
Copyright © 2025 by Authors. 
This is an open-access article under CC BY-SA license (https://creativecommons.org/licences/by-sa/4.0)

Undesirable Output in Environmental Efficiency:  
Evidence from ASEAN Countries

Signifikan: Jurnal Ilmu Ekonomi
Volume 14(2), 2025: 339 - 358
P-ISSN: 2087-2046; E-ISSN: 2476-9223
https://doi.org/10.15408/sjie.v14i2.45828

JEL Classification:
C31
G21
I32
O18

Received: 14 April 2025

Revised: 05 August 2025

Accepted: 09 August 2025

Available online: October 2025

Published regularly: October 2025

ABSTRACT
Research Originality: This study enriches the environmental 
efficiency literature by applying a DEA model that considers 
undesirable outputs, to produce more comprehensive and 
accurate efficiency estimates, especially in the context of the 
ASEAN region.
Research Objectives: To evaluate and compare the relative 
environmental efficiency of ASEAN countries using the Data 
Envelopment Analysis (DEA) method.
Research Methods: This study applies the DEA approach to 
measure environmental efficiency in ASEAN countries from 
2000 to 2022, using population and industry as inputs, and 
GDP and CO2 emissions as outputs.
Empirical Results: The findings indicate variations in 
environmental efficiency among ASEAN countries, reflecting 
differences in industrial policies and levels of economic 
development. Singapore emerges as the most efficient country, 
while Indonesia is identified as one of the ASEAN countries 
that needs to focus on improving its environmental efficiency.
Implications: The research results show significant variation in 
environmental efficiency across ASEAN countries. This finding 
emphasizes the importance of formulating development policies 
that are not solely oriented toward economic growth but also 
address resource efficiency and emission reduction. Countries 
with low efficiency, such as Indonesia, need to develop more 
comprehensive, data-driven green transition strategies.
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INTRODUCTION
Environmental efficiency in developing countries is crucial in achieving sustainable 

development. The SDGs emphasize the need for inclusive and sustainable economic growth 
(SDGs Goal 8) (Kreinin & Aigner, 2022; Rai et al., 2019). In developing countries, 
economic growth often risks increasing the overexploitation of natural resources (Lampert, 
2019). The steadily growing population is applying pressure on natural resources, land, 
and economic activities. This has resulted in various social and environmental issues for 
countries, threatening their future survival and development (Galkina & Sorokin, 2020; 
Sadiq et al., 2022). Energy utilization refers to the increased energy consumption during 
industrialization and urbanization. Members of the ASEAN countries prioritize energy 
utilization (Chen & Jia, 2017). The booming economy in the ASEAN region prompts 
governments to consider social and environmental challenges, as most current development 
models in the area depend on natural resources (Khoa et al., 2025). 

The ecological economy is one of the most studied topics right now. As a result, 
states focus their recovery plans on improving the economy and quality of life, supporting 
the economy, and increasing energy use and efficiency (Lacko et al., 2023). Energy 
consumption is a crucial component in advancing any industry or economy. Sustainable 
development is a worldwide movement that requires nations to balance environmental 
effectiveness and economic advancement (Feng et al., 2024). The issue of sustainable 
energy development has gained prominence due to ASEAN's economic expansion during 
the past two decades. (Karki, Mann, & Salehfar, 2005) Consequently, economic growth 
has become an important measure of a nation's progress. Rapid economic progress has 
generated numerous concerns in various countries in recent years. This is necessitated by 
balancing economic advancement and environmental protection. Consequently, economic 
growth has emerged as a significant indicator of a nation's performance. However, the 
rapid economic expansion has generated considerable concern in certain countries in 
recent years. This is due to the necessity of balancing environmental safety with economic 
growth. (Grossman & Krueger, 1995) 

While most ASEAN nations empirically witness declining economic growth, 
environmental challenges have escalated markedly. This is demonstrated by amounts 
of carbon dioxide (CO2) emissions (Haseeb et al., 2019). The implementation of the 
fourth industry, along with innovation development and technology utilization, facilitates 
the economic advancement of ASEAN countries. ASEAN is experiencing growth in 
industry and population, leading to an increase in GDP. However, this growth is also 
accompanied by increased CO2 emissions from industrial activities (Feriansyah et 
al., 2023). Energy consumption and environmental issues are becoming increasingly 
significant globally as the public becomes more aware and concerned. Numerous 
methodologies have been implemented to resolve environmental and energy-related 
concerns. The Data Envelopment Analysis (DEA) method is a non-parametric approach 
to efficiency evaluation that has garnered significant attention. (Zhou et al., 2008a). DEA, 
developed by Charnes et al. (1978), is a well-known tool for determining the relative 
efficiency of a group of comparable entities, commonly known as decision-making units 
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(DMUs), each with many inputs and outputs. Since the work of Charnes et al. (1978), 
Data Envelopment Analysis (DEA) has been extensively studied and gained significant 
recognition across several application domains. The review by Cook and Seiford (2009) 
presents an overview of significant methodological advancements in DEA. In the realm 
of energy and the environment, Meng conducted a study on the application of Data 
Envelopment Analysis (DEA), identifying environmental performance monitoring as a 
significant application area. The utilization of DEA to assess ecological performance is 
predicated on the classification of outputs into desirable and undesirable outputs (Meng 
et al., 2013; Scheel, 2001). 

ASEAN countries face significant pressure to balance economic growth with 
environmental sustainability. However, conventional approaches often ignore negative 
impacts such as CO₂ emissions. By including undesirable outputs, this study more fully 
captures this reality. Several previous studies have discussed how efficiency is related to 
various factors. Although several studies have examined environmental efficiency using 
the DEA approach, there is still limited research on environmental efficiency within a 
country and its comparison (Hosseini et al., 2020; Wang et al., 2021; Zhang et al., 
2011), primarily focused on developed countries (Hermoso-Orzáez et al., 2020; Lacko & 
Hajduová, 2018) or large developing countries such as China, India, or Latin American 
countries (Anser et al., 2020; Chen & Jia, 2017; Jiang & Xie, 2024).

The research conducted by Yasin (2023) on, this study examined the performance 
of technical efficiency convergence (Beta and Sigma convergence) in 10 ASEAN countries 
as well as three main partners from East Asia, namely China, South Korea, and Japan, 
during the period 1990–2021 using the Stochastic Frontier Analysis approach to estimate 
technical efficiency, and the research results showed that there was a difference in efficiency 
among ASEAN countries. While this research measures environmental efficiency by 
adopting the DEA and time series. 

Zhang et al. (2011) studied 23 developing countries from 1980 to 2005, focusing 
on labor, Capital, and Energy consumption in relation to GDP output. This study uses 
a time span to see the difference in efficiency levels between developing countries from 
year to year. Empirical results show that efficiencies vary among the 23 countries; for 
example, China has experienced the most rapid improvement. Practice in China shows 
that effective energy policies play an important role in improving energy efficiency. In 
Zhang's research, undesirable outputs were not considered, and only GDP was used as 
the measure of efficiency. 

The research conducted by Xie et al. (2014) focused on analyzing the environmental 
efficiency of the electricity industry in 26 OECD and BRIC countries (1996–2010). It 
used the SBM-DEA-based Environmental Malmquist Index, which considers electricity 
as a desired output and carbon emissions as an undesirable output, with CO2 emissions. 
The results show that changes in fuel structure and technological advancements are the 
main drivers of improving the efficiency of dynamic environments. Economic conditions 
and energy prices also have a significant effect. 
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The novelty of this research lies in its consideration of undesirable outputs, in 
addition to desired outputs, for environmental efficiency. Furthermore, it examines all 
the newest ASEAN countries, including Timor-Leste, in the analysis. Furthermore, 
this research offers A long-term panel analysis (2000–2022) on ASEAN countries, 
with environmental DEA being rarely conducted. This research fills this gap by 
conducting a comprehensive and longitudinal evaluation of environmental efficiency 
among ASEAN countries and providing relevant policy implications for sustainable 
development decision-making in the region. Moreover, the Data Envelopment Analysis 
(DEA) method has been widely used to measure energy and environmental efficiency 
(Zhou et al., 2008a). Several studies have developed DEA approaches that consider 
desirable and undesirable outputs (Cámara-Aceituno et al., 2024; Shim & Eo, 2010; 
Zhou et al., 2008b). However, studies applying this approach in the context of 
developing countries, particularly in ASEAN, remain limited. Therefore, further analysis 
is needed to understand how differences in industrial sectors and national policies in 
ASEAN countries influence the balance between desirable and undesirable outputs in 
environmental efficiency.

This study aims to evaluate and compare the relative eco-efficiency of ASEAN 
countries. This method offers a more comprehensive evaluation of environmental efficiency 
by incorporating both desirable and undesirable outputs, thereby providing valuable 
insights for sustainable development policies in the region. The unique aspect of our 
research is the implementation of Data Envelopment Analysis (DEA) to evaluate the eco-
efficiency of ASEAN countries from 2000 to 2022. This approach utilizes environmental 
efficiency indicators derived from various input variables and distinguishes between 
desirable outputs (maximized) and undesirable outputs (minimized). Furthermore, our 
investigation improves objectivity by employing graphical analysis to present the findings, 
which enables a more thorough and data-driven classification of eco-efficiency in ASEAN 
countries.

METHODS
We found that the most used method for evaluating environmental efficiency is the 

data envelopment analysis (DEA) (Mardani et al., 2017). The data source used in this 
research consists of secondary data obtained from the World Development Indicators from 
2000 to 2022., Due to the absence of recently reported data from certain governments, 
particularly regarding CO2 emissions. The selection of inputs and outputs is a crucial 
aspect in evaluating environmental efficiency (Cooper et al., 2006; C. Feng & Wang, 
2017; Wu et al., 2016). 

The data in this research includes several variables grouped into input, desired 
output, and undesirable output variables, as shown in Table 2. The data in Table 1 are 
extracted from reliable resources, namely the World Bank’s online database (World Bank, 
2023) and “Our World in Data”. 
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Table 1. Names of Countries and Decision-Making Units (Dmus)

No. DMUs Country GDP Average (2000 - 2022) GDP 2022

1 DMU1 Indonesia 6.97776E+11 1.32E+12

2 DMU2 Malaysia 2.49935E+11 4.08E+11

3 DMU3 Filipina 2.30474E+11 4.04E+11

4 DMU4 Singapore 2.51266E+11 4.98E+11

5 DMU5 Thailand 3.35415E+11 4.96E+11

6 DMU6 Laos 9576140334 1.55E+10

7 DMU7 Vietnam 1.782E+11 4.1E+11

8 DMU8 Brunei 12691798246 1.67E+10

9 DMU9 Myanmar 43190500236 6.23E+10

10 DMU10 Cambodia 18457818875 4E+10

11 DMU11 Timor Leste 1235125235 3.21E+09

Source: World Bank processed, 2025

   Table 2. Input Variable, Desirable Output, and Undesirable Output

Input Desirable Output Undesirable Output

-	 Population (People)
-	 Industry (Constan)

GDP
(current US$)

CO2 Emission 
(Million Ton)

The study was divided into four parts to reach our objectives, as illustrated in 
Figure 1. This research adopts the Seiford and Zhu (2002) DEA undesirable model to 
evaluate countries' productivity in Asia:

Yg : Desirable output, Yb: Undesirable Output, Y = Yg +Yb

The DEA model assumes that Y(Yg + Yb) increases, indicating improved efficiency, 
but the increase in undesirable output Yb causes efficiency to decrease. Here, -x is the 
input. Therefore, after putting a minus sign on the undesirable production and finding 
out a proper transaction vector ω, the minus undesirable will become a plus sign, such 
as , and ω = max  + 1, such that model becomes 
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Here, inputs Xj (j = 1,…., m),  = 1 indicates that the DMU must represent 
the effective elasticity set of the production function, h denotes the relative efficiency 
value, and Zj signifies the input and output weights.

We assume that there are 11 DMUs Where they are the 11 ASEAN countries. 
The value of k ranges from 1 to 11. For each of the DMUk, this research has N inputs 
Xk = (X1k, X2k, X3k,….. Xnk), M desirable outputs Yk = (Y1k, Y2k, Y3k,….. Ymk), and J undesirable 
outputs Uk = (U1k, U2k, U3k,….. Ujk). With the data, we proceed to operate by Tyteca's 
process (1997) : 

Where k = number of DMUs (ASEAN countries), n = number of inputs, x = inputs, 
y =desirable outputs, M = number of desirable outputs, z = undesirable outputs, and j= 
= number of outputs. 

Figure 1. Step of Research Process 
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RESULT AND DISCUSSION
This research's main results explain that environmental efficiency levels vary widely 

across ASEAN countries. Singapore and Brunei show consistently high efficiency, whereas 
Myanmar and Cambodia have low efficiency due to high emission intensity and low 
economic output. Another finding is that average environmental efficiency in the ASEAN 
region increased slowly throughout 2000–2022, but with uneven progress across countries. 
It was also found that industrial and population growth are negatively correlated with 
environmental efficiency, especially in countries that have not widely adopted clean 
technologies or strict environmental policies. The use of a DEA approach with undesirable 
outputs (CO₂ emissions) significantly changes the country efficiency rankings, compared 
to traditional DEA models, and reveals hidden inefficiencies in high-emission countries.

To improve the precision of the final evaluation process, a comprehensive statistical 
description was employed, as illustrated in Table 3. Concurrently, environmental efficiency 
is assessed for each country annually. This is the case with the energy from the industry 
process during the period 2000-2022. When reviewed based on population, Indonesia 
had the highest average population from 2000 to 2022, including 2022. Meanwhile, 
the country with the lowest average population in ASEAN in 2022 is Brunei. Indonesia 
occupies the highest position in industry compared to 10 other Southeast Asian countries 
(ASEAN). In Hamilton and Waters' research (Hamilton & Waters, 2018), it is stated 
that the Indonesian industry is one of the highest in the ASEAN region.

Regarding CO2 emissions, it can be seen that the country with the highest CO2 
emissions in 2022 is Vietnam, but when considering the average emissions from 2000 
to 2022, the highest is Indonesia. Chairiawan (2019) and data from IEA (2018) indicate 
that Indonesia contributed 1.41% of global CO2 emissions and was the largest emitter 
in the ASEAN region, with 454.9 MtCO2 in 2016. The research of Kusumawardhani et 
al. (2022) also strengthens this by discussing the relationship between economic growth 
and energy consumption. Meanwhile, Timor-Leste is the country with the average CO2 
emissions in 2022 in ASEAN. 

Table 3. Maximum, Minimum, and Average Values for Input and Output.

  Indicator Unit Maximum Minimum Average

Inputs Population People 278830529 326424 55449532

  Industry Constant 4.51E+15 44213900 3.97E+14

Desirable output GDP (current US$) 1.32E+12 3.67E+08 1.84E+11

Undesirable output CO2 Emission Million Tons 54.619 0.002 11.374

Source: Data processed (2025)

Pearson correlation is a statistical method used to measure linear relationships between 
variables. A positive correlation value indicates a positive and unidirectional relationship, 
whereas a negative correlation value indicates an opposite relationship. Currently, this 
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investigation employs a straightforward Pearson correlation test to assess the correlation 
between input and output. The coefficient value is between -1 (perfect negative) and 1 
(perfect positive). A crucial requirement of applying DEA analysis is a positive correlation. 
The Pearson correlation calculation based on data with the variables Population, Industry, 
GDP, and CO2 emissions from industry is shown in Table 4.

Table 4. Pearson Correlation Value between Input & Output

Input & Output Population Industry GDP CO2 Emission

Population 1

Industry 0.885 1

GDP 0.768 0.755 1

CO2 Emission 0.782 0.764 0.81 1

Source: Data processed (2025) 

Pearson's correlation value is 0.71 – 0.90, which shows a strong correlation 
(Akoglu, 2018). For example, we pay attention to the Pearson correlation value between 
population and CO2, which is 0.782; this shows a strong direct proportional relationship, 
indicating that as the population increases, CO2 emissions will rise accordingly. There 
have been several previous studies that have discussed this connection further. One of 
the research findings is that population density impedes CO2 emissions in high and 
lower-middle-income countries but enhances them in lower-income nations (Pickson et 
al., 2024). However, an empirical investigation by Cahyo et al. (2023) found that CO2 
and population have a negative relationship. 

The results of DEA modeling produce efficiency values. Efficiency values are divided 
into four categories based on the Environmental Efficiency Indicator (EEI) value grouping 
method by Hermoso-Orzáez et al. (Hermoso-Orzáez et al., 2020). 

1.	 Excellent Environmental Efficiency (0.99 to 1 Value)
2.	 Good Environmental Efficiency (0.80 to 0.98 Value)
3.	 Average Environmental Efficiency (0.5 to 0.79 Value)
4.	 Environmental Efficiency Can Be Improved (0.0 to 0.49 Value)
The efficiency value for each Decision-Making Unit (DMU), specifically 11 ASEAN 

countries from 2000 to 2022, is shown in Table 5.
Table 5 and Figure 2 show that from year to year (2000 to 2022), the environmental 

efficiency value for each DMU (11 ASEAN countries) fluctuates significantly from year 
to year. It can be seen that Singapore is the only country with a stable and superior 
efficiency value compared to other countries, with a value of 1 from 2000 to 2022. The 
results from Table 5 and Figure 2 are then calculated on average from 2000 to 2022, 
as shown in Table 6.

Based on Table 6, Singapore is noted to have excellent environmental efficiency. 
Meanwhile, Timor-Leste is included in the category of countries with good environmental 
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efficiency. Malaysia and Brunei are classified as countries with average environmental 
efficiency. Countries such as Indonesia, the Philippines, Thailand, Laos, Vietnam, 
Myanmar, and Cambodia show improvements in environmental efficiency compared to 
the previous period, although they are still in the suboptimal category. These findings 
reflect the diverse dynamics and developments in environmental management in the 
ASEAN region.

The more advanced a country is, the more efficient its environment will be (Barra 
& Falcone, 2023; Chiu et al., 2012). The Environmental Kuznets Curve (EKC) theory 
posits an inverted U-shaped relationship between economic growth and environmental 
degradation (Adhikary & Hajra, 2021; Hoang et al., 2024; Zilio, 2012). The research 
conducted on ASEAN countries is related to the EKC theory, which suggests that 
more developed countries aim to be more efficient in resource use and environmental 
management. This condition occurs because they have moved beyond the phase of 
high resource exploitation and have adopted more environmentally friendly policies and 
technologies. Additionally, a factor is that Singapore is a small country, whereas Indonesia 
has low efficiency in certain areas. The countries that have average efficiency are Malaysia 
and Brunei.

Figure 2. Line Chart Visualization of Efficiency Values of  
Decision-Making Units (DMUs) in 2000 – 2022

Source: Data processed (2025)
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Table 6. Average Efficiency of Each DMU

DMU Name Average Efficiency

Indonesia 0.11

Malaysia 0.57

Filipina 0.07

Singapore 1.00

Thailand 0.29

Laos 0.09

Vietnam 0.22

Brunei 0.72

Myanmar 0.02

Cambodia 0.04

Timor Leste 0.97

Source: Data processed, 2025 

Research related to DEA, as explained earlier, explains that inputs in the form 
of Population and Industry are used. In this case, a deeper review of the relationship 
between each input and the average efficiency value is provided in Figures 3 and 4. Figure 
3 shows the results, indicating that the country with the highest average population, 
Indonesia, has the lowest average efficiency compared to other ASEAN countries. On the 
contrary, countries with low average populations, such as Singapore, Timor-Leste, and 
Brunei, have a relatively high average efficiency. Indonesia has the largest population in 
ASEAN, which means that domestic energy demand is significantly higher to support 
economic activities and household consumption (Prasetyanto et al., 2025; Pattiruhu & 
Kriekhoff, 2022). Singapore, Malaysia, and Brunei have significantly smaller populations, 
which means that the pressure on the environment is relatively lower in terms of energy 
consumption and CO2 emissions (Islam & Ghani, 2018). 

Figure 3. Comparison Chart of Input (Average Population) and Average Efficiency

Source: Data processed (2025)
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Figure 4. Comparison Chart of Inputs (Industry Average) and Average Efficiency

Source: Data processed (2025)

Based on Figure 4, the country with the highest industrial average is Indonesia, 
which has a low average efficiency. However, other countries, such as Myanmar and 
Cambodia, have low average efficiency despite a fairly low average industrial input. 
Indonesia has a relatively large industrial sector within its national economic structure; 
however, this sector still heavily relies on environmentally unfriendly energy sources (e.g., 
coal-based industries and energy-intensive manufacturing) (Hariyanto, 2021; Ramadanti 
et al., 2024; Yohanes Handoko & Loisa, 2023). Meanwhile, Singapore and Brunei have 
industrial sectors that are more focused on high-value-added industries such as technology, 
finance, and service-based industries, which are more energy-efficient compared to heavy 
manufacturing sectors (Asgari et al., 2024; Holloway, 1971; Shi, 2015; Su et al., 2021)

This study uses outputs in the form of Gross Domestic Product (GDP) and CO2 
emissions. In this, the relationship between each output and the average efficiency values 
depicted in Figures 5 and 6 is reviewed in depth. The results of Figure 5 show that 
Singapore, the country with the highest efficiency in ASEAN, has a GDP that is not 
significantly higher than that of its nearest country, Indonesia. However, in terms of 
GDP, Singapore can be far superior to Timor-Leste, which has the lowest GDP despite 
having a high average efficiency value.

Figure 5. Comparison Chart of Output (Average CO2 emissions) and Average Efficiency

Source: Data processed (2025)
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Indonesia produces greater CO2 emissions due to its reliance on fossil fuels and 
the ongoing large-scale deforestation (Chairiawan, 2019). Countries like Singapore, despite 
having large-scale economic activities, apply much higher energy efficiency and utilize 
more modern technology, resulting in lower CO2 emissions per unit of output (Koh 
et al., 2012; Meirun et al., 2021). For example, Singapore's power generation sector 
emphasizes high energy efficiency (Ali & Weller, 2014). Emphasizing efficiency is also 
important to reduce the "decoupling gap" between economic growth and environmental 
pressures, which remains a challenge in many developing countries (Zhang et al., 2019).

Figure 6. Comparison Chart of Output (Average GDP) and Average Efficiency

Source: Data processed (2025)

Based on Figure 6, the results show that the three countries with low average 
CO2 emissions and low average efficiency are Singapore, Timor-Leste, and Brunei. When 
compared, Indonesia's economic output (GDP per capita) is still lower than that of 
Singapore and Brunei. These results are in line with research conducted by Hill (2018), 
which suggests that an equivalent level of economic output does not match the high CO2 
emissions. Singapore and Brunei have a much higher GDP per capita with relatively more 
controlled CO2 emissions, making them technically more efficient in generating GDP per 
ton of CO2.

The closeness of the relationship between the average efficiency value generated 
by Data Envelopment Analysis (DEA) and Input and Output can be measured using 
Pearson correlation. The results of Pearson's correlation calculation show that overall, the 
average input and output (population, industry, GDP, and CO2 emissions) have a negative 
correlation with the average efficiency value. Negative correlation values indicate opposite 
relationships. Some studies show a negative correlation between specific inputs (such as 
population, industry, and GDP) and efficiency. For example, higher population density 
and energy consumption per unit of GDP negatively impact environmental efficiency 
(Wang et al., 2013). CO2 emissions are often used as an undesirable output in efficiency 
models. According to studies, higher CO2 emissions correlate with poorer efficiency 
ratings. For example, increasing CO2 emissions has a detrimental influence on regions' 
environmental efficiency (Iqbal et al., 2019; Wang et al., 2012).
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Table 7. Pearson Efficiency Value Average Correlation Value between Input & Output

Input & Output Average 
Efficiency

Population 
Average

Industry 
average GDP Average Average CO2 

Emissions

Average Efficiency 1        

Population Average -0.463 1      

Industry average -0.275 0.903 1    

GDP Average -0.15 0.869 0.785 1  

Average CO2 
Emissions -0.241 0.814 0.765 0.869 1

Source: Data processed (2025) 

Based on the results of the previously carried out Data Envelopment Analysis (DEA), 
an efficiency value is obtained. In this case, these efficiency values can be optimized by 
reviewing Slack results in the DEA. Slack in Data Envelopment Analysis is an indicator 
that shows inefficiencies in the use of inputs or outputs in a Decision-Making Unit 
(DMU). Slack describes how much input can be reduced or how much output can be 
increased without changing overall efficiency. Table 8 shows information indicating that 
countries such as Singapore and Timor-Leste have input and output slack values of 0. This 
result suggests that the inputs and outputs in these two countries do not need optimization 
by adding or decreasing values, as their conditions are efficient and ideal. It is different 
from Indonesia, where there is still a value of 446169818783442 for input slacks and 
1122749409806.93000 for output slacks. Therefore, to optimize efficiency in the future, 
the Government of Indonesia is advised to reduce industrial inputs or increase output. 

Table 8. Slacks Values ​​for Input & Output for Each DMU in 2022

DMU 
Name

Input Slacks Output Slacks

Population Industry GDP CO2

Indonesia 0.00000 446169818783442.00000 1122749409806.93000 0.00000

Malaysia 5889664.40154 0.00000 538431530439.88300 0.00000

Filipina 0.00000 0.00000 185702654968.65600 0.00000

Singapore 0.00000 0.00000 0.00000 0.00000

Thailand 0.00000 0.00000 1024847736778.44000 0.00000

Laos 0.00000 0.00000 81798578513.44700 0.00000

Vietnam 0.00000 645630941652965.00000 2395110493642.80000 0.00000

Brunei 0.00000 5412223.93229 0.00000 0.22087

Myanmar 0.00000 0.00000 145604856805.31300 0.00000

Cambodia 0.00000 0.00000 119071948772.07800 0.00000

Timor 
Leste 0.00000 0.00000 0.00000 0.00000

Source: Data processed (2025) 
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CONCLUSION
This study evaluates and compares the relative environmental efficiency levels of 11 

ASEAN countries over the period 2000–2022. The results show significant variations in 
environmental efficiency across the region. Singapore and Brunei consistently rank among 
the highest environmentally efficient countries, driven by their high economic output 
and relatively low emissions intensity. In contrast, Myanmar, Cambodia, and Laos show 
lower environmental efficiency scores, primarily due to their high emissions relative to 
their economic performance and low adoption of clean technologies. Some countries, 
such as Vietnam and Indonesia, show step-by-step improvements in environmental 
efficiency over time, reflecting the positive impacts of economic restructuring and the 
implementation of environmental regulations. Meanwhile, countries that rely heavily on 
extractive industries and coal, such as Thailand and the Philippines, show fluctuating 
efficiency levels. This comparison emphasizes the importance of sustainable industrial 
policies, energy diversification, and investment in environmentally friendly technologies 
as key factors influencing environmental efficiency performance in the ASEAN region.

The study focuses only on ASEAN countries, so its findings may not be generalized 
to other developing countries outside the region. In future research, it is expected to 
calculate economic efficiency with a broader coverage of countries in Asia, or conduct 
comparative studies with developing countries in the Americas or Africa. This study also 
supports Sustainable Development by providing data-driven analysis that can be used to 
design policies balancing economic growth with environmental protection. These findings 
emphasize the importance of formulating development policies that focus not only on 
economic growth but also on resource efficiency and emissions reduction. Countries with 
low efficiency levels, such as Indonesia, need to develop more comprehensive, data-driven 
green transition strategies.
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