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Abstract: Climate-related economic growth has been a major topic to current 
economic development issues. This study tries to examine the causal relationship 
between economic growth, carbon emissions, and energy consumption in 
Indonesia using annual data from 1978 to 2022. The data is taken from the World 
Bank and BP-Statistical Review of World Energy. This study employs wavelet 
analysis to investigate the complex, time-dependent links among economic 
growth, carbon emissions, and energy consumption in Indonesia, offering insights 
into their dynamic interactions across several temporal scales. Granger causality is 
applied to help uncover temporal relationships and their strength, while wavelet 
coherence reveals frequency-specific associations across different time scales. 
This includes analysing cross wavelet power and cross wavelet transform. The 
study provides a set of research findings, economic growth in Indonesia is still 
supported by carbon emissions and fuel energy consumption. It shows that fossil 
fuels continue to dominate the economic growth engine. The consumption of coal 
and oil is still the leading cause of carbon emissions. This study suggests that the 
government should enforce consistent regulations, promote collaboration among 
institutions, and engage public awareness to renewable energy sources. Allocating 
resources to green investments and incentivizing private industry through 
financial instruments like carbon trading and green bonds. It can stimulate 
economic growth while preserving the environment. Moreover, emphasizing the 
long-term benefits will help establish a sustainable framework for the transition to 
net-zero emissions. 
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Introduction 
 
The rise of discussing sustainability issue has become a prominent aspect 
for regulators across country. Allen et al. (2018) reported that earth’s 
temperature has jumped up to 0.18 degree Celsius, compared to the 1880 
to 1981 period from only 0.08 degree Celsius. It indicates that the degree 
level of atmosphere was counted twice in a hundred year. A milestone 
initiated by United Nations Framework Convention on Climate Change 
commits to reduce GHG emission, aiming to limit global warming 
advancement in below 1.5 preferably to 2 degrees Celsius as compared to 
pre-industrial level. Consequently, it is expected to gradually be referred  
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by other nations to meet their policy responses, dealing with future challenges related to 
the issue of climate change (UNFCCC, 2019). 
 
The major cause of climate change is definitely triggered by rising greenhouse gas (GHGs) 
emissions in the atmosphere of the earth, which further drives to the resilience level on 
earth population through physical risks in the form of natural disasters and alterations of 
weather patterns. It also affects food and water supply as well as energy production 
(Gernaat et al., 2021). The United Nations has also pointed out the concept on the 
Seventeenth Goal of SDGs. Along with the global population continuing to grow, energy 
demands have risen leading to the crisis that has a detrimental impact on socio-economic 
aspects (Farghali et al., 2023). 
 
There are many literature finding that since today’s energy consumption is relying on 
fossil fuels, economic growth strongly correlates with growing in carbon emissions as 
mentions by  Apergis & Payne (2014); Alola & Kirikkaleli (2019); Sarkodie & Owusu (2017); 
Adebayo et al (2021). Oil, gas, and coal account for a major share of global energy demand 
(Gyamfi et al., 2022; Onifade & Alola, 2022). Consequently, rising in the global energy 
consumption comes at a cost to the environmental degradation since it stimulates to 
realizing greenhouse has (GHG) emissions (Allen et al., 2018; Gyamfi et al., 2022). 
However, some may argue economic growth has a negative correlation with the level of 
GHG emissions (Doğan & Değer, 2018). Also in certain case, technological innovation may 
not reduce GHG emissions since fossil energy consumption is being on the top share 
(Onifade & Alola, 2022). 
 
Current economic model to boost economic growth tends to be relying on industrial-
based economic activities. It tremendously drives to the increase of the global energy 
consumption. Also it is estimated carbon dioxide emissions can reach to 37 gigatons in 
2035 (Kiehbadroudinezhad et al., 2023). GHG emissions from utilizing energy production 
have hugely escalated among E7 economies countries over the last few decade. To 
illustrate, Indonesia has a huge account to the global economic share together with E7 
and G7 nations, but it contributes to fast growing GHG emissions upon energy 
consumption utilizations (Onifade & Alola, 2022). Even though Indonesia has started to 
issue bio-fuels to meet energy demands, it seems to be a challenge for the government 
due to transition phases (Kiehbadroudinezhad et al., 2023). Therefore, this work employs 
wavelet analysis to reveal the dynamic, multi-scale interactions among GDP, carbon 
emissions, and energy sources in Indonesia, offering insights into their temporal linkages. 
Energy economic theory promotes greening growth will enhance environmental quality 
to be better. The theory also emphasizes allocations of sources for clean energy transition 
to encourage technological innovation as well as job opportunity. Moreover, the theory 
also plays a very significant role in understanding energy transition (Majeed et al., 2023). 
To illustrate this, reducing consumption in non-renewable energy would help small 
agriculture landholders and SMEs to utilize deposits in clean energy (Majeed & Mazhar, 
2019). It is also supported by a study done by Frankel and Romer (1999) that consumption 
of conventional energy-incentive products increase due to the availability and easiest 
access to financial resources. On this occasion, it contributes to escalating GHG emissions, 
and leads to environmental degradation (Majeed et al., 2023). Energy-related CO2 
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emissions by sector have risen since 1990, experiencing a minor decline in 2020—
probably attributable to COVID-19 response measures—but increased in 2021 as the 
economy recovered. The power sector accounts for 43% of CO2 emissions, making it the 
predominant source, followed by the transport sector at 25% and the industry sector at 
23% (Climate Transparency, 2022). 
 
Since Indonesia aspires to securing energy consumption towards sustainable economic 
growth, clean energy transition is required to reduce carbon emissions by promoting 
energy efficiency initiatives and integrating renewable energy. Consequently, a study on 
this topic is a very crucial topic to explore. On this occasion, the purpose of this study is 
to examine characteristics of national economic structure of Indonesia as it projects long 
term economic growth. Following this, carbon emissions mirroring capacity of energy use 
is very interesting topic to discuss. In addition to this, since national economic target of 
Indonesia is projected to expand, it might drive to endless explorations on energy 
resources and their capacity to produce. It is also motivated by today’s share of energy 
production of Indonesia is still dominated by fossil fuels energy releasing carbon 
emissions. Thus, this study expects to bring new insights regarding energy use pattern of 
Indonesia ending to environmental degradation caused by carbon emissions’ growth. This 
study contributes to the existing literature on climate-related economic development to 
further explore whether selected variables boost economic progress in Indonesia. This 
may bring insightful findings to the current study. 
 
 

Research Method 
 
This study aims to investigate the causal relationship between Economic Growth, Carbon 
Emissions, and Energy Consumption in Indonesia using annual data from 1978 to 2022. 
This time span offers a historical perspective, covering key policy moves, energy 
transitions, and environmental commitments, all of which are essential for providing an 
understanding of long-term patterns. In addition to this, it makes it possible to do a 
thorough causality analysis, which provides insights into the ways in which various factors 
influence one another. This, in turn, helps to promote sustainable development strategies 
and informed policymaking.  
 
This study employs E-Views and R-Studio for data processing and analysis. The analysis 
will be examined using Granger Causality and Continuous Wavelet Transform (CWT) 
methods. Since CWT necessitates stationarity, each variable will be subjected to a unit 
root test (as shown in Table 3). Subsequently, the data undergoes a transformation where 
it is converted into a first log-difference denoted as  yit = xit– xit-1. To make clarity in this 
study, the data description and sources are provided in the given Table 1. 
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Table 1 Description of Variables 
Variable Description Source 

GDP (Gross 
Domestic Product) 

GDP growth (percentage) value of all goods and 
services produced over a specific time period 

World Bank 

CO2 (Carbon 
Emission From 
Energy) 

The carbon emissions are solely from oil, gas, and 
coal combustion. 

BP Statistical 
Review of World 
Energy 

OIL (Oil 
Consumption) 

Total oil consumption is taken from Inland 
demand, international aviation, marine bunkers, 
and refinery fuel and loss. 

BP Statistical 
Review of World 
Energy 

GAS (Natural Gas 
Consumption) 

Natural Gas consumption in Exajoules converted 
into million-tones 

BP Statistical 
Review of World 
Energy 

COAL (Coal 
Consumption) 

Coal consumption in Exajoules is converted into 
million-tonnes. Including bituminous coal, 
anthracite (hard coal), and lignite and brown 
(sub-bituminous) coal. 

BP Statistical 
Review of World 
Energy 

 
The Granger test is based on a typical bivariate dynamic structural framework, which can 
be described as follows, according to Thornton & Batten (1985): 
 

𝑦𝑡 + 𝛼𝑥𝑡 = 𝐿(𝛽)𝐻𝑦𝑡−1 + 𝐿(𝛿)𝐾𝑥𝑡−1 + 𝜀1𝑡 ....................................................... (1) 

𝑥𝑡 + 𝛿𝑦𝑡 = 𝐿(𝜆)𝑙𝑥𝑡−1 + 𝐿(𝜇)𝑁𝑦𝑡−1 + 𝜀2𝑡......................................................... (2) 
 
x and y are jointly determined endogenous variables in the maintained structure, with 

𝑖𝑖𝑑(0, 𝜎𝑖
2), 𝑖 = 1,2 being assumed to be 𝜀1  and 𝜀2 . In order to keep things simple, let 

𝐸(𝜀1𝑡𝜀2𝑡′) = 0 for all t and t’, and let 𝐿(. )𝐽  stands for the polynomial lag operator of 

order J, for instance, 𝐿(𝛽)𝐽𝑦𝑡−1 = 𝛽1𝑦𝑡−1𝛽2𝑦𝑡−2+. . . +𝛽𝑗𝑦𝑡−𝑗 . The reduced form of the 

model is: 
 

𝑦𝑡 = 𝐿(𝜋11)𝐺𝑦𝑡−1 + 𝐿(𝜋12)𝑃𝑥𝑡−1 + 𝜇1𝑡 ........................................................... (3) 

𝑥𝑡 = 𝐿(𝜋21)𝐺𝑦𝑡−1 + 𝐿(𝜋22)𝑃𝑥𝑡−1 + 𝜇2𝑡  ........................................................... (4) 
 
where πs are nonlinear functions of the structural parameters in (1&2), and G and P are 
the greater of H or N and K or l, respectively. Meanwhile, the usual formulas for the 
Granger version of the causality test are found in equation (3&4). 
 
The following theories are investigated in order to look into Granger causality between x 

and y: 𝐿(𝜋12)𝑃 = 0 and 𝐿(𝜋21)𝐺 = 0 and B. X and y are independent series if they are 
both incapable of being rejected. The rejection of both indicates "feedback" between x 
and y. Unidirectional causation from x to y exists if the former hypothesis is rejected but 
the latter is not; conversely, if the latter is rejected and the former is not, the opposite is 
true. 
 
Next, we follow the order of Sharif et al. (2020) to conduct Wavelet Transforms. The 
continuous wavelet transforms 𝑁𝑎 (p.q) displays the projection of a wavelet ψ(.) in 
contrast to the time sequence a (𝑡) ∈ 𝐾2(𝑅), 𝑖. 𝑒. 
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𝑁𝑎(𝑝, 𝑞) = ∫ 𝛼(𝑡)
1

√𝑞
𝜓

∞

−∞
(

𝑡−𝑝̅̅ ̅̅ ̅̅

𝑀
) dt .................................................................... (5) 

 
A crucial component of this of this method is its ability to decompose consequently and 
seamlessly reassemble a time series a (𝑡) ∈ 𝐾2(𝑅), 𝑖. 𝑒 

 

𝛼(𝑡) =
1

𝐶𝜓
∫ [∫ 𝑁𝛼(𝑝, 𝑞)𝜓𝑝,𝑞(𝑡)𝑑𝑢

∞

−∞
]

𝑑𝑞

𝑀2 , 𝑀 > 0
∞

0
 ............................................ (6) 

 
Additionally, this method maintains the observed time sequence's power. 
 

‖𝛼‖2 =
1

𝐶𝜓
∫ [∫ |𝑁𝛼(𝑝, 𝑞)|2𝑑𝑝

∞

−∞
]

𝑑𝑞

𝑀2

∞

0
 ................................................................ (7) 

 
The relationship between GDP, Carbon Emission, Oil Consumption, Natural Gas 
Consumption, and Coal Consumption can be studied across time scales using the 
commonly used method of wavelet coherence. This involves analysing cross wavelet 
power and cross wavelet transform (CWT), as defined by Torrence & Compo (1998), using 
two time sequences, a(t) and b(t). 
 
𝑁𝛼𝑏(𝑝. 𝑞) = 𝑁𝛼(𝑝. 𝑞)𝑁𝑏

∗(𝑝, 𝑞) ........................................................................................ (8) 
 
Continuous transforms of time sequences a(t) and b(t) are denoted as 𝑁𝛼(𝑝. 𝑞)  and 
𝑁𝑏

∗(𝑝, 𝑞) respectively, with p and q as location indices and measures, and (*) indicating 
the composite conjugate. Wavelet power  |𝑁𝛼(𝑝. 𝑞)  | is computed using cross wavelet 
transform. Cross-wavelet power spectra identify regions in the time-frequency domain 
where strong energy concentration is observed in the investigated time series. The 
wavelet coherence technique (WCT) detects precise zones in the time-frequency domain 
where significant and unexpected changes occur in the co-movement patterns of the 
observed time series. The coefficient of adjusted wavelet coherence is given by an 
equation proposed by (Torrence & Webster, 1998). 
 

𝑊2(𝑝. 𝑞)
|𝑀(𝑀−1𝑁𝛼𝑏(𝑝,𝑞))|

2

𝑀(𝑀−1|𝑁𝛼(𝑝,𝑞)|2)𝑀(𝑀−1|𝑁𝑏(𝑝,𝑞)|2)
 ........................................................................ (9) 

 
The smoothing mechanism is denoted by M. The squared wavelet coherence coefficient's 
range is displayed by 0 ≤ 𝑊2(𝑝, 𝑞) ≤ 1. A high correlation is indicated by proximity to 
unity, whereas the absence of correlation is indicated by proximity to zero. 
 
 

Result and Discussion 
 
This section presents the findings of our analysis using Granger causality and wavelet 
coherence. Granger causality helps uncover temporal relationships and their strength, 
while wavelet coherence reveals frequency-specific associations across different time 
scales. 
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Table 2 Summary of Statistics 
Indicator GDP 

(Percentage) 
CO2 

(Million 
Tones) 

OIL 
(Million 
Tones) 

GAS 
(Million 
Tones) 

COAL 
(Million 
Tones) 

Mean 5.047157 281.6168 47.18449 24.98539 22.69476 
Median 5.500952 264.0609 52.82891 28.37387 13.15907 
Maximum 10.00000 691.9668 73.58503 39.33513 104.5810 
Minimum -13.12673 53.73849 15.43200 5.043485 0.132974 
Std. Dev. 3.415772 170.7391 19.12198 11.43824 24.32902 
Skewness -3.575793 0.325104 -0.258921 -0.450039 1.194868 
Kurtosis 19.31203 2.000451 1.567608 1.754289 4.169940 
Jarque-Bera 594.8016 2.666003 4.349826 4.428628 13.27425 
Probability 0.000000 0.263685 0.113618 0.109228 0.001311 

Notes: Skewness: D’agostino (1970) test, Kurtosis: Anscombe & Glynn (1983) test, JB: Jarque & 
Bera (1980) normality test. 
 

Table 2 presents the descriptive statistics for economic and environmental indicators, 
specifically the percentage of GDP, the amount of CO2 in a million tons, the amount of OIL 
in a million tons, the amount of GAS in a million tons, and the amount of coal in a million 
tons.  
 
The mean GDP stands at 5.05%, with notable fluctuations ranging from a minimum of -
13.13% to a maximum of 10%. The average emission of CO2 is around 281.62 million tons, 
with a positively skewed distribution (skewness = 0.33) and a flatter distribution (kurtosis 
= 2.00). The range of OIL production fluctuates from 15.43 million tons to 73.59 million 
tons, exhibiting skewness and kurtosis that are substantially similar to a normal 
distribution. The distributions of GAS and COAL exhibit skewness and kurtosis, suggesting 
a somewhat skewed pattern.  
 
The Jarque-Bera value and its probability offer insights into the conformity of the data 
distribution to the normal distribution. A probability value below 0.05 (P-value < 0.05) 
suggests the data does not follow a normal distribution. (Jarque & Bera, 1980). Because 
the wavelet can only be run using stationer data, we conduct the Unit root test as seen in 
Table 3. 
 
Table 3 The Augmented Dickey-Fuller (ADF) and the Phillips-Perron (PP) Unit Root Test 

Variable Level First Difference 
ADF PP ADF PP 

GDP -4.8287*** -4.7892*** -7.2138*** -24.6220*** 
(Gross Domestic Product) 0.0003 0.0003 0.0000 0.0001 
CO2 2.4886 2.8105 -7.1808*** -2.7120* 
(Carbon Emission) 1.0000 1.0000 0.0000 0.0803 
OIL -1.3932 -1.3943 -5.7230*** -5.2100*** 
(Fuel Oil Consumptions) 0.5765 0.5765 0.0000 0.0001 
GAS -1.9512 -1.9326 -5.8986*** -5.9346*** 
(Natural Gas Consumptions) 0.3067 0.3148 0.0000 0.0000 
COAL 2.7592 3.9456 0.6115** -3.2127** 
(Coal Consumptions) 1.0000 1.0000 0.0481 0.0260 

Notes: (*) Significant at the 10%; (**) Significant at the 5%; (***) Significant at the 1%. Elliott et 
al. (1996) unit-root test, *MacKinnon (1996) one-sided p-values. 
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Table 3 shows the results of unit root testing using the Augmented Dickey-Fuller (ADF) 
and Phillips-Perron (PP) methods on the observed variables. The variable GDP indicates 
stationary at the level and at the first difference. CO2, OIL, GAS, and COAL show stationary 
(P-value < 0,05) after being transformed to the first difference. Thus, this implies that GDP 
is inherently stable over time, whereas the other variables require transformation to 
eliminate non-stationary components. The transformation to the first difference for CO2, 
OIL, GAS, and COAL makes them suitable for further analysis in econometric models, 
ensuring that any relationships explored will be reliable and not affected by non-
stationary data biases. 
 
Table 4 Wavelet-Based Granger Causality 

Frequency 
Domains 

Dependent 
Variables 

Independent Variaables 
GDP CO2 OIL GAS COAL 

D1 GDP - 3.79647** 4.22953** 0.23583 0.92059 
CO2 2.61171 - 2.06954 0.02491 1.97412 
OIL 0.84779 3.70691* - 0.17618 5.09330** 
GAS 0.75640 2.27361 3.08039* - 7.64792*** 

COAL 1.62936 0.16606 0.21144 0.09033 - 
D2 GDP - 1.36540 1.31736 0.15984 0.37360 

CO2 0.06467 - 1.76424 2.68728* 3.21392** 
OIL 0.19737 1.66167 - 1.08983 2.89745** 
GAS 0.36403 1.40336 1.58670 - 5.14445*** 

COAL 0.89993 14.0218*** 6.17364*** 10.7745*** - 
D3 GDP - 0.90103 1.57804 0.07727 0.29922 

CO2 0.03555 - 3.30558** 1.43629 5.61925*** 
OIL 0.30214 1.02124 - 1.37877 1.80922 
GAS 0.23379 1.10252 0.70015 - 3.33050** 

COAL 0.53429 8.04798*** 4.34356*** 3.97087** - 
D4 GDP - 0.89461 2.29902* 0.29092 0.30928 

CO2 0.06124 - 5.06093*** 1.66398 4.64281*** 
OIL 0.24968 0.53869 - 1.70233 1.23110 
GAS 0.25947 1.02833 1.15776 - 4.67323*** 

COAL 0.36587 6.11878*** 4.39452*** 3.43624** - 
D5 GDP - 0.58618 1.93001 0.23397 0.21862 

CO2 0.49618 - 3.92717*** 3.55477*** 3.74103*** 
OIL 0.23625 0.46554 - 1.28691 1.07149 
GAS 0.71966 0.75041 0.99785 - 3.18711** 

COAL 0.71897 4.80485*** 3.64987*** 6.58242*** - 

Notes: (*)Significant at the 10%; (**)Significant at the 5%; (***) Significant at the 1% 

 
D1= using lag 1 in the granger test 
D2= using lag 2 in the granger test 
D3= using lag 3 in the granger test 
D4= using lag 4 in the granger test 
D5= using lag 5 in the granger test 
 
Table 4 presents the results of wavelet-based Granger causality tests on various frequency 
domains (D1-D5) between economic and energy variables, providing comprehensive 
insight into cause-and-effect relationships in the system's dynamics. Lag 1 means (if it is 
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significant): variable A has a causal relationship one year later with variable 2. Lag 5 if the 
relationship of variables shows significant means: variable A has a causal relationship 5 
years later with variable B. This means that changes in A will have an impact on B five 
years later. However, in the granger causality test does not show positive or negative 
changes. they only show that there is a "causal relationship". 
 
The frequency domains are structured to represent different lags, with D1 corresponding 
to lag 1, D2 to lag 2, D3 to lag 3, and so forth, thereby allowing for the examination of 
causal interactions over different time intervals. In the D1 frequency domain, there are 
findings that economic growth measured by GDP growth is granger caused by CO2 
emissions and OIL. In addition, at frequency D1, Oil Consumption is caused by Coal 
Consumption at a significant level, indicating the dependence of Coal consumption on 
economic dynamics and other energy sources. This result is consistent with Vo et al. 
(2019), but in this study, more detail on certain frequency domains and energy 
consumption sources. 
 
However, in the D2 frequency domain, there is no evidence of Granger-causality of any 
variable to GDP, indicating a lack of causality of the energy variable on economic growth 
at this frequency level. On the other hand, at frequency D2, Granger-carbon dioxide (CO2) 
emissions are caused by natural gas consumption (GAS) and Coal Consumption (COAL). 
COAL is a granger caused by CO2, OIL, and GAS. This reflects the complexity of the 
interaction between carbon emission and energy consumption. 
 
Furthermore, results on frequencies D3, D4, and D5 showed interesting variations. In D3, 
Granger-induced CO2 consumption by OIL, GAS, and COAL reflects the complex causal 
relationship among these factors. At D4, Granger-induced GAS consumption is due to 
COAL, indicating the dependence of natural gas production on that energy source. At D5, 
Granger's CO2 is caused by OIL, GAS and COAL. Finally, Granger's COAL caused by CO2, OIL, 
and GAS in D2 until D4 provides an additional picture of the relationship between energy 
production and carbon dioxide emissions at lower frequency levels. 
 
Next, wavelet coherence analysis necessitates certain guidelines to ensure accurate 
assessments. The research presents Time on the horizontal axis and frequency on the 
vertical axis, with a greater scale indicating lower frequency. The wavelet coherence is 
used to identify the specific areas in time-frequency space where the two-time series 
exhibit a mutual relationship. Warm areas (red) indicate regions with a strong correlation, 
whereas cold (blue) indicates weaker correlation between the series. The cold regions 
outside the important sections exhibit time and frequencies completely independent of 
the series (Thaker & Mand, 2021). The arrow in the wavelet coherence plots indicates the 
temporal relationship (lead or lag) between the analyzed series. A zero phase difference 
indicates that the two-time series exhibit synchronous movement on a specific scale. 

Arrows to the rightward (→) indicate in-phase or to the leftward () indicate anti-phase. 
When the two series are in phase, it signifies that they are moving in the same direction, 
whereas anti-phase shows that they are moving in the other way. Arrows pointing 
diagonally to the right-down (↘) or to the left-up (↖)  indicate that the first variable is in 
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a leading position, while arrows pointing diagonally to the right-up (↗) or to the left-down 
(↙) indicate that the second variable is in a leading position (Rijanto, 2023). 
 

 
 

Figure 1 Wavelet Coherence Plots, Focusing on Economic Growth 
 

Figure 1 shows wavelet coherence plots that focus more on economic growth indicators. 
It can be seen that carbon emissions and energy consumption definitely influence 
economic growth in Indonesia at different scales and different periods. Carbon emissions 
(CO2) correlated closely with GDP at a low scale around the 1980s. After that, it is 
dominated by cold areas that have a low correlation. CO2 became a factor of economic 
growth after 2010, and this can be seen from the dominance of warm areas with arrows 
pointing at the right-down (↘). CO2 contributes to GDP through economic activity in 
household consumption, production process particularly for industry, and mobility fuel 
for transportation (Kusumawardhani et al., 2022; Lyazzat et al., 2023). Consumption of 
fossil energy that is not environmentally friendly is a trigger for increasing CO2, as has been 
proven in many studies such as research by Mustafa et al. (2016), Lu (2017), Tong et al. 
(2020) Yuliadi & Wardani (2023). Energy consumption also contributes to economic 
growth, especially the intensity increased after 2010. The most significant level of wavelet 
coherency shows OIL as the primary contributor, followed by COAL and GAS consumption. 
However, the ambition of the Indonesia government to achieve Net zero emissions in 
2060 must be executed carefully because it is proven that the additional improvement in 
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renewable energy has a higher cost and lower impact on economic growth compared to 
non-renewable energy (Syzdykova et al., 2021; Ye et al., 2023). 
 

 
 

Figure 2 Wavelet Coherence Plots, Focusing on Carbon Emission 
 
Figure 2 shows how fossil energy consumption significantly affects carbon emissions in 
Indonesia. It is indisputable that fossil energy consumption creates degradation and a 
devastating environmental impact (Purnama et al., 2020). An increase in CO2 usually 
represents this adverse impact. The most considerable contribution to the increase in CO2 
has been dominated by COAL consumption since 1978. This can be seen from the 
dominance of warm areas in wavelet coherency. The intensity of consumption has 
increased on all scales since 2000. This indicates that coal is the least environmentally 
friendly fuel, which significantly impacts the increase in CO2. OIL consumption is a 
contributor to the increase in carbon emissions after COAL. This occurs on varying scales 
and lasts throughout the observation period. This is reasonable because locomotives 
driving vehicles and industry are still dominated by fuel oil. In line with research by Farabi 
et al. (2019), GAS became a less contributor to CO2. It is characterized by the dominance 
of cold areas in the cone, but beyond that, it increased on a higher scale, especially after 
1990. 
 
Wavelet coherency between energy consumption variables is also interesting to discuss. 
The coherence of OIL and GAS consumption is aimed at different variations. OIL, the 
leading variable of COAL consumption, is aimed with a left-up (↖) arrow. Mining oil 
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consumption will also encourage gas consumption to increase. The extensive use of non-
renewable energy is the primary source of increasing air pollution (CO2) due to hazardous 
fossil fuel emissions. Considering the undeniable impact of energy on economic growth, 
it has become crucial to separate harmful greenhouse gas emissions from a country's 
development in order to achieve sustainable goals (Saudi et al., 2019). 
 

 
 

Figure 3 Wavelet Coherence Plots, Focusing on Energy Consumption 
 
Oil and gas consumption is influenced by coal consumption. This can be seen in the 
direction of the right-up (↗) arrow on OIL and left-down (↙) on GAS. These two energy 
sources have strong coherency on higher scales and have a long observation period (since 
1978). Cold areas (blue) continue to dominate at lower scales, especially inside the cone, 
indicating a low level of coherency. The government encourages the sifting from non-
renewable energy to renewable energy, which is one of the main goals of transformation. 
However, financing and technological factors are the main obstacles to slow progress 
(Lieu & Ngoc, 2023). 
 
The government must adhere to regulations consistently, foster cooperation across 
institutions, and prioritize ongoing public engagement (Priyagus, 2021). Moreover, the 
government should allocate its resources, both in terms of energy and financial 
institutions, towards green investments and exploiting environmentally friendly energy 
(Fitriyah, 2019). This can be done by encouraging private industry and providing financial 
instruments such as carbon trading and green bonds (Elfaki & Heriqbaldi, 2023; Taridala 
et al., 2023). This is undeniably beneficial for promoting investment and attaining 
enhanced economic growth through preserving a high-quality environment over an 
extended period. 
 
 

Conclusion 

 
This research concludes that economic growth in Indonesia is still supported by carbon 
emissions and fuel energy consumption. This result demonstrates that environmentally 
unfriendly fuels continue to dominate the economic growth engine. The consumption of 
coal and oil is still the leading cause of carbon emissions. This challenge must be analysed 
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when Indonesia has an emissions-free policy ambition by shifting fossil energy 
consumption to renewable energy. If not appropriately calculated, this transition process 
will harm Indonesia's ability to achieve its economic growth target. The primary step is to 
reduce CO2 by focusing on shifting coal consumption to other environmentally friendly 
energy sources. Furthermore, oil consumption needs to be reduced carefully. 
 
This study suggested that the government should enforce consistent regulations, promote 
collaboration among institutions, and engage the public. Allocating resources to green 
investments and incentivizing private industry through financial instruments like carbon 
trading and green bonds. It can trigger economic growth while preserving the 
environment. Emphasizing the long-term benefits will help establish a sustainable 
framework for the transition to net-zero emissions. This study contributes to, firstly, the 
wavelet model shows how economic growth, carbon emissions, and energy consumption 
change over time. This knowledge can help identify optimal intervention times. Secondly, 
the investigation can determine if economic expansion drives energy demand or energy 
use raises carbon emissions. This knowledge is essential for focused regulation. The study 
can help policymakers weigh economic development and environmental sustainability. It 
can help create green energy solutions that boost economic growth. Thirdly, the study 
may clarify how different Indonesian regions experience similar patterns, enabling 
tailored regional approaches to address local concerns. The study can fill gaps in the 
literature on these factors' interactions in Indonesia by using wavelet analysis, a novel 
methodological approach that future researchers can duplicate. 
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