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Abstract
 

Renewable energy is an alternative energy that can be used to increase economic growth and people's 
welfare while saving the earth. This study aims to identify the role of fintech and digital transformation as 
a long-term financing scenario for renewable energy growth, from both the production and consumption 
sector. This study uses time series data from January 2019 to September 2022 with a two-stage test. First, 
conducting the ARDL model estimation to find the nexus between fintech, digital transformation, and 
renewable energy in the short and long term. Secondly, a regression analysis was performed to capture the 
moderating effect of digital transformation which intermediates the influences of fintech on renewable 
energy. The findings conclude that fintech, digital transformation, and renewable energy have integrated 
relationships in the short and long term both in the production and consumption sectors. The finding also 
provides various recommendations for enhancing renewable energy growth, particularly through the use 
of accelerated fintech by digital transformation. 
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INTRODUCTION 

Conventional energy sources, such as 

fossil fuels, are frequently associated with en-

vironmental destruction and ecological degr-

adation (Mendonça et al., 2020). Carbon diox-

ide produced by the combustion of fossil fuels 

additionally serves as the main factor causing 

global temperature rise, or what we call a glo-

bal warming phenomenon (Guo et al., 2021). 

It is necessary to develop safer and cleaner alter-

native energy sources that can be produced sust-

ainably to overcome this environmental probl-

em. As a result, worldwide governments are mai-

nly concentrating their attempts on encouraging 

the expansion of renewable energy sources. (Guo 

et al., 2021), one of which is through the proce-

ssing of vegetable materials, such as biodiesel 

(Herjanto & Widana, 2016;  Neupane, 2023). The  
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advancement of renewable energy is also a so-

lution to eliminate the burden of large envi-

ronmental costs in a long-term model of exte-

nsive economic development, especially for 

developing countries (Arena et al., 2018), such 

as Indonesia. Renewable energy is also an urg-

ent need for economic development in the 

financial sector nowadays (Puschmann, Hoff-

mann, & Khmarskyi, 2020). 

The financial industry's vocation in con-

serving renewable energy process encourages 

the expansion of production and commercial 

activities, increase energy demand and consu-

mption (Liu et al., 2022), and promote a low-

carbon energy transition (Chenet, Ryan-colli-

ns & van Lerven, 2019). To achieve this sustai-

nable development agenda, the United Nati-

ons ratified the "Paris Climate Agreement," as 

a global agreement in dealing with climate 

change, with a projected total investment of 

USD 100 billion. To maintain an efficient sys-

tem and a sustainable economy, the United 

Nations also estimates that global investment 

in the energy system will reach USD 1.6 to 3.8 

trillion per year during 2020-2050. This means 

that a low-carbon energy transition needs a 

long time to implement (Schumacher, Chen-

et, & Volz, 2020). Therefore, to promote the 

acceleration of renewable energy implemen-

tation, technological support is needed as the 

most innovative, sophisticated, and effective 

tool (Khan et al., 2022). 

Technology has transformed digitally in 

various sectors. In the financial sector, this is 

marked by the emersion of financial techno-

logy (fintech). Previous studies have linked 

the role of fintech in renewable energy finan-

cing. For example, Dorfleitner and Braun 

(2019) discovered that fintech enables invest-

ment and financing access to renewable ene-

rgy sectors. Fintech, which combines big data 

and artificial intelligence substantially facili-

tates the financing of renewable energy to 

stimulate green economy conversions (Wang 

et al., 2022), both in production and consum-

ption. Schletz, Franke, and Salomo (2020) argue 

that the delay in energy efficiency intervention 

due to certain market conditions can be overco-

me by changing energy systems design through 

blockchain technology, which is widely used in 

fintech. 

Several studies also examine the financing 

function for renewable energy through green fin-

ance. Tu and Rasoulinezhad (2021) demonstrate 

green bonds as an alternative capital fund for 

many energy efficiency projects. Azhgaliyeva and 

Liddle (2020) emphasized that green bonds are 

crucial to enhancing energy efficiency. Similar 

findings are clarified by Liu et al. (2022) in the 

scope of ASEAN countries. Moreover, it should 

also be noted that fintech is a platform provider 

for green finance (Cen & He, 2018; Muganyi, Yan, 

& Sun, 2021), thus it certainly has a superior role 

in facilitating renewable energy financing, espe-

cially by offering ease and speed characteristics. 

However, the involvement of fintech in support-

ing renewable energy financing has not been co-

nsidered in existing research, giving rise to a res-

earch gap that needs to be bridged. 

This assumption is also supported by Nass-

iry (2018) who states that Fintech plays an impo-

rtant role in unlocking green financing, one of 

which is through the use of ecology by channel-

ing renewable energy (Deng, Huang, & Cheng, 

2019). In addition, in this digital era, the combin-

ation of the internet and multilateral financial 

institutions would effectively support renewable 

energy financing (Butu et al., 2021). According to 

Liao and Ren (2020), this is a reasonable argum-

ent that technological advancements can contri-

bute to improved energy conservation. 

  Technological advances driven by digital 

transformation are enabling exciting new ways to 

connect across networks (Koetsier, 2020). Digital 

transformation become the innovation process 

to increase the potential for off-grid electrific-

ation, from feasible projects to investment-wort-

hy (CODES, 2021). Digital transformation acquir-

ed by fintech supports carbon crowd-financing 

through blockchain credit mechanisms, internet 
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connected mobile payment options, credit sc-

oring models, and new business concepts su-

ch as pay-as-you-go (Thompson, 2017; CO-

DES, 2021). This model has opened up new 

options to achieve universal energy access for 

all levels of society, both in urban and rural 

areas (Liaw & Sa’ad, 2020). Therefore, it can 

be argued that digital transformation become 

an intermediary for financing renewable ene-

rgy through Fintech. 

Against the above background, this stu-

dy aims to identify the short-term and long-

term nexus between renewable energy grow-

th, fintech, and digital transformation in Ind-

onesia. This study will also identify the role of 

digital transformation as an intermediary be-

tween fintech activity and renewable energy 

growth. This study at least contributes three-

fold. First, this study will be the first to iden-

tify the driving factors of renewable energy 

growth in the digital era, especially in Indo-

nesia, the largest potential country for rene-

wable energy in the world (Sahara et al., 2022)  

specifically in biodiesel production. Secondly, 

this study will analyze the relationship (short 

and long term) between fintech and renew-

able energy in two aspects; production and 

consumption, thereby providing a more com-

prehensive picture of the growth potential of 

renewable energy. Third, this study applies 

Autoregressive Distributed Lag (ARDL) ana-

lysis which is suggested by many researchers 

as the most optimal method for simultane-

ously estimating short and long-run connec-

tions and also presents the strength of the est-

imation coefficients in the long term (Meneg-

aki, 2019). Furthermore, this study also offers 

a regression perspective in strengthening and 

understanding the findings. 

This study is presented in several sect-

ions. Section 1 is the Introduction that expl-

ores the background of the problem and rese-

arch objectives. Section 2 presents the conce-

ptual framework that also summarizes the 

literature review. Section 3 explains the meth-

odology and also describes empirical models and 

research data. Section 4 analyzes the results and 

discussion. Section 5 offers the policy recomm-

endation. Finally, the conclusion and advice for 

further research are presented in the last section. 

Crowdfunding, which involves individuals 

or companies as their users, is one of the most 

important collaborations between fintech and 

sustainable finance in providing a certain amo-

unt of capital through online platforms (Kabu-

lova & Stankevičienė, 2020). Crowdfunding helps 

green companies get financing and funds more 

fastly, inexpensively, and cost-effectively (Verg-

ara & Agudo, 2021). Renewable energy-based cro-

wdfunding offers investors the opportunity to 

invest their money sustainably (Abokyi et al., 

2019; Khan, Yaseen, & Ali, 2019). In general, Fint-

ech also has contributed to transforming agricul-

tural, forestry, and fisheries business processes to 

become more sustainable (Hommel & Bican, 20 

20). Fintech activities are promoted through cro-

wdfunding, digital payment systems, and digital 

marketplaces that bring together all business 

stakeholders (farm owners, property developers, 

shareholders, and customers). Fintech provides 

accountability, resource involvement, and public 

participation in the renewable energy sector (De-

ng, Huang, & Cheng, 2019; Macchiavello & Siri, 

2020). 

According to the World Bank (2018), mar-

ket access to energy-based assets is still unstable 

in terms of structure, registration procedures, 

and regulations, in an inefficient economic sys-

tem. Simultaneously, the rapid technology envir-

onment will evolve, opening up new opportun-

ities and challenges for energy-based assets that 

use complex elements, instruments, and types 

(Gimpel, Rau, & Röglinger, 2018; Pavlyk, 2020; 

Tolliver et al., 2021). Furthermore, as stated by 

the World Bank (2018) blockchain, smart contra-

cts, big data, the Internet of Things (IoT), and 

several technological breakthroughs show valu-

able possibilities for addressing the energy mar-

ket's needs in the post-2020 generation. 
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Energy is becoming a new and distinct 

physical commodity for digital assets in repr-

esenting the entitlement of commodity assets 

(Blakstad & Allen, 2018), numerous materials 

(e.g. energy content), and various outcomes 

(e.g. biodiesel, biofuels, and energy access). 

All processes of renewable energy will be inte-

rrelated with production and life cycle (Gimp-

el, Rau, & Röglinger, 2018; Puschmann, Hoff-

mann, and Khmarskyi, 2020). Thus, technolo-

gies (e.g. blockchain) can provide a digital 

mechanism to separately record and track the 

flow of information related to renewable 

energy units. 

Chen (2018) has explored several tech-

nological approaches to renewable energy, 

one of these is using blockchain to strengthen 

the effectiveness of renewable energy stock 

market strategies by proposing an efficient 

payment system, promoting carbon trading 

and credit, enabling energy market networks, 

improving peer-to-peer lending access to tra-

de in renewable energy and accelerating inter-

national financial transfers. Raberto et al. (20 

19) confirm this by stating that investment 

opportunity assistance in the renewable ene-

rgy sector can create more efficient energy 

production transitions. 

Energy as one of the important factors 

in production is considered a dominant contr-

ibutor to economic growth which has been 

extensively discussed in prior studies. Diffe-

rent perspectives come from Neoclassical eco-

nomists and Neoclassical Growth Theory exp-

erts. Neo-classical economists argue that lab-

or and capital can be recognized and valued 

as fundamental components of growth. Mea-

nwhile, the Neo-classical Growth Theory con-

siders energy has a neutral role and therefore 

only becomes a secondary factor in the prod-

uction process (Ghali & El-Sakka, 2004; Soytas 

& Sari, 2007). On the other hand, biophysic-

ists and ecologists adhere to energy's signifi-

cance and involvement in determining the 

income of civilization, with the assumption 

that an economy that depends on energy is str-

ongly influenced by variations in energy consum-

ption. (Cleveland et al., 1984; Dale, Krumdieck & 

Bodger, 2012). Thus it is concluded that energy 

production is also related to energy consumpti-

on. Every individual who earns income in the 

energy-economy ecosystem would use his inco-

me for consumption activities in energy produc-

tion. For example, households consumption of 

renewable energy products using consumer fin-

ancing facilities through fintech. 

We argue that fintech financing in the 

production sector can increase renewable energy 

production. In the household sector, fintech fin-

ancing also encourages the high consumption of 

renewable energy products. Thus, fintech can 

facilitate the financial needs of the energy ecosy-

stem both in the production and consumption 

sectors (Khan, Yaseen, & Ali, 2019). This assump-

tion is in line with the historical neoclassical 

economic model, which regards energy as a med-

ium of production and consumption. Production 

can only succeed with consumption. As a result, 

energy is imperative for long-term production 

and consumption (Beaudreau, 1995; Ozturk, 20 

10). 

Digital transformation is the procedure of 

rebuilding the utilization of technological inno-

vations to boost production and operational perf-

ormance and make it a major competitive advan-

tage (Li, Jin, & Gao, 2023).  Digital transformation 

stimulates innovation and carries out major cha-

nges in the financial industry, which then gives 

rise to fintech (Barroso & Laborda, 2022).  

Increased accessibility and transferability 

of fintech facilitated by digital transformation 

have resulted in the creation of new values (Brei-

dbach, Keating, & Lim, 2020). Digital transforma-

tion also helps fintech providers overcome long-

term challenges when engaging in financial int-

ermediation, such as the existence of asymmetric 

information, market uncertainty, incomplete ma-

rket instruments, and reduced production costs 

(World Bank, 2022). 
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On the other hand, digital transform-

ation also creates various sustainable business 

models that provide added value to clients and 

businesses by balancing human and economic 

requirements (Hu, Zhou, & Zhang, 2022). With 

digitally transformed technology and innova-

tion, resource waste can be reduced (Li, Jin, & 

Gao, 2023).  

Most studies conclude that digital trans-

formation enhances the efficiency of energy 

use (Ishida, 2015; Lahouel et al., 2021). The late-

st technological implementation in companies 

or industries allows efficient monitoring of en-

ergy use and the prevalence of energy allo-

cation (Feng et al., 2017; Wen, Lee, & Song, 

2021). Digital transformation also removes ob-

stacles for industry players in parsing isolated 

and unverified data as a basis for establishing 

energy efficiency strategies.  

 
Figure 1. Framework of renewable energy 

production and consumption 

On the consumer side, digital transfor-

mation is driving better energy demand and 

accelerating consumer sustainable behavior to 

make adjustments to the variability of rene-

wable energy sources (Xing, Sizov, & Gunde-

rsen, 2022). 

We then propose scenarios of sustai-

nable renewable energy production and con-

sumption with the support of fintech and 

intermediation of digital transformation with the 

framework shown in Figure 1. 

METHOD 

This study uses a quantitative approach wi-

th monthly time-series data from January 2019 to 

September 2022.  The selection of the observa-

tion period is emphasized due to the availability 

of renewable energy data in Indonesia which has 

been released since 2019. The research was cond-

ucted in two stages as presented in Figure 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Two-stage Research Method 
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This study uses renewable energy as the 

dependent variable, which is tested separately 

from the production and consumption aspe-

cts. The explanatory variables are Fintech wh-

ich is also tested separately from the produ-

ction and consumption aspects; and digital 

transformation which also applies as a moder-

ating variable.  To support the robustness of 

results and avoid the omitted variables, this 

study also uses a control variable, namely inf-

lation. 

The first stage in this research applied 

the Autoregressive Distributed Lag (ARDL) 

model which has also been used in several 

studies related to energy sustainability and 

financial development (Ünlü et al., 2022; Vo et 

al., 2022). ARDL model in this study was 

performed to identify a dynamic relationship 

scenario between the production and consu-

mption of renewable energy, the production 

and consumption of fintech financing and 

digital transformation, both in the short and 

long term. The ARDL approach can be applied 

relatively to short-term time-series data to 

estimate long-term and short-term model 

components simultaneously (Narayan, 2004). 

The ARDL model equation applied in this 

study is explained as follows: 

∆𝑅𝐸𝑃𝑡 = 𝛽0𝑖 + 𝛽1𝑖𝑅𝐸𝑃𝑖,𝑡−1 + 𝛽2𝑖𝐹𝑖𝑛𝑃𝑖,𝑡−1 +

𝛽3𝑖𝐷𝑇𝑖,𝑡−1 + ∑ 𝛿𝑖𝑗
𝑝
𝑗=1 ∆𝑅𝐸𝑃𝑖,𝑡−𝑗 +

∑ 𝜑1𝑖𝑗
𝑞1
𝑗=0 ∆𝐹𝑖𝑛𝑃𝑖,𝑡−𝑗1

+

 ∑ 𝜑3𝑖𝑗
𝑞2
𝑗=1 ∆𝐷𝑇𝑖,𝑡−𝑗

1
+ 𝜇𝑖 +  𝜀𝑖𝑡    (1) 

∆𝑅𝐸𝐶𝑡 = 𝛽0𝑖 + 𝛽1𝑖𝑅𝐸𝐶𝑖,𝑡−1 + 𝛽2𝑖𝐹𝑖𝑛𝐶𝑖,𝑡−1 +

𝛽3𝑖𝐷𝑇𝑖,𝑡−1 + ∑ 𝛿𝑖𝑗
𝑝
𝑗=1 ∆𝑅𝐸𝐶𝑖,𝑡−𝑗 +

∑ 𝜑1𝑖𝑗
𝑞1
𝑗=0 ∆𝐹𝑖𝑛𝐶𝑖,𝑡−𝑗1

+

 ∑ 𝜑3𝑖𝑗
𝑞2
𝑗=1 ∆𝐷𝑇𝑖,𝑡−𝑗

1
+ 𝜇𝑖 +  𝜀𝑖𝑡   (2) 

Where i = 1, 2, …, n and t = 1, 2, …, t. Whereas  

𝜀𝑖𝑡 is the error term and ∆ is the first difference 

operation. Furthermore, the long-term relation-

ship is represented by 𝛽𝑘𝑖 (k=1,2,3,4) while the 

short-term sum symbol is represented by the err-

or correction term.  

The variables and measurements used in 

this study are shown in Table 1. 

 

Table 1. Variables and Measurements 

 

  

Variables Proxy Measurements 

Renewable Energy 

Biodiesel production 

(𝑅𝐸𝑃𝑡) 

Total monthly biodiesel production 

(source: www.aprobi.or.id) 

Biodiesel consumption 

(𝑅𝐸𝐶𝑡) 

Total monthly biodiesel consumption 

(source: www.aprobi.or.id) 

Fintech 

Fintech financing in 

production sectors (𝐹𝑖𝑛𝑃𝑡) 

Total monthly fintech financing in the agricultural, 

forestry, and fisheries sectors (source: OJK) 

Fintech financing in 

consumption sectors 

(𝐹𝑖𝑛𝐶𝑡) 

Total monthly fintech financing in the household sector 

(source: OJK) 

Digital 

Transformation 

Internet penetration ratio 

to economic conditions 

(𝐷𝑇𝑡) 

𝑇𝑒𝑙𝑐𝑜𝑡

𝑈𝑠𝑒𝑟𝑡

 𝑥 
𝐼𝐾𝐸𝑚,𝑡

𝐼𝐾𝐸𝑡

  

• 𝑇𝑒𝑙𝑐𝑜𝑡 :  Communication spending year-t 

• 𝑈𝑠𝑒𝑟𝑡 :  Internet users in year-t 

• 𝐼𝐾𝐸𝑚,𝑡  :  Indonesia Economic Condition Index   

of month-m (m=1 s.d. 12) in year-t 

• 𝐼𝐾𝐸𝑡 :  Total Economic Condition Index in the year-t 

Inflation Inflation (INF) Log (Inflation) 
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ARDL model estimation begins with a 

validation mechanism through the unit root 

test to detect the stationary in the time-series 

data set. Furthermore, to see the stability of 

the ARDL model, graphic plotting was carried 

out using CUSUM and CUSUMQ statistics.  

In the second stage, a regression test 

was employed to strengthen the assumption 

of a significant influence between fintech and 

renewable energy and also to prove the inte-

rmediary role of digital transformation on this 

effect. This assumption is supported by sev-

eral researchers who have linked the intera-

ction of digital transformation with fintech 

(Boratyńska, 2019; Barroso & Laborda, 2022). 

The regression test is equipped with a classic 

assumption test such as autocorrelation, het-

eroscedasticity, normality, and omitted vari-

ables.  

The regression equation in this study is 

determined as follows: 

𝑅𝐸𝑃𝑚 = 𝛼0 + 𝛽1𝐹𝑖𝑛𝑃𝑡 + 𝛽2𝐷𝑇𝑡 +  𝛽3𝐹𝑖𝑛𝑃𝑡 ∗

𝐷𝑇𝑡 + 𝛽4𝐼𝑁𝐹𝑡 + 𝜀𝑚            (3) 

𝑅𝐸𝐶𝑚 = 𝛼0 + 𝛽1𝐹𝑖𝑛𝐶𝑡 + 𝛽2𝐷𝑇𝑡 +  𝛽3𝐹𝑖𝑛𝐶𝑡 ∗

𝐷𝑇𝑡 + 𝛽4𝐼𝑁𝐹𝑡 + 𝜀𝑚         (4) 

 

RESULT AND DISCUSSION 

The initial results present descriptive 

statistical findings for all variables categoriz-ed 

by year with analysis using mean, standard 

deviation, minimum, and maximum values as 

shown in Table 2 

Table 2 shows that the average biodiesel 

production in 2020 and 2021 has decreased com-

pared to 2019, but increased in 2022. Meanwhile, 

the average biodiesel consumption shows an inc-

reasing trend from year to year. A similar trend 

is also found in the average fintech financing in 

the production sector (agriculture, forestry, and 

fisheries) which continues to increase from year 

to year, with the highest average financing in 

2022.  The average fintech financing for consum-

ption in the household sector has also experie-

nced a significant increase from 2019 to 2022. 

Furthermore, the average digital transformation 

shows a sloping trend with a slight decrease in 

2020 and 2021. The reasonable explanation co-

mes from the Covid-19 pandemic which hamp-

ered the growth of digital technology innovation 

so that it could not meet the high communic-

ation needs of society and industry. Moreover, 

the average inflation is quite fluctuating where a 

decrease occurs in 2020 and 2021, then begins to 

increase in 2022.

Table 2. Descriptive Statistics Result 

Variables Year Mean Std. Deviation Min Max 

 2019 836616.8 55173.78 788238 935901 

REP 2020 716097.8 38804.84 632926 757426 

 2021 748293.6 69812.74 615942.5 818400.7 

 2022 957128.6 63100.85 861655.8 1056868 

 2019 496387.5 152644.6  53891 698971 

REC 2020 690583.9 72458 514547 790456 

 2021 723645 73415.6 638895 830000 

 2022 840893.2 28527.84 797546.5 892841 

 2019 29.5 10.7 15.4 48.1 

 2020 70.0 12.1 52.2  92.1 

FinP 2021 151.2 33.5  91.8 211.6 

 2022  187.7 37.2 117.4 230.0 

 2019 110.7 40.1  57.5 180.4 

FinC 2020 262.3 45.3 195.6 345.0 
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* monthly data in 2022 only until September 

The unit root was identified through 

Augmented Dickey–Fuller (ADF) and Phillips 

Perron (PP) tests. The test begins with deter-

mining the most optimal lag value through 

the optimum lag test using the Likelihood Ra-

tio (LR), Akaike Information Criterion (AIC), 

Hannan Quinn Information Criterion (HQ-

IC), Final Prediction Error (FPE), and Schwarz 

Bayesian Information Criterion (SBIC). 

The unit root test result provided in Ta-

bles 3 and 4 indicates that there are no unit 

roots found in all variables confirming that all 

variables are not stationary at the first diffe-

rence level or integration order I(1) at a signi-

ficance level of 1% and 5%.  

Based on this unit root test result, we 

ascertain that the estimation of the ARDL 

model is possible to continue. 

Table 3. Unit Root Test Results  (ADF) 

Variable Lag 

ADF  

Order 
level 

1st 

difference 

REP 1 
-0.603 -5.590* 

I(1) 
(0.870) (0.000) 

REC 1 
-1.806 -6.511* 

I(1) 
(0.376) (0.000) 

FinP 2 
-0.096 -3.691* 

I(1) 
(0.9499) (0.004) 

FinC 1 
 -0.590  -3.526** 

I(1) 
(0.8732) (0.007) 

DT 2 
-1.524 -3.317** 

I(1) 
(0.522) (0.014) 

Table 4. Unit Root Test Results  (PP) 

Variable Lag 

PP   

Order 
level 

1st 

difference 

REP 1 
-1.149 -8.864* 

I(1) 
(0.695) (0.000) 

REC 1 
-2.357 -9.347* 

I(1) 
(0.154) (0.000) 

FinP 2 
-0.549 -10.349* 

I(1) 
(0.882) (0.000) 

FinC 1 
-0.540  -6.043* 

I(1) 
(0.884) (0.000) 

DT 2 
-1.554 -4.789* 

I(1) 
(0.507) (0.001) 

 

The ARDL bound test was performed along 

with diagnostic procedures to validate model es-

timation (Pesaran, Shin, & Smith, 2001). Bound 

tests are carried out by identifying the F-statist-

ics within the upper and lower limits.  

If the estimated value of the F-statistic is 

less than the lower limit, this indicates that there 

is no long-term cointegration. 

Table 5 shows that the ARDL model met 

the diagnostic requirements for both the REP 

and REC equations, where no autocorrelation, no 

heteroscedasticity, residuals are normally distri-

buted, and no omitted variables. The REP (1,0,0) 

and REC (1,0,0) models show an F-statistic value 

higher than the upper limit at the 90% and 95% 

confidence levels, implying that there is a long-

term cointegration in these two ARDL models. 

Variables Year Mean Std. Deviation Min Max 

 2021 513.7 70.9 406.9  668.1 

 2022  831.3 81.6 708.4  937.1 

DT 

2019 2.3 0.1 2.1 2.3 

2020 1.3  0.4 0.8  2.0 

2021 1.4 0.2 1.0 1.7 

2022 1.9 0.2 .7  2.1 

 2019 3.0 0.3 2.5 3.5 

INF 2020 2.0 0.6 1.3 2.9 

 2021 1.6 0.2 1.3 1.9 

 2022 3.7 1.3 2.1 5.9 
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According to Pesaran, Shin, and Smith 

(2001),  if a long-term cointegration is found, 

the estimation of long-term and short-term 

relationships can be continued based on the 

error correction model (ECM). The estimated 

ARDL-based ECM is carried out separately for 

dependent variables of REP and REC.  

Table 6 first displays the estimated AR-

DL-based ECM model in the production sect-

or (REP). Based on this statistical evidence, 

fintech financing in the agriculture, forestry, 

and fisheries sectors has a significant positive 

relationship with renewable energy producti-

on both in the short-term and long term. Lik-

ewise, digital transformation also shows a po-

sitive relationship in the short and long run to 

renewable energy production. 

An increase of fintech financing in the 

production sector by 1% causes renewable energy 

(biodiesel) production to increase by 46.45% in 

the short term, ceteris paribus. In line with this, 

an increase of fintech financing in the produc-

tion sector by 1% causes renewable energy (bio-

diesel) production to increase by 97.33% in the 

long term, ceteris paribus. Fintech can increase 

its short and long-term financing in the prod-

uction sector to improve the production of rene-

wable energy raw materials (e.g., palm oil and 

soybean oil) thereby providing supply chain gua-

rantees for industries that produce renewable 

energy. 

Table 5. ARDL bounds test and diagnostic test result 

Table 6. Long-term and short-term ARDL models 

Equation 1.  REP = F (FinP, DT) 

Lag order  (1,0,0) 

Critical Bounds  95% Lower 95% upper 90% Lower 90% upper 

F-stat = 6.111 3.79 4.85 3.17 4.14 

Diagnostic Test p-value interpretation 

Breusch-Godfrey test 0.6486 No autocorellation 

White Heteroscedast. test 0.3702 Homokedasticity 

Jarque Bera test 2.9e-26 Normal distribution 

Ramsey RESET test 0.0221 No omitted var 

Equation 2.  REC = F(FinC, DT) 

Lag order  (1,0,0) 

Critical Bounds  95% Lower 95% upper 90% Lower 90% upper 

F-stat = 5.508  3.79 4.85 3.17                            4.14 

Diagnostic Test p-value interpretation 

Breusch-Godfrey test 0.7293 No serrial corellation 

White Heteroscedast. test 0.5680 Homokedasticity 

Jarque Bera test 4.8e-44 Normal distribution 

Ramsey RESET test 0.0056 No omitted variables 

ARDL – REP (1,0,0) 

Variable 
Short-term coefficients 

Coeff.  T-Stat. Prob. 

FinP 464.4755 3.65  0.001 

DT 5493.967 2.89 0.006 

Variable 
Long-term coefficients 

Coeff.  T-Stat. Prob. 

FinP  973.2986 3.56 0.001 

DT 11512.49 4.19 0.000 
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Furthermore, the result also indicates 

that an increase in digital transformation by 

1% causes renewable energy production of bi-

odiesel to increase by 54.93% in the short te-

rm, and 115.12% in the long term, ceteris pari-

bus. This finding can be concretely applied th-

rough renewable energy research and devel-

opment by utilizing various digital channels. 

Table 6 also provides statistical evidence of a 

positive relationship in the short-term and lo-

ng-term between renewable energy consump-

tion (REC) and fintech financing activities in 

the household consumption sector. An incre-

ase of fintech financing in the consumption 

sector by 1% causes renewable energy consu-

mption to increase by 18.71% in the short term 

and 33.59% in the long term, ceteris paribus.  

However, the ARDL model finds that 

digital transformation has a negative relation-

ship with renewable energy consumption in 

the short term and long term. This finding is 

quite reasonable because renewable energy-

based products are not widely offered through 

digital channels, such as e-commerce. Curre-

ntly in Indonesia, the purchase of biodiesel 

products can only be made through official 

agents appointed by the government. 

We also performed CUSUM and CUSU-

MQ stability tests to identify the stability of 

the variable coefficients and detect a structu-

ral break in the ARDL model. The CUSUM 

and CUSUMQ statistics are set at a 5% signi-

ficance level. If the plot statistics stay within 

critical limits, the ARDL coefficients are imp-

lemented in this method. 

Figure 3 and Figure 4 shows that the CUS-

UM and CUSUMQ graph for REP model does not 

exceed the critical limit at the 5% significance le-

vel. Thus, there is no structural break, hence the 

long-run coefficients in the REP model are stab-

le.  

Figure 5 and Figure 6 also show that the CUSUM 

and CUSUMQ graph for REC model does not ex-

ceed the critical limit at the 5% significance level. 

Thus, it also concluded that the long-term coeff-

icients in the ARDL model of renewable energy 

consumption (REC) is stable. CUSUM and CUS-

UMQ statistic results of this study confirm that 

the model is stable, robust, reliable, and valid. 

 
Figure 3. CUSUM plot on REP model 

 
Figure 4. CUSUMQ plot on REP model 

ARDL - REC (1,0,0)  

Variable 
Short-term coefficients 

Coeff.  T-Stat. Prob. 

FinC  187.1293 2.88  0.006 

DT -3238.568 -1.34 0.187 

Variable 
Long-term coefficients 

Coeff.  T-Stat. Prob. 

FinC 335.9399 3.91 0.000 

DT -5813.972 -1.41 0.166 
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Figure 5. CUSUM plot on REC model 

 
Figure 6. CUSUMQ plot on REC model 

This study also conducted a linear regress-

ion test by first testing the endogenous and exo-

genous variables and then adding the modera-

ting variables and control variables one by one. 

As previously stated, the endogenous variables 

for renewable energy production (REP) and ren-

ewable energy consumption (REC) are tested se-

parately. The regression test is followed by the 

classic assumption to avoid autocorrelation, het-

eroscedasticity, normality, and omitted variables 

in the model. 

Table 7 shows that fintech financing in the 

production sector has a positive significant influ-

ence on renewable energy production. This fin-

ding supports research by Tan et al. (2023) that 

the fintech development contributes  positively   

to   natural  resources management, one of which 

is through the production of renewable energy. 

Table 7. Benchmark Regression Result of Renewable Energy Production 

p-values in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01 

 

 

 

 

 

  (1) (2) (3) 

  REP REP REP 

FinP 700.1*** 1617.2*** 739.0 
 (0.000) (0.010) (0.342) 

DT 11139.9*** 5446.2*** 4077.2* 
 (0.000) (0.007) (0.052) 

FinP*DT  96.89*** 58.45* 
  (0.000) (0.079) 

Log_INF   75881.6* 
   (0.088) 

_cons 492050.2*** 639755.6*** 602049.2*** 

  (0.000) (0.000) (0.000) 

Obs. 45 45 45 

Adj.R2 0.625 0.722 0.735 

Diagnostic Test p-value interpretation 

Breusch-Godfrey test 0.2420 No serrial corellation 

White Heteroscedast. test 0.3600 Homokedasticity 

Jarque Bera test 0.6089 Normal distribution 

Ramsey RESET test 0.1079 No omitted variables 
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Positive significance was also found in 

the influence of digital transformation on ren-

ewable energy production. According to the 

findings of Ren, Li, and Liang (2023), digital 

transformation boosts the performance of re-

newable energy industries towards operatio-

nal efficiency, lower costs, and high innovat-

ion success resulting in better production. Di-

gital transformation has also proved to positi-

vely moderate the effect of fintech on renew-

able energy, although this effect is not found 

when inflation control variables are involved. 

This result indicates that fintech financing in 

the production sector can be optimized thr-

ough digital transformation without conside-

ring the inflation rate. In the context of susta-

inability, high-speed digitalization helps fint-

ech transform into green fintech (Macchia-

vello & Siri, 2020; Aboalsamh, Khrais & Alba-

hussain, 2023) in supporting the renewable 

energy industries to get financing sources for 

their production efficiency (Liu et al., 2022).  

On the contrary,  the lack of digital access 

hinders the optimal distribution of fintech fina-

ncing in many sectors (Barroso & Laborda, 2022). 

Thus, limiting the sustainable supply chain for 

the renewable energy ecosystem, particularly bi-

odiesel.  

Table 7 also shows the positive effect of inf-

lation on renewable energy production. Inflation 

causes the rise of the price of goods, thus encou-

raging the industry to increase the production 

capacity for receiving a high level of capital gains, 

especially as a temporary effect (Peixoto, Mart-

inho, & Mourao, 2022). 

Furthermore, Table 8 shows the results of 

the REC model estimation. The first finding reve-

als a significant positive effect of Fintech finan-

cing on renewable energy consumption. This res-

ult confirms the study of Croutzet and Dabbous 

(2021), and also the study of Firdousi, Afzal, and 

Amir (2023) that fintech development contribu-

ted to increasing renewable energy consumpti-

on.  

Table 8. Benchmark Regression Result of Renewable Energy Consumption 

p-values in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01 
 

 

 

 

 

 (1) (2) (3) 

  REC REC REC 

FinC 330.0*** -411.4 -465.3 
 (0.000) (0.161) (0.200) 

DT -5704.8** -11849.5*** -11378.6*** 
 (0.026) (0.001) (0.005) 

FinC*DT  30.18** 32.53** 
  (0.012) (0.033) 

Log_INF   -19993.8 
   (0.796) 

_cons 691638.6*** 855164.4*** 862279.8*** 

  (0.000) (0.000) (0.000) 

Obs. 45 45 45 

Adj.R2 0.509 0.568 0.558 

Diagnostic Test p-value interpretation 

Breusch-G test  0.1078 No serrial corellation 

White Heteros.test 0.9386 Homokedasticity 

Jarque B. test 2.2e-41 Normal distribution 

Ramsey test  0.1010 No omitted variables 
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Meanwhile, digital transformation sho-

ws a significant negative influence on renew-

able energy consumption. This result suppo-

rts a study by Lange, Pohl, and Santarius (20 

20) that digitalization causes an increase in 

income inequality, thereby reducing energy 

consumption demand. However, the modera-

tion test displays the opposite result, that the 

interaction of digital transformation positiv-

ely influences renewable energy consumpti-

on, which then eliminates the positive effect 

of fintech financing in the consumption sec-

tor. This is in line with Yu et al. (2022) that 

digital advancements expanded renewable 

energy consumption that could be promoted 

by digital finance, such as fintech. Digital tra-

nsformation could expand people's access to 

the use of fintech, thereby opening greater 

opportunities for them to participate in the 

renewable energy transition through the 

energy market (Delina, 2023). Thus, the high 

interaction of digital transformation and 

fintech in the household sector can create a 

dynamic trend in renewable energy consump-

tion. 

In addition, Table 8 also reveals that th-

ere is no effect of inflation as a control variable 

on renewable energy consumption. For these 

findings, we argue that people prioritize basic 

needs consumption (such as food, clothing, 

children's school fees, etc.) in inflationary co-

nditions, thereby eliminating renewable ene-

rgy consumption. This finding is in line with 

Deka and Dube (2021) that inflation has no 

influence on renewable energy consumption 

in the long run. 

Based on a comparison of the two regre-

ssion results in Table 7 and Table 8, it indi-

cates that fintech financing contributes more 

to increasing renewable energy production 

than increasing its consumption levels. In this 

case, fintech companies can maximize their 

crowdfunding function to bridge investors w-

ho have high environmental concerns to inv-

est in renewable energy sectors. Fintech can 

also open up greater opportunities for financing 

renewable energy in various business lines; pro-

duction, distribution, and consumption. For this 

reason, government regulation is needed to ens-

ure the security of interactions between stake-

holders involved in fintech financing on renew-

able energy.  

Through massive digital transformation, 

fintech can immediately transition to green fint-

ech by providing various financial services that 

support environmentally friendly projects and 

renewable energy. For example; financing for 

biodiesel, solar, wind, hydro, or geothermal ene-

rgy; carbon footprint calculating machine; rene-

wable energy insurance, claims management, 

and various cross-processes. The real practices 

can be run through robo-advisors, by assisting 

customers when investing in renewable energy 

through digital consulting advice. Supply chain 

funding solutions can also be offered through 

fintech which includes the possibility of digital 

financing for MSMEs in the agricultural, plant-

ation, and livestock sectors in Indonesia. 

On the other hand, while the negative inf-

luence of fintech on renewable energy consump-

tion is concerning, it also signals the enormous 

potential for Indonesia to extend the renewable 

energy market to an international scale in order 

to meet global consumption needs. Digitaliza-

tion can be utilized to reach these international 

markets more quickly and effectively. Even tho-

ugh the results of this study show that digital 

transformation has more impact on the produc-

tion aspect than the consumption aspect of rene-

wable energy, it is hoped that the measurable use 

of digitalization can balance the supply and dem-

and of renewable energy. Moreover, if digita-

lization is optimized through the use of fintech. 

For example, connecting fintech in an automatic 

payment information system for the renewable 

energy production supply chain, or through the 

application of blockchain technology in energy 

production, consumption mapping, and capital 

and funding allocation. 



 

 

366 

 

Lestari, I. P., & Pambekti, G. T., The Role of Fintech and  
Digital Transformation in Renewable Energy Growth in Indonesia  

CONCLUSION 

This study aims to forecast the long-

term and short-term relationship between 

fintech, digital transformation, and renewable 

energy growth both from a production and 

consumption perspective. The estimation res-

ults of the ARDL model prove the long-term 

and short-term relationship between fintech 

financing in the production and consumption 

sectors, digital transformation, and produc-

tion and consumption of renewable energy. 

Thus, it can be concluded that financing sce-

narios through fintech should be considered 

as alternative funding for long-term and sho-

rt-term renewable energy growth.  

As an implication, on the production si-

de, the government can encourage fintech to 

provide funding to MSMEs in the agriculture, 

forestry, and fisheries sectors thereby increa-

sing their capital in generating the raw mate-

rials of renewable energy. On the consumpt-

ion side, the government can issue various po-

licies that urge people to consume renewable 

energy at the most ideal level. For example, by 

requiring the use of biodiesel for some perce-

ntage as a substitute for fossil fuel in public 

transportation.  

This study also revealed that digital tra-

nsformation plays an important role as an int-

ermediary between fintech financing towards 

renewable energy growth in the production 

and consumption sectors. However, the regr-

ession results emphasize that the intermedi-

ary of digital transformation is more applicab-

le in the production sector by considering the 

inflation rate. These results imply that the go-

vernment should maintain the inflation rate 

so that it remains profitable for the producti-

on of renewable energy but also keeps market 

price stability for public consumption. Marke-

ting offerings and distribution from small sec-

tors to large biodiesel-producing industries 

can also be optimized through digital platfor-

ms facilitated by the government, such as thr-

ough e-purchasing. In addition, the developme-

nt of renewable energy requires the involvement 

of many parties, including at the global level, and 

may even require new institutional arrangemen-

ts to create new contract models in the renewab-

le energy sector. Therefore, harmonization of the 

Indonesian government's policies for the renew-

able energy ecosystem is very necessary, by invo-

lving databases from financial in-stitutions and 

companies in the renewable energy sector from 

various countries. 

In general, this study has provided an over-

view of alternative renewable energy funding in 

Indonesia for current and future development. 

However, we acknowledge that this study is in its 

early stages, so several limitations of this study 

need to be addressed carefully. First, this study 

used a short observation period of 3 years. Some 

of the data and reports in this study, particularly 

regarding renewable energy, have only been rel-

eased since 2019. This may have led to a lack of 

identification of some factors. In addition, the 

renewable energy proxy used is only limited to 

biodiesel, this is due to the availability and com-

pleteness of biodiesel data compared to other 

renewable energies such as biofuel and bioetha-

nol. However, these limitations become opport-

unities in the future research agenda by examin-

ing related instrumental variables that are more 

relevant, richer proxies, and longer observation 

periods. 
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