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Abstract. The Association of Southeast Asian Nations (ASEAN) employs fossil fuel
subsidies to promote economic development, although such action may have a
negative effect on the environment. This study employs panel data analysis to examine
whether ASEAN’s fossil fuel (oil, gas, coal, and electricity) subsidies decrease the
consumer price index (CPI; Model 1) and, on the other hand, increase greenhouse gas
emissions (GHGs; Model 2) from energy levels, using yearly data of five ASEAN
countries from 2010 to 2021. The findings demonstrate that ASEAN's fossil fuel
subsidies for oil, gas, coal and electricity do not reduce the CPI and, therefore, cannot
be interpreted as reducing inflation. In addition, there is no effect of gas and coal
subsidies on GHGs. This might be due to the small average of the five ASEAN
countries from 2010 to 2021 in terms of gas and coal subsidies. Following the
expectation, oil subsidy, which is the highest amount on average (4,635.44 real 2021
million USD), has a strong positive effect on GHGs. However, electricity subsidy,
which is the second highest amount on average (1,963.22 real 2021 million USD), has
a significant negative effect on GHGs.

Keywords: subsidy, fossil fuel, consumer price index (CPI), greenhouse gas emissions
(GHGs), ASEAN.

1. Introduction

According to the Energy Institute, global energy consumption in 2022 remained 82% dominated by
fossil fuels, unchanged from the previous year, leading to a 0.8% increase in greenhouse gas emissions
[1]. With an emphasis on the Association of Southeast Asian Nations (ASEAN), the demand for energy
has grown by almost 3% per year on average over the previous 20 years. This trend is expected to
continue until 2030 [2]. The International Monetary Fund (IMF) reports that in 2015, effective fossil
fuel subsidies reduced global carbon emissions by 28% and fatalities from fossil fuel air pollution by
46%, while also increasing government revenue by 3.8% of GDP [3]. This information applies to both
economic and environmental policies. According to recent studies, ASEAN believes that subsidies for
fossil fuels can support economic growth without interfering with the region's use of renewable energy
sources for climate change policy [4, 5].
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Subsidies to fossil fuels have long been a practice in many ASEAN members. Numerous factors,
including political concerns, the need to preserve social stability, and the desire for economic
development, drive these practices. Scholars have provided extensive documentation on the historical
evolution of these subsidies. One such example [6], emphasises the significance of these subsidies for
national budgets and economic decision-making. A 2016 ADB analysis examines the detrimental
effects of fossil fuel subsidies on the ASEAN economy [7]. Subsidies for fossil fuels can be very
harmful to government budgets. They primarily benefit the wealthy and reduce incentives for investing
in renewable energy and energy efficiency. Subsidies aim to lower consumer energy costs, but there's
growing worry about unintended consequences for inflation and the consumer price index (CPI). The
financial impacts of fossil fuel subsidies are examined in this OECD report [8]. It also explains how
these subsidies impede energy efficiency, distort market signals, and put pressure on public coffers.

To understand how fossil fuel subsidies impact the CPI, a thorough analysis of inflation dynamics is
required. Battistini et al. investigate how changes in energy prices affect overall rates of inflation and,
in turn, consumer purchasing power [9]. When analysing the increase in energy prices, it is crucial to
take into account the remarkable economic recovery, even though there are other factors at work.
Numerous studies [10, 11, 12] show the connection between fuel subsidies, CPI, and inflation in other
areas. In order to clarify the intricacy of these connections, Caterina and Laderchi provide a detailed
examination of the pathways via which CPI subsidies impact the CPI [13]. Scholars and policymakers
can use these studies as a reference to help them make energy policy decisions that consider the broader
economic effects of subsidy schemes.

The International Monetary Fund (IMF) claims that subsidies for fossil fuels have a seriously negative
effect on the environment. Although subsidies are expensive, their purpose is to safeguard consumers
by maintaining low costs. Subsidies have significant negative fiscal effects, including increased taxes,
borrowing, or decreased spending; they also encourage inefficient resource allocation in economies,
impeding growth; they encourage pollution, which contributes to local air pollution and climate
change; and they are not effectively targeted at the poor, primarily benefiting higher income households
[14]. As in other regions, ASEAN is facing a formidable task in trying to reconcile energy affordability
with environmental sustainability [15, 16], particularly in view of the subsidies for fossil fuels and how
they affect greenhouse gas emissions (GHGs).

Achieving both reduced greenhouse gas emissions and affordable energy requires coherence in policy
making. Ambitious goals for environmental sustainability and climate action are included in the
Sustainable Development Goals (SDGs) of the United Nations [17]. Subsidies often lead to higher
carbon emissions which pose issues for the sustainability of the environment, even though their goal
is to lower consumer energy costs [18]. However, thoughtful policy interventions and modifications to
subsidies can greatly help reduce greenhouse gas emissions by promoting the use of cleaner energy
sources and increasing energy efficiency. In keeping with international efforts to tackle climate change,
future research and policy activities should concentrate on finding a balance between energy
affordability and environmental responsibility.

Our research attempts to look into how CPI and GHGs are affected by energy sector subsidies (coal,
gas, electricity, and oil). We have speculated that the economy may respond favourably or
unfavourably to a subsidy package. On the upside, a programme like this might provide comparative
economic advantages and enhance overall economic well-being. By bringing down the price of
necessities and providing native producers with a cost edge over imports, subsidies would benefit
consumers. Additionally, the subsidy might boost domestic production, reducing reliance on imports.
These relationships must be understood by policymakers, economists, and energy analysts who are
trying to navigate the difficult balance in the ASEAN region between environmental sustainability,
affordable energy, and economic growth. To investigate whether ASEAN's fossil fuel (oil, gas, coal,
and electricity) subsidies raise GHGs (Model 2) and lower the CPI (Model 1) from energy levels, we
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use panel data analysis. Taxes, government renewable energy subsidies, national energy policies and
regulations, as well as international commerce and agreements, are examples of unobserved variables
for both models (see Figure 1).

ASEAN Financing Climate Policy:
The Effect of Fossil Fuel Subsidies on CPl and GHGs

Dependent Variables

1. CPI from Energy

2. GHGs from Energy ‘
K CLY \ v

‘d/

0il Subsidy Gas Subsidy Coal Subsidy  Electricity Subsidy

Unobserved Variables

Energy Government National Regulations and
Taxes Subsidies for Energy International
Renewable Policies Trade and
Energy Agreements

Figure 1. Research Conceptual Framework
source: The map image is developed from Our World in Data, 2023 [19]

2. Methodology

Panel data analysis's ability to take individual-specific effects into account gives researchers a clear
advantage and yields more accurate and reliable results. By accounting for both within-entity and
between-entity changes, panel data analysis makes it easier to examine dynamic processes, policy
implications, and causal relationships—all of which are essential for making well-informed decisions.
Fixed effects and random effects models are commonly used by researchers to manage individual
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heterogeneity in panel data. The ability of these techniques [20, 21] to extract pertinent findings from
difficult panel datasets (here in relation to ASEAN financing climate policy) has made panel data
analysis a vital tool in contemporary research. In this study, pooled ordinary least squares (POLS),
fixed effects, and random effects are all estimated using standard linear panel estimators.

2.1 Data

The data comprise ASEAN’s fossil fuel subsidies (real 2021 million USD) from IEA [22], CPI
(annual %) from the World Bank [23], and GHGs from energy (CO2 equivalent) from IEA [24].
Covering a period of 12 years, from 2010 to 2021, this study uses annual data from five ASEAN
nations. The highest number of observations allowed was 60 (5 x 12). The panel is unbalanced due to
several missing GHG data for the year 2021. Table 1 presents an overview of the primary variables
that were employed in the analysis. The original observations serve as the basis for the variable's
summary statistics. Variations in the data therefore originate from "between" and "within" sources
because panel data combines two dimensions, i.e., cross-sections and time periods. Within variations
are the changes over time for each panel, while between variations are the changes between individual
panels. With the exception of coal and gas subsidies, all of the model's variables vary primarily between
the countries, as can be seen in the summary statistics above [25, 26, 27].

Table 1. Summary Statistics for Variables

5 ASEAN Countries, 2010 - 2021

Variable Mean Std. Dev. Min Max Observations

CPI: CPI overall 119.856  20.892 98.406 171.880 N 60
(annual %, between 18.040 100.130 144.970 n = 5
2010 =100) within 13.104 74.886 146.766 T = 12
GHGs: GHGs overall 257.866  193.012 7.923 696.899 N = 55
from energy between 209.870 8.963 590.019 n = 5
(COzequivalent) within 36.941 164.328 367.440 T = 11
OS: Oil subsidy overall 4,635.443 7967.593 0 28853.430 N = 60
(real 2021 million  between 7885.724  17.998 18596.210 n = 5
USD) within 3590.492 -6822.468 14892.660 T = 12
GS: Gas subsidy overall 227.234  407.096 0 1676.453 N = 60
(real 2021 million  between 166.627 0 456.448 n = 5
USD) within 378.337 -229.214 1610.132 T = 12
CS: Coal subsidy overall 104.855 259.524 0 1260.617 N = 60
(real 2021 million  between 153.636 0 339.459 n = 5
USD) within 219.430 -234.603 1026.013 T = 12
ES: Electricity overall 1,963.222 3582.060 O 14706.180 N = 60
subsidy between 3094.001  65.031 7398.686 n = 5
(real 2021 million  within 2245.680  -5435.464  9270.717 T = 12

USD)

Sources: IEA, 2023 and the World Bank, 2023
Notes: Std. Dev. indicates standard deviation.
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2.2 Statistical Analysis
The tests we use for panel data analysis in this study are the panel unit root test, the Hausman test, the
Pearson's correlation test, and the Breusch-Pagan Lagrange multiplier (LM) test'.

2.2.1 Panel Unit Root Tests

Unit root testing must be completed before beginning panel data processing. Since the ADF-Fisher
Chi-square (1997) and PP-Fisher Chi-square (1988) tests can handle imbalanced panels, we utilise
them. The alternative hypothesis (Ha) is that at least one panel is stationary, even though the null
hypothesis (Ho) states that all panels have unit roots. [30, 31]. Table 2 displays the findings for panel
unit root tests. The findings indicate that the independent variables, with the exception of energy
subsidies for coal (CS), are stationary, but the dependent variables (GHGs and CPI) are non-stationary
according to unit root tests (no constant and no trend). This study estimates short-run models with
second differences to address the nonstationarity issue.

Table 2. Panel Unit Root Test Results

5 ASEAN Countries, 2010-2021

ADF-Fisher Chi-square PP-Fisher Chi-square
Obs. Stat. Prob. Concl. Obs. Stat. Prob. Concl.
CPI 50 25.943%** 0.004 1(2) 55 34.329%** 0.000 I(1)
GHGs 40 27.686%*** 0.002 I(1) 45 37.504%** 0.000 I(1)
(ON) 50 32.094%** 0.001 1(0) 55 26.552%** 0.003 1(0)
GS 32 23.605%** 0.003 1(0) 36 39.543%** 0.000 1(0)
CS 18 9.21%* 0.056 1(2) 20 12.378%** 0.014 I(1)
ES 50 27.816%** 0.001 1(0) 55 35.509%** 0.000 1(0)

Notes: (1) Significance is shown at the 1% and 5% levels, respectively, by *** and **,
(2) Obs., Stat., Prob. and Concl. indicate observations, statistics, probability and the conclusion
number of the unit root respectively.

2.2.2 Pearson’s Correlation Test

This analysis uses the Pearson's correlation test to avoid the problem of multicollinearity [32], which
occurs when there is a significant connection between two or more independent variables. The results
show that there isn't a multicollinearity issue because there isn't a significant connection between the
independent variables (see Table 3).

!'Since the Lagrange Multiplier test is only applicable to macro panels with lengthy time series, which is not
required for this investigation, we do not use it for serial correlation [28]. Moreover, we do not use the Arellano-
Bond autocorrelation test because it was designed for small-T and large-N panels. This paper, however, uses
annual data of five ASEAN nations (N = 5) from 2010 to 2021 (T = 12). In situations where N is tiny, as this one
is, the Arellano-Bond autocorrelation test may not be accurate [29].
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Table 3. Pearson's Correlation Test Results

5 ASEAN Countries, 2010-2021

A*OS A’GS A*CS A’ES
A*OS 1.000 0.059 0.028 0.362
A’GS 0.059 1.000 0.292 0.082
A*CS 0.028 0.292 1.000 0.130
A’ES 0.362 0.082 0.130 1.000

2.3 Econometric Models

Panel data analysis is used to apply the econometric technique to derive the parameters of the consumer
price index (CPI) and greenhouse gas emissions (GHGs) from energy source functions. A comparison
of the ASEAN's fossil fuel subsidies' coefficient is then presented [33]. The CPI is the dependent
variable in Model 1, while the energy subsidies for coal (CS), oil (OS), gas (GS), and electricity (ES)
are the independent variables. GHGs are the dependent variable for Model 2, while the independent
factors remain the same as they were for Model 1.

Model 1

A%CPl;, = ay + By A0Sy, + By A2GS;p + B3 A*CSy + By AES; + Ay, (1.1)
Model 2

A*GHGs;; = ag + By A20S; + By A*GS; + B3 A*CS;p + By A*ES; + A% gy (2.1)

The POLS estimator estimates by combining time and cross sectional unit variation into a single long
regression with NT observations by stacking data over i and ¢ This is computed using ordinary least
squares (OLS). Since all variables are regarded as second-difference operators (A”), the POLS models
can be displayed as

Model 1

CPlyy = at+= Z;{=1 Bjxj,it + 25:1 YpZp,i T Eit (1.2)
Model 2

GHGs;y = at+= Z?=1 ﬁjxj,it + ZZ=1 YpZp,i T Eit (2.2)

For Model 1, the dependent variable is the consumer price index. For Model 2, the dependent variable
is the greenhouse gas emissions from energy levels, which takes a second-difference form. x stands for
observed variables which are ASEAN’s fossil fuel (oil, gas, coal and electricity) subsidies, which takes
a second-difference form. z stands for unobserved variables, which include taxes, government
subsidies for renewable energy, national energy policies, regulations and international trade and
agreements (see Figure 1). The intercept, denoted by a, stands for the constants unique to each
individual. f represents a column vector of parameters with k dimensions. y represents a column vector
of parameters in s dimensions. ¢ appears in Equations (1.1) and (2.1) as an error term (A%). i is country
and ¢ is year.

2 We are unable to incorporate additional independent variables due to small-T (2010 to 2021), such as consumer
price index of the previous year (CPI;;_;) for Model 1 and greenhouse gas emissions of the previous year
(GHGs;;_4) for Model 2 to be the proxy variables for other factors. However, finding out if ASEAN's fossil fuel
subsidies for coal, oil, gas, and electricity depress the CPI or, conversely, boost greenhouse gases linked to energy
use is the main goal of this study.
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Hence, Equations (1.1) and (2.1) can be written in the regression models as
Model 1

Cplit = a+x'itﬁ’+,ui + &t (13)
Model 2

GHGSit =a+ x'it ﬁ + up + & (23)

where x';f8 = Z;'(=1 ,Bjxj,it and y; = Zf;=1 Ypr,i .

POLS has the drawback of ignoring unobserved characteristics (1;) under the restriction ), u; = 0.
Even in situations where there is no connection with any of the explanatory variables, the presence of
unobserved effect in POLS may result in erroneous standard errors and inefficient estimates [34].

Fixed effects can be used to adjust for unobserved heterogeneity®, which is a key benefit of using panel
data [35]. Under the fixed effects panel assumption, the intercept («) and the country-specific effect
(ui) are the unobserved variables that remain unchanged. They are therefore cancelled.

Model 1
Model 2
GHGs;y = x'i B + €i¢ (2.4)

where CPI;; = CPI;; — CPI;,, GHGs;y = GHGs; — GHGS;¢, ¥itk = Xiex — X and

it = &it — Eit-

However, when the factors to be evaluated are consistent for each individual, fixed effects is
inappropriate because these variables are eliminated. Since random effects regression contains time-
invariant variables that disappear under fixed effects, we shall employ it in this section. Regression
Equations (1.3) and (2.3) offer the fundamental unobserved effects model (UEM) for country (i), a
randomly chosen cross-section observation in this investigation. Under certain conditions, one can
obtain a consistent estimator of f in the two models by utilising the POLS estimator. The random
effects of the two models are shown as

Model 1
CPIit = a+x'itﬁ+uit (15)

Model 2
GHGSit =a+ x'it ﬁ + Uit (25)

where u; = p; + &;; represents the combined errors [p;~ i.i.d (0, of, ) and g;~ i.i.d (0, 62 )], and
Y; does not depend on ¢; [33].

Hence, Equations (1.3) and (2.3), can be expressed as follows in regression models.

3 Prior to taking first differences for all variables and after taking first differences for all variables, POLS
estimation in this study is equivalent to fixed effects (first differences) estimation. Thus, only within is used for
the analysis.
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Model 1

CPIit = a+x'itﬂ+yi+sit (16)
Model 2

GHGSit =a+ x'itﬁ + u; + & (26)

where y; is between-entity error, and ¢;; is within-entity error.

The difference between Equations (1.6) and (2.6) and Equations (1.3) and (2.3) of POLS is that the
variation across countries (x;) is not taken to be zero. According to the random effects regression
assumption, 4 is uncorrelated and random with respect to the independent variables (x;). It is plausible
to suppose that the dependent variable (u; # 0) is influenced in some way by the unobserved variables
in this study, such as taxes, government subsidies for renewable energy, national energy policies, laws,
and international commerce and agreements (see Figure 1). Consequently, the random effects model
is more appropriate than the POLS model [36].

3. Results and Discussion

3.1 Panel Data Analysis Results

In Table 4, it is evident that the estimation findings for the GHGs (Model 2) and the CPI (Model 1)
using the three distinct estimation methods (POLS, fixed effects, and random effects) appear to be
similar. The CPI model's findings demonstrate that energy subsidies' impacts on the prices of oil, gas,
coal, and electricity are negligible and not statistically significant. For the GHGs model, f; is positive,
hence oil subsidy increase is shown to relate to higher greenhouse gas emissions (GHGs) from energy
levels with high significance, as expected. The effect of gas subsidy (5.) on GHGs is negative, though
not statistically significant and somewhat close to zero. As anticipated, the impact of coal subsidies
(#3) on GHGs is positive, but it is a tiny amount and not statistically significant. Interestingly, the
electricity subsidy has a significant negative effect on GHGs by a tiny amount.

Table 4. Panel Data Analysis Appropriate Estimation Results

5 ASEAN Countries, 2010 - 2021

A’CPI
POLS Fixed Effects Random Effects
Variable

Coefficient Std. Error  Coefficient Std. Error  Coefficient  Std. Error
A’0S: Oil subsidy -2.01E-06  5.40E-05 -0.410924  0.302032 -0.408171  0.301858
A’GS: Gas subsidy -0.000359  0.000571  -3.50E-06  5.40E-05 -2.01E-06  5.39E-05
A’CS: Coal subsidy 0.001507  0.001940  -0.000408  0.000574  -0.000359  0.000569
A’ES: Electricity subsidy -6.73E-05  7.60E-05 0.001695  0.002005 0.001507  0.001936
Ao -0.408171  0.302454  -6.30E-05  7.60E-05  -6.73E-05  7.59E-05
R-squared 0.035 0.124 0.035
F-statistic 0.409 0.728 0.409
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5 ASEAN Countries, 2010 - 2021

A’GHGs
POLS Fixed Effects Random Effects
Variable
Coefficient Std. Error  Coefficient Std. Error  Coefficient  Std. Error

A’0S: Oil subsidy 0.003 % 0.001 0.003*** 0.001 0.003*** 0.001
A’GS: Gas subsidy -0.001 0.006 -0.001 0.006 -0.001 0.006
A’CS: Coal subsidy 0.025 0.026 0.025 0.027 0.025 0.027
A’ES: Electricity subsidy -0.002%* 0.001 -0.002%%* 0.001 -0.002%* 0.001
(xa -1.055 3.421 -1.138 3.581 -1.055 3.579
R-squared 0.292 0.302 0.292

F-statistic 4.119%%** 1.949* 4.119%%**

Notes: Significance is indicated at 1%, 5%, and 10% levels, respectively, by ***_ ** and *.

3.2 Hausman Test Results

To choose between fixed effects (FE) and random effects (RE) estimators, we apply the Durbin-
Wu-Hausman test. Under Ho, while BFE is consistent but inefficient, BRE is consistent and efficient.
Conversely, fre is consistent but inefficient under Ha. Random effects may be used if the test result is
not significant (P-value, Prob > higher than 0.05), which indicates that the null hypothesis is not
rejected. Applying fixed effects is advised if the P-value is significant, which results in the rejection of
the null hypothesis. Since Table 5's results for the CPI (Model 1) and GHGs (Model 2) show that the
null hypothesis—that unique errors (u;) are unrelated to the regressors—is not rejected, random effects
estimations are acceptable [33].

Table 5. Hausman Test Results

5 ASEAN Countries, 2010 - 2021

Model 1: A2CPI;, = agy + By A*0S;, + By A%GSyp + B3 A*CSyp + By A*ES; + Asy,

Chi-Sq. Statistic Chi-Sq. d.f. Prob. Random Effects (RE)

4.17 4 0.3825 accept RE

Model 2: A2GHGs;; = ay + By A20S;, + By A*GS;y + B3 A*CSip + By AES;, + A%sy,

Chi-Sq. Statistic Chi-Sq. d.f. Prob. Random Effects (RE)

0.539 4 0.970 accept RE

Note: Chi-Sq. Statistic, Chi-Sq. d.f. and Prob. indicate chi-square statistic, degree of freedom of
the chi-square and probability (Prob > X?) respectively.

3.3 Breusch-Pagan Lagrange Multiplier Test

We employ the Breusch-Pagan Lagrange Multiplier (B-P/LM) test of independence (1980) in this
investigation. When deciding between a POLS regression and a random effects regression, this test is
useful. Relative to Ho, there is no correlation between country residuals. However, under Ha, this
correlation exists [35]. The results in Table 6 show the Breusch-Pagan probability of 0.89 > 0.05 for
CPI model meaning that, in this study, it is better to use common effects than random effects. Thus, it
can be said that POLS is the most appropriate cross-section test to be applied in this model. However,
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the GHGs model's Breusch-Pagan probability of 0.03 < 0.05 indicates that using random effects is
preferable in this study over common effects. This model accepts random effects because there is
evidence of major variances throughout ASEAN countries.

Table 6. Breusch-Pagan Lagrange Multiplier (B-P/LM) Test Results

5 ASEAN Countries, 2010 - 2021

Model 1: A*CPI;, = ay + By A*0S;, + B, A*GS;, + B3 A°CSy + By A*ES; + Agy,

Test Hypothesis
Random Effects (RE)
Cross-section Time Both
0.017309 0.000644 0.017953 not accent RE
(0.8953) (0.9798) (0.8934) p

Model 2: A°GHGs;; = ay + By A*0S;, + B, A>GS;y + B3 A*CS;y + By A’ES;, + A%s;,

Test Hypothesis
Random Effects (RE)
Cross-section Time Both
2.143948 2.525591 4.669538 accent RE
(0.1431) (0.1120) (0.0307) P

Note: Probability in ().
4. Conclusion and Outlook

This study employs panel data analysis to examine whether ASEAN’s fossil fuel (oil, gas, coal, and
electricity) subsidies decrease the consumer price index (CPI; Model 1) and, on the other hand, increase
greenhouse gas emissions (GHGs; Model 2) from energy levels, using yearly data of five ASEAN
countries from 2010 to 2021. The results from POLS of Model 1 show that there is no effect from oil
(B, gas (B,), coal (B3), and electricity (B,) subsidies on CPI. However, the results from the random
effects of Model 2 show that oil subsidy has a strongly significant positive impact on GHGs (8, =
0.03). Conversely, there is a substantial negative correlation between electricity subsidies and GHGs
(B, = —0.002). Subsidies for gas (8,) and coal (8;), however, have no effect on GHGs.

Our conclusion is that the fossil fuel subsidies provided by ASEAN for oil, gas, coal, and electricity
do not reduce the CPI. This means that they cannot be viewed as lowering inflation. In addition, there
is no effect of gas and coal subsidies on GHGs. This might be due to the small average of the five
ASEAN countries from 2010 to 2021 in terms of gas and coal subsidies being 227.23 and 104.86 real
2021 million USD respectively (Table 4). Following the expectation, oil subsidy, which is the highest
amount on average (4,635.44 real 2021 million USD), has a strong positive effect on GHGs (see Table
1 and Table 4). However, electricity subsidy, which is the second highest amount on average (1,963.22
real 2021 million USD), has a significant negative effect on GHGs (see Table 1 and Table 4). Thus,
we ought to think about whether financing for renewable energy sources could result in even bigger
emissions reductions. We propose that international climate cooperation could help the ASEAN
countries transition to clean energy by helping to build the infrastructure required to implement high-
impact, efficient renewable energy subsidies.

10



3rd ASEAN International Conference on Energy and Environment IOP Publishing
IOP Conf. Series: Earth and Environmental Science 1395 (2024) 012036 doi:10.1088/1755-1315/1395/1/012036

Acknowledgment

We express our gratitude to Rajamangala University of Technology Phra Nakhon and our research
networks, which helped us conduct this study until it was successfully finished. These networks include
Universiti Teknologi MARA, Hull University, the Public University of Navarra, Politeknik Negeri
Bali, and Technische Universitidt Dresden. We also thank the IEA, the World Bank, and the ASEAN
Centre for Energy for the data and information, and Mr. Robin Neill for his invaluable advice.

References

[1]  Business | Us/business | The Guardian The Guardian Retrieved November 14, 2023 from
https://www.theguardian.com/business/2023/jun/26/

[2] IEA 2022 Key findings — Southeast Asia Energy Outlook 2022 — Analysis Retrieved January
26, 2023 from https://www.iea.org/reports/southeast-asia-energy-outlook-2022/key-
findings

[3] Coady D, Parry [ W H, Le N P and Shang B 2019 Global Fossil Fuel Subsidies Remain Large:
An Update Based on Country-Level Estimates /MF Retrieved September 10, 2022 from
https://www.imf.org/en/Publications/WP/Issues/2019/05/02/Global-Fossil-Fuel-Subsidies-
Remain-Large-An-Update-Based-on-Country-Level-Estimates-46509

[4] Boonyasana K 2013 World Electricity Co-operation The University of Leicester Retrieved
February 1, 2023 from https://figshare.le.ac.uk/articles/thesis/World_electricity co-
operation/10147556/1

[5] Utama N A 2019 Paving Way to ASEAN Energy Sovereignty ASEAN Centre for Energy
Retrieved June 22, 2023 from https://aseanenergy.org/paving-way-to-asean-energy-
sovereignty/

[6] Clements B J, Hugounenq R, Schwartz G and Chu K 1995 Government Subsidies: Concepts,
International Trends, and Reform Options IMF Working Papers vol 1995 no 091

[71 ADB 2016 Fossil Fuel Subsidies in Asia: Trends, Impacts, and Reforms, Integrative Report
Retrieved August 4, 2023 from https://www.adb.org/sites/default/files/publication/182255/
fossil-fuel-subsidiesasia.pdf

[8] OECD 2023 Analysing Energy Subsidies in the Countries of Eastern Europe, Caucasus and
Central ASIA Retrieved July 30, 2023 from https://www.oecd.org/env/outreach/energy
subsidies.pdf

[9] Battistini N, Nino V Di, Dossche M and Kolndrekaj A. 2022 Energy prices and private
consumption: what are the channels? Retrieved July 5, 2023 from
https://www.ecb.europa.eu/pub/economic-bulletin/articles/2022/html/ecb.ebart202203 01
~f7466627b4.en.html

[10] Choi S, Furceri D, Loungani P, Mishra S and Poplawski-Ribeiro M 2018 Oil prices and
inflation dynamics: Evidence from advanced and developing economies Journal of
International Money and Finance vol 82 pp 71-96

[11] Husaini D H.=, Puah C-H and Lean H H 2019 Energy Subsidy and Oil Price Fluctuation, and
Price Behavior in Malaysia: A Time Series Analysis Energy vol 171 pp 1000-1008

[12] Kpodar K and Liu B 2022 The distributional implications of the impact of fuel price increases
on inflation Energy Economics vol 108 p 105909 doi: https://doi.org/10.1016/j.eneco.2022.
105909

[13] Caterina A and Laderchi R 2023 Analyzing the Incidence of Consumer Price Subsidies and the
Impact of Reform on Households -Quantitative World Bank Retrieved May 25, 2023
from https://documents1.worldbank.org/curated/en/250011530882467380/pdf/ESR AF-
note-3-Analyzing-the-Incidence-of-Consumer-Price-Subsidies-and-the-Impact-of-
Reform-on-Households-Quantitative.pdf

[14] IMF 2022 Fossil Fuel Subsidies Retrieved June 2, 2023 from https://www.imf.org/en/
Topics/climate-change/energy-subsidies

11



3rd ASEAN International Conference on Energy and Environment IOP Publishing

IOP Conf. Series: Earth and Environmental Science 1395 (2024) 012036 doi:10.1088/1755-1315/1395/1/012036

[17]

[18]
[19]

[20]
[21]

[22]
[23]

[24]

[25]
[26]
[27]
[28]

[29]

[30]
[31]
[32]
[33]
[34]
[35]

[36]

Overland I et al 2020 The ASEAN Climate and Energy Paradox Energy and Climate Change,
vol 2 p 100019 doi: https://doi.org/10.1016/j.egycc.2020.100019.

Ambrose J 2023 Greenhouse Gas Emissions from Global Energy Industry Still Rising —
Report The Guardian Retrieved September 1, 2023 from https://www.theguardian.com/
business/2023/jun/26/greenhouse-gas-emissions-from-global-energy-industry-still-rising-
report

UN 2023 The Sustainable Development Agenda United Nations Sustainable Development
Retrieved September 1, 2023 from https://www.un.org/sustainabledevelopment/
development-agenda/

Sovacool B K 2017 Reviewing, Reforming, and Rethinking Global Energy Subsidies:
Towards a Political Economy Research Agenda Ecological Economics vol 135 pp 150-163

Our World Data 2023 Explorers Retrieved July 11, 2023 from https://ourworldindata.org/
charts

Baltagi B H 2009 Econometric Analysis of Panel Data John Wiley & Sons Inc

Wooldridge J M 2010 Econometric Analysis of Cross Section and Panel Data The MIT Press
Retrieved July 28, 2023 from http://www.jstor.org/stable/j.cttShhcfr

IEA 2023 Fossil Fuel Subsidies Database - Data product Retrieved May11, 2023 from
https://www.iea.org/data-and-statistics/data-product/fossil-fuel-subsidies-database

World Bank 2022 Inflation, Consumer Prices (annual %) | Data Worldbank Retrieved May 2,
2023 from https://data.worldbank.org/indicator/FP.CPI.TOTL.ZG

IEA 2023 Greenhouse Gas Emissions from Energy - Data product Retrieved May 9, 2023
from https://www.iea.org/data-and-statistics/data-product/greenhouse-gas-emissions-from-
energy#documentation

Im K, Pesaran and Shin Y 2003)Testing for Unit Roots in Heterogeneous Panels Journal of
Econometrics vol 115 pp 53-74

Hadri K 2000 Testing for Stationarity in Heterogeneous Panel Data The Econometrics Journal
vol 3 no 2 pp 148-161

Kao C 1999 Spurious Regression and Residual-based Tests for Cointegration in Panel Data
Journal of Econometrics vol 90 no 1 pp 1-44

Wooldridge ] M 2002 Econometric Analysis of Cross Section and Panel Data Cambridge
Mass MIT

Roodman D 2009 How to Do Xtabond2: An Introduction to Difference and System GMM in
Stata The Stata Journal: Promoting Communications on Statistics and Stata vol 9 no 1
pp 86-136

Maddala G S and Wu S 1999 A Comparative Study of Unit Root Tests with Panel Data and a
New Simple Test Oxford Bulletin of Economics and Statistics vol 61 pp 631-652

Choi 1 2001 Unit Root Tests for Panel Data Journal of International Money and Finance vol

20 no 2 pp 249-272.

Blalock H M 1963 Correlated Independent Variables: The Problem of Multicollinearity Social
Forces vol 42 no 2 pp 233-237

Baltagi B H 2015 Econometric Analysis of Panel Data John Wiley & Sons

Dougherty C 2011 Introduction to Econometrics Oxford New York Oxford University Press

Ahmed Nomman M and Schmitz M 2011 Economic Assessment of the Impact of Climate
Change on the Agriculture of Pakistan Business and Economic Horizons vol 4 pp 1-12

Baltagi B H 2013 Econometrics Springer Science & Business Media

12



3rd ASEAN International Conference on Energy and Environment

IOP Publishing

IOP Conlf. Series: Earth and Environmental Science 1395 (2024) 012036

Appendix

CPI (2010 = 100)

200
180
160
140
120
100
80
60
40
20

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

—@—Brunei ==@=I|ndonesia ==@=Malaysia Thailand ~==@==Vietnam

Figure Al. CPI for Five ASEAN Countries
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Figure A3. Oil Subsidy for Five ASEAN Countries
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Figure A5. Gas Subsidy for Five ASEAN Countries
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Figure A2. GHGs for Five ASEAN Countries
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Figure A4. Electricity Subsidy for Five ASEAN Countries
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Figure A6. Coal Subsidy for Five ASEAN Countries

13



