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This study examines the impact of digitalization and financial inclusion on 
energy consumption across 40 OIC member countries from 2001 to 2022. The 
research used several advanced panel econometric techniques, including cross-

sectional dependence and slope heterogeneity tests, CIPS, IPS, and LLC unit 

root tests, Pedroni, Kao, and Westerlund cointegration tests, FMOLS and DOLS 
long-run estimators and the Method of Moments Quantile Regression (MMQR) 
approach. The findings indicate that digitalization and financial inclusion 
significantly reduce energy consumption in overall OIC countries and 

particularly in higher-income OIC countries by improving energy efficiency, 
facilitating technological innovation, and promoting the adoption of energy -
efficient technologies. However, in lower-income OIC countries, digitalization 
and financial inclusion increase energy consumption due to increasing 
industrial activity, growing access to energy-dependent technologies, and 

rising economic participation. Furthermore, industrialization and population 
are found to increase energy consumption across all country groups. The 

interaction effect between Digitalization and financial inclusion indicates that 
their combined role contributes to energy sustainability, especially in higher-

income OIC countries. The study highlights important policy implications for 
sustainable energy management in OIC economies. Policymakers should 
promote digital infrastructure, expand inclusive financial systems, and 
encourage green financing mechanisms to accelerate the adoption of energy-
efficient technologies while ensuring sustainable energy transition pathways, 

particularly in lower-income OIC countries. 
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Introduction 

Global energy demand has continued to rise steadily over recent decades, placing increasing 
pressure on energy systems around the world. Recent evidence from the IEA Global Energy Review 

2025 shows that global energy demand grew strongly during 2024, increasing by nearly 2.2 

percent compared to the average annual growth recorded over the previous decade. Much of this 
growth was driven by expanding electricity consumption, particularly in emerging and developing 

economies where industrialization, urban expansion, and technological adoption are accelerating 
rapidly. Although renewable energy sources and nuclear power contributed significantly to 

electricity generation growth, fossil fuels still accounted for a substantial share of total energy use. 

Consumption of natural gas, oil, and coal also continued to increase, reflecting the persistent 
dependence of many economies on conventional energy sources (Yuan & Zhao, 2025).  

OIC countries are currently experiencing rapid economic growth, urban expansion, and increasing 
demand for energy. At the same time, many of these economies are undergoing important digital 

and financial transformations. Improvements in digital infrastructure and financial access have 
created new opportunities for economic participation, technological innovation, and industrial 

development. However, several developing OIC countries still face limitations related to 

technological capacity, energy efficiency, and access to modern infrastructure. These challenges 

continue to restrict the widespread adoption of energy-efficient technologies and sustainable 

production systems. As a result, understanding how digitalization and financial inclusion influence 
energy consumption has become increasingly important for policymakers seeking to achieve 

sustainable economic growth and long-term energy stability (Basnayake et al., 2024; World Bank, 

2024). 

Despite these developments, energy consumption in many OIC countries remains dependent on 
conventional energy sources, while rising populations and rapid urbanization continue to exert 

pressure on energy infrastructure. Although financial inclusion is widely recognized for its role in 

poverty reduction and economic participation, its influence on energy consumption either by 

increasing credit driven energy demand or by supporting efficiency enhancing investments 

remains uncertain (Barik, R. & Kayal, P. 2025). Financial inclusion plays a critical role in reducing 
energy consumption by enabling investments in energy efficient technologies, renewable energy 

systems, and sustainable production practices. Improved access to financial services allows firms 

and households to overcome capital constraints and adopt clean technologies, thereby enhancing 
energy efficiency and lowering energy demand (Li & Wu, 2023; Agrawal et al., 2023). Moreover, 

Financial Inclusion amplifies policy effectiveness by facilitating widespread adoption of energy 
saving technologies, fostering a more sustainable and energy efficient economic system (Pata & 

Fareed, 2023; Sun & Long 2024). 

Digitalization further complicates this relationship, as Digital tools can simultaneously reduce 

energy losses and trigger higher electricity consumption through expanded ICT use. Existing 
research seldom examines these dynamics within Muslim-majority developing economies, even 

though OIC countries differ substantially in economic structure, institutional capacity, and 
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technological readiness (Basnayake et al. 2024). Unlike carbon emissions, energy consumption 
directly reflects industrial production, technological utilization, and economic activities within an 

economy. Examining energy consumption therefore provides broader insights into the 
sustainability implications of Digitalization and financial inclusion, particularly in developing 

economies where conventional energy sources still dominate the energy mix. Previous studies 

predominantly focus on financial inclusion’s link with carbon emissions, renewable energy 
expansion, or energy efficiency, leaving a clear research gap concerning its direct impact on total 

energy consumption especially when combined with Digitalization. To address this gap, this study 

contributes to the existing literature in several ways. First, it examines the direct impact of 

Digitalization and financial inclusion on energy consumption in OIC countries. Second, the study 

introduces the interaction effect between Digitalization and financial inclusion to evaluate their 
combined influence on energy sustainability. Third, the study provides a comparative analysis 

between lower-income and higher-income OIC economies to capture income-level 
heterogeneity. Fourth, the study applies advanced panel econometric techniques, including 

FMOLS, DOLS, and Method of Moments Quantile Regression (MMQR), to capture long-run and 

distributional heterogeneous effects across countries. 

Literature Review 

Financial Inclusion and Energy Consumption 

Existing literature reports mixed evidence regarding the relationship between financial inclusion 

and energy consumption. Some studies argue that financial inclusion increases energy demand by 

expanding industrial production, household consumption, and access to electricity-dependent 
technologies (Tsaurai, 2021; Ma & Fu, 2020; Aslan et al., 2021). In contrast, other studies suggest 

that financial inclusion reduces energy consumption by facilitating investments in energy-
efficient technologies and renewable energy systems (Elzaki, 2023; Yu & Tang, 2023; Zhong et al., 

2024). These mixed findings indicate that the impact of financial inclusion may vary depending on 

economic development and technological capacity across countries.A growing body of literature 

underscores the transformative role of Digitalization and financial inclusion in reshaping energy 

consumption dynamics through technological efficiency, behavioral transitions, and institutional 
expansion. Studies demonstrate that financial inclusion operates as a critical enabler of sustainable 

energy adoption by mobilizing capital toward cleaner technologies, green infrastructure, and 

circular-economy practices, thereby reducing reliance on mineral and carbon-intensive energy 
systems. 

Different studies analyzed the association between Financial Inclusion and Energy Consumption 

such as Elzaki (2023) explored the influence of Saudi Arabia's Financial Development indicators 

on the utilization of renewable energy. The finding showed that the financial development 

indicators significantly benefited renewable energy consumption (REC). The findings observing 

the causal association between REC and financial development measures were ambiguous. 
Furthermore, Usman et al., (2023) investigated the impacts of financial development and economic 

growth on energy consumption in developing Asian countries from 1991 to 2019 while controlling 
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for factors like urbanization and globalization. The data investigation showed that there was a 
positive effect of Energy Consumption on Energy Generation as well as the Financial Development 

of an economy. On the same note, Prempeh et al., (2024) investigated the effects of Financial 
Development on the usage of Renewable Energy in Ghana while accounting for energy pricing and 

EG. The outcomes showed that energy prices and EG harm renewable energy, although the use of 

renewable energy in Ghana was driven by financial development. Majeed & Hussain (2022) 
investigated the relation amongst Financial Development and Renewable Energy Consumption 

while considering FDs nonlinear effects. Ullah et al., (2020) explored the nexus between EC, FD, 

FDI, globalization, and urbanization. It was found that both urbanization and FD have a significant 

positive relationship with EC, indicating an energy-expanding impact from both factors. 

Globalization was statistically significant on energy demand, but negatively impacted it instead 
of positively, showing the need to be more globally interconnected for the betterment of BRI 

countries. Similarly, there was a weak positive correlation between EC and FDI. Nguyen et al., 
(2022) examined the relationship between FD and EC as well as the quality of institutions using 

the panel data of 112 countries between 2002 and 2014. The results showed that more financial 

growth leads to higher energy use, higher energy use per production unit, and less use of renewable 
energy. Tsaurai (2021) analyzed the effect of Financial Development on Energy Consumption for 

middle-income economies using panel data for the period 2001-2016. The results demonstrated 

that FD significantly increased the EC in middle-income countries. The research found that FD and 

TO significantly reduced EC. Aslan et al. (2021) found that financial development increases energy 

consumption in emerging economies, while banking sector development reduces energy demand 
in advanced countries. 

Ma and Fu (2020) reported that financial development significantly increases energy consumption 

in emerging economies due to expanding industrial and economic activities, whereas the effect 

remains insignificant in developed countries. 

Digitalization and Energy Consumption 

Previous studies indicate that Digitalization influences energy consumption through both 

efficiency-enhancing and energy-expanding channels. Digital technologies improve industrial 
efficiency, smart energy management, and resource optimization, thereby reducing energy 

intensity (Liu et al., 2023; Gao et al., 2022; Dzwigol et al., 2024). However, rapid ICT expansion and 

increasing Digital infrastructure may also increase electricity demand and overall energy 
consumption, particularly in developing economies (Usman et al., 2021; Thanh et al., 2022). Existing 

evidence further suggests that the effects of Digitalization differ across countries depending on 
technological readiness and economic structure. 

Digital technologies influence energy consumption through multiple channels. They improve 

efficiency within industrial systems, enable optimized decision-making through real time 

information, and reduce transaction costs, all of which have the potential to lower energy intensity. 
Zeng et al., (2023) examined the impact of Digital economy modernizing on Energy Consumption 

structure utilized the data gathered from 30 Chinese provinces from 2013 to 2019. The empirical 
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results established that the growth of the Digital economy can influence the structure of EC and 
may even have a threshold effect. Furthermore, Liu et al., (2023) explored Effects from Digital 

technology on Energy efficiency by applying panel data of 30 Chinese provinces during the period 
of 2006-2021. It evaluated how Digital technology influences energy efficiency at single-factor 

and total-factor levels. Yu et al., (2023) investigated the connection between ICT, FD, and REC 

based on panel data for 35 countries covering the years 1996 to 2018. The results showed both ICT 
and FD positively contribute to renewable energy. Moreover, moderation was confirmed for the 

relationship between EG and REC. Shahbaz et al. (2022) examined panel data of 72 countries 

from 2003 to 2019 and aimed to determine the effect of the Digital economy on the structure of 

Renewable Energy Consumption and generation. Results showed that the Digital economy 

positively impacts ET. The Digital economy also encourages the shift to RE by strengthening 
governmental governance capacities. The asymmetrical checks also showed that at larger 

quintiles, the favorable effect of the Digital economy on the ET was significant. Finally, 
heterogeneity results showed regional differences in the influence of the Digital economy on ET 

and that it favorably contributes to the transition to RE in higher-income countries. Usman et al. 

(2021) found that ICT development improves energy efficiency and significantly influences 
economic performance in South Asian economies. 

Research Gap 

Despite the growing literature on Digitalization and financial inclusion, several important gaps 
remain unresolved. First, most existing studies primarily focus on carbon emissions, renewable 

energy adoption, or environmental degradation, while limited attention has been given to total 

energy consumption. Second, previous studies rarely examine the interaction effect between 
Digitalization and financial inclusion in shaping energy consumption dynamics. Third, the existing 

literature largely ignores income-level heterogeneity among OIC countries, where lower-income 
and higher-income economies may exhibit different responses to technological and financial 

development. Therefore, this study attempts to fill these gaps by examining the direct and 

interaction effects of Digitalization and financial inclusion on energy consumption across OIC 

economies. 

Theoretical Framework 

This study is theoretically grounded in the Energy Efficiency Theory and Technological 
Infrastructure Perspective to explain the relationship between Digitalization, financial inclusion, 

and energy consumption across OIC countries. 

According to the Energy Efficiency Theory, technological advancement and improved financial 

accessibility enhance the efficient utilization of energy resources. Digitalization promotes smart 

technologies, automation, optimized production systems, and energy-efficient infrastructure, 

which reduce energy intensity and improve overall energy efficiency. Therefore, higher levels of 
Digitalization and financial inclusion may contribute to lower energy consumption, particularly in 

higher-income OIC countries. 
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The Technological Infrastructure Perspective explains that the expansion of Digital infrastructure, 
information and communication technologies (ICT), internet services, and telecommunication 

systems initially increases energy demand due to infrastructure development, industrial expansion, 
and rising electricity consumption. Furthermore, the combined interaction between Digitalization 

and financial inclusion may generate heterogeneous effects on energy consumption depending on 

countries’ level of economic development, technological readiness, and infrastructure capacity. 
Higher-income OIC countries benefit from efficiency-enhancing technologies and advanced 

Digital systems, whereas lower-income countries experience greater energy demand during the 

early stages of Digital and financial expansion. 

Data and Research Methodology 

This study examines the effect of Digitalization and financial inclusion on energy consumption from 

40 OIC countries based on data availability for the period of 2001 to 2022. The data of variables 
Digitalization, financial inclusion, industrialization, foreign direct investment and total population 

is collected from OIC dataset and World development indicators. Furthermore, the OIC countries 
are also classified into lower-income and higher-income OIC countries to better understand the 

effect of Digitalization and financial innovation on energy consumption. To analyze the effect of 

Digitalization and financial inclusion on energy consumption in OIC countries, the following 

models are developed: 

EC = f(DGI, FII, IND, FDI, TP)       (1) 

Econometric Form of the Model 

ECij = βo + β1DGIij + β2FIIij + β3INDij + β4FDIij + β5TPij + uij   (2)  

To examine the mutual effect of FII and DGI on EC the interaction term of both variables in added 
in a model: 

ECij = βo + β1DGIij + β2FIIij + β3INDij + β4FDIij + β5TPij + β6FII ∗ DGIij + uij  (3) 

Where; 

EC = Energy consumption 

DGI = Digitalization index 

FII = Financial inclusion index 

IND = Industrialization  

FDI = Foreign direct investment 

TP = Total population  

FII*DGI = Interaction term 
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uij = Error term 

Table 1: Variable’s Description 

 Variables Descriptions 

Dependent Variable 

EC Natural log of Energy use (kg of oil equivalent per capita) 

Independent Variables 

DGI Digitalization index through PCA using variables 

Investments and Telecommunication Services, Fixed Broadband Subscriptions 

per 100 Population, Fixed telephone subscriptions (per 100 people),
 Mobile Cellular Subscriptions per 100 Population 

FII Financial inclusion index through PCA using variables 
Automated Teller Machines (ATMs) per 100,000 Adults, Commercial Bank 

Branches per 100,000 Adults, Domestic credit to private sector (% of GDP), 

Domestic credit to private sector by banks (% of GDP), Monetary Sector credit 
to private sector (% GDP) 

IND Natural log of Industry (including construction), value added (% of GDP) 

FDI Natural log of Foreign direct investment, net inflows (% of GDP) 

TP Natural log of Population, total 

 
Pesaran CD test is used to examine cross-sectional dependence, while Pesaran and Yamagata 

(2008) test is employed for slope heterogeneity. 

Results and Discussion 

The descriptive statistics indicate moderate variation across variables, while correlation analysis 
suggests significant associations among Digitalization, financial inclusion, and energy 

consumption. 

Table 2: Descriptive Estimates 

   Mean Maximum Minimum  S.D. Skewness Kurtosis 

Overall OIC Countries 

EC 6.784 10.181 3.918 1.350 0.235 2.708 

DGI 0.044 6.158 -2.738 1.389 1.061 4.504 

FII 0.058 6.254 -2.484 1.869 0.996 3.357 

IND 3.352 4.579 0.632 0.533 -0.150 3.403 

FDI 0.709 4.009 -6.918 1.259 -0.994 6.276 

TP 16.273 19.434 12.739 1.638 -0.106 2.309 

Lower-income Countries 

EC 6.497 8.544 4.034 1.194 -0.466 2.328 
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DGI -0.130 3.891 -2.738 1.308 0.657 2.455 

FII -0.474 6.020 -2.484 1.802 1.749 5.996 

IND 1.073 4.009 -6.918 1.153 -1.439 11.004 

FDI 3.324 4.349 1.583 0.479 -0.071 2.520 

TP 16.414 19.434 14.045 1.384 0.091 2.424 

Higher-income Countries 

EC 6.975 10.181 3.918 1.415 0.415 2.364 

DGI 0.087 6.158 -1.842 1.435 1.243 5.243 

FII 0.316 6.254 -2.281 1.847 0.622 2.511 

IND 3.371 4.579 0.632 0.566 -0.208 3.620 

FDI 0.466 3.489 -5.512 1.270 -0.808 4.866 

TP 16.179 19.279 12.739 1.783 -0.103 2.099 

 

A correlation coefficient is utilized to estimate the degree of association between variables. The 
outcomes from Table 3 illustrate that energy consumption is positively correlated with the DGI 

(0.684), FII (0.617), IND (0.790) and TP (0.025), while EC is negatively correlated with the FDI (-
0.053) in OIC countries. While in lower-income OIC countries energy consumption is positively 

correlated with the DGI (0.570), FII (0.559), IND (0.031), TP (0.726) and FDI (0.394). Furthermore, 

in higher-income OIC countries energy consumption is positively correlated with the DGI (0.742), 
FII (0.629) and IND (0.829), while EC is negatively correlated with TP (-0.190) and FDI (-0.034). 

Table 3: Correlation Estimates 

  EC DGI FII IND FDI TP 

Overall OIC Countries 
EC 1.000           

DGI 0.684 1.000         

FII 0.617 0.653 1.000       

IND 0.790 0.505 0.328 1.000     

FDI -0.053 0.063 0.040 -0.112 1.000   
TP 0.025 -0.035 -0.009 0.062 -0.177 1.000 

Lower-income OIC Countries 
EC 1.000           

DGI 0.570 1.000         

FII 0.559 0.680 1.000       
FDI 0.031 0.068 0.055 1.000     

IND 0.726 0.394 0.305 -0.045 1.000   

TP 0.394 0.206 0.306 -0.187 0.303 1.000 

Higher-income OIC Countries 

EC 1.000           
DGI 0.742 1.000         
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FII 0.629 0.638 1.000       
IND 0.829 0.561 0.340 1.000     

FDI -0.034 0.093 0.116 -0.136 1.000   

TP -0.190 -0.141 -0.146 -0.039 -0.207 1.000 

 

Although the correlation analysis indicates a positive association between Digitalization, financial 

inclusion, and energy consumption, the long-run regression estimates provide different results after 
controlling for macroeconomic factors, cross-sectional dependence, and cointegration effects. 

Correlation analysis only captures simple bivariate relationships, whereas FMOLS and DOLS 
estimators examine the net long-run impact of explanatory variables on energy consumption 

within a multivariate framework. 

A cross-sectional dependence test (CSD) is employed to check the interconnectedness of variables 

among OIC countries. The outcomes of Pesaran CD test are given in Table 4. The outcomes show 
that the variables EC, DGI, FII, IND, FDI and TP have statistically significant Pesaran CD test 

statistic values, indicating that the hypothesis of the presence of cross-sectional dependence 

among variables EC, DGI, FII, IND, FDI and TP in OIC countries is accepted. It is, therefore, proposed 
that the variables EC, DGI, FII, IND, FDI and TP are interconnected, suggesting that shocks in OIC 

countries can influence the economies of other OIC countries. 

Table 4: Cross-Sectional Dependence Test  

 Variables Overall OIC 

Countries 

Lower-income OIC 

Countries 

Higher-income OIC 

Countries 

Pesaran CD Prob. Pesaran CD Prob. Pesaran CD Prob. 
EC 35.3650*** 0.0000 11.755*** 0.0000 21.689*** 0.0000 

DGI 113.3768*** 0.0000 44.058*** 0.0000 67.488*** 0.0000 

FII 62.0435*** 0.0000 33.133*** 0.0000 29.389*** 0.0000 
IND 9.7047*** 0.0000 8.381** 0.0322 8.045*** 0.0000 

FDI 9.3037*** 0.0000 2.377** 0.0122 6.021*** 0.0000 
TP 113.0887*** 0.0000 38.482*** 0.0000 72.938*** 0.0000 

 

Note: ***, **, * indicates p-value < 0.01, < 0.05, and < 0.10, respectively 

Furthermore, a test developed by Pesaran & Yamagata (2008) checks the heterogeneity issue in a 

dataset. The outcomes of the test are shown in Table 5. The results show that the Adj and ΔAdj test 
statistic values are statistically significant at a 1 percent level, suggesting the rejection of Ho. The 
outcomes confirm the existence of slope heterogeneity in a model. 

Table 5: Slope Homogeneity Test  

 Variables Overall OIC Countries Lower-income OIC 

Countries 

Higher-income OIC 

Countries 

Adj 21.402*** 13.696*** 16.735*** 
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ΔAdj 25.919*** 16.587*** 20.267*** 

 

Note: ***, **, * indicates p-value < 0.01, < 0.05, and < 0.10, respectively 

To evaluate the integration order of variables, in this study, CIPS, IPS and LLC tests are employed 

and estimates are displayed in Table 6. The results show that the variables EC, FDI and TP are 
integrated at order I(0), whereas the variables DGI, FII, and IND are integrated at 1st order I(1), 

signifying the mixed integration order of variables in a model. While in lower-income OIC 

countries the variables EC, DGI, FDI and TP are integrated at order I(0), whereas the variables FII, 

and IND are integrated at 1st order I(1). Furthermore in higher-income OIC countries the variables 

EC, FDI and TP are integrated at order I(0), whereas the variables DGI, FII, and IND are integrated 
at 1st order I(1). 

Table 6: CIPS Unit Root Test Estimates 

 
Variables 

CIPS IPS LLC Results 

I(0) I(1) I(0) I(1) I(0) I(1) 

Overall OIC Countries 
EC -3.633*** -6.772*** -4.146*** 17.628*** -5.473*** -16.636*** I(0) 

DGI -1.266 -3.687*** 2.523 -5.983*** -4.364*** -4.805*** I(1) 
FII -0.672 -3.361*** 0.2856 -6.836*** -3.352*** -8.641*** I(1) 
IND 0.182 -3.940*** 0.412 -11.563*** -0.224 -12.207*** I(1) 

FDI -2.758*** -7.788*** -6.265*** -14.892*** -6.152*** -7.746*** I(0) 
TP -2.328*** -4.672*** -3.676*** -2.213** -7.995*** -3.425*** I(0) 
Lower-income OIC Countries 
EC -2.150* -8.767*** -4.631*** -12.607*** -4.217*** -11.772*** I(0) 
DGI -3.891*** -6.632*** 1.891 -4.449*** -2.134** -4.252*** I(0) 

FII 0.998 -3.240*** 0.709 -4.830*** -1.997** -3.134*** I(1) 
IND -0.771 -3.861*** -0.695 -6.391*** -1.142 -7.002*** I(1) 
FDI -3.442*** -10.01*** -7.194*** -12.012*** -8.304*** -9.166*** I(0) 

TP -2.862** -2.777** -5.069*** -1.124 -8.611*** -2.515*** I(0) 

Higher-income OIC Countries 
EC -3.296*** -9.009*** -1.570* -12.465*** -3.894*** -12.170*** I(0) 
DGI -1.112 -3.403*** 1.713 -4.091*** -3.815*** -2.686*** I(1) 
FII -0.782 -3.718*** -0.210 -7.211*** -2.691*** -6.540*** I(1) 
IND 0.228 -4.165*** 1.100 -9.261*** 0.534 -10.033*** I(1) 

FDI -2.593*** -3.728*** -2.198** -9.417*** -1.569* -1.871** I(0) 
TP -2.511*** -8.629*** 1.938** -1.933** -2.337*** -2.332*** I(0) 

 

Note: ***, **, * indicates p-value < 0.01, < 0.05, and < 0.10, respectively 

Table 7 show that panel PP, ADF and group PP and ADF tests have statistically significant P-

values, implying that the null hypothesis of long-run cointegration among variables in a model is 
accepted. In addition, the Kao cointegration test and Westerlund cointegration statistic values are 



Journal of Social Sciences Development, Volume 05, Issue 09, November, 2026 

433 

 

433 

also found to be statistically significant, implying the presence of cointegration among variables in 
a model. 

Table 7: Cointegration Test Estimates 

Alternative hypothesis: common AR coefs. (within-dimension) 

 Overall OIC Countries Lower-income OIC 
Countries 

Higher-income OIC 
Countries 

Test Statistic Prob. Stat. P-Value Stat. P-Value 

Panel v-

Statistic 

-1.6768  0.9532  0.1762 0.2446 -2.1522 0.7189 

Panel rho-
Statistic 

 4.5124  1.0000  2.4803  0.9637  3.7530  0.2659 

Panel PP-
Statistic 

-3.8461***  0.0001 -3.3104*** 0.0001 -2.3555*** 0.0000 

Panel ADF-

Statistic 

-5.0439***  0.0000 -3.8365*** 0.0000 -3.4763*** 0.0000 

Alternative hypothesis: individual AR coefs. (between-dimension) 

Group rho-

Statistic 

 5.1073  1.0000  3.5055 0.9121  3.7313 0.5782 

Group PP-

Statistic 

-16.3314***  0.0000 -10.826*** 0.0000 -12.243*** 0.0000 

Group ADF-

Statistic 

-7.6110***  0.0000 -7.1598*** 0.0000 -3.9798*** 0.0000 

Kao Test 

ADF -2.1296** 0.0481 -2.872** 0.0211 -3.323*** 0.0030 

Westerlund Test 
Variance Ratio -3.7821*** 0.0000 -2.2822** 0.0282 -1.9872* 0.0722 

 

Note: ***, **, * indicates p-value < 0.01, < 0.05, and < 0.10, respectively 

This section analyzes the effect of Digitalization and financial inclusion on energy consumption in 
OIC countries. For this purpose, the fully modified ordinary least square method (FMOLS) and 

dynamic ordinary least square method (DOLS) are used for data estimation as both methods 

produce better estimates in the presence of CSD and slope heterogeneity. Table 8 demonstrates 
that industrialization and population are positively and significantly associated with energy 

consumption in OIC countries while financial inclusion and DGI are negatively linked to the EC in 
OIC countries. In addition, FDI is positively but insignificantly associated with the energy 

consumption in OIC countries. DGI’s coefficient indicates the EC decreases by 4.23 (FMOLS) and 

DOLS (17.42) percent for a one percent increase in DGI. It suggests that Digital technology 
increases the efficiency and flexibility of energy systems (Maroufkhani et al., 2022). Digital 

technology's capacity to gather and analyze data makes gadgets smarter. Smart cities can lower 
energy consumption in public transport and infrastructure by leveraging Digital technologies (Lee 
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et al., 2018). Because it promotes technological innovation, changes the industrial structure, and 
boosts production efficiency, Digitalization is a powerful instrument for energy conservation and 

efficiency improvement (Han et al., 2016). Dzwigol et al., (2024), Lin & Huang (2023), and Thanh 
et al., (2023) also found a negative correlation between DGI and EC. Furthermore, FII’s coefficient 

indicates the EC decreases by 1.26 (FMOLS) and DOLS (6.46) percent for a one percent increase in 

FII. It suggests that a sound financial system makes it possible for credit to be distributed efficiently, 
which promotes growth and progressively raises the energy required by private companies. 

Negative relationship between FII and EC was also confirmed by Sadorsky (2011); Yu & Tang 

(2023) and Zhong et al., (2024). The FDI’s coefficient indicates the EC increases by 0.78 (FMOLS) 

and DOLS (0.50) percent for a one percent increase in FDI. It implies that FDI inflows driven the 

economic growth of hosting countries and that raise energy consumption. The positive link between 
FDI and EC was also confirmed by Polat (2018) and Shinwari et al., (2024). The IND’s coefficient 

indicates the EC increases by 11.38 (FMOLS) and DOLS (35.64) percent for a one percent increase 
in IND. These outcomes suggest that industrialization requires more energy to run heavy 

machineries, therefore, greater industrialization in an economy lead to high EC. Positive link 

between IND and EC was also found by Pan et al., (2019); Rahman et al., (2023); Sadorsky (2014); 
Muzayanah et al., (2022) and Li et al., (2019). The TP’s coefficient indicates the EC increases by 

35.16 (FMOLS) and DOLS (7.48) percent for a one percent increase in TP. It suggests that rapid 

population growth is interlinked with more economic activities, urbanization, transportation and 

power for homes, all these aspects lead to more energy demand in OIC countries. The positive link 

between TP and EC was also found by Mombekova et al., (2024); Muzayanah et al., (2022); Liddle 
(2014) and Liu et al., (2015). In addition, the study also incorporated the interaction terms of FII and 

DGI (FII*DGI) to evaluate the mutual effect of these variables on EC in OIC countries. The results 
of FMOLS and DOLS models show that FII*DGI is negatively and significantly linked to the EC in 

OIC countries. It implies that Digitalization coupled with financial inclusion is crucial to maintain 

energy sustainability in OIC countries as financial inclusion helps households and firms to replace 
high energy consuming technologies with energy-efficient technologies and appliances; therefore, 

lead to a reduction in energy consumption in OIC countries. 

Table 8: FMOLS and DOLS Estimates in OIC countries 

Dependent Variable: Energy Consumption (EC) 

Variable Model-I Model-II 

FMOLS DOLS FMOLS DOLS 
DGI -0.0423*** 

(0.0109) 

-0.1742*** 

(0.0272) 

-0.0778*** 

(0.0123) 

-0.0399** 

(0.0167) 

FII -0.0126*** 
(0.023) 

-0.0646** 
(0.0309) 

-0.0411*** 
(0.0154) 

-0.2791*** 
(0.0572) 

FDI 0.0078 
(0.0042) 

0.0050 
(0.0244) 

0.0072 
(0.0081) 

0.0052 
(0.0547) 

IND 0.1138*** 

(0.0260) 

0.3564** 

(0.1522) 

0.1016** 

(0.0434) 

1.8725*** 

(0.1982) 
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TP 0.3516*** 
(0.0803) 

0.0748** 
(0.0362) 

0.0467** 
(0.0198) 

0.0436** 
(0.0136) 

FII*DGI -- -- -0.0175*** 

(0.0042) 

-0.0520** 

(0.0233) 

 

Note: ***, **, * indicates p-value < 0.01, < 0.05, and < 0.10, respectively 

Table 9. demonstrates the estimates of FMOLS and DOLS models in lower-income and higher-

income OIC countries. The outcomes show that Digitalization, financial inclusion, industrialization 
and population are positively and significantly associated with energy consumption in lower-

income OIC countries. The effect of FDI on EC is also positive but statistically insignificant in lower-

income countries. In contrast, the effect of Digitalization and financial inclusion on energy 
consumption is found to be negative and statistically significant in higher-income OIC countries. 

On the other hand, the effect of industrialization, population and FDI turn out to be positive and 
statistically significant on EC in higher-income OIC countries. 

Table 9: FMOLS and DOLS Estimates in Low and Higher-income OIC countries 

Lower-income Countries Higher-income Countries 

Variabl

e 

Model-I Model-II Model-I Model-II 

FMOLS DOLS FMOLS DOLS FMOLS DOLS FMOLS DOLS 

DGI 0.0391*** 

(0.0142) 

0.0790** 

(0.0293) 

0.0414*** 

(0.0142) 

0.0653*** 

(0.0178) 

-0.1051*** 

(0.0155) 

-0.1071*** 

(0.0233) 

-0.1481*** 

(0.0149) 

-0.0706*** 

(0.0279) 
FII 0.0383*** 

(0.0146) 

0.1125*** 

(0.0321) 

0.0318** 

(0.0152) 

0.0520*** 

(0.0127) 

-0.0488*** 

(0.0181) 

-0.0598*** 

(0.0284) 

-0.0852*** 

(0.0172) 

-0.1728** 

(0.0741) 

FDI 0.0310 

(0.059) 

0.0176 

(0.0144) 

0.0201 

(0.059) 

0.0989 

(0.0997) 

0.1811*** 

(0.0546) 

0.8026*** 

(0.1444) 

0.1139** 

(0.0488) 

2.1937*** 

(0.1629) 

IND 0.0864** 

(0.0349) 

0.3545*** 

(0.0933) 

0.0903*** 

(0.0348) 

0.1063* 

(0.05019) 

0.0328** 

(0.0104) 

0.0422*** 

(0.0197) 

0.0160* 

(0.0092) 

0.1300** 

(0.0635) 
TP 0.5483*** 

(0.1237) 

0.9060*** 

(0.2240) 

0.6199*** 

(0.2232) 

0.6680*** 

(0.1022) 

0.1771** 

(0.0723) 

0.1878* 

(0.1088) 

0.2422*** 

(0.0646) 

0.2461*** 

(0.0358) 

FII*DGI -- -- 0.0183*** 

(0.0065) 

0.0625** 

(0.0355) 

-- -- -0.0363*** 

(0.0049) 

-0.0291*** 

(0.0032) 

 

The method of moment quantile regression (MMQR) is used for robustness estimation. MMQR 

approach examines the heterogeneous effects of DGI, FII, FDI, IND, TP and FII*DGI on energy 
consumption. The outcomes of the MMQR approach are given in Table 10. The MMQR approach 

captures heterogeneous effects of Digitalization and financial inclusion across different levels of 

energy consumption. The varying signs and magnitudes across quantiles indicate that the impact 
of Digitalization and financial inclusion differs according to countries’ economic structure, 

technological development, and energy intensity levels. In lower quantiles, Digital expansion may 
increase energy demand due to infrastructure development and rising access to energy-dependent 

technologies. However, in higher quantiles, Digitalization contributes to energy efficiency 

improvements, optimized resource allocation, and smart energy management systems, thereby 
reducing energy consumption. The outcomes point out that DGI is directly linked to EC at scale, 
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location, and 25th quantile. However, at 50th, 75th and 90th quantile, the effect of DGI on EC is 
negative in OIC countries maintaining that DGI reduces the transportation by providing online 

services, promote energy efficient technologies and therefore, lead to a reduction in energy 
consumption in OIC countries. In addition, FII is directly linked to EC at scale, location, and 25th 

quantile. However, at 50th, 75th and 90th quantile, the effect of FII on EC is negative in OIC 

countries maintaining that FII provide access to finance so the people can use energy-efficient 
technologies that lead to a reduction in energy consumption in OIC countries. The results also show 

that FDI is positively but significantly related to the EC at location and scale. Similarly, from lowest 

(Q25) to highest (Q90) quantile FDI is positively but insignificantly linked to the EC on OIC 

countries. The results also show that IND is positively and significantly related to the EC at location, 

scale, Q25th, Q50th, Q75th and Q90th quantile in OIC countries, indicating that industrial 
activities require more energy and lead to increased energy consumption in OIC countries. The 

results also show that TP is positively and significantly related to the EC at location, scale, Q25th, 
Q50th, Q75th and Q90th quantile in OIC countries, suggesting that as the population grows, the 

demand for energy for cooking, heating, and appliances also increases, which leads to augments the 

EC in OIC countries. Lastly, the results show that FII*DGI is negatively and significantly related to 
the EC in location and scale. The effect of FII*DGI on EC at Q25th and Q50th is positive and 

significant; however, the effect of FII*DGI on EC at Q75th and Q90th is negative and statistically 

significant in OIC countries implying that financial inclusion and Digitalization mutually promote 

the energy-efficient technologies that lead to reduce the energy consumption in OIC countries.  

Table 10: MMQR Estimates 

Quintile Location Scale Q25 Q50 Q75 Q90 

Overall OIC Countries 

DGI 

  

-0.182*** -0.029** 0.156*** -0.185*** -0.208*** -0.224*** 

(0.023) (0.014) (0.027) (0.023) (0.026) (0.030) 
FII  

  

-0.217*** -0.008*** 0.224*** -0.216*** -0.210*** -0.206*** 

(0.015) (0.003) (0.017) (0.015) (0.017) (0.019) 
FDI  

  

0.021 0.007 0.016 0.022 0.027 0.031 

(0.017) (0.010) (0.019) (0.017) (0.019) (0.022) 

IND  
  

1.518*** 0.164*** 1.662*** 1.504*** 1.371*** 1.281*** 
(0.050) (0.029) (0.058) (0.050) (0.055) (0.065) 

TP  
  

0.046*** 0.024 0.067*** 0.044*** 0.024* 0.031* 
(0.013) (0.008) (0.015) (0.013) (0.014) (0.017) 

FII*DGI 

  

-0.003** -0.009* 0.002** 0.009*** -0.025*** -0.025** 

(0.001) (0.005) (0.001) (0.003) (0.010) (0.012) 
Lower-income OIC Countries 

DGI 
  

0.121*** 0.048** 0.093** 0.121*** 0.145*** 0.169*** 
(0.040) (0.021) (0.042) (0.040) (0.046) (0.057) 

FII  

  

0.193*** 0.037** 0.210*** 0.193*** 0.178*** 0.163*** 

(0.030) (0.016) (0.032) (0.030) (0.035) (0.043) 
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FDI  
  

0.351 0.095 0.045 0.050 0.0270 1.190** 
(0.086) (0.096) (0.091) (0.087) (0.100) (0.124) 

IND  

  

0.048** 0.035** 0.072** 0.078** 0.066** 0.085** 

(0.012) (0.017) (0.034) (0.032) (0.037) (0.046) 
TP  

  

0.109*** 0.026* 0.115*** 0.109*** 0.104*** 0.099** 

(0.029) (0.016) (0.031) (0.029) (0.034) (0.042) 
FII*DGI 

  

0.038** 0.034*** 0.004 0.038** 0.067*** 0.095*** 

(0.015) (0.008) (0.016) (0.015) (0.017) (0.021) 

Higher-income OIC Countries 
DGI 

  

-0.195*** -0.065** -0.168*** -0.193*** -0.226*** -0.248*** 

(0.040) (0.030) (0.038) (0.039) (0.055) (0.071) 
FII  

  

-0.210*** -0.034** -0.207*** -0.210*** -0.214*** -0.216*** 

(0.022) (0.017) (0.021) (0.022) (0.031) (0.040) 

FDI  
  

1.538*** 0.201*** 1.694*** 1.547*** 1.358*** 1.229*** 
(0.083) (0.062) (0.079) (0.081) (0.113) (0.147) 

IND  
  

0.041** 0.038** 0.001 0.039** 0.086*** 0.094*** 
(0.026) (0.019) (0.025) (0.026) (0.036) (0.046) 

TP  

  

0.081*** 0.037*** 0.109*** 0.082*** 0.048** 0.064** 

(0.017) (0.013) (0.017) (0.017) (0.024) (0.031) 
FII*DGI 

  

-0.029** -0.030** -0.009 -0.039*** -0.040** -0.060*** 

(0.015) (0.011) (0.014) (0.015) (0.021) (0.027) 

 
Note: ***, **, * indicates p-value < 0.01, < 0.05, and < 0.10, respectively 

Dumitrescu Hurlin (DH) panel causality test is applied to examine the causal association between 

variables. The results show a unidirectional causality between DGI, EC, and IND and EC. 

Furthermore, bidirectional causality is found between FII and EC, FDI and EC, and TP and EC in 
OIC countries. While in lower-income OIC countries the results show a unidirectional causality 

between DGI and EC, and FII and EC. Furthermore, bidirectional causality is found between TP and 
EC in lower-income OIC countries. No causality is found between IND and EC, and FDI and EC in 

lower-income OIC countries. Furthermore, unidirectional causality is found between DGI and EC, 

and IND and EC while bidirectional causality is found between FDI and EC, FII and EC, and TP and 
EC in higher-income OIC countries. 

Table 11: Dumitrescu Hurlin Panel Causality Tests 

Null 
Hypothesis 

Overall OIC Countries Lower-income OIC 
Countries 

Higher-income OIC Countries 

 W-Stat. Zbar-Stat. W-Stat. Zbar-Stat. W-Stat. Zbar-Stat. 

DGI ≠ EC 2.7952 1.1443  3.057**  2.112  2.620  0.569 
EC ≠ DGI 3.7130*** 3.2982  3.143  1.239  4.093***  3.245 

FII ≠ EC 3.6375*** 3.1211  4.145***  2.727  3.299*  1.802 

EC ≠ FII 4.1766*** 4.3863  2.918  0.906  5.015***  4.922 
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IND ≠ EC 2.3338 0.0613  2.380  0.108  1.950 -0.649 
EC ≠ IND 3.6733*** 3.2050  2.727  0.623  3.626**  2.397 

FDI ≠ EC 3.3264** 2.3910  2.908  0.892  3.957***  2.998 

 
Note: ***, **, * indicates p-value < 0.01, < 0.05, and < 0.10, respectively 

Conclusions and Policy Implications 

This study investigates the impact of Digitalization and financial inclusion on energy consumption 

across OIC countries over the period 2001–2022 by applying advanced panel econometric 

techniques. The empirical findings reveal that Digitalization and financial inclusion contribute to 

reducing energy consumption in overall OIC countries and particularly in higher-income OIC 
economies. The results suggest that technological advancement, smart infrastructure, and improved 

access to financial services enhance energy efficiency and encourage the adoption of energy-
saving technologies. In contrast, Digitalization and financial inclusion increase energy 

consumption in lower-income OIC countries due to expanding industrial activities, growing access 

to electricity-dependent technologies, and increasing economic participation. Furthermore, 
industrialization and population growth are found to increase energy consumption across all 

country groups. The interaction effect between Digitalization and financial inclusion indicates that 

their combined role supports sustainable energy management, especially in higher-income OIC 

countries. 

The findings provide several important policy implications for sustainable energy transition in OIC 

economies. Policymakers should strengthen Digital infrastructure and expand inclusive financial 

systems to facilitate investment in energy-efficient technologies and renewable energy projects. 
Governments should also promote green financing mechanisms, Digital banking services, and 

financial accessibility for households and small businesses to accelerate sustainable energy 
adoption. In lower-income OIC countries, special attention should be given to improving energy-

efficient Digital infrastructure and encouraging clean technology investment in order to prevent 

excessive energy demand arising from rapid Digital expansion and industrial growth. In addition, 

energy policies should integrate technological innovation with environmental sustainability 

objectives to ensure balanced economic and energy development. 

The study further highlights significant income-level heterogeneity among OIC countries. While 

higher-income economies benefit from efficiency-enhancing effects of Digitalization and financial 
inclusion, lower-income economies experience higher energy demand because Digital and 

financial expansion is still associated with infrastructure development and industrial 
transformation. This difference indicates that uniform policy strategies may not produce similar 

outcomes across all OIC countries. Therefore, energy and Digitalization policies should be designed 

according to the economic structure and development level of each country group. 

Despite providing important insights, this study has certain limitations that offer directions for 
future research. The analysis is limited to aggregate energy consumption and does not distinguish 

between renewable and non-renewable energy consumption. Moreover, institutional quality, 



Journal of Social Sciences Development, Volume 05, Issue 09, November, 2026 

439 

 

439 

governance effectiveness, environmental regulations, and green finance indicators are not 
incorporated into the analysis. Future studies may extend the framework by examining renewable 

energy transition, green technological innovation, institutional quality, and nonlinear 
relationships to provide deeper insights into sustainable energy development within OIC 

economies. 
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