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A B S T R A C T   

Mainland Southeast Asian (MSEA) countries (Cambodia, Laos, Thailand, Myanmar, and Vietnam) are likely to 
become one of the next hotspots for emission reduction, since CO2 emissions in this area will have a two-thirds 
increase by 2040 due to rapid economy growth and associated energy consumption. As one of the most 
vulnerable areas to climate change, MSEA countries need to develop low-carbon roadmaps based on accurate 
emission data. This study provides emission inventories for MSEA countries for 2010-2019, based on the IPCC 
territorial emission accounting approach , including emissions from five types of fuels (i.e., coal, crude oil, oil 
products, natural gas, and biofuels & waste) used in 47 economic sectors. The results show that the emissions in 
MSEA countries are on the rise, with average annual growth rates ranging from 2.5% in Thailand to 19.3% in 
Laos. Biomass is one of the most important sources of carbon emissions, contributing between 11.8% and 76.7% 
of total carbon emissions, but its share has been declining in most countries, whereas the share of emissions from 
coal has risen sharply in Laos, Vietnam, and Cambodia. We further examine the drivers behind the changes in 
emissions using index decomposition analysis. Economic growth was the strongest driver of growth in emissions, 
while population growth has only had a small effect on emission growth. Energy intensity varies widely across 
nations, but only significantly reduced CO2 emission growth in Thailand. The secondary sector considerable 
contributed to an increase in CO2 emissions in Laos and Vietnam, while the tertiary sector only moderately 
contributed to emissions in Thailand. Our study provides a better understanding of the composition and un
derlying factors of emission growth in MSEA countries, this could shape their low-carbon development pathway. 
Our results could also inform other emerging economies, which may become emission hotspots in the next de
cades, to develop low-carbon roadmaps, thereby contributing to the achievement of global climate change 
targets.   

1. Introduction 

Carbon mitigation actions should be based on accurate emission 
accounting, providing a comprehensive understanding of CO2 emission 
patterns (Li et al., 2017). Discussions on how to mitigate climate change 
and reduce CO2 emissions have historically focused on larger economies, 
such as the U.S., China, and the EU (Dai et al., 2017; Guan et al., 2018; 
Xiao et al., 2022). While carbon emissions in a growing number of 
developed countries are already falling or are about to fall (Le Quéré 
et al., 2019), emissions in developing countries are likely to continue to 
rise as their economic growth still highly depends on fossil fuels (Jack
son et al., 2018). There is no doubt that the next combat zone of emission 
reduction will shift to developing countries such as the Mainland 

Southeast Asian (MSEA) countries. On one hand, like many other 
emerging economies, MSEA countries are benefiting from cheap labor 
costs and weak environmental regulations, supporting fast-growing 
manufacturing activities (Sumabat et al., 2016). Consequently, emis
sions from MSEA countries have increased by 60.0% from 2008 to 2018 
according to the International Energy Agency (IEA) (IEA, 2020a). On the 
other hand, due to the fact that Myanmar, Laos, and Cambodia are still 
among the least developed countries and have large coastal areas in 
Thailand, Vietnam, and Myanmar, MSEA countries are among the most 
vulnerable areas to climate change. Considering these trends, exploring 
a low-carbon roadmap that satisfies economic development, and 
meanwhile lowers the environmental burden seems to be the best op
tion, which is in line with national interests, and meets low-carbon 
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efforts globally. 
However, there is limited knowledge about national level emissions 

in MSEA countries. Theres is some research on a few specific sectors on 
the Indochinese peninsula, such as the power sector in Thailand and 
Vietnam (Huy and Kim Oanh, 2017; Limmeechokchai and Suksuntorn
siri, 2007), the transport sector in Cambodia and Thailand (Hak et al., 
2017; Ratanavaraha and Jomnonkwao, 2015), the residential sector 
(Huy et al., 2021; Thuy and Limmeechokchai, 2015), or on a specific fuel 
type such as biomass emissions (Lasko et al., 2017; Luukkanen et al., 
2015), but a comprehensive overview of emissions by sector and energy 
type and comparison between countries is still lacking. 

There are a number of global datasets such as the ones provided by 
the IEA (2020a), Carbon Dioxide Information Analysis Centre (CDIAC) 
(Boden et al., 2017), and Emissions Database for Global Atmospheric 
Research (EDGAR) (Crippa et al., 2020), which include national-level 
emission inventories for these countries, but there are still huge in
consistencies between their estimates. For example, for Myanmar, the 
total CO2 emission estimate by the IEA (30.40 Mt) (IEA, 2020a) is 41.7% 
lower than EDGAR (43.07 Mt) (Crippa et al., 2020) for 2017. Further
more, the data from these sources lack transparency as the underlying 
activity data is not publicly available and provide less detailed classifi
cation (Shan et al., 2020), making it hard to verify the accuracy of these 
inventories, which further leads to obstacles for research using these 
emission data (Chontanawat, 2018, 2019; Lopez et al., 2021; Zhang 
et al., 2020). 

Similar geographic location and resource endowment have led to 
many similarities in these Indochinese countries, whereas differences in 
driving forces may lead to different emission patterns and thus require 
potentially different mitigation strategies in each country. Even though 
previous studies have investigated the driving forces in this region, they 
are more focused on the whole group of ASEAN countries (Khan and 
Majeed, 2020; Lisaba and Lopez, 2021), which include MSEA countries. 
These studies lack detailed information on the drivers of each MSEA 
country separately and make it difficult to assess national characteris
tics. Meanwhile, even though some analyses include some information 
related to MSEA countries, it is also important to compare the results 
over time and in different countries to develop carbon mitigation stra
tegies based on the best available data. 

To fill these research gaps, we provide territorial emission accounts 
for five Indochinese countries from 2010 to 2019, for five fuels (i.e., 
coal, crude oil, oil products, natural gas, and biofuels & waste) used in 
47 economic sectors. We further examine the drivers behind emission 
changes for each country employing index decomposition analysis 
(IDA). The findings will help Indochinese countries to have a better 
understanding of their emission pattern and driving forces and barriers 
of emission change and thus improve the evidence base for carbon 
emission reduction plans. In addition, our results could provide a 
reference for other ASEAN countries and emerging economies, who are 
at a fast-developing stage and face similar challenges of climate change 
mitigation. 

2. Methods and data 

2.1. Emission accounts 

Territorial emissions refer to emissions that occur within national 
territories and offshore areas under national jurisdiction while 
excluding emissions from international aviation or shipping (IPCC, 
1996). The majority of territorial emissions are caused by fossil fuel 
combustion (Nataly Echevarria Huaman and Jun, 2014), that is, 
energy-related emissions. Considering this, this work focused on 
energy-related CO2 emissions. According to the IPCC inventory guide
lines (IPCC, 2006), energy-related CO2 emissions can be calculated as 
Equation (1): 

CE = ΣjΣiCEij = ΣjΣiADij × NCVi × CCi × Oi (1)  

where CE refers to total CO2 emissions; CEij indicates CO2 emissions in 
sector j caused by combustion of fuel type i (e.g., CO2 emissions from 
coal in manufacturing); ADij refers to the activity data. More specifically, 
it displays the number of fuels by type i consumed in the sector j. Our 
inventories include emissions from both final energy consumption and 
transformation processes (e.g., emissions from coal combustion for 
thermal power conversion in power plants). NCVi stands for the net 
calorific value of fuel i, i.e., the heat produced by burning one unit of fuel 
i. CCi is the carbon content of fuel type i, which refers to the amount of 
carbon emitted per unit of heat value of fuel type i. Oi indicates the 
oxidation factor of fuel i during combustion, meaning the percentage of 
the carbon that is oxidized to CO2 during combustion. The emission 
factors were collected from the IPCC default value. 

2.2. Activity data and data sources 

Energy consumption data and emission factors are used to estimate 
the emissions. Energy data used in this study are from national and 
regional sources. Since the definition of sectors differs between coun
tries, we reallocate sectoral energy consumption data into 47 sectors 
(shown in Supplemental Information Table S1) according to the Inter
national Standard Industrial Classification of All Economic Activities 
(United Nations, 2008). We estimated the CO2 emissions from five fuels 
(i.e., coal, crude oil, oil products, natural gas, and biofuels & waste) 
(shown in Supplemental Information Table S2). The time period for the 
emission inventory is 2010–2019 but varies for different countries due 
to data availability. Detailed data sources are listed by country in Table 1 
and Supplemental Information Table S3. 

Table 1 
Data sources: energy statistics and CO2 emissions.  

Country Data type Source 

Lao PDR Energy balance table Economic Research Institute for 
ASEAN and East Asia (Lao PDR 
Ministry of Energy and Mines, 2020) 

Emission factor IPCC (IPCC, 2021) 
Reallocation indicator 
(GDP) 

Laos Statistical Information Service ( 
Laos Statistical Information Service, 
2022) 

Cambodia Energy balance table Economic Research Institute for 
ASEAN and East Asia ( 
ERIA&Cambodia Ministry of Mines 
and Energy, 2019) 

Emission factor IPCC (IPCC, 2021) 
Reallocation indicator (IO) Asian Development Bank (Asian 

Development Bank, 2021a) 
Vietnam Energy balance table Vietnam General Statistics Office ( 

Vietnam General Statistics Office, 
2019) 

Emission factor IPCC (IPCC, 2021) 
Reallocation indicator 
(Turnover) 

Vietnam General Statistics Office ( 
Vietnam General Statistics Office, 
2019) 

Thailand Energy balance table Ministry of Energy of Thailand ( 
Ministry of Energy of Thailand, 2021) 

Emission factor IPCC (IPCC, 2021) 
Reallocation indicator 
(GDP) 

Asian Development Bank (Asian 
Development Bank, 2021c) 

Myanmar Energy balance table Economic Research Institute for 
ASEAN and East Asia (ERIA & 
Myanmar Ministry of Electricity and 
Energy, 2020) 

Emission factor IPCC (IPCC, 2021) 
Reallocation indicator 
(GDP, State-Owned 
Economic Enterprises) 

Asian Development Bank (Asian 
Development Bank, 2021b) 
Myanmar Statistical Information 
Service (Myanmar Statistical 
Information Service, 2021) 

Note: Reallocation indicator refers to the indicator to map the energy con
sumption of the sector provided by the country to the 47 standardized sectors in 
this work. 
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2.3. Index decomposition analysis 

There are two widely used decomposition analysis approaches, 
namely, structural decomposition analysis (SDA) and index decompo
sition analysis (IDA) (Dong et al., 2018). SDA is usually used in com
bination with input-output models (Rose and Casler, 1996). Compared 
with SDA, IDA has lower data requirements and is widely used in the 
area of energy-related emissions analysis (Ang and Zhang, 2000; Dong 
et al., 2018; Shan et al., 2019). Among many IDA approaches, the log
arithmic mean Divisia index (LMDI) decomposition method is 
commonly applied in the field of energy and environment (Ang, 2015). 
This is mainly due to its advantages, such as easy-to-interpret results and 
no residuals (Akyürek, 2020; Ang, 2015; Ang and Choi, 1997; Ang et al., 
1998). The IPCC frequently uses the Kaya identity to analyze the drivers 
of emissions (Dhakal et al., 2022). Following previous studies (Guan 
et al., 2018; Jung et al., 2012; Štreimikienė and Balezentis, 2016; Zheng 
et al., 2018), we use the Kaya identity to decompose emissions into five 
drivers. Similar to previous studies, we only decompose the emissions 
from economic sectors and excluded the emissions from the household. 
This could make the value of energy intensity as a driver in the 
decomposition analysis lower than the national energy intensity calcu
lated as the total energy consumption divided by GDP. The Kaya identity 
can be expressed as follows: 

CO2 = intC × stren × inten × Eco × Pop = Σj
Cj

Ej
×

Ej

E
×

E
GDP

×
GDP
Pop

× Pop

(2)  

Where intC =
Cj
Ej 

refers to carbon intensity in sector j (i.e., emissions per 

unit of energy consumption); stren =
Ej
E refers to the energy consumption 

structure, which is the proportion of the energy consumption in total 
energy use in sector j; inten = E

GDP refers to energy intensity, which is 
quantified as energy consumption per GDP; Eco = GDP

Pop indicates the GDP 

per capita which measures the economic growth effect; Pop is the 
population of each country. Supplemental Information Table S1 

Based on Ang (2005), we adopt the additive approach to decompose 
the total CO2 emission change between year 0 and year t in each country 
as follows: 

ΔCO2 =COT
2 − CO0

2 = ΔCint− carbon + ΔCstr− energy + ΔCint− energy + ΔCeconomy

+ ΔCpopulation

(3)  

in which, ΔCint− carbon,ΔCstr− energy,ΔCint− energy, ΔCeconomy, ΔCpopulation are the 
quantified contributions from each driver to the emissions. 

3. Results 

3.1. Emission trends 

Fig. 1 shows that 684.37 Mt CO2 were emitted on the Indochinese 
peninsula in 2017, i.e., 2.1% of global emissions (IEA, 2020a), and the 
emissions kept increasing over the entire period. Thailand contributed 
the most, followed by Vietnam. These two countries account for more 
than 80.0% of the region’s total emissions. Laos had the least emissions 
until 2016 after which it surpassed Cambodia’s emissions, mainly due to 
the huge emissions from the Hongsa coal fire plant. After Hongsa started 
to operate, the annual emission in Laos surged from 9.62 Mt in 2014 to 
24.30 Mt in 2017, with an average annual growth rate of 36.2%. Viet
nam’s CO2 emissions also increased rapidly, with an annual rate of 
17.9%. Thailand has the slowest growth rate with 2.5% from 2013 to 
2019. In terms of per capita emissions Supplemental Information Fig. S1, 
Thailand had the highest number in 2017 (4.94 tons), followed by Laos 
(3.49 tons). Even though Laos has almost the lowest emissions among 
Indochinese countries, its per capita emissions are significantly higher 
than in the other countries, especially Cambodia and Myanmar (1.18 

Fig. 1. Aggregate CO2 emission trends, emissions by fuel type, and emissions per capita. Note that, a-e refer to aggregate CO2 emission trends and emissions by fuel 
type by country, and f indicates emissions per capita. 
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tons and 1.24 tons, respectively). 
Urbanization is still at an early stage on the Indochinese peninsula. 

For example, Thailand has the highest percentage of the urban popu
lation with 50.0% in 2018, compared to 23.4% in Cambodia (World 
Bank, 2019). Given the large share of the rural agricultural population, 
biomass combustion is an important source for CO2 emissions among 
Indochinese countries contributing between 11.8% (Vietnam 2018 data) 
and 76.7% ( Myanmar 2013 data) of carbon emissions. Crop residues are 
the dominant fuel in rural areas and are a convenient and cheap source, 
mainly used for cooking and heating (MEM&ERIA, 2020; MME&ERIA, 
2019; Tun and Juchelková, 2019), especially in Myanmar and 
Cambodia. In 2010, biomass contributed 74.8% (or 36.68 Mt) and 
62.8% (or 7.51 Mt) of emissions in these two countries respectively. 
However, the share of biomass emissions experienced a decrease in most 
Indochinese countries. For example, in Myanmar and Cambodia, emis
sions dropped to 55.3% (or 36.76 Mt) and 45.0% (or 8.53 Mt) in 2017, 
respectively. In Laos, this phenomenon is even more pronounced, where 
the biomass emission share dropped from 70.1% (or 5.97 Mt) in 2012 to 
24.6% (or 6.05 Mt) in 2018. While, with the advancement of industri
alization, the share of fossil fuels in these countries has been increasing, 
the energy efficiency of biomass is improving, due to the promotion of 
high-efficiency stoves by the government in rural areas (ERIA & 
Myanmar Ministry of Electricity and Energy, 2020; MEM&ERIA, 2020; 
MME&ERIA, 2019). The only exception is Thailand, where biomass 
emissions and its share increased from 24.4% (or 75.36 Mt) in 2013 to 
26.6% (or 95.07 Mt) in 2019. This growth is mainly due to the increased 
consumption of bagasse, a fibrous material that remains after crushing 
sugarcane or sorghum stalks, which is mainly consumed in the power 
sector to generate electricity, this could be seen from the energy balance 
table in Thailand. As a result, bagasse-related emissions increased from 
23.68 Mt in 2013 to 38.52 Mt in 2019. 

The share of fossil fuel emissions has been increasing among Indo
chinese countries. In Laos, Vietnam, and Cambodia, coal emissions have 
risen sharply. In Cambodia, the emission share of coal increased from 
0.7% (or 0.09 Mt) in 2010 to 19.4% (or 3.68 Mt) in 2017. In Vietnam, its 
emission share increased from 50.2% (or 116.63 Mt) to 56.7% (or 
155.38 Mt) between 2017 and 2018. Laos has seen the largest growth, 
the coal emission share increased from 5.2% (or 0.44 Mt) in 2012 to 

61.8% (or 15.22 Mt). In these countries, coal is mainly consumed in 
power generation to meet the growing electricity demand. In compari
son, in Myanmar, oil products emissions have doubled with an increase 
from 14.4% (or 7.08 Mt) in 2010 to 29.4% (or 19.56 Mt) in 2017. This 
growth mainly comes from the transport sector. Different from other 
Indochinese countries, the fossil fuel emission structure in Thailand is 
relatively stable and its total fossil fuel emission share even displayed a 
slight downward trend overall, from 75.6% (or 232.91 Mt) in 2013 to 
73.4% (or 262.09 Mt) in 2019. 

3.2. Characteristics of sectoral emissions 

We further consolidate 47 sectors into 9 main sectors in Fig. 2. The 
result shows that Power & Heat sector accounts for the majority of the 
total emissions in most Indochinese countries (except for Myanmar). 
This is mainly due to the strong electricity demand, due to industriali
zation, urbanization, and electrification in these countries. The emission 
share of the Power & Heat sector in Myanmar is smaller compared to the 
other countries, due to its lower electrification rate. More than 30.0% of 
the population in Myanmar has no access to electricity, whereas in 
Cambodia, the second-lowest performer, this number is only 7.0% 
(World Bank, 2019). The emission share of the Power & Heat sector has 
risen most significantly in Laos. After the Hongsa coal-fired power plant 
was put into use in 2015, its power sector emission was 35.9 times that 
of 2014, and the emission share increased from 1.7% (or 0.16 Mt) to 
38.1% (or 5.81 Mt). After 2015, the emission share of the power sector 
continues to rise and gradually stabilized in 2018, which contributed 
61.4% (or 15.10 Mt) of the total emissions. Thailand experienced a huge 
leap in the Power sector’s emission share between 2015 and 2016, 
which increased from 34.4% (or 108.28 Mt) to 39.9% (or 138.53 Mt) 
and then gradually dropped to 36.8% (or 131.51 Mt) in 2019, due to the 
economic recession in Thailand from 2013 to 2015. The economic 
downturn suppressed the electricity demand, further curbing the growth 
of emissions from this sector. Starting from 2016, the economy started to 
recover, contributing to a sharp rise in 2016. However, renewable en
ergy as a share of the total primary energy supply increased by 6.9% 
between 2013 and 2018 (International Renewable Energy Agency, 
2021), and in addition, electricity generated by the Hongsa power plant 

Fig. 2. Sectoral emissions of Indochinese countries.  
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is exported to Thailand, which reduced emissions from the Power & 
Heat sector emissions in Thailand after 2016 (MEM&ERIA, 2020). 

Transport & postal services is another hotpot sector in Indochinese 
countries. In Thailand, Cambodia, and Myanmar, the share of transport 
emissions fluctuated but show an increase overall. Especially in 
Myanmar, there is a huge leap from 10.6% (or 6.50 Mt) in 2016 to 19.6% 
(or 13.00 Mt) in 2017. Aiming for improving the poor transport infra
structure, the Myanmar government has put forward a series of plans to 
upgrade the transport infrastructure and improve traffic availability, 
such as the National Transport Master Plan, The Urban Transport 
Development Plan of the Greater Yangon, and the National Strategy for 
Rural Roads and Access (Htike, 2017). In Laos, the sector’s emissions 
kept increasing, from 1.87 Mt in 2012 to 3.14 Mt in 2018, however, the 
emission share of this sector has decreased from 21.9% to 12.8%. Even 
though research shows that carbon intensity in the transport sector in 
most Indochinese countries displayed a decrease (Wang et al., 2020), 
this reduction in intensity has not offset the increase in emissions 
brought by the growing traffic volume. The only exception is Vietnam’s 
transportation sector, where both emissions and emission share showed 
a decline, from 18.2% (or 42.33 Mt) in 2017 to 14.0% (or 38.36 Mt) in 
2018. Gasoline-powered motorcycles are the most important means of 
transportation for Vietnamese residents, especially in cities. But 
recently, the number of electric two-wheelers in Vietnam has been 
growing rapidly, with an annual growth rate of 30–40% (Huu and Ngoc, 
2021). This could be seen as a sign of the clean energy transition in the 
transport sector and explain the emission reduction from the Vietnam 
transport sector. 

In contrast, the emission share of the residential sector decreased in 
all countries, for example, in Laos, it dropped from 55.5% (or 4.72 Mt) in 
2012 to 18.7% (or 4.61 Mt) in 2018. The Residential sector emission 
share in Thailand decreased from 11.1% (or 34.22 Mt) in 2013 to 7.8% 
(or 27.90 Mt) in 2019. The reduction in emissions is mainly seen in rural 

areas. Indochinese countries have a large number of rural population. 
The dominant fuel used in rural areas is biomass due to the cheap price 
and availability coupled with a low electrification rate in remote rural 
areas. However, this biomass is usually burned in a very inefficient way 
and causes unnecessary carbon emissions, mainly because of a lack of 
efficient combustion devices. To solve this situation, governments from 
Indochinese countries have issued energy plans, such as the 20-year 
Energy Efficiency Development Plan and Alternative Energy Develop
ment Plan in Thailand and the Energy Efficiency and Conservation plan 
in Laos. 

In general, energy consumption in the residential sector is diversi
fying especially in rural areas. More efficient energy is replacing tradi
tional low efficient energy, such as using LPG to replace traditional 
biomass (ERIA & Myanmar Ministry of Electricity and Energy, 2020). In 
addition, the efficiency of energy use has been gradually improving. For 
example, Thailand is promoting energy-efficient household appliances 
(Meangbua et al., 2019). In Laos, Cambodia, and Myanmar, 
high-efficiency stoves are being deployed in rural areas (Asian Devel
opment Bank, 2016; ERIA & Myanmar Ministry of Electricity and En
ergy, 2020; MEM&ERIA, 2020; MME&ERIA, 2019), and the increasing 
electrification rate, especially in Laos, Myanmar, and Cambodia further 
led to a decline in the direct emissions from the residential sector (World 
Bank, 2019). 

3.3. Drivers of emissions 

The decomposition analysis (Fig. 3) shows that economic growth was 
the major driver for increased CO2 emissions in all countries. This effect 
contributed 139.3% (or 76.93 Mt) of the CO2 emission increase in 
Thailand, which is the highest among all Indochinese countries. 
Compared with other Indochinese countries, the economic growth effect 
in Laos is relatively weak, only contributing 26.2% (or 4.25 Mt) for the 

Fig. 3. Emission drivers of Indochinese countries. Note: C-int.1-3 and E-str.1-3 indicate the carbon intensity and energy structure from primary sector, secondary 
sector, and tertiary sector, separately. 
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entire time period. The population effect also increased CO2 emissions in 
all countries, ranging from 5.2% (or 2.28 Mt) in Vietnam to 19.1% (or 
1.25 Mt) in Cambodia. 

The energy intensity effect decreased CO2 emissions in Cambodia 
and Thailand. Especially in Thailand, this effect contributed to a sig
nificant (but not sufficient) decline to offset the previously discussed 
emission drivers . Its contribution offset 43.5% (or 24.05 Mt) CO2 
emissions in 2019 compared with the base year 2013. This is due to the 
increasing deployment of low-carbon technologies. For example, a total 
of 4 hydropower stations were put into operation between 2010 and 
2017, with a total installed capacity of 722 MW in Cambodia (Asian 
Development Bank, 2018). Such progress lowers the energy intensity 
and slows the country’s growth in CO2 emissions. However, the 
continuous expansion of clean energy did not stop the growing demand 
for carbon-intensive fuels, especially in the power sector and the 
transport sector. For example, in Cambodia, the Sihanoukville CIIDG 
coal-fired power plant was put into use in 2014, with a power capacity of 
135 MW, and this number gradually increased to 405 MW in 2017 
(ERIA, 2019). This explains the energy intensity effect increase of 1.57 
Mt CO2 emissions over this period. For the other countries, the energy 
intensity effect increased emissions, due to the growing share of 
non-renewables in the total primary energy supply. For instance, in 
Laos, after the Hongsa coal-fired power plants were put into operation in 
2015, the energy intensity effect contributed 69.2% (or 3.87 Mt) to the 
change in annual emissions. We found that the energy structure varies 
widely across countries, ranging from − 20.5% (or − 3.06 Mt) in 
Myanmar to 4.0% (or 1.78 Mt) in Vietnam. Specifically, the contribution 
from the primary sector is small, only in Thailand, its contribution offset 
9.2% (or 5.07 Mt) emissions. The secondary sector significantly 
increased CO2 emissions in Laos and Vietnam, mainly due to the increase 
of coal consumption in the Power & Heat sector, contributing 36.4% (or 
5.90 Mt) and 18.2% (or 7.98 Mt), respectively. The tertiary sector 
moderately increased emissions in Thailand, contributing 2.2% (or 1.23 
Mt), as emissions from the transport sector increased. Generally 
speaking, the contribution from the carbon intensity effect was small. 
This shows that during the study period, there was no major change in 
the fossil fuel mix for MSEA industries. It only moderately increased CO2 
emissions in Thailand and Vietnam, contributing 8.1% (or 4.45 Mt) and 
7.8% (or 3.43 Mt), respectively, mainly coming from the secondary 
sector. 

3.4. Comparisons with other estimates and uncertainties 

Compared with inventories provided by other international in
stitutions, our accounts cover emissions caused by both fossil fuels and 
biomass, this explains why our results are higher. If only considering 
emissions caused by fossil fuel combustion, there are still huge differ
ences between the data sources (Fig. 1), ranging from − 94.9% to 45.1%. 

Theres are a number of reasons for these differences: First, we 
adopted different data sources based on regional data providers. Our 
activity data mainly come from Economic Research Institute for ASEAN 
and East Asia (ERIA) (Myanmar, Laos, and Cambodia), and the National 
Bureau of Statistics (Thailand and Vietnam). IEA employed energy 
consumption data from its database, with multiple and adjusted data 
sources (IEA, 2020b). The activity data used by EDGAR before 2018 
mainly comes from the energy balance statistic from IEA (Crippa et al., 
2020). While CDIAC used energy statistics published by the United 
Nations (Boden et al., 2017). Different data sources lead to different 
activity data. For example, in 2014, the final consumption of coal in Laos 
was 309 ktoe, collected by this study, whereas, the numbers are 273 
ktoe, and 571 TJ (around 13.64 ktoe) provided by IEA and CDIAC, 
respectively (IEA, 2022; Boden et al., 2017). Similarly, in 2017, oil 
products used in Cambodia’s transport sector adopted by IEA were 1.74 
Mtoe, but our data show that the oil products consumed in transport 
were 1.61 Mtoe (ERIA&Cambodia Ministry of Mines and Energy, 2019). 
Second, we adopted more detailed emission factors. This is mainly due 

to the statistical classifications of energy varieties being different be
tween sources. For example, in this study, oil products are further 
divided into motor gasoline, diesel oil, fuel oil, LPG, jet fuel, kerosene, 
and other petroleum products, each of which with a corresponding 
emission factor derived from the IPCC default value, while the energy 
balance table published by IEA uniformly displayed these as petroleum 
products. This could lead to inconsistencies in selecting emission factors 
in the calculation process. Third, different institutes employed different 
accounting methods, which also affects emission estimates. This situa
tion mainly refers to CDIAC, which used the method given by Marland 
and Rotty (1984). 

Even though all institutes state the data source, detailed activity data 
are not provided. EDGAR and IEA state that they adopted the same ac
tivity data, emission factors, and methods (IEA, 2022; Gilfillan and 
Marland, 2021). However, as can be seen in Fig. 1, their results differ 
considerably. One reason could lie in the account scope of EDGAR which 
is wider than the scope of IEA, by also including emissions from gas 
flaring, and carbonate decomposition (including cement manufacture), 
which are excluded by the IEA (Gilfillan and Marland, 2021). However, 
the inconsistency in the accounting scope does not sufficiently explain 
the difference in the estimates between them (see the emissions of Laos 
in Fig. 1). To rectify this problem, our study provides transparent data to 
facilitate future studies. We adopted activity data from regional in
stitutes and local governments, these agencies are dedicated to serving 
these countries and therefore could provide more precise data. For 
example, the energy type classification is more detailed, providing more 
accurate results. Furthermore, emissions from biomass, one of the most 
important fuels in this region, are included in our study but are excluded 
from the emission estimates by EDGAR, IEA, and CDIAC. 

This study has some limitations, mainly owing to the low data quality 
in some countries. For example, the Vietnamese government has only 
published bi-annual energy balance tables during the period of this 
study, making the analysis of its change pattern less accurate. Our es
timates for Myanmar employed GDP published by the Asian Develop
ment Bank as the reallocation indicator. However, the data only 
provides GDP for the whole manufacturing industry, whereas our study 
further divides the manufacturing industry into finer sectors (e.g., ma
chinery, metal products). To match the gap, we employed the number of 
economic enterprises from each sector to downscale the GDP data, 
which could impact the results. Thus, this study still can be improved 
with higher quality data in the future. 

4. Discussion 

Indochinese countries have achieved remarkable economic progress. 
For example, Cambodia has transformed from a low-income country to 
lower-middle-income status and is expected to attain upper-middle- 
income status by 2030 (World Bank, 2019). In Vietnam, the poverty 
rate dropped from 70.0% to below 6.0% (World Bank, 2019). On the 
other hand, the population is expected to further increase in the next 
decade. Thus, it is predicted that the economic growth effect and pop
ulation effect will keep increasing CO2 emissions in this region. To 
reduce CO2 emissions, actions need to focus on decreasing energy in
tensity and key sectors’ emissions. 

Similar to other ASEAN countries, such as Indonesia, Malaysia, and 
Singapore, whose energy intensity has remarkably decreased in some of 
the years (Lisaba and Lopez, 2021), our results show that all MSEA 
countries show some decline in some of the years, however, only 
Thailand achieved a significant decline for the entire time period. In 
countries like Vietnam and Laos, energy intensity is one of the major 
drivers of emission increase, due to a significant increase in coal con
sumption. Meanwhile, renewable energy supply decreased, for example, 
in Laos, renewable energy supply dropped from 912.19 PJ (99.5%) in 
2013 to 726.98 PJ (41.9%) in 2018, since biomass from the residential 
sector is replaced by electricity, generated by non-renewable energy 
(International Renewable Energy Agency, 2021). In contrast, 
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Cambodia’s renewable energy increased from 178.47 PJ (43.7%) in 
2013 to 210.81 PJ (61.8%) in 2018 (International Renewable Energy 
Agency, 2021). In Cambodia, improvements in energy intensity could 
only reduce the overall emission growth due to the rapid increase in coal 
consumption. This highlights an increasing need for developing 
renewable energy as alternatives to the current highly coal-dependent 
mode of development. Noteworthy is also that the over-dependency 
on coal is not only a problem Vietnam and Laos face; it also applies to 
a much broader range of developing countries, such as China and India, 
and developed countries, like Australia and the US, as well as the 
Netherlands and Germany. In these countries, coal either dominates 
their energy mix or plays an important role in the country’s economy. 
However, harmful subsidies for the coal industry are still existing, for 
example, in Vietnam, domestic coal prices are artificially low because of 
government subsidies (Fuentes and Chapman, 2021). This creates a 
hindrance to phasing out coal and achieving decarbonization. 

One common problem among Indochinese countries is that their 
economic growth is increasingly coupled with fossil fuels, especially in 
Vietnam (Le, 2019). The increasing reliance on fossil fuels, not only 
increased CO2 emissions but also reduced the country’s energy security, 
making it more difficult to maintain energy supply at an affordable price 
(IEA, 2019). But abundant renewable energy endowment, especially for 
hydropower, solar, and biomass, provides the possibility of an energy 
transition for Indochinese countries. Currently, hydropower plays a 
significant role in this region. For example, Thailand already has 3.0 GW 
of hydropower in 2000 (International Renewable Energy Agency, 2017), 
while large hydropower accounted for 52.0% of Cambodia’s total elec
tricity capacity in 2017 (Asian Development Bank, 2018). Even so, there 
is a large remaining development potential. Predictions show that there 
is 15.2 GW of theoretical hydropower potential in Thailand, and 39.6 
GW in Myanmar (Tang et al., 2019). Compared to hydropower, the 
development of other renewables is still at an early stage in most 
Indochinese countries (except for Thailand, and Vietnam). In Laos, the 
potential for solar power generation is 8.8 GW but only 32.0 MW was 
developed in 2017 (Asian Development Bank, 2019), while in Myanmar, 
the potential is 30.0 GW, but the installed solar energy capacity was only 
84 MW in 2020 (Asian Development Bank, 2019; International 
Renewable Energy Agency, 2021). Compared to hydropower, the pre
viously high cost of solar energy was the main reason limiting the 
development of solar energy (International Renewable Energy Agency, 
2020). But the fast decreasing cost of solar PV provides another op
portunity to contribute to a low carbon roadmap, as much criticism has 
been raised on hydropower’s negative impact on ecosystems and 
biodiversity (Siala et al., 2021). Meanwhile, the government could 
gradually shift subsidies for coal to these renewable energies. Biomass is 
widely used in rural areas; however, efficiency is low. More efficient use, 
such as refining biofuels, should also be the focus of attention in the 
future. 

As for emissions from key sectors, the secondary sector dominated by 
the power sector contributed most of their emissions in most countries 
(except for Myanmar), due to increasing electricity demand. For 
example, Vietnam consumed only 70 kWh of electricity per person in 
1986, but this number increased to almost 2000 kWh in 2019 (Le, 2019). 
This is driven by strong economic growth, the rate of industrialization in 
the region, and electrification. For example, the electrification rate, 
increased in Laos from 76.4% in 2012 to 100.0% in 2019 (World Bank, 
2019). Given these drivers, the increase in power consumption, not only 
in MSEA countries but also in other developing countries with late 
industrialization and rapid economic development, seems inevitable. 
The energy transition can be seen as a major solution, however, the 
transition cost for less developed countries with lower levels of income is 
even higher, compared with developed countries, as they need to import 
expensive technologies (Taghizadeh-Hesary et al., 2021). Higher elec
tricity costs will affect electricity consumption and will impact economic 
development. Thus, it is necessary for policymakers to diversify road
maps (Chen et al., 2019) and employ different policy instruments (Li and 

Taeihagh, 2020), to develop short-term and long-term energy transition 
plans, covering any side effects on electricity usage patterns of economic 
actors (Taghizadeh-Hesary et al., 2021). 

In Laos, Vietnam, and Thailand, total emissions of the residential 
sector exhibited a decline, while the population kept growing. We found 
that in these countries, the share of primary energy (mainly biomass) has 
been decreasing while the share of secondary energy (for example, LPG 
and electricity) has been increasing. These can be seen as a result of the 
ongoing energy transition in the residential sector in Indochinese 
countries, where the government is trying to improve this sector’s en
ergy efficiency through promoting those more efficient energy sources 
and high-efficiency stoves in rural areas. It is worth mentioning that, 
when discussing emission reduction achieved by replacing primary 
biomass with electricity, we also need to pay attention to the energy mix 
and efficiency rates in the power sector. For countries, such as Vietnam 
and Laos, electricity is replacing primary biomass in rural areas, how
ever, due to the fact that the main fuel for power generation is coal, this 
replacement is futile in achieving nationwide emission reduction. But in 
Thailand, a large part of the emission increase from the power sector 
comes from biomass (mainly bagasse and agriculture waste) and it can 
be used more efficiently than in the residential sector. 

In general, the tertiary sector shows a decrease in emissions, whereas 
in Thailand we observe an increase, mainly due to the transport sector. 
The improvement of the transportation infrastructure has increased the 
highway capacity, meeting the urgent needs of the increase in trans
portation volume, but also facilitating further emission growth. Even 
though the carbon intensity from the transport sector shows a decrease 
with technological improvement (Wang et al., 2020), but was unable to 
fully offset the CO2 increase caused by the larger traffic volume. In 
contrast, the transport sector from Vietnam has substantially decreased 
the emissions. This is due to the increasing share of electric vehicles in 
Vietnam, especially in cities (Huu and Ngoc, 2021). 

5. Conclusions 

This study presents the emission inventories for five main types of 
fuels (i.e., coal, crude oil, oil products, natural gas, and biofuels & waste) 
used in 47 economic sectors in five Indochinese countries for the years 
2010–2019. We further examine the drivers behind the changes in 
emission for each country using iIndex decomposition analysis. 

Our results show that the total emissions of countries vary greatly. 
Even though CO2 emissions in all Indochinese countries are on the rise, 
average annual growth rates are also very different between countries, 
ranging from 2.5% in Thailand to 19.3% in Laos. Our results of the 
driving analysis show that economic development and population 
growth cause emissions increase in all countries. Energy intensity varies 
widely across nations, but only significantly decreased CO2 emission 
growth in Thailand. The secondary sector significantly increased CO2 
emissions in Laos and Vietnam, due to the increase of coal consumption 
in the power & heat sector, the tertiary industry only moderately 
increased emissions in Thailand, due to the rising share of fossil fuels in 
the transport sector. 

Based on our analysis, one approach for Indochinese countries to 
achieve emission reduction targets is to accelerate the energy transition, 
which is to reduce dependence on fossil resources and develop renew
able energy. This is especially urgent for Vietnam and Laos, as the share 
of renewable energy keeps decreasing. Indochinese countries are rich in 
renewable energy, however, many renewable energy sources have not 
been properly planned and utilized. Developing renewable energy and 
optimizing energy structures can lower carbon intensity. This is critical, 
especially for the power sector, which is the key sector to achieve the 
national emission reduction target. The ongoing energy transition in the 
residential sector decreased emissions in all countries and emissions 
from the residential sector are expected to continue decreasing, since 
primary biomass is still the dominant fuel used in rural areas in many 
MSEA countries. Our study not only provides an understanding of the 
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emission patterns and mitigation barriers in Indochinese countries but 
also informs other emerging economies at the same development stages 
to develop their mitigation roadmaps, thereby contributing to the 
achievement of global climate change targets. 
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