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Abstract: Asian countries have been concentrating on providing sustainable economic 
growth since they have had to face the severe consequences of climate change. Thus, 
this study aims to fill a research gap by investigating whether waste sector emissions 
significantly contribute to greenhouse gas (GHG) emissions. In general, this study 
proposes three research hypotheses derived from a review of the literature on GHG 
emissions. The first and second hypotheses examine whether waste sector emissions, 
economic growth and other indicators significantly contributed to the total GHG 
emissions in 13 Asian countries between 2000 and 2016. The third hypothesis 
investigates whether countries individually and significantly determine waste sector 
emissions. Using pooled ordinary least squares and least squares dummy variable 
(LSDV) estimations, the study shows that that the emissions from the waste, agriculture, 
manufacturing, and construction sectors, as well as from land use and change, were 
positively associated with total GHG emissions. Second, economic growth and urban 
and rural population growth show the possibility of reducing GHGs in Asian countries. 
Subsequently, the LSDV estimation identified that India and Indonesia emitted 72 
million tonnes and 148 million tonnes of carbon dioxide equivalent between 2000 and 
2016 from the waste sector.
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1. Introduction

Currently, the investigation of greenhouse gas (GHG) determinants is 
pertinent because atmospheric air quality has been deteriorating, especially 
in developing countries. GHG emissions are a phenomenon arising from 
anthropogenic human activities, namely, fossil fuel consumption (Vohra et 
al., 2021), industrial activities (Wu et al., 2021), transportation (Demircan 
Çakar et al., 2021), tourism (Jaz et al., 2023) and inappropriate sustainable 
growth (Ofreneo, 2015). Waste generation is caused by socioeconomic, 
demographic, household characteristics, settlement, population, economic 
development, recycling practices and facilities, and urbanisation (Beede 
& Bloom, 1995; Hanssen et al., 2016; Modak et al., 2017; Silvennoinen et 
al., 2014; Wilson et al., 2015). Waste mixtures, meanwhile, comprise food 
waste, electronic waste, industrial waste, product packaging, newspapers, 
and other materials (Kumar et al., 2017; Kusch & Hills, 2017). These waste 
products are categorised into municipal solid waste, industrial hazardous 
waste, waste oil, and biomedical waste, among others (Agamuthu & Tanaka, 
2014; Agamuthu & Victor, 2011). 

Nevertheless, both developing, and less-developed countries have been 
managing their waste sector problems ineffectively and utilise low-cost 
methods for the disposal of waste mixtures (Lino & Ismail, 2017). Therefore, 
the waste sector is responsible for emitting GHGs into the air (Adhikari et 
al., 2006). Waste mixtures at both operational and non-operational landfills 
are constantly releasing gases such as methane, carbon dioxide, nitrogen, 
oxygen, ammonia, and sulphur dioxide into the air (Adhikari et al., 2006). In 
the densely populated countries of China and India, waste sector emissions 
have increased dramatically and are forecast to only rise in the near future 
(Javed & Cudjoe, 2022). China’s municipal solid waste emissions increased 
from 39.24 to 128.81 metric tonnes of carbon dioxide equivalent (CO2e) 
between 2006 and 2019 (Y. Kang et al., 2022). Landfills in Australia have 
been shown to unintentionally leak GHGs (Reinelt et al., 2022). In South 
Korea, waste incineration is responsible for 3.5 times more ammonia being 
released than other GHG gases (S. Kang et al., 2022). India has been advised 
to regularly practice recycling, convert biodegradable waste into biogas, and 
upcycle non-biodegradable waste to prevent immense GHG emissions by 
2035 (Sharma et al., 2022).
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 Specifically, cumulative GHGs in the atmosphere tend to reduce air 

quality (Magazzino, 2017; Mele & Magazzino, 2020), slowly deplete 
the ozone, and cause climate change (Singh et al., 2021). Scholars have 
identified that landfill emissions such as CH4 and CO2 will increase by 2023 
across South Asian countries such as India and Sri Lanka (Johari et al., 2012; 
Shrestha et al., 2012; Yusoff et al., 2013). Overall, waste sector emissions 
cause ozone depletion, climate change, soil contamination, groundwater and 
surface water contamination, and air pollution (UNEP, 2016). Therefore, 
contaminated air quality could lead to ultraviolet rays directly entering the 
atmosphere, which can cause changes in the human respiratory system (Chen 
& Chen, 2021; Orach et al., 2021) as well as the extinction of some species 
of flora and fauna (Xu et al., 2021). 

On this premise, our investigation examines the linear association 
between waste sector emissions and socioeconomic and environmental 
indicators for 13 sample countries in Asia—Bangladesh, Brunei Darussalam, 
Cambodia, India, Indonesia, Malaysia, Myanmar, Nepal, Pakistan, 
the Philippines, Sri Lanka, Thailand, and Vietnam. Prior studies have 
investigated the environmental Kuznets curve (EKC) theory, which applies 
non-linear methodology (Mazzanti & Zoboli, 2009) to determine waste 
sector emissions. According to Bogner et al. (2007), South and East Asian 
countries showed the highest rates of carbon storage in landfills between 
1971 and 2002. Citing the United States Environmental Protection Agency 
(2006), the researchers forecasted that landfill emissions in these countries, 
particularly CH4, are expected to increase between 1990 and 2020. Waste 
sector emissions in 10 of the 13 countries in the present study showed 
high emission levels. The literature points to municipal solid waste being 
responsible for a lot of the GHG emissions (Clarke et al., 2019). In 2000, 
the Asian waste sector emitted 648.89 million tonnes of CO2e, which 
subsequently climbed to 709.08 million tonnes in 2016 (Ritchie et al., 2020). 
The literature also explores the effect of economic growth on CO2 emissions 
(Apergis et al., 2018). Magazzino et al. (2021) also recommend that future 
studies examine the relationship between wealth and waste emissions. 

Considering this, this study attempts to fill a research gap by 
investigating wealth-waste emissions and revealing the influence and 
magnitude of waste sector emissions on total GHG emissions. In detail, the 
study includes potential sectors (e.g., agriculture and manufacturing) and 
socioeconomic factors (e.g., economic growth and population indicators). 
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Figure 1 illustrates the percentage of waste sector emissions in some Asian 
countries between 2000 and 2016. In Asia, the waste sector emits at least 
290 to 324 tonnes of CO2e, with highly populated countries such as India 
and Indonesia producing greater quantities of GHGs (Ritchie et al., 2020). 
The rest of the paper is organised as follows: Section 2 contains the literature 
review, Section 3 the methodology, Section 4 the results and discussion, and 
Section 5 concludes the paper. 

Figure 1: Total GHG emissions (tonnes of CO2e), Waste Sector Emissions (tonnes of 
CO2e), GDP (annual %) and Urban Population (annual %)

 

Figure 1: Total GHG emissions (tonnes of CO2e), Waste Sector Emissions (tonnes of CO2e),  

GDP (annual %) and Urban Population (annual %) 

 
Source: World Development Indicators (2021), World Bank Database, and Our World in Data (2021) 
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2. Literature Review: Economic Growth and Environmental 
Degradation

In the 1990s, Grossman and Krueger (1995) developed the EKC from the 
classic Kuznets curve that incorporated factors such as a country’s economic 
growth and environmental pollution. The EKC theory, especially the inverted 
U-curve, holds that early-stage economic growth causes environmental 
deterioration, but that that degradation will be reduced in subsequent phases 
of growth (Beckerman, 1992). Researchers used EKC to model the waste 
Kuznets curve (WKC), which explains the correspondence between waste 
drivers and economic growth (Apergis et al., 2018; Bates et al., 1997; 
Highfill & McAsey, 2001). Unfortunately, the EKC theory and the new 
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 analytical WKC framework reveal very little information. Magazzino et 

al. (2021) examine the causal relationships among GHG emissions from 
the waste sector, income level, urbanisation, and municipal solid waste 
generation per capita in Denmark between 1994 and 2017 and reveal a 
significant negative monotonic relationship between waste sector GHG 
emissions and economic growth. 

Scholars have applied growth theory to examine economic growth and 
environmental degradation indicators such as CO2 emissions (Chaabouni 
& Saidi, 2017). They discovered bidirectional causality between CO2 
emissions and economic growth for low-, lower middle- and upper middle-
income countries between 1995 and 2013. Overall, the literature varies on 
the association between economic growth and CO2 emissions, with some 
showing a positive relationship (Bilgili et al., 2016; Ren et al., 2014), and 
others showing a negative relationship (Hossain, 2011), unidirectional 
causality (Cowan et al., 2014), bidirectional causality (Apergis et al., 2020; 
Dabachi et al., 2020) and even an insignificant relationship (Mutafoglu, 
2012; Tiwari, 2012). The present study highlights that environmental 
degradation, particularly GHG emissions, originates from numerous sources, 
such as waste and agricultural sector emissions, and that this occurrence in 
Asian countries has not been studied in detail.

3. Materials and Methods

3.1	 Data	specification	and	hypothesis

This study first collected the raw data from 2000 to 2016 from the Our 
World in Data database (Ritchie et al., 2020) and filtered out information on 
GHG emissions to gauge causal or determining factors. The data covers the 
13 selected countries, namely Bangladesh, Brunei Darussalam, Cambodia, 
India, Indonesia, Malaysia, Myanmar, Nepal, Pakistan, the Philippines, 
Sri Lanka, Thailand, and Vietnam. Total GHG emissions represent total 
emissions in the sum of gases in the database and are measured in million 
tonnes of CO2. In addition, this study examines the economic growth impact 
on air pollution that is measured in constant 2017 PPP $. Furthermore, 
we introduced several potential GHG determinants, namely, waste sector 
emissions (measured in million tonnes of CO2e), agriculture sector emissions 
(million tonnes of CO2e), manufacturing or construction energy emissions 
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(million tonnes of CO2e), urban population (annual %) and rural population 
(annual %). Overall, this study attempts to fill another research gap through 
waste sector emissions data from 2000 to 2016. Table 1 defines the eight 
variables and their expected signs, while Table 2 presents the descriptive 
statistics.

Table 1: Description of Variables and Expected Signs

Variables Description Measurement Sign

Dependent variable

TGHG Total greenhouse gas emissions Million tonnes of CO2e

Independent variables

WASTESE Waste sector emissions Million tonnes of CO2e +

AGRICSE Agriculture sector emissions Million tonnes of CO2e +

LANDSE Land use and change emissions Million tonnes of CO2e +

MANFCSE Manufacturing or construction energy emissions Million tonnes of CO2e +

GDP GDP per person employed Constant 2017 PPP $ +

URBPOP Urban population growth Annual % +

RURPOP Rural population growth Annual % -

Table 2: Descriptive Statistics

Variables Observations Mean Std. dev. Minimum Maximum

TGHG 221 486.732 789.433 17.010 3256.170

WASTESE 221 23.685 40.629 0.090 192.800

AGRICSE 221 105.791 169.750 0.100 704.160

LANDSE 221 121.045 395.381 -167.130 1962.830

MANFCSE 221 45.799 94.842 0.100 533.800

GDP 221 5.487 2.907 -2.508 13.844

URBPOP 221 2.586 0.968 0.047 5.932

RURPOP 221 0.478 0.938 -1.822 2.351

The objective of the study is to determine whether a relationship or 
a significant association exists between waste sector emissions, economic 
growth and total GHG emissions. To achieve this aim, we formulated the 
following hypotheses from the literature review:

H1 The waste sector positively and significantly contributes to total 
GHG emissions in the 13 Asian countries.
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 H2 GDP positively and significantly contributes to total GHG 

emissions in the 13 Asian countries.

H3 Each Asian country positively and significantly explains waste 
sector emissions.

3.2	 Estimation	strategy

3.2.1 Panel data estimation

The present study applies panel data estimation and formulates equation (1) 
to examine the effects of economic growth and waste sector emissions from 
many different sources and angles as well as other explanatory variables 
on total GHG emissions. The study employs pooled ordinary least squares 
(OLS), as this method estimates a common constant for all countries, a fixed 
effects model (FEM) that allows for different constants for each country, and 
a random effects model (REM) because it handles the constants for each 
country not as fixed but as random parameters (Asteriou & Hall, 2015).

 

< Insert Table 1 here > 

< Insert Table 2 here > 
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(1)

where, TGHGE is the dependent variable, αi the intercept, δ1, δ2, δ3, δ4, δ5, 
δ6 and δ7 the coefficients, ɛit the error term, αi the possibility of country-
specific fixed effects, i a single country in the linear panel regression model 
(i = 1, 2, …, N = 13; t = 1, 2, …, T = 17), while t shows the time period. The 
independent variables consist of the seven characteristics described in Table 
1 that can take on different values. The Hausman test is used to measure 
the association between GHGs and explanatory variables. The generalised 
least squares (GLS) method was applied to correct the possibility of 
heteroskedasticity and autocorrelation in the panel linear regression model.

This study employs a theoretical framework to investigate the effects of 
economic growth on total GHG emissions in 13 Asian economies. Basically, 
this study refers to the prior theoretical framework in Figure 2 to develop 
the conceptual framework in Figure 3 to justify the association between 
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economic growth and environmental degradation, especially between 
economic growth and air indicators such as CO2 emissions (Asumadu-
Sarkodie & Owusu, 2017; Chaabouni & Saidi, 2017). Using neoclassical 
growth theory, Gao et al. (2021) show that China’s economic growth caused 
higher CO2 emissions. Other studies have also developed the same model 
to examine the relationship between economic growth and emissions of 
CO2, CH4, N2O and other pollutants (e.g., Asumadu-Sarkodie & Owusu, 
2017). Accordingly, this study applies the same theoretical framework as 
Asumadu-Sarkodie and Owusu (2017) and Chaabouni and Saidi (2017) and 
then derives a conceptual framework to examine whether there is a positive 
relationship between environmental degradation indicators, such as waste 
sector emissions and manufacturing and construction industry emissions, and 
socioeconomic factors, such as economic growth and population growth, and 
total GHG emissions in the 13 selected Asian countries.

Figure 2: Theoretical Framework

 

Figure 2: Theoretical Framework 
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 Figure 3: Conceptual Framework
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set Bangladesh as a benchmark country with the assumption of no influence 
from other regressors. As such, the following equation was formulated:

 

 

applied to correct the possibility of heteroskedasticity and autocorrelation in the panel linear 

regression model. 

This study employs a theoretical framework to investigate the effects of economic growth 

on total GHG emissions in 13 Asian economies. Basically, this study refers to the prior 

theoretical framework in Figure 2 to develop the conceptual framework in Figure 3 to justify 

the association between economic growth and environmental degradation, especially between 

economic growth and air indicators such as CO2 emissions (Asumadu-Sarkodie & Owusu, 

2017; Chaabouni & Saidi, 2017). Using neoclassical growth theory, Gao et al. (2021) show 

that China’s economic growth caused higher CO2 emissions. Other studies have also developed 

the same model to examine the relationship between economic growth and emissions of CO2, 

CH4, N2O and other pollutants (e.g., Asumadu-Sarkodie & Owusu, 2017). Accordingly, this 

study applies the same theoretical framework as Asumadu-Sarkodie and Owusu (2017) and 

Chaabouni and Saidi (2017) and then derives a conceptual framework to examine whether there 

is a positive relationship between environmental degradation indicators, such as waste sector 

emissions and manufacturing and construction industry emissions, and socioeconomic factors, 

such as economic growth and population growth, and total GHG emissions in the 13 selected 

Asian countries. 

 
< Insert Figure 2 here > 

< Insert Figure 3 here > 

 

3.2.2 Least squares dummy variable estimation 

In particular, the study attempts to estimate each country’s individual influence on waste sector 

emissions. We considered the variance in terms of economic growth and demography between 

the countries, then measured those countries’ total waste sector emissions separately. In this 

respect, least squares dummy variable (LSDV) was identified as the most suitable and 

appropriate methodology that allows for heterogeneity among the selected countries. This 

study also took the dummy trap into account and set Bangladesh as a benchmark country with 

the assumption of no influence from other regressors. As such, the following equation was 

formulated: 

 

 

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑡𝑡 = 𝛾𝛾1 + 𝛾𝛾2𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷2𝑡𝑡 + 𝛾𝛾3𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷3𝑡𝑡 + 𝛾𝛾4𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷4𝑡𝑡  
+ … 𝛾𝛾13𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷13𝑡𝑡 + ɛ𝑖𝑖𝑡𝑡 

(2) 

 
(2)

Equation (2) measures waste sector emissions among the selected 
countries. The model applies dummy variables to measure qualitative 
influence by coding the different possible outcomes on each continuous 
dependent variable. The dummy variable dichotomised the possible 
outcomes and assigned values of 0 and 1. Thus, the countries are coded as 
D2t = 1 for Brunei, 0 otherwise; D3 = 1 for Cambodia, 0 otherwise; D4 = 1 
for India, 0 otherwise, and so on.
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4. Results and Discussion

4.1	 Preliminary	analysis

Table 3 displays the results obtained in the panel data regression that 
captures the four block analyses in OLS, REM, FEM, and robust FEM 
which provided significant results. Based on the Hausman test, the final 
model was FEM, which encountered autocorrelation and heteroskedasticity 
effects because the p value was set at less than the 5% significance level. 
Consequently, we used the GLS method and assumed that the robust FEM 
would rectify autocorrelation and heteroskedasticity. We obtained similar 
results for pooled OLS and robust FEM, although we expected the GLS 
method to fix errors in autocorrelation and heteroskedasticity. Accordingly, 
the research proceeded to employ the robust FEM, which then correctly 
explained the relationship between various waste sector emissions and 
economic growth influences on total GHG emissions.

Table 3: Greenhouse Gas Determinants in 13 Selected Asian Countries

Dependent variable: Total GHG emissions

Variables OLS Fixed effect Random effect Robust fixed effect

WASTESE 1.5107*** 0.3971 1.0202*** 1.5107***

(0.1725) (0.3106) (0.1734) (0.1693)

AGRICSE 1.5375*** 1.7891*** 1.7001*** 1.5375***

(0.0500) (0.2261) (0.0630) (0.0491)

LANDSE 0.9635*** 0.9468*** 0.9933*** 0.9635***

(0.0150) (0.0217) (0.01401) (0.01470)

MANFCSE 3.6409*** 3.4554*** 3.4061*** 3.6409***

(0.0793) (0.0834) (0.0605) (0.0778)

GDP -1.8767*** 0.2773 0.06950 -1.8767***

(0.8947) (0.8486) (0.8555) (0.8784)

URBPOP -7.9203*** -12.4436*** -10.3538*** -7.9203***

(2.7421) (3.3882) (3.2713) (2.6920)

RURPOP -25.8587*** -2.8402 -12.5522*** -25.8587***

(3.2204) (5.6445) (4.8231) (3.1616)

Constant 48.0738** 47.2160** 38.8870*** 48.07382***

(9.2310) (28.3225) (13.5972) (9.0624)

R-squared 0.9978 0.9928 0.9970 0.9928
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Variables OLS Fixed effect Random effect Robust fixed effect

Adjusted R-squared 0.9977

Multicollinearity 5.20

Heteroscedasticity 
chi-squared

0.000

Normality 0.0122

Prob > F 0.000 0.000

Prob > chi2 0.000 0.000

Hausman Test 0.0438

Autocorrelation 0.000

Heteroscedasticity 
chi-squared

0.000

Endogeneity

Durbin chi-squared 0.5317

Wu-Hausman 0.5386

N 221 221 221 221

Notes: Standard errors in parenthesis. *, **, and *** represent 10%, 5% and 1% significance levels, 
respectively.

4.2 Panel regression empiric and discussions

The findings in the study revealed that waste sector emissions contributed 
significantly to total greenhouse gas emissions. The results showed that 
whenever these 13 Asian countries’ waste sector emissions increased by 
10%, total greenhouse emissions also increased by approximately 10.51 
units. The study has only employed carbon dioxide equivalent emissions 
from waste mixtures and empirically measured waste sector emission levels 
that contributed to total GHG emissions. This is in line with S. Kang et al. 
(2022) showing an increase in China’s municipal solid waste emissions, 
Y. Kang et al., (2022) showing that incineration in South Korea caused 
significant ammonia emissions, as well as Asumadu-Sarkodie and Owusu 
(2017) establishing unidirectional causality from CO2 emissions to enteric 
emissions of CH4 and emissions of N2O in the long run in Ghana. 

The present study fills a gap in the research by emphasising waste 
sector CO2 emissions from available pertinent data. Unlike prior literature 
that concentrated on a single country to identify sector emissions, this 
study looked at 13 countries’ waste sector emissions cumulatively, ranging 
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between 300 and 325 tonnes of CO2. It was found that the waste sector in 
these countries engaged in several unsafe waste disposal methods, including 
landfilling, sanitary landfilling and incineration, which could still partially 
harm both humans and the environment. Specifically, this study only focuses 
on the sum of waste sector CO2 emissions of total GHG emissions.

The findings also show that economic growth proxied by GDP per 
person employed resulted in reduced total GHG emissions. A 1% increase 
in economic growth decreases greenhouse gas emissions by approximately 
1.9%. Initially, economic growth was expected to positively contribute to 
GHG emissions, but the empirical evidence provided an idea that Asian 
countries’ economic growth could still improve air quality. This implies 
industry practices that adhere to environmental rules and regulations, which 
would help to reduce total GHG emissions. Past studies have shown that 
employment participation in economic activities can slightly decrease air 
pollution (Ozturk & Acaravci, 2013; Tiwari et al., 2013). 

Other studies show that economic growth increased CO2 emissions in 
India and China (Li et al., 2016; Pal & Mitra, 2017) and GHG emissions 
in highly populated countries such as Brazil, Indonesia and India (Alam et 
al., 2016). However, nonlinear EKC analysis always argues that economic 
growth at the threshold level reduces per capita carbon emissions (Ozturk & 
Acaravci, 2013) and CO2 emissions (Tiwari et al., 2013). 

This study fills another research gap by examining the influence of 
employment on total greenhouse emissions through GDP. Past studies 
frequently applied economic growth from different base years, different 
constant values and GDP per capita influence on air pollution indicators, 
especially CO2 emissions. It is obvious that economic performance relied 
heavily on skilled, unskilled, and migrant labour participation in a given 
country (Bandara et al., 2007; Bodman & Le; Khan et al., 2021). First, 
companies that operate legally tend to comply with labour standards 
and environmental regulations. Second, there are companies that run 
their businesses without considering labour standards and environmental 
regulations. In the end, both types of companies contribute to economic 
growth, but they could still degrade environmental quality in the short and 
long term. Usually, economic activities or operations in both developing 
and less developed countries are neglected, which will lead to pollution and 
contamination of the natural ecosystem (Alam et al., 2016; Mujtaba et al., 
2022; Pal & Mitra, 2017).
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 The results of this study also indicate that demography or the human 

population tends to reduce GHG emissions. This means that a 1% increase 
equally in both the urban population and rural populations will reduce GHG 
emissions by approximately 8% and approximately 26%, respectively. The 
results clearly demonstrate that the population factor does not significantly 
increase GHG emissions in the 13 Asian countries studies. This supports 
past studies that established a negative relationship between population and 
CO2 emissions (Al-mulali et al., 2012; Alam et al., 2016; Li et al., 2016). 
Thus, this study has determined how both rural and urban populations 
can significantly determine the levels of total GHG emissions within their 
regions. Prior literature tends to concentrate on population and common 
air pollution indicators such as CO2 emissions and particulate matter 
(PM) (Al-mulali et al., 2012; Chaabouni & Saidi, 2017; Li et al., 2016). 
Urban areas that are highly populated are often characterised by complex 
transportation systems, fossil fuel consumption, congested dwellings, and 
waste generation issues. Thus, it was expected that the urban population 
would cause air pollution, but the findings indicate that urban dwellers 
might apply sustainable practices to protect the natural environment. 
Unlike urban populations that are relatively restricted in terms of adopting 
environmentally friendly practices (Daramola & Ibem, 2010; Ren et al., 
2023), rural populations have traditionally lived close to nature, contribute 
to protecting the ecosystem, and largely prevent severely harmful activities 
that would endanger environmental quality. To date, environmental 
legislation and enactments vary across Asian countries that fail to control 
human anthropogenic activities. Basically, this study reveals the population 
growth implications on total GHG emissions. We also recognise that each 
country has implemented its own specific environmental policies based on 
geopolitical concerns and other criteria.

Moreover, the results show that the agriculture sector is one of 
the prominent emitters across the countries studied. A 10% increase in 
agriculture sector activity increases total GHG emissions by approximately 
15 units. Asian countries are essentially dependent on agricultural activities 
for soil cultivation and planting, aquaculture, floriculture, horticulture, 
breeding operations, and farming. As a result, agricultural soil, plant 
decomposition, agricultural residues as well as microbial activity all emit 
CO2 (Bhatia et al., 2013; Dobbie et al., 1999; Schaufler et al., 2010). Prior 
studies show that agricultural land use increased N2O emissions in 15 
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countries, including Brazil, Argentina, and Mexico (Haider et al., 2020). 
Rice fields also emit CH4, while agricultural soil and agriculture activities 
discharge N2O into the atmosphere in India (Bhatia et al., 2013). Since 
Asian countries have been enhancing their agricultural activities in recent 
years, it is important to seriously address this emission problem. At present, 
modern agricultural activities are focused on increasing yields of maize, 
rice, fruits and vegetables, and use chemical applications which cause the 
emission of GHGs, such as CO2, CH4, and N2O (Gradish et al., 2011; Hu 
et al., 2023). In the end, these harmful components will be absorbed into 
the soil, water resources and atmosphere, which deteriorates environmental 
quality. Nevertheless, there have been many successful and new large-scale 
agricultural ventures using organic and natural fertilisers in place of chemical 
applications.

Various studies have also proven that the manufacturing and 
construction sectors only impose externalities on the environment. The 
positive relationship indicates that a 10% increase in manufacturing and 
construction increased GHG emissions by approximately 36%. Even though 
these sectors contribute vastly to economic growth, they are still responsible 
for large amounts of CO2 emissions into the atmosphere. This is in line with 
past studies that identified construction and heavy manufacturing as causing 
CO2 emissions in China (Tian et al., 2017) and an indirect relationship 
between construction and emissions (Chen et al., 2017). The construction 
and heavy manufacturing sectors are expected to only accelerate in Asian 
countries. The foreign investment in many Asian countries in centred on 
manufacturing and construction, with cheap labour costs serving as an 
attraction. Developed countries also transfer their skills and technologies 
to manufacturing industries in developing and less developed countries 
(Gachanja, 2023; Sanni et al., 2007). Sophisticated manufacturing industries 
tend to pollute the water, soil and atmosphere, while others state that an 
excessive amount of cement and concrete buildings will raise the Earth’s 
temperature (Barcelo et al., 2014). 

Land use and change, including forestry ecology, negatively impact 
air quality and increase GHG emissions by 0.96%. These factors include 
economic development, agriculture, and forest clearing, which contributed 
slightly to total emissions. In this study, panel estimation confirmed that 
land use activities are associated with GHG emissions. Similarly, Schaufler 
et al., (2010), using simple regression and Pearson correlation estimations, 
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 claim that land use types correlated with GHG emissions in European 

countries. The results of this study demonstrate that forestry and land 
have also systematically caused GHG emission increments. Other studies 
commonly measure forest and land size emissions, but this study specifically 
estimated the effect of land and forestry CO2 emissions on overall air quality 
in the countries under study. Every building, road, and other land and sea 
constructions emit different kinds of pollutants with harmful gases. Similarly, 
forest areas are now cultivating seasonal crops, being logged illegally, and 
serve as the sites of other socioeconomic activities, all of which contaminate 
the air quality around the region (Xu et al., 2015; Zhang et al., 2015).

4.3 Waste sector emissions

Of the countries studied, Indonesia, India, and Bangladesh have the highest 
average waste sector emissions, suggesting that these countries can do 
more to efficiently manage and combat environmental degradation. Brunei, 
Cambodia, Nepal, Sri Lanka, Myanmar, Pakistan, the Philippines and 
Thailand exhibited only light average waste sector emissions (see Table 
4). The findings for Malaysia were insignificant, perhaps due to the limited 
years of data. Each country positively significantly explains waste sector 
emissions. The figures for Indonesia and India were 148 (17.8 + 129.5) units 
and 72 (17.8 + 54) units, respectively. The results for the other countries 
ranged between 0.14 and 11.81 units, with Brunei at 0.14 (17.80 + -17.66), 
Cambodia at 0.45 (17.80 + -17.35), Nepal at 0.83 (17.80 + -16.97), Sri 
Lanka at 3.06 (17.80 + -14.74), Myanmar at 4.48 (17.80 + -13.32), Pakistan 
at 7.69 (17.80 + -10.11), the Philippines at 11.47 (17.80 + -6.33) and 
Thailand at 11.81 (17.80 + -5.99). The investigation only measured each 
country’s waste sector emissions from the dummy representatives. 

Landfills, both operational and non-operational, account for the 
emissions of ammonia, methane, nitrogen, and other gases (Adhikari et al., 
2006). More recently, researchers have pointed to the dramatic increase in 
waste sector emissions in China and India, which are only predicted to rise 
in the near future (Javed & Cudjoe, 2022; S. Kang et al., 2022). 

This study measures waste sector CO2 emissions in each of the 13 Asian 
countries. Previous studies only gauged emission levels for a small set of 
countries or a single country, and the results for each country were either 
inconclusive or difficult to pinpoint (Bian et al., 2022; Dey & Thomson, 
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2023; Yulianto et al., 2023). Overall, Asian countries have been practicing 
low-cost waste disposal methods such as open dumpsites, open burning 
and landfills. In addition, most Asian countries neglect to segregate mixed 
liquid and organic kitchen waste from solid plastics, wood and metals. For 
instance, highly populous countries such as Indonesia and India generate 
tons of waste mixtures annually without proper waste segregation (Duan et 
al., 2008; Khajuria et al., 2010; Khan et al., 2016). Waste mixtures in open 
dumpsites and landfills are exposed to humidity and rainwater, resulting in 
GHG emissions and landfill leachate.

Table 4: Waste Sector Emissions in 13 Selected Asian Countries

Waste sector E Coefficient Std. 
error t-value p-value [95% confidence 

interval] Sig

Country: base Bangladesh 0 – – – – –

Brunei -17.660 2.514 -7.02 0.000 -22.616 -12.704 ***

Cambodia -17.351 2.514 -6.90 0.000 -22.307 -12.394 ***

India 53.794 2.514 21.40 0.000 48.837 58.750 ***

Indonesia 129.528 2.514 51.52 0.000 124.572 134.485 ***

Malaysia -2.078 2.514 -0.83 0.410 -7.034 2.879

Myanmar -13.319 2.514 -5.30 0.000 -18.276 -8.363 ***

Nepal -16.972 2.514 -6.75 0.000 -21.929 -12.016 ***

Pakistan -10.113 2.514 -4.02 0.000 -15.069 -5.157 ***

Philippines -6.333 2.514 -2.52 0.013 -11.289 -1.377 **

Sri Lanka -14.738 2.514 -5.86 0.000 -19.694 -9.781 ***

Thailand -5.995 2.514 -2.38 0.018 -10.951 -1.038 **

Vietnam -2.290 2.514 -0.91 0.363 -7.246 2.666

Constant 17.802 1.778 10.01 0.000 14.298 21.307 ***

Mean dependent variable 23.685 SD dependent 
variable 40.629

R-squared 0.969 Number of 
observations 221

F test 545.980 Prob > F 0.000

Akaike criterion (AIC) 1520.204 Bayesian criterion 
(BIC) 1564.380

Note: *** p < 0.01, ** p < 0.05, * p < 0.1
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 5. Concluding remarks

This study was motivated by past and current assertions that waste 
generation has reached alarming levels in Asia (Khajuria et al., 2010; 
Kumar et al., 2017; WB, 2018). The study analysed 13 Asian countries’ 
environmental degradation indicators and socioeconomic factors from 2000 
to 2016. It found that waste sector emissions are the third most significant 
contributor to total GHG emissions, causing harmful enteric CH4 emissions. 
On the other hand, economic growth was found to reduce total greenhouse 
gas emissions only slightly, which supports the economic growth and 
environmental degradation associations in prior studies. Both urban and 
rural populations were found to have reduced total GHG emissions, with 
the latter showing greater potential for reducing air pollution. In contrast, 
the agricultural, manufacturing and construction sectors, as well as land 
use change and forest ecology have produced significant GHG emission 
levels in all 13 Asian countries. The LSDV analysis reveals that waste 
sector emissions have contributed significantly to total GHG emissions 
in Indonesia, India, Bangladesh, Brunei, Cambodia, Nepal, Sri Lanka, 
Myanmar, Pakistan, the Philippines, and Thailand. 

The research indicates that manufacturing, construction, agriculture, 
and waste sectors contribute to GHG emissions in Asian countries. As such, 
significant changes in waste management methods are needed, including 
implementing policies like United Nations Sustainable Development 
Goal 11.6—to “reduce the adverse per capita environmental impact of 
cities, including by paying special attention to air quality and municipal 
and other waste management”—in Asian countries’ economic planning, 
which directly targets air quality and waste management procedures. Old 
waste management and environmental policies need updating due to four 
weaknesses: facilities, infrastructure, economic incentives, and other issues 
(Agamuthu & Victor, 2011). The study recommends further research on the 
impact of waste disposal methods, emissions, and employment activities 
on air and soil quality, with an emphasis on the need for a green economy.



128 Jayanthi R Alaganthiran, Santha Chenayah and Rajah Rasiah

Acknowledgement

We wish to acknowledge Ministry of Higher Education Malaysia 
Transdisciplinary Research Grant Scheme (TRGS) funds (TR003-2015A), 
which was critical in supporting this research. 

References

Adhikari, B. K., Barrington, S., & Martinez, J. (2006). Predicted growth of 
world urban food waste and methane production. Waste Management and 
Research, 24(5), 421–433. https://doi.org/10.1177/0734242x06067767 

Agamuthu, P., & Tanaka, M. (2014). Municipal solid waste management 
in Asia and the Pacific Islands: Challenges and strategic solutions. 
Springer. https://cir.nii.ac.jp/crid/1130848327019087104 

Agamuthu, P., & Victor, D. (2011). Policy trends of extended producer 
responsibility in Malaysia. Waste Management and Research, 29(9), 
945–953. https://doi.org/10.1177/0734242x11413332 

Al-mulali, U., Che Sab, C. N., & Fereidouni, H. G. (2012). Exploring 
the bi-directional long run relationship between urbanization, energy 
consumption, and carbon dioxide emission. Energy, 46(1), 156–167. 
https://doi.org/https://doi.org/10.1016/j.energy.2012.08.043 

Alam, M. M., Murad, M. W., Noman, A. H. M., & Ozturk, I. (2016). 
Relationships among carbon emissions, economic growth, energy 
consumption and population growth: Testing environmental Kuznets 
curve hypothesis for Brazil, China, India and Indonesia. Ecological 
Indicators, 70, 466–479. https://doi.org/https://doi.org/10.1016/j.
ecolind.2016.06.043 

Apergis, N., Ben Jebli, M., & Ben Youssef, S. (2018). Does renewable 
energy consumption and health expenditures decrease carbon dioxide 
emissions? Evidence for Sub-Saharan Africa countries. Renewable 
Energy, 127, 1011–1016. https://doi.org/https://doi.org/10.1016/j.
renene.2018.05.043 

Apergis, N., Bhattacharya, M., & Hadhri, W. (2020). Health care expenditure 
and environmental pollution: A cross-country comparison across different 
income groups. Environmental Science and Pollution Research, 27(8), 
8142–8156. https://doi.org/10.1007/s11356-019-07457-0 

Asteriou, D., & Hall, S. (2015). Applied econometrics: Macmillan. 



 What are the Current Determinants that Influence the Total Amount of  129
 Greenhouse Gases Produced by Selected Asian Nations?
 
 Asumadu-Sarkodie, S., & Owusu, P. A. (2017). The causal nexus between 

carbon dioxide emissions and agricultural ecosystem—An econometric 
approach. Environmental Science and Pollution Research, 24(2), 1608–
1618. https://doi.org/10.1007/s11356-016-7908-2 

Bandara, N. J. G. J., Hettiaratchi, J. P. A., Wirasinghe, S. C., & Pilapiiya, S. 
(2007). Relation of waste generation and composition to socio-economic 
factors: A case study. Environmental Monitoring and Assessment, 135(1), 
31–39. https://doi.org/10.1007/s10661-007-9705-3 

Barcelo, L., Kline, J., Walenta, G., & Gartner, E. (2014). Cement and carbon 
emissions. Materials and Structures, 47(6), 1055–1065. https://doi.
org/10.1617/s11527-013-0114-5 

Bates, J. M., Cole, M. A., & Rayner, A. J. (1997). The environmental 
Kuznets curve: an empirical analysis. Environment and Development 
Economics, 2(4), 401–416. https://doi.org/10.1017/S1355770X97000211 

Beckerman, W. (1992). Economic growth and the environment: Whose 
growth? Whose environment? World Development, 20(4), 481–496. 
https://doi.org/https://doi.org/10.1016/0305-750X(92)90038-W 

Beede, D. N., & Bloom, D. E. (1995). The economics of municipal solid 
waste. World Bank Research Observer, 10(2), 113–150. https://doi.
org/10.1093/wbro/10.2.113 

Bhatia, A., Jain, N., & Pathak, H. (2013). Methane and nitrous oxide 
emissions from Indian rice paddies, agricultural soils and crop residue 
burning. Greenhouse Gases: Science and Technology, 3(3), 196–211. 
https://doi.org/https://doi.org/10.1002/ghg.1339 

Bian, R., Zhang, T., Zhao, F., Chen, J., Liang, C., Li, W., Sun, Y., Chai, X., 
Fang, X., & Yuan, L. (2022). Greenhouse gas emissions from waste 
sectors in China during 2006–2019: Implications for carbon mitigation. 
Process Safety and Environmental Protection, 161, 488–497. https://doi.
org/https://doi.org/10.1016/j.psep.2022.03.050 

Bilgili, F., Koçak, E., & Bulut, Ü. (2016). The dynamic impact of renewable 
energy consumption on CO2 emissions: A revisited environmental 
Kuznets curve approach. Renewable and Sustainable Energy Reviews, 
54, 838–845. https://doi.org/https://doi.org/10.1016/j.rser.2015.10.080 

Bodman, P., & Le, T. Assessing the roles that absorptive capacity and 
economic distance play in the foreign direct investment-productivity 
growth nexus. Applied Economics, 45(8), 1027-1039. https://doi.org/10
.1080/00036846.2011.613789 



130 Jayanthi R Alaganthiran, Santha Chenayah and Rajah Rasiah

Bogner, J., Abdelrafie Ahmed, M., Diaz, C., Faaij, A., Gao, Q., Hashimoto, 
S., Mareckova, K., Pipatti, R., & Zhang, T. (2007). Waste management. 
In B. Metz, O. Davidson, P. Bosch, R. Dave, & L. Meyer (Eds.) Climate 
Change 2007: Mitigation (pp. 595–618). Cambridge University Press.

Chaabouni, S., & Saidi, K. (2017). The dynamic links between carbon 
dioxide (CO2) emissions, health spending and GDP growth: A case study 
for 51 countries. Environmental Research, 158, 137–144. https://doi.org/
https://doi.org/10.1016/j.envres.2017.05.041 

Chen, F., & Chen, Z. (2021). Cost of economic growth: Air pollution and 
health expenditure. Science of the Total Environment, 755, 142543. 
https://doi.org/https://doi.org/10.1016/j.scitotenv.2020.142543 

Chen, W., Wu, F., Geng, W., & Yu, G. (2017). Carbon emissions in China’s 
industrial sectors. Resources, Conservation and Recycling, 117, 264–273. 
https://doi.org/https://doi.org/10.1016/j.resconrec.2016.10.008 

Clarke, C., Williams, I. D., & Turner, D. A. (2019). Evaluating the carbon 
footprint of WEEE management in the UK. Resources, Conservation 
and Recycling, 141, 465–473. https://doi.org/https://doi.org/10.1016/j.
resconrec.2018.10.003 

Cowan, W. N., Chang, T., Inglesi-Lotz, R., & Gupta, R. (2014). The nexus 
of electricity consumption, economic growth and CO2 emissions in the 
BRICS countries. Energy Policy, 66, 359-368. https://doi.org/https://doi.
org/10.1016/j.enpol.2013.10.081 

Dabachi, U. M., Mahmood, S., Ahmad, A. U., Ismail, S., Farouq, I. S., 
Jakada, A. H., & Kabiru, K. (2020). Energy consumption, energy price, 
energy intensity environmental degradation, and economic growth nexus 
in African OPEC countries: Evidence from simultaneous equations 
models. Journal of Environmental Treatment Techniques, 8(1), 403–409. 

Daramola, A., & Ibem, E. O. (2010). Urban environmental problems 
in Nigeria: Implications for sustainable development. Journal of 
Sustainable Development in Africa, 12(1), 124–145. 

Demircan Çakar, N., Gedikli, A., Erdoğan, S., & Yıldırım, D. Ç. (2021). 
A comparative analysis of the relationship between innovation and 
transport sector carbon emissions in developed and developing 
Mediterranean countries. Environmental Science and Pollution Research, 
28(33), 45693–45713. https://doi.org/10.1007/s11356-021-13390-y 

Dey, A., & Thomson, R. C. (2023). India’s biomethane generation potential 
from wastes and the corresponding greenhouse gas emissions abatement 



 What are the Current Determinants that Influence the Total Amount of  131
 Greenhouse Gases Produced by Selected Asian Nations?
 
 possibilities under three end use scenarios: electricity generation, 

cooking, and road transport applications. Sustainable Energy and 
Fuels, 7(1), 209–241. https://doi.org/https://pubs.rsc.org/en/content/
articlehtml/2022/se/d2se01028c 

Dobbie, K., McTaggart, I., & Smith, K. (1999). Nitrous oxide emissions 
from intensive agricultural systems: Variations between crops and 
seasons, key driving variables, and mean emission factors. Journal of 
Geophysical Research: Atmospheres, 104(D21), 26891–26899. https://
doi.org/https://doi.org/10.1029/1999JD900378 

Duan, H., Huang, Q., Wang, Q., Zhou, B., & Li, J. (2008). Hazardous waste 
generation and management in China: A review. Journal of Hazardous 
Materials, 158(2), 221–227. https://doi.org/https://doi.org/10.1016/j.
jhazmat.2008.01.106 

Gachanja, I. M. (2023). Influence of technology transfer from universities 
on manufacturing firms’ innovative performance. International Journal 
of Innovation Studies, 7(2), 115–126. https://doi.org/https://doi.
org/10.1016/j.ijis.2022.12.003 

Gao, C., Ge, H., Lu, Y., Wang, W., & Zhang, Y. (2021). Decoupling of 
provincial energy-related CO2 emissions from economic growth in China 
and its convergence from 1995 to 2017. Journal of Cleaner Production, 
297, 126627. https://doi.org/https://doi.org/10.1016/j.jclepro.2021.126627 

Gradish, A. E., Scott‐Dupree, C. D., Shipp, L., Harris, C. R., & Ferguson, 
G. (2011). Effect of reduced risk pesticides on greenhouse vegetable 
arthropod biological control agents. Pest Management Science, 67(1), 
82–86. https://doi.org/https://doi.org/10.1002/ps.2036 

Grossman, G. M., & Krueger, A. B. (1995). Economic growth and the 
environment. The Quarterly Journal of Economics, 110(2), 353–377. 
https://doi.org/10.2307/2118443 

Haider, A., Bashir, A., & Husnain, M. I. u. (2020). Impact of agricultural land 
use and economic growth on nitrous oxide emissions: Evidence from 
developed and developing countries. Science of the Total Environment, 741, 
140421. https://doi.org/https://doi.org/10.1016/j.scitotenv.2020.140421 

Hanssen, O. J., Syversen, F., & Stø, E. (2016). Edible food waste from 
Norwegian households—Detailed food waste composition analysis 
among households in two different regions in Norway. Resources, 
Conservation and Recycling, 109, 146-154. https://doi.org/https://doi.
org/10.1016/j.resconrec.2016.03.010 



132 Jayanthi R Alaganthiran, Santha Chenayah and Rajah Rasiah

Highfill, J., & McAsey, M. (2001). Landfilling versus ‘backstop’ recycling 
when income is growing. Environmental and Resource Economics, 
19(1), 37–52. https://doi.org/10.1023/A:1011158511648 

Hossain, M. S. (2011). Panel estimation for CO2 emissions, energy 
consumption, economic growth, trade openness and urbanization of 
newly industrialised countries. Energy Policy, 39(11), 6991-6999. https://
doi.org/https://doi.org/10.1016/j.enpol.2011.07.042 

Hu, Y., Wu, S., Lyu, W., Ning, J., & She, D. (2023). Risk assessment of 
human exposure to airborne pesticides in rural greenhouses. Scientific 
Reports, 13(1), 5138. https://doi.org/10.1038/s41598-023-32458-y 

Javed, S. A., & Cudjoe, D. (2022). A novel grey forecasting of greenhouse 
gas emissions from four industries of China and India. Sustainable 
Production and Consumption, 29, 777–790. https://doi.org/https://doi.
org/10.1016/j.spc.2021.11.017 

Jaz, N. A. A., Habibullah, M. S., Ngah, W. A. S. W., & Kaliappan, S. R. 
(2023). Does tourism lead to environmental impact? Cross-national 
static and dynamic evidence from the ecological footprint. Institutions 
and Economies, 115–141. https://doi.org/https://doi.org/10.22452/IJIE.
vol15no2.5 

Johari, A., Ahmed, S. I., Hashim, H., Alkali, H., & Ramli, M. (2012). 
Economic and environmental benefits of landfill gas from municipal 
solid waste in Malaysia. Renewable and Sustainable Energy 
Reviews, 16(5), 2907–2912. https://doi.org/https://doi.org/10.1016/j.
rser.2012.02.005 

Kang, S., Roh, J., & Jeon, E.-C. (2022). Application of ammonia emissions 
in the waste sector: Focus on the waste and incinerators type. 
Atmospheric Pollution Research, 13(2), 101294. https://doi.org/https://
doi.org/10.1016/j.apr.2021.101294 

Kang, Y., Yang, Q., Wang, L., Chen, Y., Lin, G., Huang, J., Yang, H., & 
Chen, H. (2022). China’s changing city-level greenhouse gas emissions 
from municipal solid waste treatment and driving factors. Resources, 
Conservation and Recycling, 180, 106168. https://doi.org/https://doi.
org/10.1016/j.resconrec.2022.106168 

Khajuria, A., Yamamoto, Y., & Morioka, T. (2010). Estimation of municipal 
solid waste generation and landfill area in Asian developing countries. 
Journal of Environmental Biology, 31(5), 649–654. https://doi.org/https://
jeb.co.in/journal_issues/201009_sep10/paper_16.pdf 



 What are the Current Determinants that Influence the Total Amount of  133
 Greenhouse Gases Produced by Selected Asian Nations?
 
 Khan, D., Kumar, A., & Samadder, S. R. (2016). Impact of socioeconomic 

status on municipal solid waste generation rate. Waste Management, 49, 
15–25. https://doi.org/https://doi.org/10.1016/j.wasman.2016.01.019 

Khan, I., Hou, F., Zakari, A., & Tawiah, V. K. (2021). The dynamic links 
among energy transitions, energy consumption, and sustainable economic 
growth: A novel framework for IEA countries. Energy, 222, 119935. 
https://doi.org/https://doi.org/10.1016/j.energy.2021.119935 

Kumar, A., Holuszko, M., & Espinosa, D. C. R. (2017). E-waste: An 
overview on generation, collection, legislation and recycling practices. 
Resources, Conservation and Recycling, 122, 32–42. https://doi.org/
https://doi.org/10.1016/j.resconrec.2017.01.018 

Kusch, S., & Hills, C. D. (2017). The link between e-waste and GDP—New 
insights from data from the Pan-European Region. Resources, 6(2), 15. 
https://www.mdpi.com/2079-9276/6/2/15 

Li, T., Wang, Y., & Zhao, D. (2016). Environmental Kuznets curve in China: 
New evidence from dynamic panel analysis. Energy Policy, 91, 138–147. 
https://doi.org/https://doi.org/10.1016/j.enpol.2016.01.002 

Lino, F. A. M., & Ismail, K. A. R. (2017). Incineration and recycling for 
MSW treatment: Case study of Campinas, Brazil. Sustainable Cities 
and Society, 35, 752–757. https://doi.org/https://doi.org/10.1016/j.
scs.2017.09.028 

Magazzino, C. (2017). The relationship among economic growth, CO2 
emissions, and energy use in the APEC countries: A panel VAR 
approach. Environment Systems and Decisions, 37(3), 353–366. https://
doi.org/10.1007/s10669-017-9626-9 

Magazzino, C., Mele, M., Schneider, N., & Sarkodie, S. A. (2021). Waste 
generation, wealth and GHG emissions from the waste sector: Is Denmark 
on the path towards circular economy? Science of the Total Environment, 
755, 142510. https://doi.org/https://doi.org/10.1016/j.scitotenv.2020.142510 

Mazzanti, M., & Zoboli, R. (2009). Municipal waste Kuznets curves: 
Evidence on socio-economic drivers and policy effectiveness from the 
EU. Environmental and Resource Economics, 44(2), 203–230. https://
doi.org/10.1007/s10640-009-9280-x 

Mele, M., & Magazzino, C. (2020). A machine learning analysis of the 
relationship among iron and steel industries, air pollution, and economic 
growth in China. Journal of Cleaner Production, 277, 123293. https://
doi.org/https://doi.org/10.1016/j.jclepro.2020.123293 



134 Jayanthi R Alaganthiran, Santha Chenayah and Rajah Rasiah

Mujtaba, A., Jena, P. K., Bekun, F. V., & Sahu, P. K. (2022). Symmetric and 
asymmetric impact of economic growth, capital formation, renewable 
and non-renewable energy consumption on environment in OECD 
countries. Renewable and Sustainable Energy Reviews, 160, 112300. 
https://doi.org/https://doi.org/10.1016/j.rser.2022.112300 

Mutafoglu, T. H. (2012). Foreign direct investment, pollution, and economic 
growth: Evidence from Turkey. Journal of Developing Societies, 28(3), 
281–297. https://doi.org/10.1177/0169796x12453780 

Ofreneo, R. E. (2015). Towards an inclusive, sustainable and green 
Philippine economy. Institutions and Economies, 96–118. https://doi.org/
https://jati.um.edu.my/index.php/ijie/article/view/5003 

Orach, J., Rider, C. F., & Carlsten, C. (2021). Concentration-dependent 
health effects of air pollution in controlled human exposures. 
Environment International, 150, 106424. https://doi.org/https://doi.
org/10.1016/j.envint.2021.106424 

Ozturk, I., & Acaravci, A. (2013). The long-run and causal analysis of 
energy, growth, openness and financial development on carbon emissions 
in Turkey. Energy Economics, 36, 262–267. https://doi.org/https://doi.
org/10.1016/j.eneco.2012.08.025 

Pal, D., & Mitra, S. K. (2017). The environmental Kuznets curve for 
carbon dioxide in India and China: Growth and pollution at crossroad. 
Journal of Policy Modeling, 39(2), 371–385. https://doi.org/https://doi.
org/10.1016/j.jpolmod.2017.03.005 

Reinelt, T., McCabe, B. K., Hill, A., Harris, P., Baillie, C., & Liebetrau, J. 
(2022). Field measurements of fugitive methane emissions from three 
Australian waste management and biogas facilities. Waste Management, 
137, 294–303. https://doi.org/https://doi.org/10.1016/j.wasman.2021.11.012 

Ren, C., Yu, C. W., & Cao, S.-J. (2023). Development of urban air 
environmental control policies and measures. Indoor and Built 
Environment, 32(2), 299–304. https://doi.org/10.1177/1420326x221120380 

Ren, S., Yin, H., & Chen, X. (2014). Using LMDI to analyze the decoupling 
of carbon dioxide emissions by China’s manufacturing industry. 
Environmental Development, 9, 61–75. https://doi.org/https://doi.
org/10.1016/j.envdev.2013.11.003 

Ritchie, H., Rosado, P., & Roser, M. (2020). Emissions by sector: Where do 
greenhouse gases come from? Our World in Data. https://ourworldindata.
org/emissions-by-sector



 What are the Current Determinants that Influence the Total Amount of  135
 Greenhouse Gases Produced by Selected Asian Nations?
 
 Sanni, L., Alenkhe, B., Edosio, R., Patino, M., & Dixon, A. (2007). 

Technology transfer in developing countries: Capitalizing on equipment 
development. Journal of Food Agriculture and Environment, 5(2), 88. 
https://hdl.handle.net/10568/92163 

Schaufler, G., Kitzler, B., Schindlbacher, A., Skiba, U., Sutton, M., & 
Zechmeister‐Boltenstern, S. (2010). Greenhouse gas emissions from 
European soils under different land use: effects of soil moisture and 
temperature. European Journal of Soil Science, 61(5), 683–696. https://
doi.org/https://doi.org/10.1111/j.1365-2389.2010.01277.x 

Sharma, G., Annadate, S., & Sinha, B. (2022). Will open waste burning 
become India’s largest air pollution source? Environmental Pollution, 
292, 118310. https://doi.org/https://doi.org/10.1016/j.envpol.2021.118310 

Shrestha, R. M., Ahmed, M., Suphachalasai, S., & Lasco, R. (2012). Economics 
of reducing greenhouse gas emissions in South Asia: Options and costs. 
Asian Development Bank. https://www.adb.org/publications/economics-
reducing-greenhouse-gas-emissions-south-asia-options-and-costs

Silvennoinen, K., Katajajuuri, J.-M., Hartikainen, H., Heikkilä, L., & 
Reinikainen, A. (2014). Food waste volume and composition in Finnish 
households. British Food Journal, 116(6), 1058–1068. https://doi.
org/10.1108/BFJ-12-2012-0311 

Singh, P., Yadav, D., & Pandian E, S. (2021). Link between air pollution 
and global climate change. In S. Singh, P. Singh, S. Rangabhashiyam, & 
K. K. Srivastava (Eds.), Global Climate Change (pp. 79-108). Elsevier. 
https://doi.org/https://doi.org/10.1016/B978-0-12-822928-6.00009-5 

Tian, X., Chang, M., Shi, F., & Tanikawa, H. (2017). Decoding the effect 
of socioeconomic transitions on carbon dioxide emissions: Analysis 
framework and application in megacity Chongqing from inland China. 
Journal of Cleaner Production, 142, 2114–2124. https://doi.org/https://
doi.org/10.1016/j.jclepro.2016.11.072 

Tiwari, A. K. (2012). On the dynamics of energy consumption, CO₂ 
emissions and economic growth: Evidence from India. Indian Economic 
Review, 47(1), 57–87. http://www.jstor.org/stable/41969718 

Tiwari, A. K., Shahbaz, M., & Adnan Hye, Q. M. (2013). The environmental 
Kuznets curve and the role of coal consumption in India: Cointegration 
and causality analysis in an open economy. Renewable and Sustainable 
Energy Reviews, 18, 519–527. https://doi.org/https://doi.org/10.1016/j.
rser.2012.10.031 



136 Jayanthi R Alaganthiran, Santha Chenayah and Rajah Rasiah

United Nations Environment Programme (UNEP) (2016). Asia Waste 
Management Outlook. http://wedocs.unep.org/handle/20.500.11822/27289 

United States Environmental Protection Agency (EPA) (2006). Global 
anthropogenic non-CO2 greenhouse gas emissions: 1990–2020. https://
www.epa.gov/nonco2/econ-inv/international.html 

Vohra, K., Vodonos, A., Schwartz, J., Marais, E. A., Sulprizio, M. P., & 
Mickley, L. J. (2021). Global mortality from outdoor fine particle 
pollution generated by fossil fuel combustion: Results from GEOS-
Chem. Environmental Research, 195, 110754. https://doi.org/https://doi.
org/10.1016/j.envres.2021.110754 

WB. (2018). The World Bank. What a waste 2.0: A global snapshot of solid 
waste management to 2050. https://openknowledge.worldbank.org/
handle/10986/30317 

Wilson, D. C., Rodic, L., Modak, P., Soos, R., Carpintero, A., Velis, K., Iyer, 
M., & Simonett, O. (2015). Global waste management outlook. UNEP. 
https://eprints.whiterose.ac.uk/99773/ 

Wu, X., Liu, W., Gao, H., Alfaro, D., Sun, S., Lei, R., Jia, T., & Zheng, 
M. (2021). Coordinated effects of air pollution control devices on PAH 
emissions in coal-fired power plants and industrial boilers. Science of the 
Total Environment, 756, 144063. https://doi.org/https://doi.org/10.1016/j.
scitotenv.2020.144063 

Xu, A., Liu, C., Wan, Y., Bai, Y., & Li, Z. (2021). Monkeys fight more 
in polluted air. Scientific Reports, 11(1), 654. https://doi.org/10.1038/
s41598-020-80002-z 

Xu, P., Zhang, Y., Gong, W., Hou, X., Kroeze, C., Gao, W., & Luan, S. 
(2015). An inventory of the emission of ammonia from agricultural 
fertilizer application in China for 2010 and its high-resolution spatial 
distribution. Atmospheric Environment, 115, 141–148. https://doi.org/
https://doi.org/10.1016/j.atmosenv.2015.05.020 

Yulianto, K. A. N., Firdausy, M. A., Riduan, R., & Mahyudin, R. P. (2023). 
Estimation of greenhouse gas emissions at Gunung Kupang final 
processing site landfill using the IPCC method. International Journal of 
Science, Technology and Management, 4(1), 157–167. https://doi.org/
https://doi.org/10.46729/ijstm.v4i1.729 



 What are the Current Determinants that Influence the Total Amount of  137
 Greenhouse Gases Produced by Selected Asian Nations?
 
 Yusoff, I., Alias, Y., Yusof, M., & Ashraf, M. A. (2013). Assessment of 

pollutants migration at Ampar Tenang landfill site, Selangor, Malaysia. 
ScienceAsia, 39(4), 392–409. https://www.thaiscience.info/journals/
Article/SCAS/10895980.pdf 

Zhang, T., Wooster, M. J., Green, D. C., & Main, B. (2015). New field-
based agricultural biomass burning trace gas, PM2.5, and black carbon 
emission ratios and factors measured in situ at crop residue fires in 
Eastern China. Atmospheric Environment, 121, 22–34. https://doi.org/
https://doi.org/10.1016/j.atmosenv.2015.05.010 


