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ABSTRACT

Nowdays, the issue of global warming is being widely discussed in all countries, both
developed and developing countries, because of its negative impact on the environment.
This study aims to develop an integrated analytical framework of causality between
energy consumption, carbon emissions, financial development, trade openness, and
economic growth in Indonesia, 1990-2021. This study provides research benefits in the
form of a set of empirical evidence to assist in developing a series of key strategies that
can improve environmental quality through sustainable development. With granger
causality analysis and vector autoregression model, this study provides results that high
economic growth and energy consumption can cause environmental degradation through
increased carbon gas emissions.

Keywords: Environmental Degradation, Financial Development, Trade Openness,
Economic Growth.

1. INTRODUCTION

Global warming has become a global issue, because it impacts sustainable development.
The problem of global warming began to be raised to the surface at the Earth Summit in
Rio de Janerio, Brazil in 1992. Before the Earth Summit was held, the issue of global
warming was not taken too seriously, and was considered a common occurrence in every
life or interaction between humans. However, with various studies and marked by various
signs and impacts, global warming is getting more attention internationally. The Earth
Summit held in Kyoto, Japan in 1997, increasingly solidified the world that global warming
is the main enemy of humanity inhabiting the earth, so efforts are needed to overcome it
comprehensively, integrated and sustainably. Likewise at the G20 Summit held in Rome,
Italy in 2021, the leaders of the G20 member countries agreed to reduce global warming
to 1.5 degrees Celsius.The correlation between renewable energy and CO2 emissions in
BRICS nations (excluding Russia) from 1999 to 2014 was examined in a research study,
it was determined that there exists a comprehensive three-way association involving
energy, emissions, and affairs. Renewable energy positively influences real affairs, and
vice versa, as indicated by the empirical results attained. Moreover, Brazil exhibits a
similar three-way relationship with the other BRICS countries when compared to other
nations (Liu et al., 2020).

Energy use drives economic rise (Essen, et al., 2017; Kablamaci, 2017; Dogan &Degger,
2018). However, energy use and carbon emissions have increased along with rapid
economic as an important source of global warming and environmental degradation
(Ayeche et al. 2016; Sacraments & Sghaier,2018; Ozcan et al, 2020; Baydoun& Aga
(2021).Environmental quality is declining where humans depend on the environment to
fulfill basic needs by consuming natural resources (Tariq et al., 2016). Likewise, the
financial sector indirectly affects the environment through its role in channeling loanable
funds for productive projects (Shahbaz et al., 2020). The financial sector is a driver of
economic development, The impact of the financial sector’'s development on the
environment, such as environmental degradation (Nosheen et al., 2019).



Fossil fuels like coal, petroleum, and natural gas are being increasingly utilized to meet
the growing energy demands driven by sustainable economic growth, industrialization,
and urbanization. Nonetheless, this usage is also contributing to the release of
greenhouse gases, leading to environmental pollution and adverse impacts on human
health (Szymczyk et al., 2021). Many scholarly articles analyze the impact of non-
renewable and renewable energy, capital formation, and economic growth on CO2
emissions in developing countries involved in the China Economic Silk Road (SREB)
initiative. The findings indicate that increased use of renewable energy and greater
capital formation can significantly reduce both long-term and short-term CO2 emissions in
SREB nations (Yang et al., 2021). In a different study, it was discovered that the
connection between per capita income, CO2 emissions, and financial development from
1976 to 2015 had an energy impact. The study found that per capita income's influence
on carbon emissions is not significant in the short term but becomes positively significant
in the long term. Conversely, the relationship between energy and financial development
showed a negative coefficient but was not statistically significant. This implies that at
lower income levels, energy consumption contributes to environmental pollution, while at
higher income levels, its negative impact on carbon emissions weakens in certain regions
(Sharma et al., 2021).

Evidence from many studies is that increases in carbon emissions are associated with
increases in economic activity. This research fills the gap by involving energy
consumption, as in (Jamel et al., 2016; Sekrafi, et al., 2018; Rauf et al., 2018). Mardani et
al. (2019) establishes a reciprocal relationship between economic growth and carbon
emissions. Emission reduction activities also have an impact on reducing economic
growth. This research enriches literature studies on carbon emissions and environmental
management by examining the relationship between energy consumption, carbon
emissions, financial development, trade openness and economic growth in Indonesia,
1990-2021. Many developed countries have implemented various institutional changes to
shift their economies to environmentally friendly energy sources while encouraging
sustainable economic growth (Nair et al., 2021).

This study aims to create a framework for examining the combined influence of energy
usage, carbon emissions,progress in the financial sector, trade liberalization, and
economic expansion in Indonesia using causality analysis. The goal of this research is to
offer empirical evidence that can aid in the formulation of key strategies to enhance
environmental quality:through: sustainable development. Furthermore, this study delves
into the relationship:between energy consumption trends, carbon emissions, financial
sector advancement, trade openness, and economic growth. Such findings can assist
policymakers in creating lasting strategies. Moreover, this study provides a thorough
framework for policies aimed at maximizing the advantages of economic progress while
ensuring environmental sustainability.

2. METHODOLOGY

This examine used Vector Autoregressive (VAR) which is a variation or mixture of
multivariatse regression in time series analysis (Gujarati, 2012). The principle difference
among multivariate regression and multivariate time collection is advanced trying out
within or between variables. In principle VAR analysis can be compared to simultaneous
equation fashions, because it appears at several endogenous (related/structured)
variables in one model. Every variable isn’'t best defined via it's past value, however is
also motivated by way of the past of all other endogenous variables in the version
underneath consideration. Further, VAR analyses normally do now not consist of
exogenous (independent) variables in the model. The general VAR model with lag 1 is as
follows (Gujarati &; Porter, 2009):

Yi=ay + Zﬁu‘ Vi + Zl’u‘ X1+ &



Xe=ay+ Zﬁu‘ Yo+ Zyu‘ Xt &

Variables Y and X reflect all variables in this study: carbon emissions (emission)is the
amount of carbon emissions (thousands of tons); energy consumption (kons)is
percentage of renewable energy intake (%); economic growth (pe) is real GDP increase
(%); financial sector (keu) is broad money (M2) to GDP ratio (%); and trade openness
(xm)is exports plus imports to GDP ratio (%).

3. RESULTS AND DISCUSSION

3.1. Unit root test

The data stationarity test is used to find out whether the data used is ‘static or not.
Stationary data shows that the data moves around the mean all the time; Analyzing time
series data requires robust data. If the data is not stationary at zero. or level, then it is
necessary to test the level of integration to find out the extent of stationary data. The
stationary test in Table 1 shows that all analysis data are stationary level se there is no
need for integration level tests.

Table 1. Unit root test, 1(0)

Variable Prob 1(0) Conclusion
EMISSION 0.0076* stationary
KONS 0.0762** stationary
PE 0.0209* stationary
KEU 0.0999** stationary
XM 0.0228* stationary

Note: * a =5%, ** a = 10%

3.2. Granger Causality Analysis

The study included the creation of.three distinct causality models. The initial model delves
into the relationship between carbon.emissions, energy usage, and economic expansion.
The second model explores the causal links among carbon emissions, energy
consumption, and the financial industry, while the third model focuses on the correlation
between carbon, emissions, energy usage, and global trade. Analysis of the first model
indicates a <unidirectional .causality between energy consumption and carbon
emissions(Table 2). Specifically, an increase in energy consumption leads to higher
carbon emissions, but not the other way around.

Table 2. Granger Causality: Model 1

Null"Hypothesis F-Statistics Prob.
KONS is not Granger to Cause EMISSIONS 3.92733 0.0487*
EMISSIONS are not Granger Cause KONS 0.43018 0.6600
PE is not Granger to Cause EMISSIONS 4.61030 0.0307*
EMISSIONS are not Granger Cause PE 0.17796 0.8390
PE is not Granger Causes CONS 1.77692 0.2079
KONS no Granger Causes PE 0.93591 0.4171

Note: * significant at a=5%

The relationship between economic growth and carbon emissions is such that economic
growth leads to increased carbon gas emissions, but the opposite does not occur.
Adebayo et al. (2021) found that there is a positive correlation between economic growth
and carbon emissions in Thailand. In South Asia, we see similar outcomes where
economic growth initially leads to increased carbon emissions, and over time, higher
carbon emissions result in further economic growth (Rahman et al., 2020). Shahbaz et al.



(2021) analyzed Indian data using the NARDL model and discovered that over the long
term, the rise in India's GDP per capita is correlated with an increase in carbon emission
levels.

The relationship between economic growth and energy consumption is not causal(Table
2). Economic growth has no impact on raising energy consumption, and similarly, higher
energy consumption cannot prompt an increase in economic growth. Consequently, the
combination of increased energy consumption and economic growth will result in
heightened environmental pollution due to the greenhouse gas effect. So it needs to be a
serious concern so that economic growth does not only pursue output growth, but must
also pay attention to the problem of environmental degradation. Increasing income will
not be meaningful if in the end it is only to finance a decline in the quality of life due to
deteriorating health. An unhealthy workforce will certainly have an impact on productivity
and ultimately reduce economic growth.

Table 3. Granger Causality: Model 2

Null Hypothesis F-Statistics Prob.
KONS is not Granger to Cause EMISSIONS 3.92733 0.0487*
EMISSIONS are not Granger Cause KONS 0.43018 0.6600
KEU does not Granger Cause EMISSIONS 0.88524 0.4361
EMISSIONS are not Granger Causes KEU 1:40457 0.3605
KEU no Granger Causes KONS 0.24755 0.7843
KONS no Granger Causes KEU 0.90376 0.4290

Note: * significant at a=5%

In Model 2, the data indicates that energy consumption unilaterally leads to an increase in
carbon emissions (Table 3). Higher energy consumption results in elevated carbon
emissions, while the reverse does not hold true. There is no established causal
connection between the financial development and carbon emissions, or between the
financial development and carbon gas emissions. Similarly, Model 3 does not
demonstrate any causality between international trade and carbon emissions, or between
trade openness and carbon gas emissions (Table 4). This implies that the expansion of
Indonesia's financial development and tradeopennes is environmentally sustainable,
thereby helping to alleviate the adverse effects of carbon emissions on the environment.

Table 4:.Granger Causality: Model 3

Null:Hypothesis F-Statistics Prob.
KONS is not Granger to Cause EMISSIONS 3.92733 0.0487*
EMISSIONS are not Granger Cause KONS 0.43018 0.6600
XM.does not Granger Cause EMISSIONS 2.67534 0.1225
EMISSIONS no Granger Cause XM 0.69567 0.5237
XM no Granger Causes KONS 0.56375 0.5879
KONS no Granger Causes XM 1.05140 0.3887

Note: * significant at a=5%

Climate change in supporting sustainable development is an interesting global issue,
especially related to planning, management, and utilization of renewable energy
resources and consumption (Steffen, 2018). Several research papers have found that
higher energy consumption leads to faster economic growth, but it also serves as the
primary driver of environmental degradation (Boluk& Mert, 2014; Lanouar, 2017; Mohsin
et al., 2019).

4. CONCLUSION

The correlation between energy consumption and economic growth has been
demonstrated in various studies, and the findings are crucial for developing policies and
strategies aligned with economic growth patterns in addressing energy consumption.
Increased energy consumption and economic growth will cause increased environmental



pollution through the greenhouse gas effect. Environmental degradation can occur along
with high economic growth.

Environmentally friendly economic policies are a prerequisite for sustainable economic
growth. Ways to address and overcome the problem of global warming can be through
conserving the environment involves planting trees and restoring land with severe
conditions. Plants survive through photosynthesis, a process that allows them to produce
oxygen. Increasing the oxygen production by plants will result in a reduction of carbon
gases in the atmosphere. Then using alternative energy,it has the potential to decrease
our reliance on fossil fuels such as petroleum and coal. The combustion of fossil fuels
leads to significant carbon gas emissions. Bio-energy, wind energy, geothermal energy,
solar energy, and other forms of alternative energy can serve as replacements for non-
renewable energy sources. It is also important for recycling and energy efficiency. Human
activities often produce carbon-containing gases, for example the use of kerosene
stoves. The air is filled with smoke containing carbon gas when using kerosene stoves.
Hence, it is advisable to substitute kerosene stoves with biogas, which can serve as a
heat energy source derived from repurposed organic waste. Finally,education about
environmental issues in the public sphere is crucial. The global community must be
informed and knowledgeable about environmental issues in order to collaborate
effectively in addressing these challenges. It is essential to comprehend human thought
processes and behaviors that affect the environment. This understanding will help raise
awareness within society and cultivate an appreciation for the environment. In addition,
society needs to enforce laws regarding environmental protection and preservation.

Disclaimer (Artificial intelligence)

Author(s) hereby declare that NO generative Al technologies such as Large Language
Models (ChatGPT, COPILOT, etc) and text:to-image generators have been used during
writing or editing of manuscripts.

REFERENCE

1. Adebayo, T.;/Akinsola, G.; Odugbesan, J.; Olanrewaju, V. (2021). Determinants
of Environmental Degradation in Thailand: Empirical Evidence from the ARDL
and Wavelet Coherence Approaches. Pollution, 7, 181-196.

2. Ali, HS.; Yusop, ZB:; Hooks, LS. (2015). Financial development and energy
consumption nexus in Nigeria: application of ARDL bound testing approach.
Joutnal International Energy Economics and Policy 5(3):816—-821.

3.e. Ayeche, ‘M.B:; Barhoumi, M.; Hammas, MA (2016). Causal links between
economic'growth, financial development, trade openness and CO2 emissions in
European countries. American Journal of Environmental Engineering 6(4):110—
122.

4. Baydoun, H.; Aga, M. (2021). Effects of Energy Consumption and Economic
Growth on Environmental Sustainability in GCC Countries: Is Financial
Development Important? Energy, 14, 5897.

5. Boluk, G; Mert, M. (2014). Fossil consumption & renewable energy, GHGs
(greenhouse gases) and economic growth: evidence from a panel of EU
countries. Energy 74:439-446.

6. Coban, S; Topcu, M. (2013). The relationship between financial development and
energy consumption in the EU: dynamic panel data analysis. Energy Economics
39:81-88.

7. Dogan, B.; Deger, O. (2018). Energy consumption and economic growth in E7
countries: Cointegration in panel data with structural pauses. Romanian Journal
of Economic Forecasting, 21, 63—75.



10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

2L

22.

23.

24.

25.

Esen, O.; Bayrak, M. (2017). Does more energy consumption support economic
growth in clean energy importing countries? Journal of Financial Economics and
Administrative Sciences, 22, 75-98.

Gujarati, Damodar N. (2012). Econometrics by Example, Palgrave Macmillan,
New York.

Gujarati, Damodar N; Porter, Dawn C. (2009). Basic Econometrics, 5th Edition,
McGraw-Hill, Singapore.

Jalil, A; Feridun, M. (2011). The impact of growth, energy, and financial
development on the environment in China: a cointegration analysis. Energy
Economics 33:284-291.

Jamel, L.; Abdelkader, D. (2016). Does energy consumption and economic
growth cause environmental degradation? Evidence from Asian economies.
Cogent Financial Economics, 4, 1170653.

Kablamaci, B. (2017). Re-examination of causal relationships between economic
growth and energy consumption: Evidence from 91 countries. Economic Bulletin,
37, 790-805.

Lanouar, C. (2017). The impact of energy consumption. and :economic
development on Ecological Footprint and emissions (CO2): evidence from the
Markov switching equilibrium correction model. Energy Econemics 65.

Li, F.; We, Y-C; Wang, M-C; Wong, W-K; Xing, Z. (2021). Empirical studies on
CO2 emissions, financial development and economic growth:of BRICS countries.
Energy, 14, 7341.

Liu, J.L.; Ma, C.Q.; Ren, Y.S.; Zhao, X.W..(2020). Does real output and
consumption of renewables affect CO2 emissions? Evidence for selected BRICS
countries. Energy, 13, 960.

Mardani, A.; Streimikiene, D.; Cavallaro, F.; Loganathan, N.; Khoshnoudi, M.
(2019). Carbon dioxide (CO2) emissions and ‘economic growth: A systematic
review of two decades of researchfrom, 1995 to 2017. Total Environmental
Science, 649, 31-49.

Mohsin, M.; Abbas, Q.; Zhang, J.; lkram,>M.; Igbal, N. (2019). The integrated
effect of energy consumption, economic development, and population growth on
CO2-based environmental . degradation: the case of the transport sector.
Environmental Science and Pollution Research 26:32824—-32835.

Nair, M.; Arvin,-M.B.; Pradhan, R.P.; Bahmani, S. (2021). Is higher economic
growth possible through better institutional quality and a lower carbon footprint?
Evidence from Developing Countries. Renewables, 167, 132—-145.

Nosheen, Mg Igbal,. J.; Hasan, SA. (2019). Economic growth, financial
development; and trade nexus CO2 emissions for Southeast Asia. Environmental
and Pollution Science Research, 26:36274-36286.
https://doiiorg/10.1007/s11356-019-06624-7.

Ozcan, B.; Tzeremes, P.G.; Tzeremes, N.G. (2020). Energy consumption,
economici growth and environmental degradation in OECD countries. Economic
Models;.84, 203-213.

Ozturk, me; Acaravci, A. (2013). Long-term and causal analysis of energy,
growth, openness and financial development on carbon emissions in Turkey.
Energy Economics 36(C):262—-267.

Rahman, M.M.; Saidi, K.; Mbarek, M.B. (2020). Economic growth in South Asia:
The role of CO2 emissions, population density and trade openness. Heliyon, 6,
€03903.

Rauf, A.; Zhang, J.; Li, J.; Amen, W. (2018). Structural changes, energy
consumption and carbon emissions in China: Empirical evidence from ARDL-
bound test models. Structure. Chang. Review of Economic Dynamics. 47, 194—
206.

Sacraments, H.; Sghaier, A. (2018). Examining the Relationship Between
Corruption, Economic Growth, Environmental Degradation, and Energy
Consumption: Panel Analysis in the MENA Region. Journal of Knowledge
Economics 9, 963-979.



35

36

26.

27.

28.

29.

30.

3L

32.

33.

34.

Shahbaz, M.; Nasir, M.A.; Hille, E.; Mahalik, M.K. (2020). UK net zero carbon
emissions targets: Investigating the potential role of economic growth, financial
development and R&D spending based on historical data (1870-2017).
Technology Forecasting and Social Change, 161, 120255.

Shahbaz, M.; Sharma, R.; Sinha, A.; Jiao, Z. (2021). Analysing the nonlinear
impact of economic growth drivers on CO2 emissions: Designing an SDG
framework for India. Energy Policy, 148, 111965.

Sharma, R., Shahbaz, M., Kautish, P., & Vo, X. V. (2021). Does energy
consumption reinforce environmental pollution? Evidence from emerging Asian
economies. Journal of Environmental Management, 297(July), 113272.
https://doi.org/10.1016/j.jenvman.2021.113272

Steffen, B. (2018). The importance of project financing for renewable energy
projects. Energy Economics 69:280—294.

Szymczyk, K.; Sahin, D.; Bagci, H.; Kaygin, C.Y. (2021). Effects of Energy Use,
Economic Growth and Financial Development on CO2 Emissions. Management:
An Analysis of OECD Countries with High Environmental Performance:Indices.
Energy, 14, 4671.

Tamazian, A; Rao, B. (2010). Are economic, financial -and-institutional
developments important for environmental degradation? Evidence of a
transitional economy. Energy Economics 32(1):137-145.

Tang, CF; Tan, BW. (2014). The relationship:between energy consumption,
economic growth, relative prices, foreign “direct investment and financial
development in Malaysia. Quality and Quantity 48:781—797.

Tarig, B; Ab Rahim, R. (2016). Environmental impact of intra-industry trade in the
SAARC region. International Journal of Business‘and Society 17(1):113-130
Yang, Z.; Abbas, Q.; Hanif, I.; Alharthi, M.; Taghizadeh-Hesary, F.; Aziz, B.;
Mohsin, M. (2020). Short- and long-term effects of energy utilization and
economic growth on carbon release in'developing SREB countries. Renewables,
165, 43-51.

Saidi S, Hammami S. Modeling the causal linkages between transport, economic

growth and environmental degradation for 75 countries. Transportation Research
Part D: Transport,and Environment. 2017 Jun 1;53:415-27.

Alvarado R, Toledo E. Environmental degradation and economic growth: evidence

for a.developing country. Environment, Development and Sustainability. 2017
Aug;19:1205-18.



