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Abstract: The present research focuses on the endogenous development theory and investigates the 

relationship between economic growth (dependent variable) and renewable energy consumption, 

technological innovation, and export diversification (independent variables) in seven emerging 

economies known as the E-7. Previous studies have examined these factors individually but have 

not explored their combined impact on the E-7 economies. Therefore, this study contributes to the 

existing literature on the effects of renewable energy consumption, technological advancement, and 

export diversification on economic development. The study analyses the dynamic connection 

among these variables in seven selected emerging countries: Brazil, China, Indonesia, India, Mexico, 

Russia, and Turkey. Panel data from 1990 to 2022 is utilized, and various methodologies, including 

panel cointegration, the PMG-ARDL estimator, and robustness tests such as FMOLS and DOLS, are 

employed. Empirical inferences are drawn using the Dumitrescu-Hurlin Panel Causality (DHC) 

test, and the long-run relationships among the variables are validated using the Westerlund residual 

cointegration tests. The results from the PMG-ARDL estimator show that renewable energy 

consumption, technological advancement, and export diversification have a significant and positive 

impact on economic expansion, confirming the validity of the endogenous growth model in the E-7 

countries. The control variable of the financial sector has a positive but insignificant effect on 

economic growth, while trade openness has a negative and significant effect. The DHC test results 

indicate a neutral feedback effect of renewable energy consumption on economic growth. The 

findings also reveal a unidirectional causal relationship between technological innovation and 

economic growth. Overall, these findings provide valuable insights for economic policymakers in 

the E-7 countries. By removing barriers to renewable energy consumption, technological 

innovation, and export diversification, policymakers can promote sustainable economic 

development. 

Keywords; Renewable energy consumption; Technological innovation; Export diversification; 

Emerging economies (E-7); Panel data analysis; PMG-ARDL estimator;  

 

1. Introduction 

In today's global context, sustainable development has become a top priority for nations across 

the world. The challenge lies in achieving robust economic growth that is also environmentally 

friendly. In this context, renewable energy consumption, technological innovation, and export 

diversification are seen as key drivers of sustainable economic progress. While traditional energy 

sources can promote economic output, they are a significant contributor to greenhouse gas emissions 

and ecological harm (Awodumi & Adewuyi, 2020). This creates a policy dilemma for countries: 
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prioritize pollution reduction or economic growth. Regardless of the source, energy use should be 

optimized due to its finite nature. Climate change and global warming make renewable energy a 

highly attractive alternative to fossil fuels, offering significant reductions in CO2 emissions. 

However, implementing new renewable energy technologies is both time-consuming and expensive. 

Countries face the dual challenge of maintaining economic growth and tackling climate change. The 

COVID-19 pandemic has further exacerbated this issue. Governments in both developed and 

developing nations must carefully balance spending on climate change mitigation with economic 

stimulus efforts. The E-7 economies—Brazil, China, India, Indonesia, Mexico, Russia, and Turkey—

are a varied group that is rapidly growing. While their development stages vary, all face a common 

challenge: meeting their rising energy demands sustainably. As the world grapples with climate 

change, these nations' shift towards renewable energy becomes increasingly crucial. Studies have 

looked into the relationship between renewable energy usage and economic growth, with a particular 

emphasis on European countries. However, it's important to consider the broader global context and 

explore this relationship in a wider range of countries. Energy resources remain a fundamental 

element for economic expansion (Xiong et al., 2014). There's a clear link between economic growth 

and energy consumption, but this consumption is also highly responsible for greenhouse gas (GHG) 

emissions, particularly CO2 (Gabr and Mohamed, 2020). (Tutak and Brodny, 2022) examined the 

impact of renewable energy on the economy, the environment, and traditional energy sources. 

(Smolović et al., 2020) investigated the nexus between renewable energy consumption and economic 

growth in the European Union, employing a dynamic panel setting. Koengkan et al. (2019) used a 

panel vector autoregression (PVAR) model to investigate the relationship between financial 

openness, both renewable and conventional energy use, CO2 emissions, and economic growth in 

Latin American countries. The established body of economic literature emphasizes innovation and 

technological advancements as key drivers of economic growthNumerous research endeavours have 

underscored technological innovation as a pivotal catalyst for economic advancement (Wong et al., 

2005; Maradana et al., 2017). There is abundant and coherent evidence available that substantiates the 

idea that innovation plays a crucial role in driving economic progress (Avila-Lopez et al., 2019; 

Cantner et al., 2019; Thompson, 2018). Wide-ranging pragmatic investigations underscore the role of 

innovation in fostering development, often yielding significant ancillary effects. Throughout the 

study period from 2000 to 2016, the phenomenon of innovation has been acknowledged as the 

principal driver of economic advancement in developing countries (Sasana and Ghozali, 2017). Both 

developed and emerging economies are anticipated to shift towards innovative models as they 

pursue sustainable pathways for economic expansion. The correlation between export diversification 

and economic growth has attracted considerable interest from academics and policymakers in 

developing nations. Understanding the factors that influence economic growth has long been a 

central theme in development studies. Numerous studies have explored the potential impact of 

economic diversification on a country's growth trajectory (Ali et al., 2022; Lee & Zhang, 2022; Young, 

2022). To examine the correlation between economic diversification and economic growth, 

econometric models are employed. These models quantify the relationship between the IV 

(diversification) and the DV (economic growth). The measures of economic growth include Gross 

Domestic Product (GDP) and per capita GDP, while export diversification serves as a common 

measure of economic diversity. Additionally, these models can incorporate various control variables 

to account for other influencing factors (Le et al., 2020; Mania & Rieber, 2019). However, there is still 

inadequate knowledge of all of the essential elements perceived in shifting towards entirely 

renewable energy sources. This study aims to delve into the intricate interplay between these 

variables and their collective impact on economic growth, focusing on the E-7 nations. Previous 

studies have not definitively established a correlation between these factors. As a result, further 

inquiry into the causal relationship between renewable energy usage and economic advancement is 

required. Technological innovation stands out as a pivotal element in sustainable economic 

development, as indicated by various (Rasool et al., 2022; Pradhan et al., 2018; Murad et al., 2019; 

Anderson et al., 2017; Beneki et al., 2012; Kihombo et al., 2021; Szabo & Herman, 2012). Furthermore, 

the data shows no clear consensus on this relationship, particularly among the E-7 countries. Our 
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study specifically delves into the link between economic growth and technological innovation in E-7 

nations. This research examines the effect of renewable energy consumption, technological 

advancement, and export diversification on economic development in  E-7 nations from 1990 to 

2022, given their growing importance to the world economy. It distinguishes itself from previous 

research in several ways. Firstly, it assesses whether these variables contribute to economic growth 

for a panel of emerging seven economies such as Brazil, China, Indonesia, India, Mexico, Russia, and 

Turkey, considering their rapid expansion in these areas. Secondly, it benefits from greater data 

availability and employs dynamic panel data analysis, allowing for analysis across more countries, 

variables, and periods. Thirdly, it favours the use of panel data methods for pragmatic investigation. 

Previous research on the relationship between renewable energy consumption, technological 

innovation, export diversification, and economic growth has faced challenges with empirical 

approaches due to the limited availability of annual data, which restricts the number of observations. 

As a result, panel data approaches are judged appropriate for more reliable and consistent parameter 

estimation. Therefore, to investigate the cointegration relationship among variables, this study uses 

the Westerlund panel cointegration test. The long-term impact of export diversification, technical 

advancement, and renewable energy consumption on economic growth is then ascertained using the 

PMG-ARDL approach. The robustness of the PMG-ARDL conclusions is then confirmed through the 

application of fully modified (FMOLS) and DOLS approaches. Fourth, the panel DHL test is 

employed in this study to investigate the causal link between variables. Additionally, no previous 

studies have examined the connections between renewable energy consumption, technological 

innovation, economic growth and export diversification together. Consequently, this study is the first 

to integrate these factors, as well as other crucial independent variables such as the financial sector 

and trade openness, into a PMG-ARDL model. Moreover, the authors argue that these variables in 

E-7 economies have not received enough attention in research. Therefore, this study addresses the 

gap in the literature regarding the relationship between renewable energy consumption, 

technological innovation, export diversification, and economic growth in E-7 economies. Based on 

these discussions, the research objectives are as follows: Firstly, to understand the impact of 

renewable energy consumption, technological innovation, and export diversification on economic 

growth in E-7 countries from 1990 to 2022. Secondly, to determine the main driver of economic 

growth in these nations. The following research questions (RQ) are proposed based on previous 

studies:  

RQ1: Does renewable energy consumption contribute to economic growth in E-7 countries? 

RQ2: How does enhancing technological innovation impact economic growth in E-7 countries? 

RQ3: What is the relationship between export diversification and economic growth in E-7 

countries? 

Our empirical findings affirm that renewable energy consumption, technological innovation, 

and export diversification positively influence economic growth. Moreover, the study reveals a 

unidirectional causality between foreign direct investment (FDI) and economic growth. These results 

offer valuable insights for economic policymakers, aiding in informed decision-making. 

Furthermore, they address gaps in understanding, assisting policymakers of E-7 nations in 

overcoming barriers to renewable energy consumption, technological innovation, and export 

diversification, thereby fostering sustainable development. 

The structure of the study is outlined as follows: The second step reviews relevant literature on 

the interaction between renewable energy consumption, technological innovation, export 

diversification, and economic growth. The third step provides a theoretical overview of the study. 

Next, the fourth step explains the data sources and the estimation of econometric models. The 

empirical findings and discussion section presents the explanation of the results. Finally, the 

concluding section summarizes the implications of the study for policy. 

2. Review of Literature 

In recent decades, there has been a strong emphasis on understanding the link between 

renewable energy consumption, technological advancement, export diversification, and economic 
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growth. Numerous studies have investigated this association in different regions, using various 

economic methods and variables. However, research on the economic dynamics within the E-7 

countries, which could have global economic implications, has been limited. As a result, the purpose 

of this study is to critically analyse the available literature on the relationship between renewable 

energy consumption, technological advancement, export diversification, and economic growth in this 

particular setting. 

2.1. Nexus Between Renewable Energy Consumption and Economic Growth 

Scholars have investigated the connection between economic growth and the use of renewable 

energy sources. For instance, (Konuk et al. 2021) used panel data from 1970 to 2017 to examine the 

relationship between the use of biomass energy and economic development in N-11 countries. Their 

study suggests a beneficial association between economic growth and the utilization of biomass 

energy in the long term. Similarly, (Jenniches 2018) focused on evaluating the regional economic 

consequences of transitioning towards renewable energy generation, stressing the significance of 

clearly defining technologies and assessment periods. (Doytch and Narayan 2021) conducted a study 

to assess the impact of both renewable and non-renewable energy consumption on the expansion of 

manufacturing and service sectors. Their results indicate that renewable energy fosters growth in 

dynamic sectors, such as the services industry in developed economies and the manufacturing sector 

in middle-income countries. (Acheampong et al., 2021) delved into how renewable energy use, CO2 

emissions, and economic development are connected across 45 sub-Saharan African countries from 

1960 to 2017. Using the GMM-PVAR approach, they found a relationship between economic growth 

and the adoption of renewable energy. (Kahia et al. 2022) analysis of a machine learning process to 

examine the relationship between disaggregated energy consumption, economic growth, and 

environmental degradation. The studies suggest that to ensure stable economic growth, a decrease 

in CO2 emissions must be accompanied by an increased utilization of renewable energies. In another 

study, (Ugur and Sari, 2003) explored how energy consumption affects economic indicators in the 

top 10 emerging economies and G7 nations. They revealed influence in Argentina, where both GDP 

and energy consumption influence each other. Additionally, they found that in Korea and Italy, GDP 

drives energy consumption, while in Turkey, France, Germany, and Japan, energy consumption 

drives GDP. They also pointed out that countries like Argentina, Brazil, Paraguay, Uruguay, and 

Venezuela have been slow in incorporating renewable energy into their energy mix. Furthermore, 

during periods of reservoir shortage in these countries, (Koengkan et al., 2020) identified a dynamic 

link between renewable energy consumption and fossil fuel usage. Conversely, energy conservation 

measures may lead to economic growth slowdown in four other nations, as suggested by (Soytas and 

Sari 2003). In various OECD nations, (Ivanovski, et al., 2021) found a strong correlation between 

increasing economic activity and the use of non-renewable energy. Conversely, a study conducted 

by Zebra et al. (2021) examined hybrid renewable energy systems (HRES) in underdeveloped 

countries. They pointed out that Asian developing countries seem to be doing better than their 

African counterparts when it comes to maintaining and improving the productivity of both 

renewable and non-renewable mini-grids. Plus, they foresee a continuous drop in the costs of mini-

grids, which should make renewable sources more competitive on a larger scale. They highlighted 

how factors like technology, social factors, and regulations can put the brakes on renewable energy 

development, though economic constraints surprisingly don't have a direct impact. In certain 

countries, they found that adopting renewable energy doesn't necessarily hinder or significantly 

boost economic development. (Islam, et al., 2022) examined the effect of rising incomes on the use of 

non-renewable and renewable energy sources in their study. Their research uncovered a complex 

relationship in which income growth occasionally encourages rising renewable energy usage but 

occasionally has little or no effect. Some industrialized nations still prefer fossil fuel consumption 

over renewable energy for economic development (Shrinkhal, 2019; Islam et al., 2021; Kahia, et al. 

2019; Charfeddine & Kahia 2019). This is at the cost of the environment (Doytch and Narayan, 2016). 

Renewable energy may have little impact on economic development in industrialised countries, 

however, the share of renewable energy in total energy use is increasing in some EU countries, 
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regardless of economic conditions (Ogonowski, 2021). The cost of entirely switching to renewable 

energy is not feasible for South Korea (Park et al., 2016). However, Chinese investments in renewable 

energy projects in sub-Saharan Africa could bring economic benefits to the region, such as job 

opportunities, production boosts, and stronger local ties (Lema et al., 2021). A study in Kenya found 

that a majority of people are in favour of renewable energy and believe it will save them money on 

electricity bills (Oluoch et al., 2020). These results point to a positive relationship between the use of 

renewable energy and economic expansion. Based on this understanding, Hypothesis 1 is formulated 

for the present study:  

HI; Renewable energy consumption affects economic growth in E-7 countries. 

2.2. The Connection Between Technological Advancement and Economic Growth. 

In the early days, macroeconomic growth theories primarily focused on capital and labour, 

almost disregarding technology. However, the work of Romer (1986) and Lucas (1988) has revealed 

that technology is an integral part of the production process. With the emergence of endogenous 

growth models, researchers have explored the impact of technological innovation on economic 

growth. Numerous studies have indicated that innovation drives economic expansion. For example, 

Santra (2017) found a clear link between embracing innovation and flourishing economies in BRICS 

nations. Avila-Lopez et al. (2019) revealed a positive connection between technological progress and 

economic growth in Latin American nations. Maradana et al. (2017) examined 19 European nations 

and highlighted a strong correlation between innovation and economic development. Their work 

shed light on the complex causal links between innovation and growth. 

Hu and Png (2013) analysed manufacturing data from 72 countries to understand how patent 

rights affect economic prosperity. They discovered that quicker growth was linked to stronger patent 

rights, especially in countries with higher incomes and industries with a high patent concentration. 

Hasan and Tucci (2010) investigated the impact of technological innovation on economic growth in 

58 different countries. They demonstrated the positive connection between economic development 

and patent quality and stressed the significance of strong patent regimes in promoting faster growth. 

Kahia et al. (2023) revealed that Saudi Arabia acknowledges the need to shift its economy towards 

energy-intensive industries and services, while also promoting the development of high technology. 

The literature consistently indicates a favourable correlation between the variables, resulting in the 

following hypothesis: 

Hypothesis 2: Higher technological innovation leads to higher economic growth in E-7 countries. 

2.3. Nexus Between Export Diversification and Economic Growth 

The literature on export diversification lacks a consistent definition. This definition is based on 

how diversification is measured. For example, Balavac (2012) employed concentration indices to 

determine how diverse a country's exports are. These indices show whether a country's export 

revenues are predominantly derived from a few products (showing export concentration) or are 

distributed more evenly across a range of goods (representing export diversification). A diverse 

economy goes through structural transformation and has multiple revenue streams, allowing for 

long-term growth and development. This diversification and expansion provide the stability, 

security, and dependability that emerging countries require rather than relying largely on the 

production of primary goods, which is typically unpredictable and vulnerable to fluctuations (Abu 

Wadi and Bashayreh, 2018). Jednak et al. (2016) investigated the effects of economic diversification 

on Serbia's development from 2007 to 2012. They discovered that the structure and diversification of 

economic activities promote economic growth and development. Esu and Udonwa (2015) 

investigated the impact of diversifying Nigeria's economy using time series data from 1980 to 2011. 

The findings demonstrated that Nigeria could achieve long-term gains through diversification by 

encouraging large-scale industrialization in the non-oil sector, emphasising the use of technology in 

all trade and investment discussions, and maintaining recent improvements in the agricultural sub-

sector, among other factors. Ayeni (2013) studied how tourism could help diversify Nigeria's 

economy. Using a linear model and multivariate regression analysis, he concluded that tourism 
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would significantly boost the Nigerian economy. Gozgor and Can (2016) used system-GMM 

estimations to assess the effects of the Theil index, extensive margin, and intensive margin on real 

GDP per capita in 158 countries. They discovered that export diversification boosts real GDP per 

capita in low-income nations. McIntyre et al. (2018) investigated economic diversification through 

exports for 34 small nations from 1990 to 2015. The study discovered that more diversified countries 

had fewer production swings and greater average growth than most other small countries. 

Conversely, (Al-Marhubi, 2000) conducted a comparative analysis of export diversification 

benefits across developed and developing countries, finding a positive correlation between export 

diversification and economic growth, particularly for developing nations. (Onodugo et al., 2013) 

evaluated the relationship between non-oil exports and economic growth in Nigeria, finding a 

modest and negligible contribution. (Hamed et al. 2014) found a positive association between exports 

and foreign direct investment (FDI) in terms of economic growth. (Adewuyi and Arawomo 2016) 

investigated export diversification patterns in Nigeria amidst market price fluctuations, identifying 

key factors influencing export earnings variability, and offering insights for policymakers aiming to 

bolster export stability. The literature assessment reveals differing viewpoints on the relationship 

between export diversification and economic growth. Some research indicates a favourable 

correlation, whereas others do not. As a result of the preceding observations, the following 

hypothesis is proposed: 

Hypothesis 3: Export diversification impacts economic growth in E-7 countries. 

Previous research has mostly focused on the impact of renewable energy consumption, 

technological advancement, and export variety on economic growth on a national scale. Thus, there 

is a considerable research vacuum in determining the impact of renewable energy consumption, 

innovation in technology, and export diversification on economic growth in E-7 countries. This 

inconsistency presents a challenge for stakeholders aiming to develop effective economic strategies 

relating to these 7 economies. Further the  

Furthermore, the use of novel econometric methods such as cross-sectional dependence, panel 

unit root test, panel cointegration, robustness tests FMOLS and DOLS, and DHL causality testing 

remains limited in the current literature. As a result, this study seeks to fill this gap by studying the 

linkages between renewable energy usage, technological innovation, export diversification, and 

economic growth, with a focus on E-7 countries. 

3. Data and Methodology  

This study investigates how renewable energy consumption, innovation in technology, and 

export diversification affect economic growth in seven emerging countries: Brazil, China, Indonesia, 

India, Mexico, Russia, and Turkey. The study uses data from the World Bank and World 

Development Indicator (WDI 2023) for the period from 1990 to 2022, focusing on the most recent 

available data. Renewable energy consumption, technical innovation, and export diversification are 

among the independent variables examined, while control variables such as the financial sector and 

trade openness are also taken into account. GDP is the dependent variable. The study employs a 

deductive research approach and uses secondary data sources to examine the endogenous growth 

theory and other explanatory variables. Hypotheses are formulated based on the theory, and relevant 

data are collected accordingly. To reach correct findings on the effects of efficient economic policies, 

a variety of econometric techniques are used, including cross-sectional dependency, panel 

cointegration, PMG-ARDL, FMOLS, DOLS, and DHL causality tests. The study builds on previous 

research conducted by Mohanty and Sethi 2021) and Iqbal et al. (2022). Table 1 summarises the 

variables, including their symbols, measurement units, data sources, and expected effects on 

economic development. Figure 1 depicts the study's theoretical framework, whereas Figures 2 and 3 

show trend and boxplot analyses of the variables. 

3.1. Model Specifications 

The model is based on prior research findings (Saidi and Hammami 2017; Dinh et al. 2019; Sahoo 

and Sethi 2020; Yusuf et al. 2020; Ali et al. 2022; Iqbal et al. 2022).  GDP was the dependent variable 
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in this study, while the explanatory factors included R.E.C., T.I., E.D., F.S., and T.O. The following 

shows a representation of the basic regression model: 

GDPit = (REC it, TI it, ED it, FS it, TO it)  (1) 

The authors opted to transform all variables into logarithmic form for this study. To make the 

comprehension of the estimated outcomes easier, this approach was chosen. Natural logarithms are 

used in the following conversion of the basic regression model: 

𝐿𝑁𝐺𝐷𝑃it = 𝛼0 + 𝛽1𝐿𝑁𝑅𝐸𝐶𝑡 + 𝛽2𝐿𝑁𝑇𝐼𝑡 + 𝛽3𝐿𝑁𝐸𝐷𝑡 + 𝛽4𝐿𝑁𝐹𝑆

+ 𝛽5𝐿𝑁𝑇𝑂 + 𝜀𝑡 
(2) 

In this equation, we use various variables to represent different aspects. The variable "t" 

represents the time period, "i" represents the country, and "LNGDP" is the natural logarithm of GDP, 

which serves as a proxy for economic growth. Similarly, "LNREC" represents the natural logarithm 

of renewable energy consumption, measured as a percentage of total final energy consumption. 

"LNTI" signifies the natural logarithm of technological innovation, which is calculated by summing 

up residents' patent applications. "LNED" represents the natural logarithm of exports of goods and 

services, also as a percentage of GDP. "LNFS" indicates the natural logarithm of domestic credit to 

the private sector by banks, as a percentage of GDP. "LNTO" depicts the natural logarithm of trade 

as a percentage of GDP. Lastly, "ε" represents the error term. 

 

Figure 1. Theoretical framework of the study. 

Table 1. Variable names and description. 

Types and 

Expected 

Singh 

Acronym 
Variable 

Titles 

Measurements and Data 

Sources 

Data 

Availabilit

y 

Reference 

Outcome 

(Dependen

t) 

GDP 

Gross 

Domestic 

Product 

Gross Domestic Product 

Growth (annual %) (World 

Bank and World Bank 

Indicator) 

1990-2022 

(Garces,& 

Daim 2012); 

Groba, & Cao, 

2015; Osei-

Assibey 

Bonsu, & 

Wang, 2022).   

 Input 

  (+) 

  (+) 

  (+) 
REC 

Renewable 

Energy 

Consumptio

n 

Renewable energy 

consumption (% of total 

final energy consumption), 

1990-2022 

(Osei-Assibey 

Bonsu, & 

Wang, 2022) 
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(World Bank and World 

Bank Indicator) 

EX 

Export 

Diversificati

on 

Exports of goods and 

services (% of GDP) (World 

Bank and World Bank 

Indicator) 

1990-2022 
(Sharma, et 

al., 2021) 

Control 

    TI 
Technologica

l Innovation 

Technological Innovation 

(Patent applications, 

residents) (World Bank and 

World Bank Indicator) 

1990-2022 
(Wahab et al., 

2021) 

     

FSD 

Financial 

sector 

development 

Domestic credit to private 

sector by banks (% of GDP) 

(World Bank and World 

Bank Indicator) 

1990-2022 
(Fang, et. al., 

2022) 

TO 
Trades 

Openness 

Trades as a percentage of 

GDP) (World Bank and 

World Bank Indicator 

1990-2022 

Osei-Assibey 

Bonsu, & 

Wang, 2022 

3.2. Methods of Estimation 

We use the panel data technique for empirical analysis since prior research on the relationship 

between renewable energy consumption, technological innovation, export diversification, the 

financial sector, trade openness, and economic growth has weaknesses in its empirical methodology. 

Because statistics on renewable energy, innovations in technology, export diversification, the 

financial sector, and trade openness are collected every year, the number of observations is restricted, 

limiting the period. As a result, the panel data approach is appropriate for empirical analysis since it 

allows for more accurate and consistent parameter estimates. Hence, in this study, we employed the 

panel data methodology on panel data from E-7 countries and followed a systematic procedure 

consisting of five steps to empirically assess Eq. (2). 

3.3. The Slope Homogeneity Test 

The issue of varying slopes is important in panel data econometrics. We address this by using a 

method introduced by Pesaran and Yamagata (2008). This method allows us to assess the variation 

in weighted slopes for each entity, providing insights into slope heterogeneity. The test results are 

derived using specific equations. 

𝛥 = √𝑁(
𝑁−1𝑆% − 𝑘

√2𝑘
)  𝑎𝑛𝑑 𝛥 𝑎𝑑𝑗 = √𝑁

(

 
𝑁−1𝑆% − 𝑘

√2𝑘(𝑇 − 𝑘 − 1
𝑇 + 1 )

  (3) 

3.4. The Cross-Section Dependence Test 

To assess cross-sectional dependence, we utilized the CD test (Pesaran, 2015). The test statistics 

are presented as follows: 

𝐶𝑆𝐷 = √
2𝑇

𝑁(𝑁 − 1)𝑁
     (∑ ∑ 𝐶𝑜͡𝑟𝑟𝑖,𝑡

𝑁

𝐾=𝑖+1

𝑁=1

𝑖=1

) (4) 

3.5. Panel Unit Root Test 
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Traditional unit root tests used in econometrics include the Augmented Dickey-Fuller (ADF), 

Phillips-Perron, Breitung, Maddala, and Hadri tests. However, these tests may not be appropriate for 

dealing with cross-sectional dependence (CSD) and slope heterogeneity (SH) in the data. These issues 

can impact the reliability of the results obtained from these traditional tests. To address these issues, 

Pesaran (2007) devised an improved unit root test known as the Cross-Sectional Augmented Dickey-

Fuller (CADF) and Cross-Sectional (CIPS) test. These advanced methods are specifically developed 

to evaluate the stationarity of variables in panel data, even when there is cross-sectional dependency 

and slope heterogeneity. Equation (5) plays a crucial role in the CIPS test, as it involves calculating 

the cross-sectional mean of "ti." This means the calculation is an essential component of the CIPS test 

technique, as it aids in determining variable stationarity while addressing cross-sectional dependence 

and slope heterogeneity. 

CIPS= 
1

𝑁
∑ 𝑡𝑖𝑁
𝑖=1 (𝑁, 𝑇) (5) 

The Cross-Sectional Augmented Dickey-Fuller (CADF) test is widely used in academia to 

address concerns like cross-sectional dependence (CSD) and heterogeneity. This method begins with 

a unit-root test to generate its initial hypothesis. If the test results show that the variable is stationary 

at I (I), a cointegration test is performed before proceeding with parameter estimation. The CADF 

method is used to generate the data needed for the CIPS test. Additionally, Equation (6) for CADF, 

which stands for Cross-Augmented Dickey-Fuller, can be represented as follows: 

𝛥𝑌𝑖𝑡 = 𝜑𝑖 ∏ 𝐴𝑘
𝑛
𝑘=1

+ 𝜁𝑖𝑌𝑡,𝑡−1 + 𝛿𝑖Ỹ𝑡−1 +∑𝛿𝑖𝑗

𝑃

𝑗=0

Ỹ𝑡−1 +∑𝜆𝑖𝑗

𝑃

𝑗=1

𝛥𝑌𝑖,𝑡−1

+ 𝜀𝑖𝑡 

(6) 

This equation serves as the basis for the Cross-Sectional Augmented Dickey-Fuller Test method. 

It allows researchers to calculate the necessary statistics required for the CIPS test. This equation uses 

Yt-1 and ΔYit-1 to represent the level (I(0)) and first difference (I(I)) of each cross-sectional series. 

3.6. Co-integration Test  

Investigating cointegration is important in econometric research because many economic 

theories involve long-term implications. This study seeks to determine whether there is a long-term 

relationship between integrated series. To address the issue of cross-sectional dependency, we utilize 

the method proposed by Pesaran and Yamagata (2008), which is known for its robust and reliable 

results, as endorsed by Pesaran (2015). Westerlund's (2007) cointegration test outperforms previous 

tests in terms of cross-sectional dependence. This test has the distinct advantage of employing the 

bootstrap approach, which is very helpful in addressing cross-sectional dependence. 

Pesaran and Yamagata (2008) created a second-generation technique with four equations (Eqs. 

7, 8, 9, and 10). It serves as the foundation for cointegration analysis in circumstances when panel 

data has complicated properties like cross-sectional dependence, heterogeneity, and non-stationarity. 

𝐺𝑎 =
1

𝑛
∑

𝑎΄𝑖
𝑆𝐸(𝑎΄𝑖)

𝑁

𝑖=1

 (7) 

𝐺𝑡 =
1

𝑛
∑

𝑇𝑎΄𝑖
𝑎΄𝑖(1)

𝑁

𝑖=1

 (8) 

𝑃𝑡 =
𝑎΄𝑖

𝑆𝐸(𝑎΄𝑖)
 (9) 

𝑃𝑎 = 𝑇𝑎΄ (10) 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 June 2024                   doi:10.20944/preprints202406.1692.v1

https://doi.org/10.20944/preprints202406.1692.v1


 10 

 

In the field of statistical analysis for panel data, there are several forms of group means statistics 

designated as Gt and Ga, as well as panel means statistics represented by Pt and Pa. Each of these 

statistical measures has a specific function and is abbreviated accordingly. When assuming that the 

model variables are independent, often referred to as the "null" hypothesis, and the alternative 

hypothesis suggests the presence of co-integration among the variables, test statistics are calculated 

for this purpose These statistics aid in determining whether the data supports the presence of co-

integrating relationships or the null hypothesis that no relationship exists between the variables. 

Essentially, these statistics are crucial for assessing the strength and significance of potential co-

integration among the variables under study. 

In this study, the robustness of the estimation results obtained using the PMG-ARDL approach 

was tested using FMOLS and DOLS tests. Additionally, panel causality testing was performed to 

investigate the causal links between the variables. The DHC test, a variant of the Granger causality 

test created especially for heterogeneous panel datasets with fixed coefficients, was used for this 

purpose (Ahmed et al., 2022). According to Dumitrescu and Hurlin (2012), the DHC test uses the 

Wbar test to determine the mean and the Zbar test to evaluate the normal distribution. It is shown by 

the equation that follows: 

𝑍𝑖𝑡 = 𝛼𝑖 +∑𝛽𝑖
𝑗

𝑝

𝑗=1

𝑍𝑖𝑡−𝑗 +∑ 𝛾𝑖
𝑗
𝑇𝑖𝑡−𝑗

𝑝

𝑗=1
 (11) 

In this case, 𝛽𝑖
𝑗 represents the autoregressive parameters where j represents the lag length. 

For this test, the following are the alternative and null hypotheses: 

𝐻0 = 𝛽𝑖
(𝑘)
= 0 𝑓𝑜𝑟 no causality 

𝛽𝑖
(𝑘)
= 0, 𝑖 = 1, 2…… . . 𝑁1, (12) 

𝐻1 ≠ 0  𝑖, =  𝑁1 + 1,𝑁1 + 2𝑁1………𝑁  Unidirectionally causality   

 

Figure 4. Econometric Framework. 
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4. Results and Discussion 

4.1. Descriptive Statistics on Study Variables 

For the variables in our investigation, Table 2 shows the values of the mean, maximum, 

minimum, and standard deviation. To simplify the dataset and ensure consistent and reliable results, 

we chose to use the logarithmic form for all variables.  For LNGDP, the average value is 1.33 per 

cent with a standard deviation of 0.91 per cent, and the maximum value is 2.65 per cent. This implies 

a continuous growth pattern among the E-7 economies, with minimal difference amongst the nations 

investigated.  LNREC has a mean of 2.93 per cent, a standard deviation of 0.88 per cent, and a 

maximum of 4.08 per cent. This demonstrates an emphasis on biogas services to boost overall 

economic strength.  LNED has an average value of 3.04 per cent, a standard deviation of 0.42 per 

cent, and a maximum of 4.13 per cent. The higher maximum and minimum values suggest a gap in 

export diversification among the E-7 countries, emphasizing the need for increased trade activities to 

stimulate economic growth. LNTI has an average value of 8.24%, a standard deviation of 2.24%, and 

a maximum value of 14.17%. This reveals a considerable innovation gap across the E-7 countries, 

emphasising the significance of boosting innovation to promote economic growth.  LNFS has an 

average of 1.52%, a standard deviation of 0.73%, and a maximum of 2.65%.  Finally, LNTO has a 

mean value of 3.73 per cent, a standard deviation of 0.73 per cent, and a maximum value of 4.70 per 

cent, illustrating the favourable impact of trade openness on economic growth.  Among all variables, 

technological innovation exhibits the highest standard deviation (2.24 per cent), indicating greater 

variability, while trade openness has the lowest standard deviation (0.8 per cent), suggesting more 

stability in its measurements. 

Table 2. Summary statistics and correlation statistics. 

  LNGDP LNREC LNED LNTI LNFS LNTO 

Mean 1.33 2.93 3.05 8.24 1.52 3.73 

Maximum 2.65 4.08 4.13 14.17 2.65 4.7 

Minimum -1.64 1.14 1.90 3.36 -1.64 2.71 

Std. Dev. 0.91 0.88 0.42 2.24 0.73 0.38 

Observation 175 231 231 231 200 231 

LNGDP 1        

LNREC 0.22 1     

LNTI 0.04 -0.39 1    

LNTE 0.07 -0.56 0.05 1   

LNFS 0.61 0.11 0.13 -0.06 1  

LNTO 0.08 -0.52 -0.02 -0.01 0.12 1 

4.2. Correlation Between Variables 

Table 2 shows the correlation between variables as numerical values that indicate their 

relationships. The correlation coefficient between gross domestic product (LNGDP) and renewable 

energy consumption (LNREC) is 0.22. For technological innovation (LNTI) and gross domestic 

product (LNGDP), it is 0.04. The correlation coefficient between export diversification (LNED) and 

gross domestic product (LNGDP) is 0.07, while for the financial sector (LNFS) and gross domestic 

product (LNGDP), it is 0.61. The correlation coefficient between trade openness (LNTO) and gross 

domestic product (LGDP) is 0.08. 

A correlation below -0.01 or close to 0 suggests a weak correlation. Specifically, the correlation 

between trade openness (LNTO), export diversification, and technological innovation (TO) is 0.08, 

0.07, and 0.04, respectively. 

Table 3. The Slope of Heterogeneity Test. 
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Test statistics Statistics p-value 

∆test 1.72** 0.03 

∆ adj 3.21** 0.00 

The symbols *, **, and ***, respectively, indicate the levels of significance at 10%, 5%, and 1%, and the values in 

parenthesis contain the p-values. 

In this research, we analyse cross-sectional dependence among a group of E-7 emerging 

economies using all six CD tests. Additionally, (Breitung, 2005) investigated the possibility of 

misleading estimates resulting from the assumption of "slope homogeneity" when the data includes 

slope heterogeneity. To solve this issue, we use the slope homogeneity test given by Pesaran and 

Yamagata (2008). Table 3's results show that the null hypothesis of slope homogeneity was rejected 

at the 1% significance level, showing the presence of slope heterogeneity in the datasets. 

Table 4. Cross-Sectional Dependence. 

Variables CD statistics p-value Decisions 

LGDP 4.12*** 0.00 Cross-sectional dependency 

LREC 15.85*** 0.00 Cross-sectional dependency 

LEX 6.51*** 0.00 Cross-sectional dependency 

LTI 18.89*** 0.00 Cross-sectional dependency 

LFS 10.42*** 0.00 Cross-sectional dependency 

LTO 5.98*** 0.00 Cross-sectional dependency 

The symbols *, **, and ***, respectively, indicate the levels of significance at 10%, 5%, and 1%, and the values in 

parenthesis contain the p-values. 

Table 4 provides a summary of cross-sectional dependence (CSD) testing. To achieve proper 

regression analysis, Chudik and Pesaran (2015) advocate examining cross-sectional dependencies 

with classic unit root tests. More recent studies, such as those by Breusch and Pagan (1980), have 

highlighted the bias in infinite-sample adjustments, as addressed by Pesaran et al. (2008). Pesaran 

(2015) conducted a CD test on cross-sectional dependence, confirming its presence in the panel data. 

As such, it is imperative to use an approach that takes into account the cross-sectional dependency 

and slope heterogeneity in panel data. We will use second-generation panel unit root tests to address 

this, more precisely cointegration techniques recommended by Pesaran (2007), Levin et al. (2002), 

and Pesaran (2015). 

Table 5. Panel Unit Root Test. 

Cross Section Ally Augmented IPS (CIPS) 

 Level First Difference 

 Variable Statistics Prob. Statistics Prob. Decision 

LGDP -2.18**  0.01 -5.71*** 0.00 I(0) 

LREC 1.21  0.88 -8.26*** 0.00 I(I) 

LEX -2.00**  0.02 -10.99*** 0.00 I(0) 

LTI 1.56  0.94 -6.79*** 0.00 I(I) 

LFS 0.72 0.76 -6.11*** 0.00 I(I) 

LTO -1.67** 0.04 -12.31*** 0.00 I(0) 

Cross Section ally Augmented CADF (CADF) 

 Level First Difference 

 Variable Statistics Prob. Statistics Prob. Decision 

LGDP 34.94***  0.00 64.32*** 0.00 I(0) 

LREC 7.66  0.90 92.51*** 0.00 I(I) 

LEX 31.47***  0.00 105.27*** 0.00 I(0) 

LTI 9.07  0.82 72.97*** 0.00 I(I) 
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LFS 9.09 0.82 73.02*** 0.00 I(I) 

LTO 29.95*** 0.00 99.56*** 0.00 I(0) 

Cross Section Levin et al. (2002) 

 Level First Difference 

 Variable Statistics Prob. Statistics Prob. Decision 

LGDP 0.46  0.67 -9.70*** 0.00 I(I) 

LREC -0.52  0.29 -1.85*** 0.03 I(I) 

LEX -1.99**  0.02 -11.19*** 0.00 I(0) 

LTI -0.30  0.38 -3.63*** 0.00 I(I) 

LFS -0.34 0.36 -6.34*** 0.00 I(I) 

LTO -1.78** 0.03 -13.98*** 0.00 I(0) 

The panel unit root test was conducted under the null hypothesis that the variables are homogeneous and non-

stationary. ***, **, and * indicate statistical significance at 1%, 5%, and 10%, respectively. 

The next step in this research involves confirming the correct order of steps for integrating 

multiple datasets. Table 5 displays the outcomes of the CIPS, CADF, and Levin panel unit root tests. 

The results indicate that certain variables exhibit stationarity at the level, denoted as I (0), while others 

demonstrate stationarity in first differences, indicating first-order integration, denoted as I (1). Given 

the mixed integration characteristics of the variables, we employ both the linear and nonlinear ARDL 

cointegration methods. 

Table 6. Westerlund (2007) Co-Integration Test. 

Statistics Value Z-value P- Value Outcomes 

Gt 5.06*** 4.09*** 0.00 Co-integration 

Ga -3.12*** -4.70** 0.03 Co-integration 

Pt -4.23*** -5.43*** 0.00 Co-integration 

Pa -1.07** -2.51* 0.07 Co-integration 

The Gt and Ga statistics test cointegration for each cross-section, while the Pt and Pa statistics test cointegration 

in the panel under the null hypothesis of no cointegration. ***, **, and * indicate statistical significance at the 1%, 

5%, and 10% levels, respectively. 

After doing panel unit root tests, the next step is to see if the variables have a long-term co-

integration connection. The results of the co-integration assessments, using the methodology 

proposed by Westerlund (2007), have been presented in Table 6. Table 6 shows that statistics reject 

the non-cointegration hypothesis more frequently at the panel level than at the individual level, 

demonstrating the presence of a long-term link between two or more variables. Once long-term 

cointegration among variables is confirmed, the next step is to assess the long-term impact of the 

selected variables. To do this, the PMG-ARDL approach is used to calculate the long-term effects of 

renewable energy consumption, innovations in technology, export diversification, the financial 

sector, and trade openness on economic growth. The selection of the PMG-ARDL estimator is 

motivated by the limited sample size, as it provides consistent and reliable estimates. The findings 

resulting from the PMG-ARDL analysis can be found in Table 7. 

Table 7. Pooled Mean Group Autoregressive Distributed Lag (PMG- ARDL) Analysis. 

Variables Coef. St. Errors   Coef. St. Errors 

Long Run Estimates  Short Run Estimates 

LREC 0.71*** 0.11  -5.29** 2.73 
  (6.63)   (-1.93) 

LTI 0.07*** 0.03  2.16 1.52 
  (2.00)   (1.41) 

ED 2.12*** 0.92  8.04 9.18 
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  (2.29)   (0.87)  

LFS 0.10 0.14  -1.41 
1.41 

(-0.99) 

  (0.69)    

LTO -2.19*** 
0.86 

(0.01) 
 -10.82 

8.64 

(-1.25) 

 

ECT(-1)    -0.29     0.15 

         (-1.82) 

The CD statistic test has a standard normal distribution under the null hypothesis of weak cross-sectional 

dependence. ***, **, and * indicate statistical significance levels of 1%, 5%, and 10%, respectively. 

4.3. Pooled Mean Group Autoregressive Distributed Lag (PMG- ARDL) Analysis. 

The results are presented in Table 7, which shows that renewable energy consumption (LNREC) 

has a significant positive impact on economic growth at the 1% significance level. This suggests that 

as renewable energy consumption rises, so will economic growth. The coefficient estimates of 0.71 

indicate that for every 1% increase in renewable energy consumption, economic growth is predicted 

to increase by 0.71%. This underscores the significance of implementing flexible and cost-effective 

policies to promote renewable energy consumption in E-7 countries, particularly in light of climate 

change and global warming concerns. Renewable energy not only offers an appealing alternative to 

fossil fuels but also holds the potential to curb CO2 emissions and support economic development. 

Kahia et al. (2019) and Charfeddine and Kahia (2019) conducted a study on renewable energy. Their 

research highlights the potential for countries to mitigate the impacts of climate change by shifting 

away from carbon-intensive development models. Emphasising the importance of renewable energy 

sources, like as solar and wind power, can help MENA countries reduce their dependency on fossil 

fuels while stimulating economic growth. However, technological innovation plays a crucial role in 

boosting economic growth. The positive coefficient confirms that advancements in technology drive 

national economic development. Based on the estimated coefficient of 0.07, each additional per cent 

of technological innovation is projected to increase economic growth by 0.07%. This highlights the 

importance of E-7 nations giving priority to technological innovation to accelerate economic 

development, as previous studies have also found a positive correlation between the two. These 

results confirm the conclusions of studies by Thompson (2018), Cantner et al. (2019), Iqbal et al. (2022), 

Santra (2017), and others, which show a positive correlation between economic growth and 

innovations in technology. Moreover, the positive coefficient for export diversification (ED) suggests 

that as the value of export diversification increases, economic growth also rises. The magnitude of 

2.12 indicates that for each additional percentage of export diversification, economic development is 

estimated to increase by 2.12%. This underscores the importance of promoting export diversification 

strategies to stimulate economic growth in E-7 countries. These results are consistent with other 

studies by Sadorsky (2012), Jednak et al. (2016), and McIntyre et al. (2018), which highlight the 

positive connection between economic growth and export diversification. Based on the findings, it is 

clear that E-7 countries have to remove barriers to foreign trade to attain better levels of economic 

growth. Policymakers should implement favourable policies that stimulate export diversification, 

which in turn facilitates and encourages technological innovation within these nations. Furthermore, 

governments of E-7 countries should formulate policies that provide incentives for economic growth 

through export diversification, the acceptance of renewable energy sources, and the promotion of 

technological innovation. Regarding the control variable in the long run, the financial sector (FS) 

demonstrates a positive albeit insignificant relationship with economic growth. However, it is 

important to recognise the financial sector's key role in mobilising and distributing savings for 

productive initiatives, particularly in developing economies. These studies suggest that the E-7 

countries have not made significant progress in terms of financial sector development. According to 

a similar study conducted by Charfeddine and Kahia (2019), financial development and the 

renewable energy sectors in MENA countries continue to make minimal contributions to enhancing 
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environmental quality and economic growth. The findings show that an increase of 1% in financial 

sector development (FSD) corresponds to a 0.10% rise in economic growth. This empirical result is 

consistent with similar research undertaken in other economic circumstances, including Gautam 

(2015), Paudel and Acharya (2020), Shahbaz and Rahman (2012), and Thangavelu et al. (2004). 

However, trade openness has a negative and statistically significant influence on economic growth 

in the E-7 countries. This finding contradicts previous research, specifically that undertaken by 

Bastola and Sapkota (2015) on trade dynamics. It appears that trade is not the key driver of economic 

progress in these countries. The results of the PMG-ARDL analysis indicate a strong connection 

between long-term economic growth and renewable energy consumption, technological innovation, 

and export diversification. Additionally, energy consumption has a notable influence on short-term 

economic growth. On the other hand, the effect of technological innovation and trade openness on 

short-term economic growth is determined to be insignificant. Similarly, (Alomari & Bashayreh, 2020) 

found that PMG-ARDL models show a strong positive long-run link between export diversification 

and real GDP growth, but no significant impact of export diversification in the short run.  Instead, 

variables like renewable energy consumption, innovation in technology, and export diversification 

are more significant in supporting economic growth. These results have been validated by Ali and 

Malik (2017), Iqbal et al. (2022), Nistor (2014), Rao et al. (2020), and Yusuf et al. (2020). 

 

Figure 5. a summary of the model. 

Table 8. FMOLS and DOLS robustness test results. 

 FMOLS DOLS 

Variable Coefficient Prob. Coefficient Prob. 

LRE 0.25*** 0.00 0.20** 0.06 

LTI 0.04 0.35 0.02 0.65 

LED 1.67** 0.01 1.28* 0.07 

LFS 0.07 0.63 0.12 0.44 

LTO -1.36** 0.02 -0.97 0.13 

Note that  symbols ***, **, and * indicate a significance level of 1%, 5%, and 10%, respectively. 

After studying the results of FMOLS and DOLS, it was shown that there is a positive association 

between renewable energy consumption (REC) and economic growth (GDP). A 1% increase in REC 

corresponds to a 0.20-0.25% increase in GDP. These findings are consistent with the results of the 

PMG-ARDL analysis. 

The FMOLS data show that technological innovation (TI) has a significant positive influence on 

EG at the 1% level of significance. This observation is backed by the DOLS results. Furthermore, the 

FMOLS estimator results show that export diversification (ED) has a positive and statistically 

significant impact on EG. Furthermore, both FMOLS and DOLS results emphasise the positive and 

highly significant effect of financial sector development (FS) on GDP. 

On the other hand, the PMG-ARDL analysis reveals a negative and significant relationship 

between trade openness (TO) and EG at a 5% level of significance, as indicated by the FMOLS results. 
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However, the DOLS results suggest that the relationship between TO and GDP is negative but not 

statistically significant. 

5. Panel Causality Test Results  

The DHC test, which is based on the Granger causality test, can be used to assess both linear and 

nonlinear causal links. Its objective is to determine causation between series. The DHC test results 

are reported in Table 9. 

Table 9. Results of Dumitrescu Hurlin (DH) panel causality tests. 

Null hypothesis W-Stat Zbar-Stat. Prob. Direction of causality 

LRE ≠LGDP 3.65 1.54 0.12 Non-directional causality 

between REC and LGDP LGDP ≠LRE 1.82 -0.41 0.67 

LTI ≠LGDP 4.79*** 2.75 0.00 Uni-directional causality 

between TI and GDP LGDP ≠LTI 1.42 -0.84 0.39 

LED ≠LGDP 2.29 0.08 0.93 Uni-directional causality 

between GDP and ED LGDP ≠LED 4.27** 2.20 0.02 

LFS ≠LGDP 5.55*** 3.57 0.00 Uni-directional causality 

between FS and GDP LGDP ≠LFS 3.48 1.35 0.17 

LTO ≠LGDP 1.94 -0.28 0.77 Uni-directional causality 

between GDP and TO LGDP ≠LTO 3.37* 1.02 0.10 

Notes: 1. Asterisk(s) ***, **, * represent(s) the rejection of the null hypothesis at 1%, 5% and 10% significance 

levels. 

The symbol ≠ Implies Does Not Homogeneously Cause 

Table 9 shows that the TI series has a unidirectional causality relationship with the GDP series. 

Technological advancements and the adoption of innovations into economic growth are beneficial to 

economic development. These findings are congruent with those obtained by Maradana et al. (2022), 

who also found a unidirectional causality association between TI and economic growth in 19 

European nations. Furthermore, our findings indicate a unidirectional causal link between ED and 

GDP. Hinlo and Arranguez (2017) observed similar results across ASEAN countries. Furthermore, 

while there is a one-way causality relationship between EF and trade openness, no causal relationship 

has been found between REC and GDP. 

6. Conclusions and Policy Implications 

This study investigates at the impact of renewable energy consumption, innovation in 

technology, and export diversification on economic growth in E-7 countries from 1990 to 2022. The 

dependent variable in the study is GDP, while the independent variables are renewable energy 

consumption, innovation in technology, and export diversification. Several tests, including CSD, 

CIPS, IPS, and CADF unit root tests, were used to evaluate cross-section dependency and series 

stationarity. The study also explores long-term relationships between variables through Westerlund 

residual co-integration tests. The PMG-ARDL approach is used to assess the long-term impact of 

renewable energy consumption, innovation in technology, and export diversification on economic 

growth. The DHL causality test is used to investigate causal directions among the variables. Key 

findings confirm a long-term association among the variables and indicate that renewable energy 

consumption, technological innovation, and export diversification have a significantly positive long-

term impact on economic growth. The study also employs FMOLS and DOLS models, which yield 

consistent results. The DHL test indicates a unidirectional causal association between renewable 

energy consumption, innovation in technology, export diversification, the financial sector, and trade 

openness and economic growth. These findings offer valuable insights for economic policymakers in 

the E-7 countries. By eliminating obstacles to the adoption of renewable energy, fostering 
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technological innovation, and diversifying exports, policymakers can effectively promote sustainable 

economic development.  

Specifically, the study recommends promoting renewable energy consumption to positively 

contribute to economic growth and suggests that policymakers in E-7 economies should prioritize 

enhancing renewable energy consumption. The findings highlight the benefits of renewable energy 

sources in combating climate change and fostering environmental sustainability. Therefore, efforts 

should be focused on enhancing reliability and sustainability in the adoption of renewable energy 

technologies. In the context of emerging economies like the E-7 countries, it is crucial to prioritize 

technologically advanced and environmentally friendly solutions, especially in the environmental 

sector, to encourage clean, environmentally friendly, sustainable economic development. 

Furthermore, the positive effects of export diversification highlight how important exports are in the 

long run for economic growth, especially in the E-7 countries. Export diversification not only 

provides trade opportunities but also promotes domestic investment, job creation, and the transfer 

of advanced technology. Therefore, these countries should establish an investment-friendly 

environment, attract trade, and implement policies that encourage technological innovation. 

Governments should develop measures to stimulate economic growth through trade, renewable 

energy usage, and innovations in technology. It is crucial to highlight that this study only examines 

the E-7 countries; future research could look into similar dynamics in a larger spectrum of developing 

and emerging economies. Furthermore, this analysis ignores other issues such as corruption, R&D 

spending, carbon emissions, and infrastructure. Future studies could incorporate these variables to 

improve the analysis. Finally, while this study looks at the relationship between renewable energy 

use, innovation in technology, export diversification, and economic growth, future research could 

focus on related themes such as environmental quality. 
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