
 

 
     
   678  
 

Unlocking Renewable Energy Potential: The Nexus Between 

Financial Inclusion and Renewable Energy in Indonesia 

B J Primasrani1,* and O Parina2 
 

1 BPS-Statistics Indonesia, Kaur Regency, Bengkulu Province, Indonesia  
2 BPS-Statistics Indonesia, Serang Regency, Banten Province, Indonesia 

 

*Corresponding author’s email: byunjiye2605@gmail.com 

 

Abstract. Indonesia has pledged to achieve net-zero emissions in 2060. The energy transition 

can be achieved through financial inclusion. Based on the Environmental Kuznets Curve (EKC) 

theory, financial inclusion can be a catalyst in reducing environmental impacts if a country has 

reached the EKC turning point. This study investigates the impact of financial inclusion on the 

consumption of renewable energy in Indonesia. The data used in this study will be the percentage 

of renewable energy consumption and the financial inclusion index from the International 

Monetary Fund 2004 to 2021. Additionally, economic growth and the number of internet users 

are included as control variables. This study utilizes the Error Correction Model and finds that 

financial inclusion and internet usage have a negative significant effect on the percentage of 

renewable energy consumption in the long run. Based on these findings, it can be concluded that 

according to EKC theory, Indonesia is still in an early stage of development, where increasing 

financial inclusion and technology still have a negative impact on the environment. Policymakers 

are encouraged to develop targeted financial inclusion strategies to enhance environmental 

sustainability. Green finance and green investment are critical solutions to support Indonesia's 

energy transition. 

Keyword: Climate Change, Error Correction Model, Financial Inclusion, Investment, 

Renewable Energy. 

1. Introduction 

Climate change has become a global issue that needs to be addressed immediately in almost every part 

of the world [1]. Climate change refers to long-term changes in temperature and weather patterns. 

Climate change occurs naturally, but since the 1800s, climate change has been caused by human 

activities, primarily due to the burning of fossil fuels [2]. Climate change is a significant challenge for 

the environmental sustainability of a country. In recent decades, the importance of environmental 

sustainability has continued to increase due to the growing awareness of the risks posed by climate 

change among entrepreneurs, businesses, and policymakers [3]. Environmental sustainability is crucial 

in economic development because when environmental degradation and climate change occur, 

economic growth will slow down and cause infrastructure losses in a country. However, it cannot be 

denied that economic growth also harms the environment. There are several studies use the 

Environmental Kuznets Curve (EKC) to try understand how economic growth and environmental 

pollution are related [4]. 

The relationship between economic growth and environmental degradation can be explained by the 

Environmental Kuznets Curve (EKC) hypothesis, which has an inverted U-shaped relationship [5]
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 However, the EKC theory does not explicitly explain the relationship between economic growth and 

renewable energy. Yao et al. (2019) proposed a hypothesis called the renewable energy environmental 

Kuznets curve (RKC), which describes a U-shaped relationship between economic growth and 

renewable energy as shown in figure 1, detailing the stages of economic structural changes that occur 

starting from the pre-industrial era. In the pre-industrial era, economic growth will affect the renewable 

energy consumption. The shift in economic activities from pre-industrial to industrial has influenced the 

decrease in renewable energy consumption, as many companies strive to increase their productivity. 

Next, when the economy reaches the post-industrial stage, there is a gradual increase in renewable 

energy consumption [6]. So, finding a balance between economic growth and environmental 

sustainability becomes very important because if left unchecked, it will impact the depletion of natural 

resources. 

 

 

 
             Source: Yao et al., 2019 

 
Figure 1. Renewable Energy Environmental Kuznets Curve 

 

Indonesia, as a nation with a vast variety of ecosystems, ranks among the countries significantly 

impacted by climate change. The consumption of non-renewable energy in Indonesia remains relatively 

high, according to the BP Statistical Review of World Energy (2022) non-renewable energy accounted 

for 88.86 percent of Indonesia’s energy use in 2021. The significant consumption of non-renewable 

energy in Indonesia risks depleting key resources such as petroleum, natural gas, and coal, which are 

finite and may eventually run out if current usage trends continue. This ongoing reliance on fossil fuels 

poses challenges for sustainable energy security and highlights the urgency for accelerating the 

transition to renewable energy sources to prevent resource exhaustion in the future. The high 

consumption of non-renewable energy in Indonesia is also evidenced by the decreasing percentage of 

renewable energy consumption in Indonesia from 2004 to 2021, as shown in figure 2. 

The decreasing consumption of renewable energy in Indonesia will result in environmental damage. 

The consumption of renewable energy can be influenced, among other things, by the use of financial 

services. The use of financial services that enhance financial inclusion can promote environmental 

sustainability by enabling more efficient and environmentally friendly resource management practices 

and transactions [3]. Financial inclusion is crucial for the collaborative reduction of pollutants and 

carbon emissions. Financial inclusion is a process that ensures ease of access, availability, and use of 

the formal financial system for all members of the economy in a country [8]. Financial inclusion 

contributes to emission reduction, resource conservation, and sustainable development. Financial 

services have the potential to significantly lower carbon emissions in poor nations. Based on research 

by Usman, Makhdum, and Kousar [9] in a country with the highest level of financial inclusion, the more 

it will attract foreign direct investment, which will ultimately reduce environmental damage caused by 

climate change. However, research by Omri [10] found that financial inclusion actually reduces the 

consumption of renewable energy. This is because in countries with high financial inclusion, 

industrialization actually increases, leading to environmental degradation. 
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        Source: World Bank 

 Figure 2. Percentage of Consumption Renewable Energy in Indonesia From 2004 to 2021 

 

Until now, the relationship between renewable energy and financial inclusion remains a controversial 

issue and is not yet fully agreed upon. Based on previous research, it is still uncertain whether financial 

inclusion increases renewable energy consumption, has no impact, or even slows down renewable 

energy consumption. Therefore, in this study, financial inclusion is examined to see if it increases 

renewable energy consumption in Indonesia using a time series method from 2004 to 2021. In this study, 

the variable of the percentage of renewable energy consumption will be used, along with the financial 

inclusion index measured using Sarma [8] approach, which involves the formation of a financial 

inclusion index based on three dimensions: the dimension penetration, the availability services, and the 

usage of banking services. 

2. Research Method 

 

2.1. Renewable Energy  

Renewable energy is energy that can be utilized sustainably and sourced from nature. In line with the 

definition according to the International Energy Agency (IEA), renewable energy is energy sourced 

from nature that can be used continuously [11]. Renewable energy can also be defined as 

environmentally friendly energy, meaning it does not pollute the environment and does not contribute 

to climate change and global warming. This is because the energy obtained from natural processes such 

as sunlight, water, bioenergy, geothermal, wind, etc., is naturally available from the sustainable climate 

energy flow [12]. 

2.2. Investment Renewable Energy   

Investment in renewable energy is part of green investment, which leads to an increase in capital 

dedicated to the development of renewable energy with the hope of reducing environmental pollution 

[27]. Investment in renewable energy can also be defined as investing capital in energy projects sourced 

from nature and that can be continuously renewed [29]. Investment in renewable energy has an impact 

on renewable energy consumption. When investment in renewable energy increases, it will drive an 

increase in renewable energy consumption, simultaneously supporting green economic growth and 

energy efficiency [28]. 

2.3. Financial Inclusion 

0

5

10

15

20

25

30

35

40

45



 

 
     
   681  
 

B J Primasrani and O Parina 

Financial inclusion as a process that ensure ease of access, availability, and use of the formal financial 

system for all members of the economy [8]. Financial inclusion provides easy access to various quality 

and affordable financial products and services for everyone around the world [13]. The goal of financial 

inclusion is to eliminate barriers and address the inability of certain groups in society and individuals, 

including the poor and less privileged, to access and use financial services [14].  

This study measured financial inclusion variables using the index and following the method 

developed by Sarma [8]. This method incorporated three dimensions namely banking penetration, 

availability, and usage. The process of constructing Financial Inclusion Index (FII) started with 

determining the upper (𝑀𝑖) and lower limits (𝑚𝑖) for each dimension. In this study, 𝑚𝑖 was set to zero 

(0) and 𝑀𝑖 was determined for each dimension. Furthermore, banking penetration dimension for the 

number of deposit accounts in commercial banks was 2,500. The availability dimension for the number 

of commercial bank branch offices was 60 and the number of ATMs was 120 while banking usage aspect 

for the ratio of the volume of loans and deposits was 300. Subsequently, weights were applied to 

calculate the index of each dimension. The weight for the first dimension was 1 while the second and 

third signified 0.5. The next step was to calculate the index value of each dimension with the formula. 

 

 
𝑑𝑖 = 𝑤𝑖

𝐴𝑖 −𝑚𝑖
𝑀𝑖 −𝑚𝑖

 (1) 

where 𝑑𝑖 represented the index of the i-th dimension, 𝑤𝑖 signified weight for the i-th dimension (0 ≤
𝑤𝑖 < 1), 𝐴𝑖 denoted indicator value of the i-th dimension, 𝑚𝑖 suggested the lower limit of the i-th 

dimension value, and 𝑀𝑖 showed the upper limit of the i-th dimension value.  

Equation (1) produced dimensional index value range 0 ≤ 𝑑𝑖 ≤ 𝑤𝑖. In a three-dimensional space, 

point 𝑋 = (𝑑1, 𝑑2, 𝑑3) represented a country’s financial inclusion achievement. The point 𝑂 = (0,0,0) 
showed the worst condition while point 𝑊 = (𝑤1, 𝑤2, 𝑤3) signified the ideal point with the highest 

achievement in all dimensions. The next step included calculating 𝑋1 (the normalized Euclidean distance 

between points 𝑋 and 𝑂) and 𝑋2 (inverse normalized Euclidean distance between points 𝑋 and 𝑊) using 

the following equations 

 

 
𝑋1 =

√𝑑1
2 + 𝑑2

2 + 𝑑3
2

√𝑤1
2 +𝑤2

2 +𝑤3
2

 (2) 

 
𝑋2 = 1 −

√(𝑤1 − 𝑑1)
2 + (𝑤2 − 𝑑2)

2 + (𝑤3 − 𝑑3)
2

√𝑤1
2 +𝑤2

2 +𝑤3
2

 (3) 

FII was obtained by averaging 𝑋1 and 𝑋2 with the following formula 

 

 
𝐼𝐹𝐼 =

1

2
[𝑋1 + 𝑋2] (4) 

Equation (4) produced FII value ranging from 0 to 1 where a higher value showed greater financial 

inclusion. In the grouping of FII values, there were three categories namely (1) high FII having a value 

of more than 0.6, (2) medium FII having a value in the range of 0.3 to 0.6, and (3) low FII showing a 

value of less than 0.3 [8]. 

The development of the financial sector, which in this study is represented by financial inclusion, 

has a complex relationship with renewable energy consumption. On the one hand, financial inclusion 

can increase the consumption of renewable energy and can reduce environmental degradation by 

promoting financing for more environmentally friendly production technologies [30]. Financial 

inclusion can also reduce production and energy costs and can accelerate economic growth, which in 

turn improves environmental quality [31]. However, on the other hand, financial inclusion can increase 

environmental degradation and be one of the factors driving increased carbon emissions. This is 
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illustrated by the ease with which companies can access finance, such as obtaining low-cost loan capital, 

which leads to the expansion of production scale and subsequently increases environmental damage 

[30]. Additionally, the ease with which companies can access finance also encourages consumers to 

purchase energy-intensive durable goods, leading to environmental problems. 

 

2.4. Economic Growth 

Economic growth is one of the indicators used in analyzing the economic development of a country. 

Economic growth can be used as a criterion for the success of a country's development. The higher of 

economic growth of a country, the more successful the development in that country. Economic growth 

can be defined as the development of the production of goods and services in a specific economic area 

over a certain period compared to the previous year [15] 

2.5. Internet User 

Internet, or interconnected network, is a global communication network system that connects computers 

and computer networks worldwide. Internet facilities provide access to a variety of communication 

services including web pages, email, news, entertainment, and data. Internet access facilities are not 

assumed to be limited to computers; they can also be accessed through mobile phones, PDAs, electronic 

gaming devices, etc. [16]. 

2.6. Environmental Kuznets Curve (EKC) 

Environmental Kuznets Curve (EKC) is a curve often used to describe the relationship between 

economic growth and environmental quality. In the EKC, there is an inverted U-shaped relationship 

between the economy and the environment. 

 

 

 
                  Source: World Bank 

 
Figure 3. Environmental Kuznets Curve 

 

In figure 3, it is shown that when there is a change in economic growth, the economic structure also 

undergoes a change. The inverted U-shaped relationship explains that the stages of economic growth go 

through several phases of structural economic change. The stages of economic structure change that 

occur are from pre-industrial, industrial, to post-industrial. Environmental degradation increases when 

there is an economic growth spurt due to the shift in economic structure from pre-industrial to industrial. 

This occurs because, during the industrialization phase, society focuses solely on maximizing work to 

earn income, leading to an increase in pollution. Next, at the stage of economic structure transition from 

industry to post-industry, environmental degradation experiences a decline. This is because the 

production processes that are taking place have started to consider their impact on the environment [17]. 

2.7. Error Correction Model (ECM) 



 

 
     
   683  
 

B J Primasrani and O Parina 

The initial stage in the ECM method is to conduct a stationarity test on all variables using the Augmented 

Dickey-Fuller (ADF) unit root test with trend and intercept at the level. If there is a difference in 

stationarity at the level, then the next step is to conduct an integration degree test to determine at which 

differencing degree the data will be stationary. The next step is to form the long-term equation by 

regressing the variables at the level using the OLS method. Here is the long-term equation in this study. 

 
 𝑅𝐸𝐶𝑡 = 𝛽0 + 𝛽1𝐹𝐼𝐼𝑡 + 𝛽2𝐸𝐺𝑡 + 𝛽3𝐼𝐶𝑇𝑡 + 𝑢𝑡  (5) 

The next step is to determine the long-term equilibrium among the variables being studied using the 

cointegration test. In this study, the cointegration test uses the residual values from the long-term model 

(𝑢𝑡) known as the Error Correction Term (ECT). The ECT variable that is stationary at the level indicates 

the presence of cointegration. The presence of cointegration indicates that there is a long-term 

equilibrium relationship in the formed model. Value of ECT must be significant and negative. This aims 

to adjust from short-term imbalances towards long-term equilibrium. The short-term regression equation 

is as follows. 

 
 ∆𝑅𝐸𝐶𝑡 = 𝛽0 + 𝛽1∆𝐹𝐼𝐼𝑡 + 𝛽2∆𝐸𝐺𝑡 + 𝛽3∆𝐼𝐶𝑇𝑡 + 𝛾𝑢𝑡−1 + 𝜀𝑡 (6) 

 

Short-term modeling on ECM can be considered valid if the speed of adjustment (γ) has a value 

within the range of 0 to 1 and has a negative sign and significantly affects the dependent variable. This 

means that the model is valid in correcting short-term imbalances towards long-term equilibrium. After 

obtaining the ECM model, the next step is to test the significance of the model, namely the coefficient 

of determination using the Adjusted r-square value, followed by the simultaneous test (F-test) which 

aims to determine the effect of independent variables on the dependent variable simultaneously, and the 

partial-t test which aims to see the effect of each independent variable on the dependent variable. 

2.8. Data and Variables 

In this study, line graphs are used to provide an overview of the dimensions composing the financial 

inclusion index and an overview of the financial inclusion index and other variables affecting the 

percentage of renewable energy consumption in Indonesia from 2004 to 2021. In this study, the Error 

Correction Model (ECM) method is also used to determine the impact of financial inclusion and other 

variables on the percentage of renewable energy consumption in Indonesia from 2004 to 2021. For the 

variables used in this study, please refer to table 1. 

 

Table 1. Summary variables 

 

Data Notation Unit Source 

Dependent variable 

Renewable energy consumption  REC Percent World Bank 

Financial inclusion complication indicators 

Banking penetration dimension 

Number of deposit accounts with 

commercial banks per 1,000 adults 
DCA Proportion 

Financial Acces Survey 

IMF 

Availability of banking services dimension 

Number of ATMs per 100,000 

adults 
ATMA Unit 

Financial Acces Survey 

IMF 

Number of commercial bank 

branches per 100,000 adults 
BANKA Unit 

Financial Acces Survey 

IMF 

Dimension of banking utilization 
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Data Notation Unit Source 

Dependent variable 

Ratio of loans and deposits at 

commercial banks to GDP 
CDEPOSIT %GDP 

Financial Acces Survey 

IMF 

Independent variable 

Financial inclusion index FII Score - 

Economic growth EG Percent  World Bank 

Percent of internet users  ICT Percent World Bank 

Investation Renewable Energy IRE Juta USD (2021) IRENA 

 

3. Result and Discussion 

 

3.1. Financial Inclusion Index 

The financial inclusion index created in this study is based on [8] and consists of three financial 

dimensions: banking penetration, banking service availability, and banking usage. Based on the graph 

in figure 4, it can be seen that the three dimensions experienced different trends from 2004-2021. The 

penetration dimension experienced the most significant increase compared to other dimensions. This 

dimension experienced a significant increase in 2010 and continues to increase until 2021. This 

illustrates that there is an increase in the adoption of financial services by the community. The 

availability dimension shows a relatively increasing trend throughout the period although it tends to 

stagnate after 2015. Meanwhile, the usage dimension shows a relatively increasing and stable trend 

throughout the period. The increase in access and penetration did not create a significant spike in the 

utilization of financial services. 

 

 

 
 

 
Figure 4. Dimensions That Make Up the Financial Inclusion Index 2004-2021 
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Figure 5. Financial Inclusion Index in Indonesia From 2004 to 2021 

The next step is the calculation of the X1 value, which is the normalized Euclidean distance between 

point X and reference point O, and the X2 value, which is the inverse of the normalized Euclidean 

distance between points X and O. Subsequently, the financial inclusion index is calculated by taking the 

simple average of the X1 and X2 values. Graph in figure 5 illustrates the development of the financial 

inclusion index from 2004 to 2021. Based on the graph, it can be seen that the financial inclusion index 

almost always increases every year with a peak in 2021 of 0,64. This shows that public access to 

financial services has become easier in Indonesia. 

3.2. Descriptive Statistics and Correlation Matrix 

The descriptive statistics of the entire data are represented in table 2. Based on table 2, it can be seen 

that the variable percentage of renewable energy consumption has an average value of 31.36 percent 

with a standard deviation of 7.81 percent. The minimum value of 19.8 percent and a maximum of 41.6 

percent indicate a fairly large range. The Financial Inclusion Index (FII) shows an average of 0.3286 

with a standard deviation of 0.1599, illustrating the high variation in values ranging from 0.1704 to 

0.6398. The Ln (ICT) variable, which represents the natural logarithm of the number of internet users, 

has an average value of 2.6748 with a standard deviation of 0.9528. The maximum value of 4.1288 and 

the minimum value of 0.9556 reflect the rapid growth of digitization in Indonesia.  

 

Table 2. Descriptive Statistics 
Variable Meaning Mean Standard 

Deviation 

Minimum Maximum 

REC Renewable energy 

consumption 

31.3556 7.81 19.8 41.6 

FII Financial inclusion index 0.3286 0.1599 0.17038 0.6398 

Ln (ICT) Logaritma natural internet 

users 

2.6748 0.9528 0.9556 4.1288 

IRE Investation renewable 

energy 

22.12 33.6838 0.06 113.82 

EG Economic growth 4.9449 1.8715 -2.0655 6.3450 

 
The Investment in Renewable Energy (IRE) variable shows an average value of 22.12 with a very 

high standard deviation of 33.68. The maximum of 113.82 and the minimum value of 0.06 indicates an 
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extreme level of volatility in renewable energy investment over the study period. Meanwhile, Economic 

Growth (EG) recorded an average of 4.94 percent with a standard deviation of 1.87%. The range of 

values between 2.07 percent to 6.35 percent shows significant economic fluctuations, especially in 2008 

when the global financial crisis occurred and in 2020 when the COVID-19 pandemic occurred. 

3.3. Unit Root Test 

The unit root feature of the data is checked before performing regression analysis. According to the 

ADF, the unit root test is used to accomplish this job.  
 

Table 3. Unit root tests. 

Variables  Augmented Dickey Fuller (ADF)  

 Levels  First Difference 

 T-statistics P-value  T-statistics P-value 

REC -0.23508 0.9163  -3.47084* 0.0247 

FII 1.63044 0.9989  -3.29487* 0.0328 

LN_ICT -1.24456 0.6276  -6.45337* 0.0001 

EG -2.9906 0.0560  -6.628743* 0.0001 

IRE -1.2384 0.1887  -9.417799* 0.0000 
Note: *): significant at 5 percent significance level 

Table 3 are shown the coefficient estimates for both unit root tests. The results of the ADF test indicate 

the percentage of renewable energy consumption, FII, IRE, LN_ICT, and EG are variables that are not 

stationary at the first level. Based on table 3, it can be seen that all variables used in the study are not 

stationary at the level. This can be seen from the p-value which is greater than 0.05. Then, the stationarity 

test is continued at the first difference and it is found that all variables are stationary at first difference. 

Therefore, we can proceed with cointegration analysis to see the short-term and long-term relationship. 

3.4. Estimation Results 

The long-term equation is obtained by regressing the independent variables with all dependent 

variables when they are not stationary at level. Based on table 4, it is known that at a significance level 

of 0.05, it can be concluded that the financial inclusion index variable and Ln_ICT have a negative 

significant effect on the percentage of renewable energy consumption.  

 

Table 4. Long Run Approximation. 

Variables Coefficient P-value 

IFI -18.57513* 0.0409 

LN_ICT -5.05786* 0.0020 

IRE -0.01643 0.2703 

EG -0.26349 0.3805 
Note: *) : significant at 5 percent significance level 

 

The next step involves conducting a cointegration test by examining whether the residuals from the 

long-run model are stationary at level. The cointegrated regression of 𝑌𝑡 and 𝑋𝑡 indicates that short-term 

shocks to variable and 𝑋𝑡 will lead 𝑌𝑡back to its long-term relationship value, even though in some 

moments the regression equation exits the long-term relationship (equilibrium). Testing the 

cointegration of long-term residuals is done with the ADF test and can be seen in table 5. Table 5 shows 

that the residuals are stationary at the level indicated by a p-value of less than 0.05. This means that it is 

evident that there is a cointegration relationship in the variables in the model or the variables have 

equilibrium in the long run.  

Short-term equation is done by regressing the variables on the first difference and adding lags of the 

long-term residuals. In the short run there is a difference between what is desired and what actually 
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happens, so an adjustment is needed. The short-term model includes the adjustment to correct the short-

term imbalance towards the long-term. Based on the results in table 6, only the IRE variable has a 

significant negative effect on renewable energy consumption in the short term.  

 

Table 5. Cointegration Test in Level 

Variables P-value Decision 

ECT 0.0489* Stationer 
Note: *) : significant at 5 percent significance level 

 

The Error Correction Model (ECM) estimation results show that the Error Correction Term (ECT) 

variable has a coefficient of -0.549 and is significant at the 5 percent significance level. This coefficient 

indicates that about 54.9 percent of the long-term deviation between the percentage of renewable energy 

consumption and the independent variables can be corrected in one period. This means that the variables 

in the model are appropriate in correcting short-term imbalances towards long-term equilibrium with an 

adjustment of 54.9 percent in the first year and the rest occurs in subsequent years. This finding 

reinforces the existence of a cointegrative relationship between the percentage of renewable energy 

consumption and the independent variables used. The negative value of the ECT is in line with 

theoretical expectations and confirms the existence of a self-correcting mechanism in the short-term 

dynamics of the percentage of renewable energy consumption in Indonesia during the period 2004-2021. 

 

 

Table 6. Short Run Approximation. 

Variables Coefficient P-value 

C -1.479804 0.0782 

D(IFI) -3.744865 0.7358 

D(Ln_ICT) 1.452523 0.6443 

D(IRE) -0.016814* 0.0400 

D(EG) -0.224080 0.1806 

ECT(-1) -0.549832* 0.0498 
Note: *) : significant at 5 percent significance level 

 

Based on the theoretical standpoint, financial inclusion could both negatively and positively 

influence the environment. This empirical finding is in accordance with the U-shaped RKC hypothesis 

which states that in the early stages of development it will result in a decrease in the percentage of 

renewable energy consumption, but after reaching a certain level it will increase the percentage of 

renewable energy consumption. This study shows that in the long run, an increase in the financial 

inclusion index actually decreases the percentage of renewable energy consumption in Indonesia, 

contradicting earlier positive effect evidence reported by Usman et al. [9]. This indicates that Indonesia 

is still at an early stage of development as greater access to finance is still used for fossil-based energy 

consumption. As financial inclusion increases, so does economic activity and increases demand for non-

renewable energy sources ([18];[4]). In the context of Tunisia, the relationship between financial 

development and renewable energy consumption during 1984–2017 was investigated using both 

symmetric and asymmetric ARDL approaches. The analysis indicated that financial development 

significantly and adversely affects renewable energy consumption [19].  

Amin et al. [20] investigated the relationship between financial development and renewable energy 

consumption using panel data from 1990 to 2018 in a few South Asian countries. They discovered that, 

over the long run, financial development has a negative effect on the propensity to consume renewable 

energy by 0.07 percent to 0.15 percent. The use of renewable energy is negatively impacted by financial 

development, according to research by Prempeh et al. [21]. This implies that expanding access to 

financial services may actually make it more difficult for the area to employ renewable energy. Green 
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finance, which aims for sustainable energy and environmental quality, has recently gained international 

attention. Increased financial inclusion makes money available to households and businesses, which 

leads to the purchase of energy-intensive products and higher energy consumption. Green financing 

focuses on this by paying attention to the funds that will be channeled into environmentally friendly 

activities. The finding that financial inclusion negatively affects renewable energy consumption implies 

that advancements in the financial sector may not directly support the shift toward cleaner energy 

sources [22]. 

The results also show that in the long run, increasing in the number of internet users has a significant 

negative effect on the percentage of renewable energy consumption. This is in line with the rebound 

effect theory, where technological advances improve energy efficiency but ultimately trigger higher 

consumption [23]. In Indonesia, internet use is still dependent on fossil energy, so technological 

improvements have not yet had a positive impact on the energy transition. ICT production, use and 

disposal can directly increase energy demand and exacerbate environmental damage [24]. This shows 

that Indonesia is still in the early stages of the EKC where technological growth has yet to contribute to 

environmental sustainability.  

Renewable energy investment (IRE) variable has no significant effect in the long run. While in the 

short term, the IRE variable has a significant negative effect on the percentage of renewable energy 

consumption. Similar to the previous variable, this indicates that investment is still at an early stage so 

that the impact actually reduces the percentage of renewable energy consumption in the short term. The 

development of renewable energy power plants such as geothermal and wind, can increase fossil energy 

consumption. This is due to the material requirements of the energy-intensive manufacturing sector [25].  

Research conducted by Li et al. [26] revealed that although investment in green energy can reduce 

carbon emissions in the long term, in the short term, increased investment in renewable energy can lead 

to increased carbon emissions, mainly due to the initial dependence on fossil energy sources during the 

transition.  

 

4. Conclusion 

Based on the results of the empirical research that has been conducted, it can be concluded that based 

on EKC theory, Indonesia is still at an early stage of development, where the increase in financial 

inclusion and technology still has a negative impact on the environment. It also shows that the financial 

system in Indonesia still has some shortcomings in terms of green finance. The negative effect of 

financial inclusion on the percentage of renewable energy consumption indicates that the development 

of the financial sector in Indonesia has not been effective in driving the energy transition. Policymakers 

need to pay attention to where funds will be channeled. In addition, it is essential for policymakers to 

formulate targeted financial inclusion strategies that promote both economic growth and environmental 

sustainability. Financial inclusion initiatives should prioritize support for enterprises and entrepreneurs 

involved in clean energy innovation. Green finance emerges as a key instrument for financial regulators 

to enhance awareness among stakeholders within financial institutions. Accordingly, relevant authorities 

are encouraged to strengthen education and capacity-building efforts to foster greater institutional 

support for renewable energy development and utilization. 

During the initial phase of internet expansion, the deployment and use of internet-related 

infrastructure have been associated with a decline in the percentage of renewable energy consumption. 

The findings of this study indicate that greater internet penetration significantly reduces renewable 

energy usage in developing nations. This outcome is attributed to the insufficient alignment between the 

rapid growth of information and communication technologies (ICT) and the availability of renewable 

energy sources. Consequently, internet proliferation has led to increased reliance on conventional 

energy. These results are consistent with the Environmental Kuznets Curve (EKC) hypothesis, 

suggesting that Indonesia remains in an early development stage where technological advancement 

correlates with reduced renewable energy shares. To address this issue, the government should promote 

the integration of digital infrastructure with renewable energy systems, for instance by offering 

incentives for data centers powered by clean energy and for energy storage initiatives. A comprehensive 
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national roadmap is necessary to synchronize the digital transformation with the expansion of renewable 

energy capacity, particularly in regions with high internet usage.  

This study also reveals that, in the short term, investment in renewable energy has a significantly 

negative impact on the percentage of renewable energy consumption. Increased investment tends to 

stimulate overall production activity, which may inadvertently lead to higher fossil fuel usage. As a 

developing nation, Indonesia continues to face challenges such as limited access to advanced 

technology, insufficient capital, and inadequate infrastructure, all of which hinder a smooth energy 

transition. Therefore, it is crucial for policymakers to emphasize the expansion of renewable energy 

investments and implement strategic policies that offer specific incentives to accelerate this process. 

Such measures are essential to restructure the national energy mix and lessen dependency on fossil-

based sources. Government support can be strengthened through fiscal incentives, tax relief 

mechanisms, and green financing programs aimed at promoting investment in the clean energy sector. 
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