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Abstract
Over the past three decades, Indonesia’s economic growth has been quite fluctuating, with two major crises causing deep
recessions and severe economic contractions. This study aimed to examine the effects of carbon emissions and monetary
policy instruments on Indonesia’s economic growth, proxied by Gross National Income (GNI) growth data. The carbon
emission variable consisted of emissions from waste, emissions from transportation, and electricity generation from
renewable energy, while the monetary policy variable comprised two independent variables, namely lending interest rates
and portfolio investments. This study used secondary time-series data obtained from the World Bank and Statistics
Indonesia (BPS), covering the period from 1994 to 2023. The analysis method was the Error Correction Model (ECM).
The results of the long-run study found that carbon emissions from waste and lending interest rates had a negative
and significant influence on economic growth, while carbon emissions from transportation, electricity generation from
renewable energy, and portfolio investments had no effect on economic growth. If the government aims to promote
economic growth, carbon emissions from waste and lending interest rates should be reduced. Reduced carbon emissions
from waste will reduce pollution, thereby improving the quality of health and human resources, increasing productivity, and
ultimately fostering economic growth. In the short run, the results of the study indicated that portfolio investments had
a positive and significant effect on economic growth, while lending interest rates had a negative and significant effect on
economic growth. On the other hand, carbon emissions from waste, carbon emissions from transportation and electricity
generation from renewable energy did not have an effect on economic growth. An increase in carbon emissions from
transportation may reflect that people in developing countries such as Indonesia use vehicles for productive activities,
thereby fostering economic growth. Similarly, higher portfolio investments increase access to capital, which will increase
profits, thereby fostering economic growth. On the other hand, lower lending interest rates in the short run encourage
borrowing for both consumption and production, thereby fostering economic growth.
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A. INTRODUCTION
Economic growth reflects the continuous improvement
in the economic performance of a country. It is an
increase in a country’s ability to produce goods and
services over a certain period of time. Over the past
three decades, Indonesia’s economic growth has been
quite fluctuating, with two major crises causing deep
recessions and severe contractions.

As shown in Figure 1, Indonesia’s economic growth
contracted by 13.13% in 1998 during the monetary cri-

sis and by 1.72% in 2020 due to the pandemic. Over-
all, Indonesia has experienced four economic phases
during 1994–2023: the pre-crisis and monetary cri-
sis phase (1994–1999), the recovery and commodity
phase (2000–2014), the stable growth and COVID-19
pandemic phase (2015–2020), and the post-pandemic
phase (2021–2023).

During 1994–1996, Indonesia’s economy grew
rapidly, exceeding 7% annually, supported by strong
foreign investments and exports. However, in 1998,
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Figure 1. Indonesia’s Economic Growth Chart in
1994–2023

Source: BPS, 2024.

the economy severely contracted by 13.13% due to the
collapse of the rupiah during the monetary crisis. This
was the deepest contraction in Indonesia’s modern eco-
nomic history.

In the 2000s, the economic growth returned to sta-
bility at around 4% to 6% annually. Under the ad-
ministration of President Susilo Bambang Yudhoyono,
the economic growth reached 6.35% in 2007. When the
global financial crisis hit in 2008–2009, Indonesia still
experienced a positive growth of above 4.5% because
of strong domestic consumption.

From 2015 to 2019, Indonesia’s economic growth re-
mained relatively stable at around 5% annually. Un-
fortunately, mobility restrictions due to the pandemic
pushed Indonesia into a second recession, with growth
contracting by 1.72% due to the spread of COVID-
19 and the implementation of the large-scale mobility
restriction policy, which disrupted economic activities
across sectors.

As an economic recovery effort, the Indonesian gov-
ernment introduced a number of economic policies,
which resulted in economic growth in the second quar-
ter of 2021, reaching 7.08%. However, growth declined
in the third quarter of 2021 to 3.53% due to geopo-
litical tensions, inflation risks, and climate change. In
fact, Indonesia’s economic growth continued to expe-
rience a slowdown. Even by the fourth quarter of
2023, the economic growth rate was 5.04%, but it was
still considered insufficient to reflect good performance.
According to the Director of the Center of Economic
and Law Studies (CELIOS), Bhima Yudhistira, house-
hold consumption has not made a maximum contribu-
tion to GDP even though the government has revoked
the Enforcement of Community Activity Restrictions
(PPKM). This indicates several obstacles to household
spending, including high inflation in the first quarter
of 2023, an increase in lending interest rates, and un-
certainty in the global economy (Madrim, 2023).

Many factors have contributed to Indonesia’s fluc-
tuating economic growth performance over the past
three decades, including government policies, partic-
ularly economic and environmental policies. Economic
policies are divided into two, namely fiscal and mone-
tary policy. Fiscal policy is a government policy related
to state revenues and expenditures as outlined in the

State Budget (APBN). One of its purposes is to control
economic conditions to help achieve certain goals, such
as fostering economic growth.

On the other hand, monetary policy is a policy car-
ried out by the Central Bank to regulate the money
supply and interest rates. Effective regulation of money
supply is crucial because excessive liquidity can signifi-
cantly increase purchasing power. Unless it is accompa-
nied by sufficient productive capacity (supply), goods
will become scarce, thereby triggering inflation. Rising
inflation then reduces people’s purchasing power and
slows economic growth. Therefore, monetary policy is
crucial to maintain a balance between the money sup-
ply, demand, and availability of goods or services so
the economy remains healthy and stable.

There are two types of monetary policy: expansion-
ary monetary policy (easy money policy) and contrac-
tionary monetary policy (tight money policy). Expan-
sionary monetary policy aims to increase the money
supply in the economy. Its main objectives are to fos-
ter economic growth, stimulate business activities, and
reduce unemployment by lowering interest rates and
buying securities such as bonds. However, this pol-
icy may also increase inflation, so this policy is imple-
mented when the economy is sluggish, such as during
a recession, to stimulate economic activities. On the
other hand, contractionary monetary policy aims to
reduce the money supply to control inflation by rais-
ing interest rates and selling securities (Lianovanda,
2025). When the money supply is limited, the demand
for goods and services declines, thereby stabilizing the
prices of goods or services and preventing inflation.

In Indonesia, monetary policy has undergone a struc-
tural transformation in response to various crises over
the past three decades. There are three phases of mon-
etary policy evolution in Indonesia: the crisis response
and inflation targeting phase (1990s–2000s), the pol-
icy mix and sustainable finance phase (2010s), and the
green macroprudential and modern monetary policy
phase (2020s).

Following the 1997 crisis, Bank Indonesia focused en-
tirely on restoring rupiah exchange rate stability and
controlling inflation through the implementation of the
Inflation Targeting Framework (ITF). Monetary policy
purely used conventional instruments, including the BI
rate, open market operation, and minimum reserve re-
quirements. However, environmental issues had not yet
been integrated into the central bank’s policy frame-
work.

In 2010, Bank Indonesia recognized that climate
change could pose systemic risks to financial stability
through physical risks (such as disasters) and transition
risks. Bank Indonesia started aligning its policies with
those of the Financial Services Authority (OJK), which
introduced phase I of its Sustainable Finance Roadmap
in 2014 to encourage banks to channel environmentally
friendly financing (green banking).

In 2020, Bank Indonesia introduced a green policy
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Figure 2. Carbon Emissions (Metric Tons Per Capita)
Source: My Data Jungle, 2023.

mix which focused on three main pillars: strengthening
green macroprudential policies, deepening green finan-
cial markets, and developing green MSMEs. The con-
crete instruments implemented included loan-to-value
(LTV/FTV) relaxation, macroprudential liquidity pol-
icy, financial market deepening, and real-sector sup-
port initiatives. Under the LTV/FTV relaxation mech-
anism, down payments were eliminated of up to 0%
for electric vehicle and green property loans to acceler-
ate the transition to low-emission transportation and
housing. Macroprudential liquidity policy is a bank-
ing liquidity incentive that channels credit to the green
downstream sector and green MSMEs. Financial mar-
ket deepening provides assistance for the issuance of
Green Bonds and Green Sukuk as alternative low-cost
financing instruments for green infrastructure projects.
The real-sector support initiative includes the launch
of a green calculator application to help corporations
and MSMEs measure their carbon footprints.

The next factor is carbon emissions, which serve as
a proxy indicator of environmental conditions because
they are one of the largest contributors to air pollution
and are dangerous if left unaddressed. Carbon emis-
sions refer to the release of carbon dioxide or exhaust
gases into the atmosphere, which contribute to climate
change due to fossil fuel combustion and global warm-
ing (Farah, 2024). There are several types of carbon
emissions. One type is carbon emissions from waste in
the form of greenhouse gases that are released into the
atmosphere through waste management and disposal
activities. The next type is carbon emissions from
transportation, which are generated by fossil fuel com-
bustion in vehicles such as cars, motorcycles, planes,
and ships, contributing to climate change and air pol-
lution. These emissions include CO2, NOx, and fine
particles that negatively impact health and the envi-
ronment.

Since the 1990s, carbon emissions in Indonesia have
generally shown an increasing trend due to economic
growth and an increase in fossil fuel consumption.

The evolution of Indonesia’s carbon emissions can
be divided into three main phases: the 1990s (early
industrialization), the 2000s–2010s (commodity boom
and deforestation), and the 2020s (energy transition).
At the beginning of industrialization, fossil fuel con-
sumption began to increase steadily from around 1,000
TWh, along with the rapid growth of the manufactur-

ing sector before the 1997 crisis. During this phase,
emissions were dominated by land-use change and the
growing dependence on coal.

Emissions have increased significantly due to defor-
estation and periodic forest fires. In 2019, emissions
from the fossil fuel sector alone reached 581 MtCO2.
According to EDGAR data, Indonesia ranks seventh
among the world’s largest greenhouse gas emitters,
with total emissions of around 1.24 gigatons of CO2e.
Currently, the energy and transportation sectors domi-
nate emissions, with a proportion of 50.6% of the total
emissions (Madyan, 2024).

Indonesia, as a developing country, has realized the
impact of carbon emissions on the environment, so
this country has promoted electricity generation from
renewable energy sources such as solar, wind, hy-
dropower, and bioenergy. Solar power plants (PLTS)
convert solar energy into electricity using solar pan-
els installed on the roofs of buildings and open land.
Wind power plants (PLTB) use wind power to drive
turbines and generate electricity. Meanwhile, hydro-
electric power plants (PLTA) utilize the potential en-
ergy of falling water to drive turbines and generate elec-
tricity. These hydropower plants are generally built
near rivers or dams. Meanwhile, biomass power gen-
eration uses organic waste, especially agricultural and
plantation waste, to produce electricity.

According to the Environmental Kuznets Curve
(EKC) theory, carbon emissions are associated with
economic growth and environmental quality globally
(Rizki & Anggaeni, 2022). Panayotou (1993) and Chir-
ilus and Costea (2023) state that the rate of envi-
ronmental degradation according to the Environmen-
tal Kuznets Curve (EKC) will increase as income in-
creases. Dellink et al. (2017) in their research stated
that, without additional mitigation policies, climate
change is projected to reduce global GDP by 1–3.3%
by 2060. This is due to declining agricultural produc-
tivity, rising sea levels, heat stress which affects work-
force productivity, increasing health-related costs, and
changes in energy and tourism demand. Among other
sectors, the agricultural sector experienced the greatest
loss with a decline in global added value of up to 9%
by 2060, followed by the tourism sector. The largest
economic losses are associated with a decline in capital
and labor productivity due to heat stress.

Based on the problems described above, this study
addresses the following research questions:

1. How do carbon emissions from waste affect eco-
nomic growth in the long and short run?

2. How do carbon emissions from transportation af-
fect economic growth in the long and short run?

3. How does electricity generation from renewable en-
ergy affect economic growth in the long and short
run?

4. How do lending interest rates affect economic
growth in the long and short run?
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Figure 3. Environmental Kuznets Curve

5. How does portfolio investment affect economic
growth in the long and short run?

This research is expected to contribute to the liter-
ature on green economy, green finance, environmental
economics, and monetary economics. Its novelty lies
in examining the effects of carbon emissions and mon-
etary policy on economic growth in the short and long
run using the Error Correction Model (ECM). Most
Indonesian monetary studies focus primarily on price
stability (inflation) and exchange rate stability. Rela-
tively few studies have analyzed how Bank Indonesia
can use monetary policy instruments, such as inter-
est rate adjustments or macroprudential policies, to
discourage high-emission activities (from transporta-
tion/waste) while incentivizing green financing. Be-
sides, the waste sector has received little attention in
macroeconomic and monetary studies, despite its sig-
nificant contribution to emissions (around 8% of the
total according to UGM) (Halizah & Furqon, 2024).
Existing studies often focus solely on the energy sector
or industry in general.

B. LITERATURE REVIEW
The theory underlying this research is the Environ-
mental Kuznets Curve (EKC), which explains the rela-
tionship between economic growth and environmental
degradation, including carbon emissions (Firmansyah,
2021). The Environmental Kuznets Curve is repre-
sented by an inverted U-shaped relationship, in which
the Y axis is the environmental damage or carbon emis-
sions generated, while the X axis is the per capita in-
come. This inverted U-shape means that in the early
stages of economic growth, carbon emissions will in-
crease along with increased economic activity. How-
ever, once a certain point is reached, namely a higher
level of per capita income, carbon emissions tend to de-
crease due to increased environmental awareness, the
application of clean technology, and stricter policies re-
lated to the environment. The Environmental Kuznets
Curve is presented in Figure 3.

Several previous studies have analyzed the effects of
green finance on economic growth from a macroeco-
nomic perspective. Wen et al. (2025) examined the
impact of the green economy on economic growth in

22 European Union (EU) member states. The results
show that the green economy plays a crucial role in ac-
celerating the transition to sustainable energy, reduc-
ing carbon emissions, and fostering economic growth,
while investment in renewable energy drives GDP ex-
pansion, attracts foreign capital, and improves environ-
mental quality. In addition, foreign direct investment
(FDI) and trade liberalization emerge as key drivers of
sustainability to integrate green finance policies with
international economic strategies.

In addition, Qin et al. (2024) examined the rela-
tionship between China’s mining regulations, resource
utilization, and environmentally friendly policies and
their overall impact on economic growth. The results
show that China’s economic growth has benefited sig-
nificantly from mineral-intensive sectors and that eco-
friendly measures are urgently needed to slow environ-
mental degradation. The results of this study further
highlight the important role of green projects in foster-
ing economic growth.

Versal and Sholoiko (2022) examined the role of
green finance in promoting macroeconomic growth in
developing countries. This study shows that energy
investment results in a less significant impact on eco-
nomic performance at the national and regional levels.
However, it plays an important role in creating employ-
ment opportunities and attracting foreign investment.
Similarly, Wang et al. (2022) examined the macroeco-
nomic impacts of the integration of green finance with
renewable energy investment. The results of the study
indicate that green finance can stimulate renewable
energy investment, thereby fostering economic growth
through job creation, energy security, and increased
productivity.

The positive effect of green finance on economic
growth is associated with the use of energy-efficient
processes, thereby reducing long-term production costs
and enhancing economic competitiveness. Green fi-
nance and economic growth are dynamic, with finan-
cial instruments serving as drivers of the transition to
a more stable, low-carbon economy in the long run.
Green finance policies such as tax incentives and clean
energy subsidies may attract investment in environ-
mentally friendly infrastructure and renewable energy
projects. In addition, sustainable development can be
achieved through the development of an environmen-
tally friendly post-industrial society and horizontal eco-
nomic relationships (Albekov et al., 2017).

Furthermore, monetary policy is an instrument for
maintaining macroeconomic stability and stimulating
economic growth. Most previous studies have shown
that monetary policy has a positive effect on eco-
nomic growth, especially in countries with financially
advanced economies and relatively independent central
banks. For example, Abille and Mpuure (2020) found
that monetary policy has a positive and significant ef-
fect on economic growth in Ghana, thereby potentially
generating sustainable growth. The government should
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grant autonomy to the central bank to implement effec-
tive monetary policy to support sustainable economic
development.

The effect of monetary policy on economic growth
is formulated in Irving Fisher’s Quantity Theory of
Money, which lays the foundation for the relationship
between monetary policy instruments and macroeco-
nomic variables such as inflation and economic growth.
Monetary policy is an important determinant of growth
in both the short and long run, although the exact
relationship remains ambiguous (Twinoburyo & Odhi-
ambo, 2018). The relationship between monetary pol-
icy and economic growth is largely explained by the size
and competition within the financial sector, the mon-
etary policy regime, the exchange rate, and the degree
of openness.

Economic growth has been one of the most impor-
tant goals and a key priority for governments and pol-
icymakers for decades (Srithilat et al., 2022). The lit-
erature on the impact of monetary policy is divided
into two schools of thought: the Keynesian school and
the monetarist school. Monetarists believe that money
supply can only influence real economic variables in
the short run by increasing aggregate demand and em-
ployment. Meanwhile, Keynesians generally reject the
monetarist view and argue that changes in the money
supply influence interest rates and investment in the
economy, driven by long-term changes in real output.

C. RESEARCH METHODS
This study used a quantitative approach with sec-
ondary data obtained from the World Bank and Statis-
tics Indonesia (BPS). The secondary data consisted
of time-series data of 30 years, from 1994 to 2023.
The analysis method was the Error Correction Model
(ECM) to examine the relationship between two or
more variables by considering the correlation between
variables and the possibility of measurement errors.

∆Yt = α0 + α1 ∆Xt + λet−1 + ϵt (1)

where ∆Yt denotes changes in the dependent variable
(short run); ∆Xt denotes changes in the independent
variable (long run); α1 is the short-run coefficient; et−1
is the error correction term; λ is the error correction
coefficient (0 < |λ| < 1); and ϵt is the error term.

The ECM model was introduced by Sargan and pop-
ularized by Engle and Granger. This ECM model has
several uses, but the most important use in economet-
rics is to address non-stationary time-series data and
the problem of spurious regression. The ECM aims to
determine the long-run effects of the variables studied
on the dependent variables (Iladini & Agustina, 2020).

ECM is used to correct short-run imbalances for the
long run. The Ordinary Least Squares (OLS) multi-
ple regression model analyzes the long-run relationship
between independent variables and the dependent vari-
able, while the ECM analyzes the short-run effect of in-
dependent variables on the dependent variable. There-

fore, the models used in this study are as follows.
Multiple regression model:

GNIt = α0 + α1EWAt + α2ETRt

+ α3EPRt + α4IPOt

+ α5LIRt + εt

(2)

Error Correction Model (ECM):

∆GNIt = α6 + α7∆EWAt + α8∆ETRt

+ α9∆EPRt + α10∆IPOt

+ α11∆LIRt + εt

(3)

where GNI is economic growth, EWA is emissions from
waste, ETR is emissions from transportation, EPR is
electricity generation from renewable sources, IPO is
portfolio investment, and LIR is lending interest rate.
No logarithmic transformation was chosen because the
estimated logarithmic transformation only changes the
magnitude of the standard errors without affecting the
significance of the effect of the independent variables
on the dependent variable. The significance level used
in this research is 5%.

The Error Correction Model includes the following
steps:

1. Conducting a unit root test to determine whether
the data is stationary using the Augmented
Dickey–Fuller (ADF) method.

2. Conducting a cointegration test to determine the
existence of a long-run relationship between vari-
ables.

3. Conducting diagnostic tests using the classical as-
sumption test.

4. Estimating the long-run model to see the long-
run effects of independent variables on dependent
variables.

5. Estimating the short-run model to see the short-
run effect of independent variables on dependent
variables, including the effect of the error correc-
tion term.

6. Interpreting the results.

D. RESULTS AND DISCUSSION
This study used three variables to represent car-
bon emissions: carbon emissions from waste, namely
methane (CH4), which is denoted as EWA (Emissions
from Waste); carbon emissions from transportation,
namely nitrous oxide (N2O), which is denoted as ETR
(Emissions from Transport); and electricity generation
from renewable energy sources such as hydroelectric,
which is denoted as EPR (Electricity Generation from
Renewable Sources). Meanwhile, the monetary policy
instruments used the variables of lending interest rates
denoted as LIR (Lending Interest Rates) and portfolio
investments such as bonds, which are denoted as IPO
(Investment Portfolio). These variables are assumed
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to be the independent variables. Meanwhile, the de-
pendent variable is economic growth, which uses GNI
growth data (%) and is denoted as GNI (Gross Na-
tional Income). The GNI variable was selected based
on its ability to reflect the real prosperity of a country’s
population, rather than just the value of production in
that region.

The ECM analysis method was used to analyze the
effects of carbon emissions from waste, emissions from
transportation, electricity generation from renewable
energy sources, lending interest rates, portfolio invest-
ments, and other factors on economic growth in the
long and short run and how the two interact with each
other.

The first step in the Error Correction Model (ECM)
analysis is the stationarity test (unit root test) to de-
termine whether the variables used are stationary. A
variable is considered stationary if the mean, variance,
and autocovariance are constant over time. According
to David Dickey and Wayne Fuller, if a variable is not
stationary at the level form, then stationarity can be
achieved through the next order, until the required (n)
order is obtained. Based on the results of the station-
arity test, the GNI variable is stationary at level while
EWA, ETR, EPR, IPO, and LIR are stationary at the
first differencing. Overall, all variables are stationary
because the p-value is less than 0.05. The results of the
stationarity test are presented in Table 1.

Table 1. Stationarity Test

Variable p-value p-value Result
(Level 0) (First Diff.)

GNI 0.0022 0.0000 Stationary
EWA 0.7926 0.0000 Stationary
ETR 0.9031 0.0012 Stationary
EPR 0.1717 0.0000 Stationary
IPO 0.0503 0.0000 Stationary
LIR 0.6338 0.0001 Stationary
Source: STATA data processing results, 2025.

The existence of non-stationary variables leads to
the possibility of long-run relationships among the vari-
ables. Such a relationship is called cointegration. The
cointegration test aims to determine whether a long-
run relationship between an independent variable and a
dependent variable exists. As a continuation of the sta-
tionarity test, its main purpose is to determine whether
the residuals are stationary, to indicate if cointegration
exists. If the variables are cointegrated, there is a sta-
ble relationship in the long run. On the other hand,
no cointegration between variables implies no relation-
ship in the long run. The term cointegration is also
known as the term error because deviation from the
long-run equilibrium is gradually corrected through a
partial series of short-run adjustments.

Table 2. Cointegration Test

t-statistic value p-value

−5.737 0.0000
Source: STATA data processing results, 2025.

Based on the results in Table 2, the p-value is 0.0000,
which is below 0.05, indicating cointegration. This
means that the residuals in the long-run equation are
stationary.

Before estimating the long-run ECM, it is necessary
to carry out classical assumption tests, consisting of
normality, multicollinearity, heteroscedasticity, and au-
tocorrelation tests, as follows.

Table 3. Normality Test (Shapiro–Wilk W Test for
Normal Data)

Obs W V Z Prob > z

28 0.89905 3.049 2.295 0.1087
Source: STATA data processing results, 2026.

Based on the result above, the probability value is
0.1087, which is greater than 0.05, indicating the pres-
ence of normal distribution.

Table 4. Multicollinearity Test

Variable VIF 1/VIF

EWA 84.33 0.011859
EPR 58.31 0.017150
ETR 10.74 0.093117
LIR 3.93 0.254624
IPO 2.24 0.447399

Mean 31.91
Source: STATA data processing results, 2026.

Based on the result above, the mean VIF is 31.91,
which is greater than 4, indicating the presence of
multicollinearity in the long-run model. High VIF is
a well-known issue in long-run macroeconomic time-
series analysis where variables share common trends
over extended periods. This is not uncommon in En-
vironmental Kuznets Curve and energy–growth litera-
ture (O’Brien, 2007).

Table 5. Heteroscedasticity Test (Cameron & Trivedi’s
Decomposition of IM-Test)

Source Chi2 df p

Heteroscedasticity 26.29 20 0.1564
Skewness 12.42 5 0.0295
Kurtosis 6.75 1 0.0094

Total 45.46 26 0.0105
Source: STATA data processing results, 2026.

Based on the result above, the probability value is
0.1564, which is greater than 0.05, indicating the ab-
sence of heteroscedasticity.
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Table 6. Autocorrelation Test

Statistic Value

Durbin–Watson d-statistic (6, 28) 2.181781
Source: STATA data processing results, 2026.

Based on the result above, the DW-statistic is
2.181781, which is around 2, indicating the absence of
autocorrelation.

Table 7. Long-Run ECM Estimation

Variable Coefficient Std. Error Prob.

_Cons 43.7293 5.8001 0.000
EWA −0.6544 0.1941 0.003
ETR 3.8498 3.3715 0.265
EPR −5.24e–11 9.40e–11 0.583
IPO 4.32e–11 5.47e–11 0.438
LIR −1.1942 0.1379 0.000

F-statistic 16.79 R-squared 0.7776
Prob (F) 0.0000 Adj. R-squared 0.7313
Source: STATA data processing results, 2025.

The long-run ECM estimation results show that car-
bon emissions from waste (EWA) and lending interest
rates (LIR) had a negative and significant effect on eco-
nomic growth (GNI). This indicates that higher carbon
emissions from waste will reduce economic growth in
the long run. Carbon emissions from waste are pri-
marily generated from the decomposition of organic
waste in landfills, which releases methane (CH4), and
from waste incineration, which produces carbon diox-
ide (CO2). These carbon emissions from waste con-
tribute to global warming and climate change, which
lead to changes in rainfall patterns, increased temper-
atures, and extreme weather that will affect the agri-
cultural sector, an important component of Indone-
sia’s economy, thereby in the long run threatening food
production and food security. Reduced food produc-
tion challenges access to food for all levels of society,
thereby lowering public welfare and constraining eco-
nomic growth in the long run. Furthermore, the lend-
ing interest rate had a negative effect. This means
that the lower the lending interest rate, the better the
economic growth. This implies that lower lending in-
terest rates will foster economic growth by encourag-
ing people to borrow money for productive investment,
thereby increasing the production of goods and ser-
vices.

Meanwhile, carbon emissions from transportation
(ETR) did not have an effect on economic growth
(GNI) in the long run. This is likely because of the In-
donesian government’s transition toward fully electric
vehicles through hybrid cars. These cars are more fuel-
efficient than conventional vehicles and are expected
to significantly reduce carbon emissions from trans-
portation. This is consistent with the Environmental
Kuznets Curve theory, which shows that in the long
run, the curve reaches a peak or shifts to the right.
This means that as per capita income increases over
the long run, society and the government begin to shift

their focus to environmental sustainability. This leads
to regulatory reforms that reduce emissions in the long
run (Fardin et al., 2022).

In the long run, electricity generation from renew-
able energy (EPR) did not have a significant effect on
economic growth (GNI). This is likely because the re-
newable energy development in Indonesia is still in the
investment and planning stage, including mapping the
needs of human resources and stakeholders who pro-
vide employment, thereby bringing no direct positive
impact on economic growth. Similarly, portfolio invest-
ment (IPO) did not have a significant effect on eco-
nomic growth (GNI). This is likely because long-term
bond investments (10 to 20 years) involve a relatively
high risk considering the fact that it is difficult to pre-
dict future corporate performance and macroeconomic
conditions, so this variable cannot be considered a mon-
etary instrument that can foster economic growth (Si-
hombing & Rahmawati, 2015). The overall goodness of
fit of the model is indicated by the R2 value of 0.7776,
indicating valid cointegration despite multicollinearity.

Classical assumption tests, which include normality,
multicollinearity, heteroscedasticity, and autocorrela-
tion tests, were also conducted prior to estimating the
short-run ECM, as follows.

Table 8. Normality Test (Shapiro–Wilk W Test for
Normal Data)

Obs W V z Prob > z

27 0.96882 0.917 −0.179 0.57103
Source: STATA data processing results, 2026.

Based on the result above, the probability value is
0.57103, which is greater than 0.05, indicating the pres-
ence of normal distribution.

Table 9. Multicollinearity Test

Variable VIF 1/VIF

EWA 2.55 0.391757
EPR 2.08 0.481035
ETR 1.27 0.788300
LIR 2.16 0.464011
IPO 1.05 0.952363

Mean 1.76
Source: STATA data processing results, 2026.

Based on the result above, the mean VIF is 1.76,
which is below 4, indicating the absence of multi-
collinearity in the short run.
Table 10. Heteroscedasticity Test (Cameron & Trivedi’s

Decomposition of IM-Test)

Source Chi2 df p

Heteroscedasticity 27.00 26 0.4093
Skewness 17.84 6 0.0066
Kurtosis 0.24 1 0.6269

Total 45.08 33 0.0783
Source: STATA data processing results, 2026.

Based on the result above, the probability value is
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0.4093, which is greater than 0.05, indicating the ab-
sence of heteroscedasticity.

Table 11. Autocorrelation Test

Statistic Value

Durbin–Watson d-statistic (7, 27) 2.087902
Source: STATA data processing results, 2026.

Based on the result above, the DW-statistic is
2.087902, which is around 2, indicating the absence of
autocorrelation.

A robustness test is conducted to verify the consis-
tency of previous estimates. This test can be performed
using alternative proxies for variables, periods, and sec-
tors, although they might not be identical to those used
previously. In this study, the test used multiple regres-
sion analysis, except that the GNI proxy was used for
the dependent variable, while the robustness test used
GDP.
Table 12. Robustness Test Results for Long-Run ECM

Estimation

Dependent Estimation Estimation Result
Variable Results of Results of

GNI GDP

EWA Significant
negative

Insignificant Not robust

ETR Insignificant Insignificant Robust
EPR Insignificant Insignificant Robust
IPO Insignificant Insignificant Robust
LIR Significant

negative
Significant
negative

Robust

Source: STATA data processing results, 2026.

Based on the robustness test above, the EWA vari-
able is not robust in the long run because the multiple
regression analysis results between the GNI and GDP
proxies differ. This is because the long-run effect of
carbon emissions from waste on economic growth is
sensitive to model specification. In addition, this non-
robustness is also caused by the presence of high multi-
collinearity between EWA and EPR (VIF of 84.33 and
58.31, respectively). Therefore, the government should
carefully design and implement long-term waste emis-
sion reduction policies. Meanwhile, the robustness test
confirms the consistency of the other variables.

Table 13. Robustness Test Results for Short-Run ECM
Estimation

Dependent Estimation Estimation Finding
Variable Results of Results of

GNI GDP

EWA Insignificant Insignificant Robust
ETR Insignificant Insignificant Robust
EPR Insignificant Insignificant Robust
IPO Significant

positive
Significant
negative

Not robust

LIR Significant
negative

Significant
negative

Robust

ECT Significant
negative

Significant
negative

Robust

Source: STATA data processing results, 2026.

Based on the robustness test above, the IPO variable
is not robust in the short run because the multiple re-
gression analysis results between the GNI and GDP
proxies differ. Meanwhile, the test confirmed the con-
sistency of the other variables.

Table 14. Short-Run ECM Estimation

Variable Coefficient Std. Error Prob.

_Cons −0.2974 0.5930 0.621
EWA −0.4786 0.4708 0.320
ETR 6.3835 3.5576 0.087
EPR −6.16e–11 5.19e–11 0.248
IPO 1.03e–10 4.82e–11 0.044
LIR −1.4528 0.1456 0.000
ECT −1.2105 0.2072 0.000

F-statistic 29.93 R-squared 0.8909
Prob (F) 0.0000 Adj. R-squared 0.8611
Source: STATA data processing results, 2025.

The coefficient of the Error Correction Term (ECT)
reflects the speed of adjustment back to the long-run
equilibrium in one year. The ECT coefficient is an ab-
solute value to explain how quickly the economy re-
turns to an equilibrium after a shock. In addition,
the ECT coefficient measures the regression response
of each period that deviates from equilibrium. Table 14
shows that the ECT value is −1.2105 with a probability
of 0.0000, indicating that it is negative and significant,
so the short-run ECM model is valid. The ECT mea-
sures how quickly short-run disequilibrium is corrected
to return to its long-run equilibrium. An ECT coeffi-
cient that is negative and significant indicates a short-
run correction following economic shocks in the previ-
ous period, such as stock market volatility and fluctua-
tions in the Japanese yen exchange rate, which directly
affected the external debt burden of Asian countries,
including Indonesia. These deviations are corrected
back to the long-run equilibrium.

The results of the short-run ECM estimation show
that portfolio investment (IPO) had a positive and sig-
nificant effect on economic growth (GNI), indicating
that the higher the portfolio or bond investment, the
higher the economic growth. Portfolio investment in-
creases financial market liquidity, raises asset prices,
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and improves financing conditions for economic ac-
tors, thus boosting economic activity and growth. An
increase in portfolio investment also strengthens in-
vestor confidence and the exchange rate, thereby low-
ering the cost of importing capital goods and stimulat-
ing production activities, ultimately contributing pos-
itively to economic growth (Twinoburyo & Odhiambo,
2018). Furthermore, short-term bond investments have
shorter maturities, so corporate risk conditions can be
predicted more accurately and conservatively, thereby
minimizing the risk of losses for investors and encourag-
ing greater investments, which result in increased pro-
duction of goods and services in the economy (Khakim,
2022).

The lending interest rate (LIR) also had a negative
and significant effect on economic growth in the short
run, indicating that the lower the lending rate, the
higher the economic growth. Higher lending interest
rates increase business costs, thereby reducing invest-
ment and production expansion, thus directly slowing
down economic growth. High interest rates can also re-
duce household consumption, particularly credit-based
consumption. Unfortunately, the lower the consump-
tion, the lower the aggregate demand, and the lower
the economic growth in the short run (Drobyshevsky
et al., 2017).

Short-run lending interest rates are usually lower
than long-run lending interest rates, thereby provid-
ing higher returns for investors or business capital bor-
rowers. Therefore, lower short-run lending interest
rates tend to encourage investment and foster economic
growth (Luthfiana et al., 2022).

On the other hand, carbon emissions from waste
(EWA) did not have a significant effect on economic
growth (GNI) in the short run because the adverse
impacts of climate change are generally realized over
a longer period and there is a compensation mech-
anism between economic growth and carbon emis-
sions from waste in accordance with the Environmen-
tal Kuznets Curve theory. This mechanism occurs
because of the relationship between economic growth
and increased carbon emissions in the early stages of
development. However, along with the development
of technology and environmental awareness, developed
countries gradually separate economic growth from in-
creased carbon emissions through the adoption of green
technology (Gonzalez Alvarez & Montanes, 2023).

In the short run, this transition has not been fully
realized in developing countries such as Indonesia. Fur-
thermore, carbon emissions from transportation (ETR)
did not have a significant effect on economic growth
(GNI) in the short run. Environmental pollution
from transportation, despite its high emissions, takes a
long time to impact economic productivity. Although
transportation, particularly motorized vehicles, is the
largest contributor to emissions, it remains a key driver
of mobility which supports economic activities. In ad-
dition, although air pollution has adverse health im-

pacts, these impacts are generally not severe enough
to trigger a significant decrease in either productivity
or overall economic growth within a short period of
time (Nahar et al., 2016). For example, an increase in
asthma cases among children may not directly decrease
labor productivity or overall economic growth. This
is consistent with the Environmental Kuznets Curve
(EKC) theory, which suggests that, in the short run,
the inverted U curve is on the left side, indicating that
high transportation activities are prioritized to support
economic growth, without considering exhaust emis-
sions (Peng et al., 2025).

Finally, electricity generation from renewable energy
(EPR) did not have a significant effect on economic
growth (GNI) in the short run because the development
of renewable energy infrastructure such as solar, wind,
or geothermal power plants requires large initial invest-
ment, possibly hindering economic growth in the near
future. Infrastructure development involves research,
land acquisition, exploration, and construction before
electricity can be generated and supplied to the grid.
During the infrastructure development phase, electric-
ity generation from renewable energy is not yet com-
mercially available. As a result, these capital inputs
have not yet been converted into productive outputs
capable of driving industry and macroeconomic GNI
immediately (Pongtuluran & Setyari, 2026).

In addition, renewable energy sources, such as solar
and wind power, are highly dependent on weather con-
ditions, possibly causing instability in electricity sup-
ply, which in turn can hinder economic growth that
requires a stable and reliable energy supply (Safitri,
2024).

E. CONCLUSION
The results of the long-run estimation reveal that car-
bon emissions from waste and lending interest rates had
a negative and significant effect on economic growth,
while carbon emissions from transportation, electricity
generation from renewable energy sources, and port-
folio investments did not have an effect on economic
growth. If the government aims to promote economic
growth, they should reduce carbon emissions from
waste and lending interest rates. Reducing carbon
emissions from waste can improve the quality of hu-
man health and productivity, ultimately contributing
to stronger economic growth.

In the short run, portfolio investments had a positive
and significant effect on economic growth, while lend-
ing interest rates had a negative and significant effect
on economic growth. On the other hand, carbon emis-
sions from waste, carbon emissions from transportation
and electricity generation from renewable energy did
not have an effect on economic growth. An increase
in carbon emissions from transportation indicates an
increase in the economic activities of people in devel-
oping countries such as Indonesia, thereby promoting
economic growth. The fluctuations in Indonesia’s eco-
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nomic growth during 2019–2023 may be influenced by
other factors, such as pandemic shocks, global com-
modity price dynamics, and changes in domestic con-
sumption patterns. Increased portfolio investment will
increase corporate capital, eventually increasing profits
and promoting economic growth. Lower lending inter-
est rates in the short run may encourage people to bor-
row for consumption or production activities, thereby
contributing to stronger economic growth.

Future researchers could examine the reverse rela-
tionship, namely the effect of economic growth on car-
bon emissions. These two variables may influence each
other simultaneously. Furthermore, future researchers
could also include the unemployment rate as an ex-
planatory variable to examine its effect on carbon emis-
sions, as high unemployment rates will lead to reduced
economic activity, resulting in lower carbon emissions.
Finally, future research may use alternative estimation
techniques to address the non-robustness of the EWA
variable in the long run.

DECLARATIONS
Author contributions. A.F.: conceptualization,
methodology, data curation, formal analysis, software,
visualization, and writing — original draft. I.P.A.:
conceptualization, validation, writing — review and
editing, and supervision. Both authors have read and
approved the published version of the manuscript.
Funding. This research received no specific grant from
any funding agency in the public, commercial, or not-
for-profit sectors.
Conflicts of interest. The authors declare no con-
flict of interest. No party other than the authors had
any role in the design of the study; in the collection,
analysis, or interpretation of data; in the writing of the
manuscript; or in the decision to publish the results.
Use of artificial intelligence. The authors declare
that generative artificial intelligence tools were not
used to generate the substantive content, analysis, or
conclusions of this manuscript. Where AI-assisted lan-
guage tools were used, they were limited to grammar
and readability checking, and the authors reviewed and
take full responsibility for the entire content of the pub-
lished article.
Data availability. All data analysed in this study
are secondary time-series data for 1994–2023, obtained
from publicly accessible databases of the World Bank
and Statistics Indonesia (BPS). The compiled dataset
and the STATA do-files used for the Error Correction
Model estimation are available from the corresponding
author on reasonable request.
Ethics approval. Not applicable. This study did not
involve human participants or animal subjects.

F. REFERENCES
Abille, A. B., & Mpuure, D. M. N. (2020). Effect of mon-

etary policy on economic growth in Ghana. Applied
Economics Journal, 27 (2), 110–124.

Albekov, A. U., Vovchenko, N., Medvedkina, Y., & Medved-
kin, T. (2017). Green economy and economic growth:
Trends, challenges and opportunities for the EU. In-
ternational Journal of Economics & Business Admin-
istration, 5 (1), 49–62.

Badan Pusat Statistik. (2024). Neraca ekonomi.
https://www.bps.go.id/id/statistics-table
?subject=531.

Dellink, R., Chateau, J., Lanzi, E., & Magne, B. (2017).
Long-term economic growth projections in the shared
socioeconomic pathways. Global Environmental
Change, 42 , 200–214. https://doi.org/10.1016/
j.gloenvcha.2015.06.004

Drobyshevsky, S., Trunin, P., Bogachkova, A. V., &
Sinelnikova-Muryleva, E. V. (2017). The effect of
interest rates on economic growth. Gaidar Institute
for Economic Policy, 303 .

Farah, N. T. (2024). Pengaruh ekonomi dan non-ekonomi
terhadap emisi karbon di negara ASEAN: Anali-
sis Environmental Kuznets Curve. Jurnal Nuansa
Akademik, 9 (2), 627–642.

Fardin, A. R., Kamaruddin, C. A., & Hastuti, D. R. D.
(2022). Error correction model: Factors affecting
carbon emissions in supporting sustainable develop-
ment in Indonesia. Bulletin of Economic Studies
(BEST), 2 (1), 17–25. https://doi.org/10.24252/
best.v2i1.28506

Firmansyah, M. F. (2021). Analisis pertumbuhan ekonomi
dalam penentuan basis ekonomi, isu ketimpangan
dan lingkungan di Jawa Barat periode 2010–2019.
Jambura: Economic Education Journal, 3 (1), 8–27.

Gonzalez Alvarez, M. A., & Montanes, A. (2023). CO2
emissions, energy consumption and economic growth:
Determining the stability of the 3E relationship. Eco-
nomic Modelling, 121 , 1–15. https://doi.org/10
.1016/j.econmod.2023.106195

Halizah, N. A., & Furqon, I. K. (2024). Carbon tax transfor-
mation strategy in sustainable economic development
toward green economy in Indonesia. Jurnal Lemhan-
nas RI (JLRI), 12 (3), 333–348. https://doi.org/
10.55960/jlri.v12i3.951

Iladini, K., & Agustina, N. (2020). Analisis time series pen-
dekatan error correction mechanism: Pengaruh pen-
erapan ACFTA terhadap ekspor kopi Indonesia ke
Cina periode 2006–2018. Jurnal Statistika dan Ap-
likasinya, 4 (2), 82–94. https://doi.org/10.21009/
JSA.04203

Khakim, M. A. (2022). Pengaruh investasi dalam perekono-
mian. Akses: Jurnal Ilmiah Lembaga Penelitian dan
Pengabdian Kepada Masyarakat Universitas Ngurah
Rai, 14 (2), 1–10.

Lianovanda, D. (2025). Pengertian kebijakan mon-
eter, tujuan, jenis & instrumennya. (https://www
.brainacademy.id/blog/kebijakan-moneter)

Luthfiana, H. A. S., Ayuninggar, I. L., & Mumtaz, J.
(2022). Pengaruh inflasi dan suku bunga terhadap
pertumbuhan ekonomi di Indonesia. Journal of
Economic, 13 (2), 180–188. https://doi.org/10
.47007/jeko.v13i2.5451

Madrim, S. (2023). Ekonomi RI tumbuh 5,03% kuartal
I, ditopang konsumsi dan perdagangan luar negeri.
(https://www.voaindonesia.com/a/ekonomi-ri
-tumbuh-5-03-kuartal-i-ditopang-konsumsi-dan

https://doi.org/10.46851/259 38

https://www.bps.go.id/id/statistics-table?subject=531
https://www.bps.go.id/id/statistics-table?subject=531
https://doi.org/10.1016/j.gloenvcha.2015.06.004
https://doi.org/10.1016/j.gloenvcha.2015.06.004
https://doi.org/10.24252/best.v2i1.28506
https://doi.org/10.24252/best.v2i1.28506
https://doi.org/10.1016/j.econmod.2023.106195
https://doi.org/10.1016/j.econmod.2023.106195
https://doi.org/10.55960/jlri.v12i3.951
https://doi.org/10.55960/jlri.v12i3.951
https://doi.org/10.21009/JSA.04203
https://doi.org/10.21009/JSA.04203
https://www.brainacademy.id/blog/kebijakan-moneter
https://www.brainacademy.id/blog/kebijakan-moneter
https://doi.org/10.47007/jeko.v13i2.5451
https://doi.org/10.47007/jeko.v13i2.5451
https://www.voaindonesia.com/a/ekonomi-ri-tumbuh-5-03-kuartal-i-ditopang-konsumsi-dan-perdagangan-luar-negeri/7081442.html
https://www.voaindonesia.com/a/ekonomi-ri-tumbuh-5-03-kuartal-i-ditopang-konsumsi-dan-perdagangan-luar-negeri/7081442.html
https://www.voaindonesia.com/a/ekonomi-ri-tumbuh-5-03-kuartal-i-ditopang-konsumsi-dan-perdagangan-luar-negeri/7081442.html
https://doi.org/10.46851/259


JBPE Vol. 8 No. 1 (2026), 29–39 Fatimah & Astuti – Carbon Emission and Monetary Instruments

-perdagangan-luar-negeri/7081442.html)
Madyan, M. (2024). Analisis pengungkapan emisi

karbon perusahaan Indonesia. (https://
unair.ac.id/analisis-pengungkapan-emisi
-karbon-perusahaan-indonesia/)

My Data Jungle. (2023). Indikator: Emisi CO2
per kapita. (https://www.mydatajungle.com/id/
indikator/?indicator=63&rank=1)

Nahar, M., Khan, M. H., & Ahmad, S. A. (2016). Indoor air
pollutants respiratory problems among Dhaka city
dwellers. Archives of Community Medicine and Pub-
lic Health, 2 (1), 32–36. https://doi.org/10.17352/
2455-5479.000014

O’Brien, R. M. (2007). A caution regarding rules of
thumb for variance inflation factors. Quality and
Quantity, 41 , 673–690. https://doi.org/10.1007/
s11135-006-9018-6

Panayotou, T. (1993). Empirical tests and policy analysis of
environmental degradation at different stages of eco-
nomic development. ILO Working Papers, Interna-
tional Labour Organization. http://www.ilo.org/
public/libdoc/ilo/1993/93B09_31_engl.pdf.

Peng, W., Yu, X., & Haron, N. A. (2025). Relative im-
provements between roads and railways and trans-
port carbon dioxide emissions: An Environmental
Kuznets Curve hypothesis test in China. Sustain-
able Futures, 9 . https://doi.org/10.1016/j.sftr
.2025.100520

Pongtuluran, G. L., & Setyari, N. P. W. (2026). Pengaruh
konsumsi energi terbarukan dan tidak terbarukan
terhadap emisi karbon di Indonesia. Jurnal Pub-
likasi Sistem Informasi dan Manajemen Bisnis, 5 (1),
632–652. https://doi.org/10.55606/jupsim.v5i1
.6358

Qin, P., Wang, J., Xu, A., & Hussain, S. (2024). China’s
green energy growth: Economic policies, environ-
mental economics and strategies for resilience in the
global economy. Energy Strategy Reviews, 54 , 1–15.
https://doi.org/10.1016/j.esr.2024.101475

Rizki, C. A., & Anggaeni, P. W. (2022). Analisis pengaruh
foreign direct investment, penanaman modal dalam
negeri dan gross domestic product terhadap emisi
karbon di Indonesia. Journal of Development Eco-
nomic and Social Studies, 1 (4), 529–538. https://
doi.org/10.21776/jdess.2022.01.4.03

Safitri, D. R. (2024). Mengapa energi terbarukan
harus menjadi prioritas dalam pembangunan
ekonomi. (https://www.solarkita.com/blog/
mengapa-energi-terbarukan-harus-menjadi
-prioritas-dalam-pembangunan-ekonomi)

Sihombing, H. J., & Rahmawati, E. N. (2015). Faktor-
faktor yang mempengaruhi peringkat obligasi pada
perusahaan yang terdaftar di Bursa Efek Indonesia.
Jurnal Ekonomi KIAT , 26 (1), 47–56.

Srithilat, K., Samatmanivong, T., Lienpaserth, V., Chan-
thavixay, P., Boundavong, V., & Douangty, V.
(2022). The effect of monetary policy on economic
growth in Lao PDR. International Journal of Eco-
nomics and Financial Issues, 12 (1), 67.

Twinoburyo, E. N., & Odhiambo, N. M. (2018). Monetary
policy and economic growth: A review of interna-
tional literature. Journal of Central Banking Theory
and Practice, 7 (2), 123–137.

Versal, N., & Sholoiko, A. (2022). Green bonds of supra-
national financial institutions: On the road to sus-
tainable development. Investment Management and
Financial Innovations, 19 (1), 91–105. https://doi
.org/10.21511/imfi.19(1).2022.07

Wang, K.-H., Zhao, Y.-X., Jiang, C.-F., & Li, Z.-Z. (2022).
Does green finance inspire sustainable development?
Evidence from a global perspective. Economic Anal-
ysis and Policy, 75 . https://doi.org/10.1016/
j.eap.2022.06.002

Wen, B., He, Y., Jing, X., & Haroon, M. (2025). Ad-
vancing renewable energy and green finance for eco-
nomic growth and ecological resilience. Energy Strat-
egy Reviews, 59 , 1–12. https://doi.org/10.1016/
j.esr.2025.101747

https://doi.org/10.46851/259 39

https://www.voaindonesia.com/a/ekonomi-ri-tumbuh-5-03-kuartal-i-ditopang-konsumsi-dan-perdagangan-luar-negeri/7081442.html
https://unair.ac.id/analisis-pengungkapan-emisi-karbon-perusahaan-indonesia/
https://unair.ac.id/analisis-pengungkapan-emisi-karbon-perusahaan-indonesia/
https://unair.ac.id/analisis-pengungkapan-emisi-karbon-perusahaan-indonesia/
https://www.mydatajungle.com/id/indikator/?indicator=63&rank=1
https://www.mydatajungle.com/id/indikator/?indicator=63&rank=1
https://doi.org/10.17352/2455-5479.000014
https://doi.org/10.17352/2455-5479.000014
https://doi.org/10.1007/s11135-006-9018-6
https://doi.org/10.1007/s11135-006-9018-6
http://www.ilo.org/public/libdoc/ilo/1993/93B09_31_engl.pdf
http://www.ilo.org/public/libdoc/ilo/1993/93B09_31_engl.pdf
https://doi.org/10.1016/j.sftr.2025.100520
https://doi.org/10.1016/j.sftr.2025.100520
https://doi.org/10.55606/jupsim.v5i1.6358
https://doi.org/10.55606/jupsim.v5i1.6358
https://doi.org/10.1016/j.esr.2024.101475
https://doi.org/10.21776/jdess.2022.01.4.03
https://doi.org/10.21776/jdess.2022.01.4.03
https://www.solarkita.com/blog/mengapa-energi-terbarukan-harus-menjadi-prioritas-dalam-pembangunan-ekonomi
https://www.solarkita.com/blog/mengapa-energi-terbarukan-harus-menjadi-prioritas-dalam-pembangunan-ekonomi
https://www.solarkita.com/blog/mengapa-energi-terbarukan-harus-menjadi-prioritas-dalam-pembangunan-ekonomi
https://doi.org/10.21511/imfi.19(1).2022.07
https://doi.org/10.21511/imfi.19(1).2022.07
https://doi.org/10.1016/j.eap.2022.06.002
https://doi.org/10.1016/j.eap.2022.06.002
https://doi.org/10.1016/j.esr.2025.101747
https://doi.org/10.1016/j.esr.2025.101747
https://doi.org/10.46851/259



	Introduction
	Literature Review
	Research Methods
	Results and Discussion
	Conclusion
	Declarations
	References

