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Abstract— Indonesia is one of the developing countries in the world, which is predicted to become one of the strongest economies in
the world. Many challenges facing Indonesia, along with its economic growth, include energy security and environmental problems.
These problems can be overcome simultaneously with the selection and allocation of appropriate energy sources. With the constraints
of dependence on fossil energy, natural gas can be a "clean fossil energy” choice that can reduce @@issions amid Indonesia's
economic growth. Under the Environmental Kuznets Curve (EKC) framework and the ARDL to cointegration approach, this study
estimates the long-term and short-term relationship between CQemissions and per capita GDP in three different models. The
estimation results show that EKC in Indonesia is generally formed in the long term, but not in the electricity sector. The existence of
EKC in Indonesia indicates the effects of energy conservation. The estimation results also show that natural gas consumption has a
negative correlation with CO, emissions in general. In the electricity sector, electricity from natural gas contributes to the smallest
CO, emissions. Empirical evidence from this study can then be used as a reference in the formulation of policies related to the energy
mix and efforts to encourage increased domestic natural gas consumption.
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in Indonesia also followed by an increase in,@missions.
I. INTRODUCTION This is inseparable from the composition of energy that
supports the Indonesian economy. @&missions come from
éossil fuel consumption in which it is needed to convert as
energy. Meanwhile, within 17 years (2000-2017), 96% of
Indonesia's energy composition was still dominated by fossil

Indonesia is one of the developing countries, which is
predicted to become one of the strongest economies in th
world. Indonesia's per capita GDP continues to increase,
although it experienced a decline in 1998 due to the Asian Y
Financial Crisis. This economic growth is followed by the fuels. Re_znewable _energy does not. show a _S|gn|f|cant
increase in energy consumption, which is so common ag/ncreasein tha_t period. Therefore, t_hat IS whyg@_fh'lssmns
energy is an important aspect that needed by a country jffoNtinue to increase, along with Indonesia's energy
supporting its economic growth. However, economic growth consumption and  economic  growth  (Figure ~ 1).

MTOE

Fig. 1 GDP, energy consumption and {&missions

CO, emissions in Indonesia come from several sectors;be the most significant contributor to €@missions in
forestry, energy, and agriculture. In 2017, 48% of,CO Indonesia. WRI estimates that ¢€@missions from the
emissions came from the forestry sector. Many energy sector will surpass G@missions from the forestry
deforestations in Indonesia cause this. However, in the long-sector in 2027 [1]. That problem would happen if there were
term, when deforestation has stopped, the energy sector will
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no changes in Indonesia's energy composition, as fossil fuehuclear power plants. Japan also uses natural gas as energy

still dominated Indonesia’s energy composition. after the Fukushima incident in 2011. China, a developing
The increase in COemissions brings harmful effects to country with high economic growth, has encouraged an

the environment, such as erratic climate change and risingncrease in natural gas consumption in the electricity sector

surface temperatures. This has become a serious concern afirough blue skies police.

the world. On December 12, 2015, the Paris Agreement was + Top =19mm (0.75")

established as a form of the world's response to this issue. + Bottom =28mm (1.1")

The Indonesia Government joined in signing this agreement .« Left = Right = 14.32mm (0.56")

in 2016, and as a form of commitment, Nationally y; policies that aim to improve air quality. From these

Determined Contribution (NDC) was established. The target examples, we have seen many countries in the world have

to be achieved in reducing GHG emissions by 29% by self-chosen natural gas as an alternative energy source.

effort and 41% with international assistance by 2030. In the Admittedly, energy consumption in Indonesia, which is still

energy sector, Indonesia is undertaking mitigation efforts in dependent on fossil energy, is a dilemma. On the one hand,

the National Energy Policy by changing the energy mix, this energy source is still the main choice in supporting the

increase low-emission or zero-emission energy, and reducdndonesian economy because of slow renewable energy

high-emission energy (Figure 2). growth. On the other hand, the air quality is deteriorating

due to increased GCemissions from the consumption of

fossil fuels. However, this problem can be overcome by
choosing the right energy source, namely natural gas. By
’5" A increasing natural gas consumption, there is potential for
s0% Y 31% economic growth in Indonesia not to be accompanied by an
increase in environmental damage, which in this study is
2013 1y 2025 2050 illustrated by an increase in G@missions.
31%
\ y y 1500
1200
o 900
Fig. 2 Indonesia energy mix target § 600
The energy that will be increased is natural gas and new 300
renewable energy. Indonesia has enough energy from thesg
two types of resources. However, the growth of renewable 0
energy utilization itself is stil low due to market S LSS
mechanisms and regulations that are less attractive to
investors. To be in line with the commitments that have been LNG Feed mIndustry m Electricity
set, natural gas can be an opportunity. Natural gas is "clean’
fossil energy where CQemissions are 50% lower than coal Fig. 3 Indonesia natural gas utilization

and oil [2]. In addition, proven reserves of natural gas in
Indonesia are increasing along with the discovery of new
preserves with vast reserves.

Unfortunately, Indonesia’s domestic consumption is still
low. 50% of the total utilization is allocated for LNG feed,

Economic growth will certainly have an impact on the
environment. But the question is, is the impact good or bad?
There is a theory known as the Environmental Kuznets
Curve (EKC), which can help illustrate the relationship
U i . between economic growth and environmental quality. This
which is intended as an export commodity. This has beentheory states that environmental damage will increase at the

gglng ton forf a long ttlmle bepauillel awaregirs]s of tthetbeginning of economic growth and will decline at one point,
advantages or using natural gas 1S sti low, and the contrac along with economic growth [4]. The pattern formed from
for buying and selling natural gas takes place over a long

period; if terminated unilaterally, it would be a loss for this relationship is an inverted U-pattern (Figure 4). The

. ) : . . ) . pattern formed is influenced by three factors.
IndoneS|a.ODomest|c use |tsetlf.|s domlnatedoby the .|ndgstr|al Scale effect: this effect will be felt at the beginning of
sector .(25 %) and _the electr_|C|ty sector (10 %), which is an economic growth. At the beginning of economic growth, the
es_sent|al sector in su_pplylng Indonesia's energy needscountry will focus on increasing output. The technology
(Figure .3')‘ This situation shquld be a concern because sed is still traditional, land clearing is massive, and
Indonesia must be prepared with cleaner energy to suppor

. ! . . . ttention to the environment is still low. In this phase,
economic grovvth while simultaneously improving - the environmental damage will increase. People with low-
quality of the environment.

. o income levels have not thought about ecological impacts.
Comparing to other countries in the world, natural gas has 9 9 P

. , ) This effect is felt by low-income level countries.
be(_:ome .the. potennal energy In supporting the economy The composition effect, which is the impact, is felt when
while maintaining the quality of its environment. The carbon ' '

. ) . . . o there is a change in economic structure. As a country's per
price floor policy, which aims to Increase the_ut|I|zat|on of capita income increases, the structure of the economy also
!ow-car_bon technology, has a_S|g_n|f|cant mfluence on changes. The agricultural sector will slowly be reduced to
increasing natural gas consumption in the UK in 2016 [3].

France uses natural gas as potential energy when closing 29e|ng replaced by the industrial sector. At the beginning of
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this effect, environmental damage will increase. But it will in economic growth between countries cause differences in
gradually decrease with changes in input usage preferencesdehavior in responding to GCemissions problems. This
This happens because as per capita income rises, people afimding supported by Cole at al [5], which found that ,CO
willing to pay more to get better environmental quality. This emissions at a global level increased over time, although
effect is felt in middle-income level countries. those emissions decreased at a local level. To analyze the
Technique effect comprises the effect begins to be felt EKC more specifically in a country, subsequent studies were
when there is a change in the type of technology used inconducted with time-series data. The use of time-series data
economic activity. As the per capita income of a country is chosen because the use of cross-country data is often
getting higher, the willingness to pay for better constrained by homogeneity tests, which lead to biased
environmental quality will getting higher also. This estimation results [6]. Time-series data analysis helps
encourages many technological innovations, replacing oldanalyze the EKC patterns of each country more specifically
technology that intensively uses energy with new because itis aided by historical data.
technologies that are more efficient and environmentally  Given that most of the GQemissions come from energy
friendly. In this phase, the quality of the environment will consumption, then this variable is often used as an
improve, and the high-income level will felt this. explanatory variable. Whether it's panel data or time-series,
increasing energy consumption will increase,@missions

[8]-[11]. This happens because of a higher share of fossil
Y T~ fuel in most of the countries' energy consumption. Most of
% / : k the previous studies commonly employed energy
B / : \ consumption data at an aggregate level. It is essential to
g / §Composition\\ know which sector emitted more pollutants because each
s : Effect \ energy sub-sector issued different amounts of €@issions.
é /' Scale Effect ° \ A more in-depth analysis will be easier to do if the energy
5 y Technique \\ consumption of each energy sub-sector is analyzed. It would
3 / Effect \ be resulting in the EKC analysis to be more comprehensive.
= / - \ _ Along with the development, many studies try to
Low-income Middle-income High-income ™ describe the types of energy consumed to get more in-depth
Income Level analysis, one of which is often used is natural gas

consumption. Natural gas is fascinating to analyze because it
is said to be "clean fossil energy,"; which only produces 50%

EKC is simply modeled in the quadratic function between fewer emissions than other fossil energy. Many studies show
per capita income and environmental indicators. The that increasing natural gas consumption will reduce, CO
empirical model used for estimation is often written in emissions levels, either significantly or not [12]-[14]. The
natural logarithmic form. The aim is to facilitate insignificant results are often found in countries with low
interpretation and analysis because many ecologicallevels of natural gas consumption, while significant effects
indicators that are obviously not worth zero or negative [5], are shown in countries with high natural gas consumption
[6], so it would be better to describe it in the growth rate. [2], [15], [16].

Fig. 4 Environmental Kuznets Curve

Simply put, the EKC model can be written: Finally, several studies are investigated the relationship
between economic growth and €@missions in Indonesia
InE; = Bo + By InYy + BoInYE + +uy, (1) within the framework of the EKC. Studies by Dong et al. [16]

and Sugiawan and Managi [17] showed that the EKC pattern
with InE;, is natural logarithmic per capita environmental Was formed in Indonesia. On the other hand, several studies
indicator country i at time Y, is natural logarithmic per ~ Show different results where the EKC is not existed in
capita income country i at time t amayY? is a natural ~ 'ndonesia [11], [18]. So far, there is only one study that
logarithmic per capita income square country i at time t. investigates the effect of natural gas consumption in
Furthermore, the development of this model can be done bylndonesia within the EKC framework [16]. Yet this study
adding other explanatory variables to assist in the Was analyzed using panel data, and the result shows that
interpretation of the composition effect and technique effect. increasing Indonesia’s natural gas consumption has a

The model can be written: negative impact on CQemissions.
In contrast to previous studies that discussed the existence

_ 2 of EKC in Indonesia, this study offers a novelty by explains
InEi = Bo + fyInYie + folnlye +In Xy e (2) EKC more precisely by addi)rqg a focus on }{hey effgct of
natural gas consumption in the formation of the EKC in
Indonesia. In addition, it is essential to analyze the impact of
energy consumption in each sector, so this study examines
how energy consumption in the electricity sector forms the

KC pattern in general and in the electricity sector itself.
he electricity sector was chosen because besides being one

with In X;; is natural logarithmic for per capita explanatory
variable (composition effect/technique effect) country i at
time t.

EKC empirical studies on GOemissions have been
carried out in several various studies. The earliest study wa
conducted by Shafik and Bandyopadhyay, where they did ) o
not find EKC in the relationship between £émissions and of the Iar_gest natu_ral gas consumers n IndoneS|a_s energy

sector, this sector is also the most significant contributor to

global economic growth [7]. The absence of the EKC is c o the oth b ¢ Thi
caused by the phenomenon of a free rider, where differences O, emissions among the other energy sub-sectors. This
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study has three objectives; first, analyzing the existence ofto the limitation of data availability; assuming the ratio
the EKC in Indonesia, second, explaining the presence of thebetween fossil fuel consumption in the electricity sector and
EKC in Indonesia’s electricity sector, and third, comparing generated electricity from fossil fuel is equal. The model is
the effect of using natural gas with other fossil fuels on the written as:

level of CQ emissions in Indonesia. InCO,, = ay + a; InGDPP, + a, In GDPP?,
+ a3 In ECOAL, (4)
Il. MATERIALS AND METHOD + a,InEOIL; + ag InENGAS, + u,

Economic activity produces products in its process, both
in the form of primary products and by-products. ,CO With In COy is natural logarithmic per capita G@missions
emissions are one examp|e of a by_product of economicthat comes from fossil fuel combustion at yeal’ t, In GD?P
activity. To analyze the relationship between these two, thenatural logarithmic per capita GDP at year t, In GBR®
basic EKC model is often used. More specifically, ,CO natural logarithmic per capita GDP square at year t, In
emissions can come from various sources, one of which isECOAL is natural logarithmic of electricity generated from
the energy sector. G@missions from the energy sector are coal at year t, In EOIlLis natural logarithmic per capita
generated from the combustion of fossil fuels (coal, electricity generated from oil at year t, In ENGASnatural
petroleum, and natural gas). Those kinds of fossil fuels logarithmic of electricity generated from natural gas at year t,
produce CQ emissions at different levels, in which the @and yisstandard error term.
highest emissions are produced by coal, then followed by oil, Finally, the third model (Model EL-Il) is a model that
and the lowest emissions come from natural gas. This could@ims to analyze the existence of EKC in Indonesia's
be an alternative in the dependence on fossil fuel, reductiorelectricity sector in Indonesia. This model is proposed
in coal, and petroleum consumption, followed by the considering that most of Indonesia’s economic activity is
increase in natural gas consumption that will be able torelying on electricity. As the economic growth over time, so
reduce the rise in COemissions from the energy sector. does the demand for electricity will rise that pushing the
Therefore, to analyze the influence of coal, petroleum, andgeneration of electricity. This would lead to increases in CO
natural gas consumption on €@missions together with an emissions from the electricity sector, as there is no
analysis of the existence of EKC in Indonesia, this study significant change in the composition of electricity sources.
employed the basic EKC model with the addition of coal, This model employs COemissions from the electricity
petro]eum’ and natural gas Consumption as other exp]anatorﬁector as the dependent Variable, and the model is written as:

variables. 2
) . _ InCO,EL; = ay + a; InGDPP; + a, InGDPP
This study uses three types of quadratic models in the Y A InECOAL. t
form of natural logarithmic to estimate and illustrate whether + a3 In EOIL ¢ (5)
an EKC pattern exists between economic growth and the n a4 In ENG;IS ru
5 t t

level of CQ emissions in Indonesia. The differences

between these three models are the scope of analysis in theith In COEL; is natural logarithmic per capita GO
energy sector level. The first model (FF model) depicts the emissions from electricity at year t, In GDPB natural
relationship between total G@missions from the energy logarithmic per capita GDP at year t, In GBPR natural
sector with per capita GDP. The model also conductedlogarithmic per capita GDP square at year t, In ECOBAL
analyzes the relationship between consumption of each typehatural logarithmic of electricity generated from coal at year
of fossil fuel in aggregate level and €@missions. The t, In EOIL is natural logarithmic per capita electricity

model is written as: generated from oil at year t, In ENGASs natural
logarithmic of electricity generated from natural gas at year t,
InCO,, = ay + a; InGDPP; + a, In GDPP?, and y is standard error term. Two hypotheses are
+ a3 InCCP, (3) formulated from those models: _
+ a,InOCP, + agIn NGCP, + u, « The EKC curve in Indonesia is formedxf> 0 ando2
<0, and both are statistically significant.
with In COy is natural logarithmic per capita G®missions - Natural gas is the cleanest fossil energysikaz and
that comes from fossil fuel combustion at year t, In GOD®P U5 <0z N o _ .
natural logarithmic per capita GDP at year t, In GERR® The data used in this study is time-series data within the

natural logarithmic per capita GDP square at year t, In,CCP Period 1985-2017. Data for per capita GDPP comes from
natural logarithmic per capita of coal consumption at year t, World Development Indicator. Data on g@missions,
In OCR is natural logarithmic per capita of oil consumption fossil fuel consumption, and electricity generated from fossil

natural gas consumption at year t, andsistandard error data then transformed into per capita units by dividing data

term. for each variable with Indonesia’s population data. Data on
The next two models conducted analyzes in the energyCO. emissions from the electricity sector is obtained by

sub-sector scope. The electricity sector is the mostcalculating using equations:

significant contributor to C@emissions in the energy sector.

To analyze the relationship between this sector and total CO CO,EL; = CEC; x ELFFy (4)

emissions, the second model is used (Model EL-I). This

model employee-generated electricity from fossil fuel as the with COEL;; are CQ emissions that produced from fossil

proxy for fossil fuel consumption in the electricity sector due fuels i at time t which measures in T/kap, GECCG;
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emissions coefficient fossil fuels i which measures in kg
CO, per MWh and ELFFis electricity generated from fossil

fuels i at time t which measures in MWh. CEC used in this
study comes from thintergovernmental Panel on Climate Model EL-II
Change (IPCC) (Table 1). Data GDBResults from the

guadratic form of GDPP. Descriptive statistics for the data il;wzﬂt
are tabulated in Table 2. v q

TABLE | + Z(pliA In COZELL‘—L' +Z (pZiAln GDPPL._L'

CO2EMISSION COEFFICIENT i=1 i=0
-
CO, emission coefficient (kg + Z @3 In(GDPP,_;)?

Fuel type CO,/MWh) =

2 s ¢ (8)
Lignite 363.6 + Z @A In ECOAL,_; + Z @5 AN EOIL,_;
Diesel 266.76 i=0 i=0
Natural gas 201.96 - Z @6iAIn ENGAS,_; + +y; In CO,EL,_,

i=0
The model estimation process is carried out in four steps. +v2InGDPP,_; +y3In(GDPP,_;)? + y4In ECOAL,_;
The first step is the unit-root test. Considering the data is +¥sNEOIL;_y +ysINENGAS; 1 + 7,
time-series, it is vital to check whether the data is stationaryyjitp ¢ is short-run coefficient, and is the long-run

or not. This study employs two methods for the unit-root coefficient in the ARDL model. The cointegration test is
analysis,Augmented Dicky-Fuller and Philips-Perron. The  ¢onducted by calculating F-statistic from lagged levels of the
purpose is to check the consistency of the result of the testgriaples. The null hypothesis for no long-run relationship is
The second step is to check whether there is cointegrationyg. y1=y2=y3=y4=5=y6=0, while the alternative
between dependent and independent variables. This test igypjanation for the existence of the long-run relationship is
conducted usin\RDL-bound testing of cointegration. This H1: yl#y2#y34y4#y54y6+0. The upper and lower critical
method is selected because of its advantage, such aggyes for the F-test are derived by Pesaran et al. [19]. To
effectively corrected the possibility of endogeneity from an accommodate small sample sizes, the significant amount
explanatory vanab_le, suitable fo_r small size sample, does not, 55 updated later by Narayan [20]. The null hypothesis of
require all the variables to be integrated in the same ordery, cointegration is rejected if the calculated F-statistic value
and simultaneously estimates long-run and short-run eyceeds the upper critical value. Before the cointegration test,
relationship. This method determines those three models in; is vital to choose the optimum lag order for the UREC
unrestricted error-correction (UREC) model as follows: model. This study uses the Akaike Information Criterion
Model FF (AIC) to select the optimal lag order for the model.

4 a The third step, after found cointegration between the
AInCO,, = ¢, + z ®;AInCO;, +z @2 0InGDPP,_; dependent and independent variable, the long-run
=t i=0 relationship is estimated using the following equation:
+Z(P3iAln(GDPPt—i)2 Model EE
5 ¢ P q
+ Z PuAIn CCP + Z ¢s:Aln0CP.;  (6) InCOy, =y + Z Y1 InCO,,_, + Z Vi InGDPP;_;
i=0 =0 i=1 ., i=0
+ Z; @6iAINNGCP,_; +y,InCO,,_, n Z Vi IN(GDPP,_)?
e
+¥,InGDPP,_; + y3In(GDPP;_,)* i=o . 9)
+7v¥4In CCP;_y +y5InOCP;_,
+ Y6 lnNGCPt_l + 7, +Z'y4i In CCPt_i +Z'y5i In OCPt_i
i=0 i=0
Model EL-I e
+ Z Y6iINNGCP,_; + 7¢
AlnCO,, i=0
=@
) a Model EL-I
+ Z ©;AInCO,,_; + Z @;AIn GDPP,_;
i=1 i=0

=
+z ©3;AIn(GDPP,_;)*

5 ‘ (@)
+ Z @, AIn ECOAL,_; + Z @5;AInEOIL,_;

i=0 i=0
+ Z @eiAINENGAS; _; +y,InCO,,_, +y,InGDPP,_,

i=0
+y3In(GDPP,_;)? + y,In ECOAL,_; + ysInEOIL,_,
+ V6 InENGAS,_; + ¢
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In CO;,,

=%Yo
p q

+ Z Y1InCO;, _; + Z V2 In GDPP;_;

i=1 i=0
r

+ ) yaIn(GDPP,_)?

i=0

(10)

S t
+ Z Yai In ECOALt_i + Z Vsi In EOILt_i

i=0 i=0
u

+ Z Yei NENGAS,_; + 7

i=0

Model EL-II
InCO,EL,
=%Yo
14 q
+ Z Y1 InCO,EL,_; +Z Vi InGDPP,_;

i=1 i=0

+Zy3iln(GDPPt_i)2 (11)

i=0
s

t
+ Z Vai IN ECOAL,_; + Z ysiInEOIL,_;
i=0 i=0

+ Z Yei NENGAS,_; + 7,

i=0

» q
AlnCO,EL, = @y + Z @;AInCOEL,_; + z @2;AIn GDPP, _;

i=1 i=0

-
+Z @3;AIn(GDPP,_;)?
i=0
S
+ z @, AN ECOAL,_;

i=0

t
+ Z @s;AINEOIL,_;

i=0
u

(14)

+ z PeiAINENGAS,_; + 0ECT,_; + 1,
i=0
with ¢ is speed adjustment parameter, and ECT,; is lagged
error-correction term. ECT.; measures the speed of
adjustment of endogen variables when there is a shock in
equilibrium. The coefficient of a lagged error-correction
term is expected negative value and statistically significant.

In the last step, some diagnostic such as serial correlation
tests, functional forms test, normality test, and
heteroscedasticity test is conducted to check the robustness
of the model. This study also employed a CUSUM and
CUSUMQ test to check the stability of the parameter.

I1l. RESULTS ANDDISCUSSION

The results of data analysis begin with a unit-root test that
analyses the stationarity of the data. In the second stage, the

and the short-run relationship is estimated using theresults of the cointegration test explain the existence of a

following equation:
Model FF

P q
AlnCO,, = ¢, +Z ®1,AInCO,,_, +Z @2 AIn GDPP;_;

= i=0
+Z @3;AIn(GDPP,_;)?
i=0
S
+ z @4;AIn CCP,_;

i=0
t

+ z @5;AIn OCP;_;

i=0
u

(12)

+ z @6iAINNGCP;_; + 0ECT,_, + 1,

i=0

Model EL-I

14 q
AlnCO,, = ¢y + Z 9;AIn CO,,_, +Z @ AIn GDPP;_;

=1 i=0
+Z @3:AIn(GDPP,_;)?
i=0
S
+ z @ AINECOAL,_;

i=0
t

+ z @5;,AInEOIL,_;

i=0
u

(13)

+ z @eiAINENGAS,_; + 0ECT,_{ + 7,

i=0

Model EL-II
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long-term relationship between the dependent variable and
the independent variable. In the third stage, the results of
long-term and short-term estimation demonstrate the
correlation between variables while answering the

hypotheses that have been formulated. In the fourth stage
the diagnostic test reveals that the model used is suitable.

A. Unit-root test

The unit-root test shows that all variables are stationary
on order one (first differences). So, from that, it can be
concluded that all variables are integrated into order one, |
(1). (Table 3).

B. Cointegration test

Before doing the cointegration test stage, the optimum lag
selection is chosen by the Akaike Information Criterion
(AIC) method. After that, a cointegration test with ARDL-
bound testing of cointegration was carried out. The
cointegration test results show that the calculated F-statistic
value exceeds the upper critical value. So, the null
hypothesis of no cointegration can be rejected. It concludes
that there’'s cointegration between the dependent variable
and the independent variable (Table 4).

C. Long-run and short-run Estimation

The estimation results of the FF model and the EL-I
model (Table 5) show that in the long-run, EKC has existed
in Indonesia; In GDPP coefficient is positive, the coefficient
In GDPP is negative, and both are statistically significant.
These estimation results are supported by studies conducted
by Dong et al. [16] and Sugiawan and Managi [17]. The plot
results of the FF model and the EL-I model have almost the
same shape (Figures 5 and 6). The plot of the estimation
results of these two models shows that the EKC pattern in



Indonesia is still at the initial stage of the turning point. The mix. This can be explained by the pattern of energy intensity
turning point that began to emerge is suspected as the resulind the energy consumption mix in Indonesia.
of energy conservation efforts, not changes in the energy

TABLE Il
DESCRIPTIVESTATISTICS
Variable Obs Mean Std. Dev. Min Max Unit Source
Co, 33 1.30 0.49 0.51 2.08 MT/cap BP Statistical Review 2018
COEL 33 0.12 0.08 0.02 0.2y MT/cap own calculation
GDPP 33 2488.46 775.19 1386.48 4130.66 US$/cap World Development Indicator
GDPP 33 6775126 4233364 1922327 17100Q00 (US$?Ca D) own calculation
CCP 33 9.21E-08 7.4E-0 5.45E-Q9 2.26E-p7 MTOE/cap BP Statistical Review 2018
OCP 33 2.43E-07 5.39E-08 1.37E-Q7 3.14E-07 MTOE/cap BP Statistical Review 2018
NGCP 33 1.22E-07 2.76E-08 6.54E-08 1.56E-07 MTOE/cap BP Statistical Review 2018
ECOAL 33 0.20 0.1§ 0.03 0.58 MWh/cap BP Statistical Review 2018
EOIL 33 0.07 0.02 0.04 0.1p MWh/cap BP Statistical Review 2018
ENGAS 33 0.13 0.04 0.01L 0.24 MWh/cap BP Statistical Review 2018
TABLE Il
UNIT-ROOT TESTRESULTS
Augmented Dickey-Fuller (ADF) Philips-Perron (PP)
Variable Level First Differences Level First Differences
No Trend Trend No Trend Trend No Trend Trend No Treng Trend
In CG, -2.494 -1.036 -3.259** -4.164*** -3.299** -0.861 -4.657*** -5.570***
In COEL -2.377 -1.942 -3.791*** -4.462%** -1.933 -1.287 -5.085*** 5717
In GDPP -0.325 -2.136 -3.576*** -3.511** -0.285 -1.847 -4.013*** -3.942**
In GDPP -0.149 -1.997 -3.569%** -3.515* -0.070 -1.726 -4.011%** -3.952**
In ECOAL -1.166 -2.350 -3.799*** -3.817** -0.738 -1.922 -4.618*** -4.663***
In EOIL -2.279 -2.917 -4.508*** -4, 446%* -2.048 -2.641 -5.388*** -5.359%**
In ENGAS | -2.089 -1.298 -3.718*** -4 377 -1.953 -0.886 -3.753*** -4.121%**
In CCP -2.418 -1.822 -4.885*** -5.186*** -3.264** -2.864 -6.330*** -7.200%**
In OCP -2.428 -1.288 -3.632%* -4.654%** -3.036** -1.259 -4.910%** -5.587***
In NGCP -2.782* -0.608 -2.677* -4.243%** -2.895** -0.627 -4.879*** -6.213***
Statistically significant at ***1%, **5%, and *10%
TABLE IV
COINTEGRATION TESTRESULTS
Model FF EL-I EL-II
(Optimum lag) (211002) (211000) (221201)
F-statistic 25.763*** 4.809** 15.522%**
1% 4.673 4.604 4.741
10) 5% 3.167 3.158 3.175
10% 2.571 2.578 2.564
1% 6.874 6.671 7.078
1(1) 5% 4.808 4.719 4.897
10% 3.984 3.930 4.037

Statistically significant at ***1%, **5%, and *10%
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TABLE V
MODEL FF AND EL-l LONG-RUN AND SHORT-RUN ESTIMATION (DEPENDENTVARIABLE: LN CO2)

LONG-RUN ESTIMATION SHORT-RUN ESTIMATION
Variable Quadratic Model Variable Quadratic Model

FF EL-I FF EL-I
In GDPP 3.791* 14.742%+* AInCO,,_, 0.060 0.173
In GDPP -0.240* -0.952%** A In GDPP -40.031** -74.731**
In CCP 0.215*** A In GDPPB 2.599** 4.862**
In OCP 0.677*** AIn CCP 0.201***
In NGCP -0.149 AIn OCP 0.635***
In ECOAL 0.329%* A In NGCP 0.131*
In EOIL 0.028 A In ECOAL 0.279%**
In ENGAS -0.029 A In EOIL 0.024
Constant -13.503* -56.208*** A In ENGAS -0.025
R-squared 0.923 0.687 ECT.1 -0.938*** -0.846%*+*
Adj R-squared | 0.879 0.553 Constant -12.664* -47.546%*

Statistically significant at ***1%, **5%, and *10%
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Fig. 5 Model FF estimation plot Fig. 6 Model EL-| estimation plot

Over the past three decades, fossil energy still dominategdwo types of fossil fuels has significant implications for
the energy mix in Indonesia, and the amount of consumptionincreasing C@emissions in Indonesia (Figure 7).
continues to increase. The combination of energy On the other hand, the level of fossil energy intensity in
consumption in Indonesia is still dominated by coal and oil, Indonesia begins to decline. The power of fossil energy in
two fossil energy with very high emission coefficient levels. Indonesia increase at the beginning and then slowly decline
The use of these two-fossil energy continues to increase in(Figure 8). Along with the decline of fossil energy intensity,
the long run. Meanwhile, natural gas consumption in the concentration of COemissions also shows the same
Indonesia has not undergone significant changes and tendpattern (Figure 9). This indicates that efforts of conservation

to move horizontally. This increase in the consumption of energy in Indonesia have showing results.
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Fig. 7 Fossil fuel consumption Fig. 8 Fossil fuel intensity
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It is adjusted to the EKC theory; the turning point of the effect on increasing CQemissions, but it resulted in lower
EKC pattern in Indonesia is caused by the technique effect,CO, emissions than coal and not so significant. This is
which is characterized by the decreasing energy intensity.because the consumption of oil in the electricity sector has
The composition effect has not shown any influence in begun to be reduced. Electricity production from oil is only
shaping the EKC, as there is no change in the energy mix. 10% of the total electricity produced by fossil fuels. The
results of this estimation model also show that electricity
production from natural gas has a negative effect on the

7o o growth of total CQ emissions. However, this effect is not
- 10% significant because electricity generated from natural gas is
- L sy only 23% of the total electricity produced by fossil fuels.
= ) This amount is too low when compared to -electricity
< o produced from coal, which is 67%. From these two models,
= r 5% it can be concluded that the existence of the EKC in
L 0% Indonesia is shaped by the scale effect and the technique

effect. The composition effect has not contributed to the
presence of the EKC in Indonesia, as it shows from coal and
oil consumption, which continues to increase, while natural
gas consumption has not changed much.

Estimated results (Table 6) and estimation plots of EL-II
models indicate that EKC has not existed in the electricity
o sector (Figure 10). This shows that there has been no change
The long-term and short-term estimation results for j, the composition of energy in the electricity sector, or the

energy variables in these two models have the samegchnology used in power plants in Indonesia is still
direction. The FF model shows that oil consumption is the ¢qnventional.

most significant contributor to GOemissions. This is

-15%

CO2 Intensity

Fig. 9 CQ emission intensity

supported by the fact that 46% of fossil energy consumption 0

in Indonesia is oil. In aggregate, oil is the biggest contributor 7 7,5 8 8,5
because most of these sectors consume fuel. Coal is th 0

second-largest contributor to emissions because most of this -1 A
fuel is overwhelmed in the electricity sector, while the rest is 15 _oe**’
consumed in the industrial area. Although coal is only o T4
consumed in two industries, the amount of consumption| S -2

exceeds the amount of natural gas consumption, in which| = s -’

natural gas is destroyed by a more diverse sector compare ;

to coal. In addition, emissions resulting from coal e

combustion are far higher than natural gas. The increase in 3,5 .." ELIL ene Trend
natural gas consumption itself is proven empirically to 4 y

reduce CQ emissions levels. But the effect is not so
significant because natural gas consumption is only 20% of
the total use of fossil fuels. In addition, natural gas o o ) ) o
consumption has not changed much over the past three Electr|C|t_y in Indonesia is still domlna'Fed by e_Ie_ctr|C|ty
decades. from coal-fired plants. When compared with electricity from
The estimation results for the FF model energy variables©il a.nd gas, the increase in electr_iqity production from. coal
can be compared with the EL-1 model. In the EL-I model, has increased very sharply. Electricity produced from 0|! and
electricity generated from coal is the most significant hatural gas tends not to change much (Figure 11). This has
contributor to CQ@ emissions. This is a consequence as the implications  for increasing CO emissions from the
highest coal consumption occurs in the electricity sector. electricity sector in Indonesia. The intensity of £fnission

While electricity production from oil also has a positive

Fig. 10 Model EL-1I estimation plot

TABLE VI
MODEL EL-II LONG-RUN AND SHORT-RUN ESTIMATION (DEPENDENTVARIABLE: LN CO2EL)
LONG-RUN ESTIMATION SHORT-RUN ESTIMATION'

. Quadratic Model . Quadratic Model
Variable ELN Variable ELi
In GDPP 2.043 AIn COEL ¢4 -0.174
In GDPP -0.109 Aln GDP 16.961
In ECOAL 0.573*** A In GDFP -1.099
In EOIL 0.166*** A In ECOAL 0.603**
In ENGAS 0.109*** A In EOIL 0.161%*
Constant -9.772 A In ENGAS 0.082***
R-squared 0.977 ECTt-1 -0.971%**
Adj R-squared 0.959 Constant -9.494

Statistically significant at ***1%, **5%, and *10%
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in the electricity sector also showed an increase (Figure 12). The estimation results of this model also show that
This indicates that the technology used in power plants inelectricity produced from fossil fuels has a positive and
Indonesia has not shown efficiency efforts. From the EKC significant relationship on the increase in £&nissions in
theory, the scale effect still dominates in influencing the this sector. Electricity generated from coal is the most
pattern formed. This is illustrated by electricity production significant contributor to emissions, while the lowest
from coal, which continues to increase, and electricity emissions are contributed by electricity generated from
production from oil and gas tends to be constant. In addition,natural gas. The differences value shown is too wide, where
the intensity of CO2 emissions in the electricity sector an increase of 1% in coal electricity production will cause an
continues to increase. The analysis shows composition, andncrease in C@ emissions in the electricity sector from
the technique effect has not shown its influence in shaping0.57%. While the increase in electricity production from
the EKC pattern in the electricity sector in Indonesia. natural gas by 1% only increases L£@missions in the
electricity sector by 0.10%. Electricity production from oil is
the second largest contributor to £€missions in this sector.
Although electricity produced from oil is smaller than that
produced from natural gas, oil produces more €@issions

0,70

0,60

0.50 than natural gas.
& 00 Comparing EL-I and EL-1l models, which both use the
2 030 control variable of electricity production from fossil fuels, it

can be said that the technique effect on the electricity sector
has not shown a contribution to reducing ;Gfnissions in
Indonesia. This indicates that the efficiency that influenced
the EKC in Indonesia came from other energy sub-sector
outside the electricity sector. The rest, the composition effect
still does not seem to contribute to the formation of the EKC
pattern based on these two models. Short-run estimation
Fig. 11 Fossil fuel electricity production results in Table 5, and 6 shows the coefficients of lagged
error-correction terms (EGJ) in those three models have a
negative sign and statistically significant. Their absolute

0,20

0,10

0,00 L

O D P HL NP DPOEIA O DD O
PSSP ELLELS LTS
T TN DT RN DT DT AT AT AT AT D ®

W Coal Electricity ~ BOil Electricity Natural Gas Electricity

. value is quite high, indicating that there is a high speed of
adjustment to make it back into equilibrium aftershock.
2 o In the last step, the diagnostic test shows that there is no
: 10% serial correlation, non-normality, and heteroscedasticity. The
H 5% functional form test also shows there are no miss-
. 0% specifications in the model (Table 7). The stability parameter
5% test shows that ARDL parameters are stable over the period
-10% (Figure 13). It shows by the statistic value of CUSUM and

CUSUMQ (red line) for those models are within critical
bounds (green line) at 5% significant.

CO2El Int.

Fig. 12 The intensity of electricity G@missions

TABLE VII
DIAGNOSTIC TESTRESULTS
Diagnostic test Quadratic Model
FF EL-I EL-1I

Serial correlation 1.183 0.614 1.791

(P=0.277) (P=0.433) (P=0.181)
Functional form 3.2 0.38 1.40

(P=0.052) (P=0.771) (P=0.283)
Normality 0.456 0.057 4.073

(P=0.796) (P=0.972) (P=0.131)
Heteroscedasticity 31.00 31.00 31.00

(P=0.415) (P=0.415) (P=0.415)
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IV. CONCLUSIONS the energy mix; Indonesia's energy mix is still dominated by

Indonesia is one of the developing countries in the world fossil energy. , . .
with a high level of economic growth. This economic In the electricity sector itself, EKC does not exist. This is
growth is followed by increased consumption energy. On the because fossil fuels still dominate the energy source of this
other hand, Indonesia’s environmental degradation alsoS€Ctor- In addition, the intensity of G@missions in this

shows an increase along with the growth of the IndonesianSector is still increasing, which indicates that there are no
economy, one of which is an increase in,@Missions. The ~ €Nergy conservation efforts in this sector. Besides, this

economy of a country will indeed influence the quality of its Indicates that the technology used in electricity generation in
environment, and this is illustrated in the Environmental 'Ndonesia has not shown efficiency efforts. This study

Kuznets Curve pattern. This study was conducted to seePfoVe€s empirically that natural gas is "clean fossil energy."

whether the EKC has existed in the Indonesia energy sector] NiS is evidenced by natural gas consumption has a negative

It is important to know how Indonesia's economic growth e_ffe(_:t_ on CQ emissions. Unfortunately, the influence is no_t
and its fossil energy consumption affect the level of, CO significant due to the low consumption of natural gas in

emissions. The results of the study show that, generally,Indonesia. o .
EKC existed in Indonesia. The existence of EKC indicates  F"om this study, CO2 emissions in Indonesia can go down

an energy conservation effort, depicted by the decrease il WO Ways; the changes in the energy mix and increased
energy intensity followed by a decrease in the intensity of €N€r9y conservation efforts. From these two alternatives,
CO, emissions. However, the EKC existed in Indonesia is €N€"9Y conservation efforts have shown results. However,

still in the early stages. It is a consequence of no change ifliS alternative might be more effective if it is supported by
the utilization of an energy mix with low emission levels.

Amid the high discovery of natural gas reserves and its
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superiority as "clean fossil energy," natural gas can be anl2]
alternative in the energy mix in Indonesia. In the future,
natural gas consumption should be prioritized for domestic 3]
energy security. For this reason, the policy of reallocating
the use of natural gas needs to be applied. [4]

In the electricity sector itself, the use of natural gas should [5]
be a priority. The electricity sector is the highest contributor
to CO, emissions from the energy sector and will continue to [6]
increase in the future if coal is still the main energy source.
This increase in emissions cannot be denied becaus%]
electricity demand will continue to increase along with
economic growth in Indonesia. However, this can be
avoided by increasing natural gas consumption and reducing8l
coal consumption in this sector. More specifically, in (9]
addition to policies related to changing the energy mix in the
electricity sector, policies are also needed to encourage the
implementation of more efficient electricity generation [10]
technologies. These two things can be done simultaneousl)ﬁl]
by increasing the development of PLTGU, which has
advantages in the form of efficiency compared to other
plants.

In the future, this study can still be developed. As a
follow-up and to complement this study, a study of cost- [13]
effectiveness in any mitigation effort that utilizes natural gas
can be done. The study can be in the form of:

« Comparing cost-effectiveness from increasing the (14]
construction of gas-fired power plants to increase the
construction of coal-fired power plants.

« Comparing cost-effectiveness from the construction of
natural gas-fired power plants with power plants
equipped with carbon capture technology.

[12]

[15]
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