leading to significant growth in solar and wind
power. Malaysia's feed-in-tariff policy has been successful in
promoting RE deployment, particularly in solar energy.
Indonesia has faced obstacles in implementing RE policies,
including delays in feed-in tariff implementation and
regulatory hurdles. The Philippines has attracted investments
through a Renewable Portfolio Standard but struggles with
grid integration and transmission infrastructure. Vietnam has
made significant progress in the solar and wind sectors
through policy reforms and foreign investments. These case
studies highlight the need for careful planning, supportive
measures, and collaboration among member countries for
successful RE development. The economic impact of RE plans
in ASEAN member countries is both positive and negative.
They create jobs, stimulate economic growth, and reduce
dependence on costly fossil fuel imports. However, the initial
costs of implementing RE projects and the need for additional
investments in energy storage and grid infrastructure pose
financial challenges. To maximize the positive economic
impacts, supportive policies, incentives, and collaboration are
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crucial, along with strategic investments and research in RE
technologies. RE development in ASEAN has the potential to
significantly reduce greenhouse gas emissions and mitigate
climate change impacts. RE sources emit far fewer
greenhouse gases and pollutants compared to coal-fired
power plants. However, careful management is required to
address environmental concerns such as land use change,
habitat fragmentation, soil erosion, water use, and waste
generation associated with RE projects. Collaboration with
communities and stakeholders is crucial for sustainable and
socially responsible RE development. The sustainability plan
conducted by ASEAN member countries aims to reduce
overall carbon emissions and brings a beneficial impact on the
environment and economy. RE is a natural resource-saving
approach that minimizes consumption and depletion. It offers
cost-saving benefits through the use of renewable and
reusable resources, resulting in higher energy production. If
successfully carried out, the plan would lead to reduced
resource consumption, pollution, and carbon emissions,
benefiting both the ecosystem and the economy. Overall
efficiency would improve, and member countries would enjoy
cost savings in resource treatment, maintenance, and
procurement.
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Appendix I
Table 2. ASEAN RE project development information
Project Name Stage Value (US$ million) Start Completion
Malaysia [23]
. Baleh Dam and Hydroelectric Power .
Plant 1285MW Execution 2,374 2013 2025
. Large Scale Solar Photovoltaic Plants Execution 2,000 2020 2023
Program
. Lebir Hydroelectric Power Plant 274 MW Planning 845 2022 2028
. llfde\}\;;lgus Hydroelectric Power Plant 465 Planning 800 2021 2024
. II:IA%r\;ggiri Hydroelectric Power Plant 300 Planning 660 2022 2024
Vietnam [23]
e  ThangLong Ke Ga Offshore Wind Farm R .
3400 MW Pre-Execution 11,900 2021 2027
. La Gan Offshore Wind Farm 3500 MW Pre-Planning 10,000 2022 2030
. Binh Dinh Offshore Wind Power Plant Planning 4,800 2022 2026
e  Wind Power Plants Program 1000 MW Execution 2,500 2020 2025
. Ninh Thuan Solar Power Complex ;
1000MW Planning 2,000 2021 2024
Singapore[23]
e  TuasOne Waste-to-Energy Plant 120 MW Execution 534 2016 2021
. SolarNova Program 350 MW Execution 315 2016 2022
o  Tengeh Reservoir Floating Solar Power .
Plant 60MW Execution 70 2020 2021
. Sunshine Phase II: Solar Power Plant .
20MW Pre-Execution 25 2021 2022
Thailand [23]
. ;lalland Solar PV Plants Program 6000 Execution 12,000 2017 2026
. Changwat Khon Kaen Photothermal and
Photovoltaic Hybrid Power Station 90 Pre-Execution 600 2021 2022
MW
. Ratchapsatu Cogeneration Power Plant .
95 MW Planning 150 2022 2023
. &k\)/\(;l Ratana Dam Floating Solar Farm 24 Planning 65 2021 2023
. 1%/K/i/ndhorn Dam Floating Solar Farm 45 Pre-Execution 63 2021 2022
Philippines [23]
. Hydropower Plants Program 2300 MW Pre-Planning 5,000 2021 2026
. Solar Power Plants Program 5000 MW Planning 5,000 2021 2024
. Solar Farms Development Program Planning 1,650 2021 2024
. Northern Luzon Hydropower Program : .
1000 MW Pre-Planning 1,500 2021 2024
. Solar Power Plants Program 500 MW Planning 1,000 2021 2023
Indonesia [23]
. ms\r/nberamo Hydro Power Plant 23,000 Planning 35,000 2022 2030
. ;c;r\llewable Power Plants Program 11000 Planning 22,000 2022 2028
. Kayan River Hydroelectric Power Plant .
9000 MW Execution 17,800 2020 2035
e  Kayan Hydropower Plant 1700 MW Pre-Planning 7,000 2022 2026
. Indonesia Power Program: Hydro Power .
Plants 2400 MW Execution 3,500 2015 2025
Burma [23]
e Mong Ton Hydroelectric Plant 7000 MW Execution 10,000 2016 2031
. ;(Av\\//\z;thlt Hydroelectric Power Plant 4500 Planning 4500 2022 2030
. aa;;/gyl Hydroelectric Power Plant 1360 Planning 2,600 2021 2026
e  Hydropower Plants Rehabilitation Planning 1,700 2021 2025
Program
e  Upper Thanlwin Hydroelectric Power Planning 1,400 2021 2023

Plant 1400 MW

Cambodia [24, 25]
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. Stung Russey Chrum Kandal Hydropower Execution
Plant 70 MW & Stung Veal Thmor
Kambot Hydropower Plant 100 MW

e Pursat Province Solar Power Project 150 Execution
Mw 322 2023 2025
. Kampong Chhnang Province Solar Power Execution

Project 60 MW

. Prey Veng Province Solar Power Project Execution
80 MW
Laos [26, 27, 28]
Nam Gun 3 Hydropower Plant 480 MW Planning 1400 2022 2027
Luang Prabang Dam 1460 MW Execution 3000 2020 2030
Sekong Coal fire Power Plant 1000MW Planning 1700 2025 2027
Monsoon Wind Power Project 600 MW Planning 692.55 2022 2027
Phou Ngoy Hydropower Project 728 MW Execution 2400 2022 2029
Brunei [29, 30]
Tenaga Suria Brunei 1.3 MW Completed 20 2009 2010
Brunei Shell Petroleum 3.3 MW Completed Multi-million 2020 2021
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