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Abstract—ASEAN is poised to ascend from being the 

world’s fifth largest economy to the fourth position by 

2030. Rapid economic growth fuelled by accelerated 

industrialization and urbanization is taking place yet 

there is a growing sense of regional responsibility to 

address pressing environmental concerns which the 

former has brought upon. Globally, decarbonization has 

been actively pursued, especially among the developed 

nations. However, it is worthwhile to comprehend the 

progress that ASEAN has made in this regard. Hence, 

this paper shall bring forth the latest updates on the 

efforts of decarbonization undertaken by the ASEAN 

member states (AMS). The respective goals and targets 

for decarbonization being set by each AMS will be 

consolidated. Focus will be placed on relevant policies 

formulated by the respective government and major 

projects which are either completed or in the pipeline to 

accomplish the goal of decarbonization in ASEAN. 

Existing engineering solutions to catalyse 

decarbonization which have been deployed in the region 

will then be highlighted. Finally, the challenges and 

opportunities which lie ahead of ASEAN’s journey 

towards decarbonization will be identified. 

Keywords—Decarbonization, Carbon emission 

reduction, ASEAN, Renewable energy, Sustainable 

development. 

I. INTRODUCTION 

ASEAN, or Association of Southeast Asian 
Nations, is a regional grouping of 10 member 
countries that statistically ranks as one of the fastest 
growing economic regions in the world. According to 
projections, ASEAN could become the fourth-largest 

economy in the world by 2030 [1], and the region is 
witnessing rapid industrialization and urbanization. 
This economic growth has contributed to sharp rises 
in energy use and carbon emissions, posing serious 
environmental challenges. 

Decarbonization, which is achievable by 
increasing low-carbon energy, improving energy 
efficiency, and applying leading-edge carbon capture 
technologies, is vital for sustainable development. 
Working to solve these environmental issues is crucial 
for ensuring the health and well-being of ASEAN's 
people and for minimising the effects of climate 
change worldwide. 

This paper discusses the decarbonization 
initiatives in ASEAN at large. It covers what each 
individual member state is aiming to achieve, 
government policies that should be put in place to 
help, and what major low or no carbon emission 
projects are being proposed. It also points out the 
engineering solutions being applied to stimulate those 
efforts, and calls attention to the important challenges 
and opportunities ahead for ASEAN on the pathway to 
a low-carbon future. Through studying these issues, 
the paper intends to highlight the need for a 
coordinated and integrated decarbonisation effort, as 
well as to contribute towards global efforts to combat 
climate change. All the efforts can be further 
categorized into energy, transportation and the 
buildings sector, which allows a more granular view 
of the activities undertaken to decarbonize. 
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II. CURRENT STATUS OF 

DECARBONIZATION IN ASEAN 

A. Economic Growth and Industrialization 

From 2015 to 2021, ASEAN’s economy expanded 
at an impressive average rate of about 7.5% per year 
[2]. That surge in growth spurred a boom in industry 
and the spread of cities, which in turn drove up energy 
needs. Across the region, energy consumption has 
climbed by roughly 4% annually, with coal, oil, and 
natural gas meeting most of that demand [3], making 
ASEAN one of the world’s fastest‑growing sources of 
carbon emissions. 

By 2020, Indonesia, Malaysia, Thailand, Vietnam, 
and the Philippines together released approximately 
1.65 gigatons of CO₂—about 4.75% of global 
emissions [4]. The International Energy Agency 
reports that since 2000, ASEAN’s CO₂ output has 
jumped nearly 70%, surpassing 1.3 billion tons in 
2020 [5]. This dramatic rise is largely a consequence 
of the region’s rapid industrialization and urban 
expansion. 

B. Environmental Concerns 

ASEAN’s rapid expansion has come with a heavy 
environmental price, as soaring carbon emissions are 
fuelling global climate change. The region now 
confronts serious ecological threats—smog‑choked 
cities, rampant deforestation, and declining 
biodiversity. In Indonesia and Malaysia, vast swaths 
of forest are cleared to make way for palm oil 
plantations, placing them among the world’s leading 
drivers of deforestation [6]. Urban centers such as 
Bangkok, Jakarta, and Manila routinely record air 
quality levels that exceed WHO recommendations, 
putting millions at risk of respiratory and 
cardiovascular problems. In Indonesia alone, land‑use 
changes like forest clearing emit roughly 2.6 billion 
tons of CO₂ each year, ranking it as one of the largest 
contributors to emissions from deforestation 
worldwide [7]. 

C. Comparative Analysis 

ASEAN’s member states have begun to tackle 
their carbon footprints, but they still trail behind 
developed regions in decarbonization. Note that the 
decarbonization rate (DCR) can be calculated to assess 
the annual rate of emission reduction relative to 
economic growth as given by Eq. (1): 

𝐷𝐶𝑅 = (1 −
𝐶𝐼𝑥,𝑡

𝐶𝐼𝑥,𝑡−1
) × 100                             (1) 

, where 𝐶𝐼𝑥,𝑡  = Carbon intensity in year and 𝐶𝐼𝑥,𝑡−1 = 

Carbon intensity in previous year.  

A higher DCR implies a faster decarbonization pace. 

While advanced economies have rolled out 
cutting‑edge technologies and strict emissions 
standards—achieving, for example, a 24 % cut in 
greenhouse gases from 1990 levels—their ASEAN 
counterparts continue to see rising emissions as their 
economies continue to grow [8]. The level of 

commitment and progress varies widely among 
member states, pointing to the need for a more 
cohesive and ambitious regional strategy. 

In South Asia, the situation is quite similar. Rapid 
economic expansion and increasing urbanization are 
driving up energy consumption and CO₂ emissions. 
Countries like India and Bangladesh have set 
aggressive renewable energy goals, but they often 
struggle with infrastructure challenges and limited 
financial resources. Even so, progress in solar and 
wind energy is beginning to show promising results 
[9]. 

Africa is still in the early phases of 
decarbonization. The primary focus for many 
countries remains expanding access to energy and 
stimulating economic growth. Despite these 
foundational challenges, interest in renewable energy 
is growing steadily - especially geothermal power in 
Kenya and solar energy in South Africa - fuelled by 
increasing international investment and support [10]. 

North America, particularly the U.S. and Canada, 
has made meaningful progress in cutting emissions. 
This has been driven by policy changes, technological 
innovation, and significant investment in renewables. 
In the U.S., the transition from coal to natural gas and 
renewable sources has played a big role, while Canada 
has benefited from its strong reliance on hydroelectric 
power [11]. 

In Europe, the European Climate Law now legally 
obligates EU countries to reduce emissions by at least 
55% by 2030. Many member states are enacting new 
laws to meet the long-term goal of climate neutrality 
by 2050 [12]. Around 57% of European businesses 
have already committed to Net Zero targets by mid-
century, with over 80% of them publishing detailed 
plans to get there [13]. External factors - such as 
Europe’s accelerated move away from Russian energy 
due to the Ukraine war, and the U.S. Inflation 
Reduction Act - are also reshaping the region’s climate 
policy and diplomacy [14]. 

South America’s green transition is spearheaded 
by Brazil and Chile, heavily investing in hydroelectric, 
solar, and wind power. While Brazil’s hydropower 
reliance curbs emissions, Amazon deforestation 
remains a pressing environmental threat [15]. 

In Oceania, Australia and New Zealand are leading 
regional decarbonization efforts. Australia has rapidly 
expanded its solar and wind capacity, though it 
remains the second-largest coal exporter in the world 
[16]. Meanwhile, New Zealand is aiming for 100% 
renewable electricity by 2030 [17]. 

Overall, this comparison reveals stark contrasts: 
developed regions have advanced far down the 
decarbonization path, whereas developing areas such 
as ASEAN, South Asia, and Africa face unique 
structural and financial barriers even as they strive 
toward low‑carbon futures. 
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III. GOALS AND TARGETS FOR 

DECARBONIZATION 

Table I and Fig. 1 summarizes ASEAN members' 
decarbonization goals. 

Table I. ASEAN’s decarbonization goal [18] – [26]. 

Country Goal Key Strategies 

Indonesia Net-zero by 2060 Renewable energy, solar, 

bioenergy, CCS 

Vietnam Carbon neutrality 

by 2050 

Solar/wind energy, CCS, 

energy efficiency 

Thailand Carbon neutrality 

by 2050 

Solar PV, bioenergy, 

energy efficiency 

Malaysia 45% reduction by 
2030 

Solar energy, bioenergy, 
electric vehicles 

Philippines 75% emissions 

reduction by 2030 

Wind, geothermal, hydro 

energy, green bonds 

Singapore Net-zero by 2050 Energy efficiency, carbon 
capture, innovation 

Laos Net-zero by 2050 Hydropower, solar/wind 

energy, international 

funding 

Cambodia 42% reduction by 

2030 

Biomass energy, energy 

efficiency 

Brunei Net-zero by 2050 Energy efficiency, natural 

gas, CCS 

Myanmar 30% renewables 

by 2030 

Hydropower, 

solar/bioenergy 

 

Each ASEAN member state has set specific goals 
and targets to reduce carbon emissions along with 
main strategies or measures. Majority of ASEAN 
member state still has heavy reliance on coal and fossil 
fuels which hinders their decarbonisation progress.
        

 

Fig. 1. Southeast Asia's Path to Carbon Neutrality. 

ASEAN has set collective targets to strengthen 

sustainability and cut carbon emissions, including 

boosting renewables in its energy mix to 23% by 2025 

and improving energy efficiency by 20% over the 

same period [24]. Through the ASEAN Plan of Action 

for Energy Cooperation (APAEC) 2016–2025, 

member states collaborate and leverage advanced 

technologies to achieve these goals [24]. Figure 2 

illustrates ASEAN’s key performance indicators: 

reducing carbon intensity, increasing renewable 

energy capacity, enhancing energy efficiency, and 

both curbing deforestation and promoting 

reforestation. Note that carbon intensity can typically 

be evaluated as per Eq. (2): 

𝐶𝐼𝑥 =
𝐸𝐶𝑂2

𝐺𝐷𝑃
                                                               (2) 

, where 

𝐶𝐼𝑥  = Carbon Intensity (tCO₂ per million USD) 

𝐸𝐶𝑂2
= Annual CO₂ emissions (MtCO₂) 

GDP = Gross Domestic Product (in million USD, 
purchasing power parity (PPP)-adjusted) 

 
Fig. 2. Key performance indicators. 

IV. GOVERNMENT POLICIES AND MAJOR 

PROJECTS 

Brunei Darussalam has made notable strides in 
embracing renewable energy, centering its efforts on 
solar power. Its flagship Tenaga Suria Brunei (TSB) 
Solar Power Plant, presently rated at 1.2 MWp, has 
already delivered significant energy savings and 
reduced CO₂ emissions. Ambitious expansion plans 
aim to scale up capacity to 27 MWp by 2035—enough 
to save about 8.553 million MMBtu of natural gas and 
avoid roughly 530,887 tonnes of CO₂ emissions. To 
complement large‑scale installations, Brunei is also 
piloting a residential rooftop solar program. A 2023 
study estimates that widespread rooftop panels could 
unlock up to 763 MW of capacity while saving 
BND 10.3 billion compared to conventional solar 
farms [27]. 

Cambodia, keen to diversify away from fossil 
fuels, is exploring innovative biomass solutions—
most notably, converting rice straw into power. A 
feasibility analysis for a 10 MW rice‑straw biomass 
plant identified Prey Veng, Takeo, and Battambang as 
ideal sites. Such a facility could generate around 
1,251 GWh per year and cut CO₂ emissions by 
approximately 1.06 million tonnes versus a coal‑fired 
plant. Financial models suggest the project would 
break even within six to ten years, underscoring its 
promise as a sustainable energy option [28]. 

Indonesia has pledged to source 23 % of its energy 
from renewables by 2025 and 31 % by 2050. Solar PV 
is poised to lead the charge, growing from just 
17.22 MW in 2020 to an ambitious 6.5 GW by 2025 
and 45 GW by mid‑century. Biomass is another 
cornerstone, with targets set at 32,654 MW of 
biomass‑generated electricity by 2050. Yet, progress 
hinges on overcoming hurdles like grid bottlenecks 
and upfront costs—challenges that demand stronger 
policy support and investment incentives [29]. 
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Landlocked Laos relies heavily on hydropower 
thanks to its plentiful waterways. While this has turned 
Laos into a net exporter of electricity—especially to 
Thailand and Vietnam—it also leaves the country 
vulnerable to seasonal shortages. To smooth out 
supply, a 2022 study advocates deploying floating 
photovoltaic (FPV) arrays on reservoir surfaces. 
Covering just 10 % of four major dams with FPV 
installations could satisfy national power needs by 
2030, providing a clever way to buffer dry‑season dips 
[30]. 

Malaysia has laid out clear targets: 31 % 
renewable energy capacity by 2025 and 40 % by 2035, 
backed by hefty solar investments [31]. The potential 
of harnessing solar energy to fulfil the needs of the 
chemical and metal manufacturing plants was found to 
be feasible [32]. The Sarawak Corridor of Renewable 
Energy and the Small Renewable Energy Program are 
already reshaping the national grid, while floating 
solar projects help sidestep land constraints and boost 
efficiency [33]. On the transport front, the Low 
Carbon Mobility Blueprint 2021–2030 aims to put 
100,000 electric vehicles on the road by 2030, 
alongside solar‑powered charging corridors [34]. 
Encouragingly, hospitals are also tapping into rooftop 
PV, cutting both their energy bills and carbon 
footprints [35, 36]. 

Myanmar faces the twin challenges of low 
electrification and rural energy shortages. Although 
hydropower remains dominant, the government is 
ramping up solar home systems and mini‑grids to 
bring power to off‑grid communities. A 2021 review 
highlighted Myanmar’s vast solar potential, with plans 
to electrify the nation by 2030. By 2020, renewable 
projects—mainly hydro and solar—had already 
reached 3,302 MW of capacity [37]. 

The Philippines targets a 35 % renewable share by 
2030 under its Renewable Portfolio Standards. In 
Bohol, a mix of solar, wind, biomass, and hydropower 
could push renewable penetration beyond 50 %, 
according to recent analysis. This multi‑technology 
approach is crucial if the country hopes to hit its 
ultimate goal of 100 % renewables across all sectors 
by 2050, with solar PV and battery storage at the core 
[38, 39]. Note that renewable energy penetration index 
can be estimated as per Eq. (3): 

𝑅𝐸𝑃𝐼 =
𝐸𝑅𝐸

𝐸𝑇𝑜𝑡𝑎𝑙
× 100                                               (3) 

, where 

𝐸𝑅𝐸  = Renewable energy generation (TWh) 

𝐸𝑇𝑜𝑡𝑎𝑙  = Total energy consumption (TWh) 

Land‑scarce Singapore is turning to offshore 
solar—and even floating arrays—to expand capacity 
without consuming precious real estate [40]. On Pulau 
Ubin, a micro‑grid blends solar PV, bio‑diesel 
generators, and storage into a smart, off‑grid energy 
hub [41]. Meanwhile, the Intelligent Energy System 
(IES) pilot explores cutting‑edge tools to bolster grid 

resilience, curb waste, and smooth the integration of 
renewables into the national network [42]. 

Thailand is rapidly growing its solar, wind, and 
waste‑to‑energy portfolio to reach carbon neutrality by 
2050. GIS‑based studies show that over a third of the 
country’s land is well suited for solar farms, especially 
in the northeast [43]. While waste‑to‑energy facilities 
offer promise, success will depend on securing 
consistent waste streams and improving collection and 
sorting systems [44]. 

Finally, Vietnam’s draft Eighth Power 
Development Plan (PDP8) puts solar PV front and 
center—shifting from large ground‑mounted farms to 
smaller, distributed systems to navigate land and grid 
constraints [45]. Offshore wind is also gaining traction 
through partnerships with international developers. 
Despite record‑setting PV installations since 2019, 
Vietnam must tackle grid upgrades and regulatory 
refinement to sustain this rapid growth [46]. 

V. CHALLENGES AND OPPORTUNITIES 

Decarbonization across ASEAN is no easy feat - it 
comes with complex challenges - but it also presents a 
valuable opportunity to drive innovation and stimulate 
economic growth. On the technical front, many 
nations in the region face difficulties due to the high 
costs and limited expertise involved in adopting 
advanced clean-energy technologies [3]. For island 
nations like Indonesia and the Philippines, the 
situation is even more complicated. Deploying 
renewable energy infrastructure across thousands of 
scattered islands increases logistical hurdles and costs, 
resulting in slow progress and uneven access to 
electricity. Modernizing outdated grid systems to 
handle the unpredictable nature of renewables also 
requires substantial investments and a skilled 
workforce - both of which are currently in short 
supply. 

Financing is another major hurdle. Large-scale 
green energy initiatives often struggle to get off the 
ground because the investment landscape remains 
shallow [47]. Without consistent access to capital, 
governments face difficulty implementing solar power 
installations, wind energy projects, and energy-
efficient upgrades. Bridging this funding gap will 
require tapping into international climate finance 
sources, such as green bonds, concessional lending, 
and other supportive financial tools [48]. 
Complicating matters further, inconsistent regulations 
and enforcement mechanisms across ASEAN 
countries make regional collaboration difficult. In 
some cases, short-term political or economic interests 
take precedence over long-term environmental 
planning. 

Despite these setbacks, the region has promising 
pathways forward. By offering targeted incentives - 
such as tax breaks, subsidies, or credit guarantees - 
governments can attract more private sector 
investment into renewable energy and energy 
efficiency. Instruments like the ASEAN Green Bond 
Standards provide a reliable structure for channelling 
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private funds into sustainable development efforts 
[49]. Strengthening partnerships in research and 
development can help generate homegrown solutions, 
while regional collaboration enables faster sharing of 
knowledge and successful strategies. Businesses that 
prioritize sustainability are also likely to gain a 
competitive advantage, appealing to environmentally 
conscious consumers and investors. 

Looking to the future, advancements in energy 
storage, grid optimization, and next-generation 
renewable technologies offer real potential to lower 
costs and boost reliability. Improved battery systems 
will help balance the intermittent nature of solar and 
wind power, making them more suitable for 
integration into national grids [50]. To make the most 
of these innovations, ASEAN countries must revise 
outdated policies, streamline approval processes, and 
gradually eliminate subsidies for fossil fuels The 
realisation of ASEAN Power Grid which involves 
Laos-Thailand-Malaysia-Singapore should come 
sooner than 2045 to enhance regional energy security 
as well as tapping into the vast potential of 
hydropower from Laos. Deployment of more floating 
solar system could also be further explored due to its 
proven feasibility in Singapore. Educating the public 
and supporting grassroots clean energy projects will 
also be key to building widespread community 
support. 

In essence, while ASEAN faces a range of 
technical, financial, and policy-related challenges, the 
long-term benefits are significant: a more stable and 
sustainable energy network, growth in future-oriented 
industries, and a stronger role on the global climate 
stage. With coordinated action, strategic 
policymaking, and access to international funding, the 
region can transform its current challenges into a 
powerful clean energy success story.  

VI. CONCLUSION 

ASEAN’s path toward decarbonization has been 
marked by both significant progress and persistent 
challenges. The region’s ambitious climate goals, 
along with a range of national policies and on-the-
ground initiatives, reflect a strong commitment to 
lowering emissions. Central to these efforts are 
engineering-driven solutions like solar and wind 
power, energy-efficient infrastructure, and 
modernized electricity grids which are essential for 
meeting sustainability targets. However, to truly speed 
up the transition, the region must close remaining 
technical gaps, secure more robust financing, and 
simplify regulatory processes. By fostering 
innovation, attracting greater investment, and 
strengthening regional collaboration, ASEAN has the 
potential not only to shape a greener future for itself 
but also to make a meaningful contribution to the 
global climate effort. The ASEAN Summit 2025 in 
Kuala Lumpur, Malaysia should serve as the catalytic 
platform to advance this agenda of decarbonization. 
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