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We have extended the literature on how information communication technology (ICT) and renewable energy relates to environmental quality in South-East Asia. Earlier literature has mostly focused on individual country cases, and regional investigations, especially in South-East Asian, are largely absent from the existing body of knowledge. The use of ICT and renewable energy are among the top priorities of each economy in this region. We pursued this study with the intention of identifying trends in the way these countries use ICT and renewable energy, and how these emerging factors contribute to their environmental performance. We analyzed the annual data of six countries from between 2000 and 2018, using Panel Quantile Regression, and Dynamic Fixed Effect estimation techniques to test both the hypothesized short-run and long-run relationship between ICT and renewable energy use and environmental quality. Our empirical results reveal the non-mitigating effect of ICT on CO2 emission, confirming that ICT use in this region does not improve environmental performance, but rather causes more environmental degradation. Renewable energy, on the other hand, results in a significant contribution to environmental quality in this region. Our results are consistent with multiple studies in the existing body of knowledge. The findings are very meaningful and useful for policymakers in these countries to help them to frame strategies for renewable energy and ICT use practices that favor the environment.
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INTRODUCTION AND BACKGROUND
Globalization has highlighted the significant contribution of information technology, digitalization, and blockchain technology to economic growth (Saberi et al., 2019; Oliveira et al., 2020; Borowski, 2021). The internet and advanced technologies support the flow of foreign direct investment (FDI) and trade liberalization (Bhujabal and Sethi, 2020; Borowski, 2021). In addition, these technologies also contribute to a country’s infrastructure and overall productivity, which increase prosperity (Bollou, 2010; Borowski, 2021). Digitalization and ICT use increase employment, and play a very important role in reducing poverty (Coleman, 2005; Rot et al., 2020). Economic growth is the reason for greater use of digital technology and innovation in technology (Erumban and Das, 2016). Avgerou (2003) and Jin and Cho (2015) also highlighted the significant contribution of ICT to economic growth. Information communication technology (ICT) and energy consumption have significantly increased in the past decade. ICT has become a vital aspect of enhancing many people’s living standards (Moyer and Hughes, 2012). ICT comprises the internet, mobile phones, and other mediums of communication that have vital acceptability in making standard of life ICT increases the demand for smart technology, i.e., touch screens, monitors, and tablets. The latest developments, e.g., wireless and Bluetooth technologies, enhance the effectiveness of machines and humans and increase efficiency over time. ICT is not only improving people’s lives but is also enhancing the economic development of countries. As a result of ICT, communication methods throughout the world have changed, and the world has become a “global village.”
ICT and digitalization also create new business opportunities and foster environmental sustainability. ICT and digitalization ensure the durability of the energy system by increasing its security and efficiency (García-Quismondo et al., 2013; M.; Rahman and Mezbah-ul-Islam, 2012; K.; Wang et al., 2018). Digital technologies and energy efficiency are vital to countering global warming, and appropriate strategies in this regard can promote effective change to the energy system (Alamoush et al., 2020; Kueppers et al., 2021). The journey toward zero emissions and sustainable development could be achieved through drastic innovation in ICT and technology to create more renewable energy options in countries at the corporate and society level, which will contribute to a sustainable environment (Borowski, 2021). In this regard, energy service companies could play a vital role in removing the barriers to energy efficiency implementation (Recalde, 2021; Smith et al., 2021). The emergence of renewable sources and energy-efficient technologies should be adopted as a trend for climate transformation and sustainable development (Borowski, 2021). Climate and energy solutions are based on reducing the emission of greenhouse gases, and switching to efficient renewable energy options (Panwar et al., 2011; Yadoo and Cruickshank, 2012). Efficient energy use through the application of advanced technology and ICT practices could be effective in reducing its harmful effect on the environment. Hence, the use of sophisticated technologies and the block chain is a step forward towards efficient energy consumption and a sustainable environment (Silvestre and Ţîrcă, 2019; Kueppers et al., 2021; Manfren et al., 2021).
However, it has also been observed that in addition to increasing energy efficiency and environmental sustainability, ICT may cause the deterioration of the environment. Using more sophisticated information and telecommunication equipment requires a significant amount of energy, which can degrade the environment if renewable energy is not provided for its operation. The existing literature on this subject explores two dimensions of ICT and digitalization concerning environmental quality: namely, their positive and negative effects in the environment. Many studies confirm that ICT and digitalization can cause environmental quality to deteriorate (Al-Mulali et al., 2015b; Avom et al., 2020; Moyer and Hughes, 2012; Ozcan and Apergis, 2018; Ozcan et al., 2020; Sokolov-Mladenović et al., 2016). In contrast, many studies also highlight the significant contribution of ICT advancement and digitalization to energy efficiency gains and environmental quality (Sadorsky, 2012; Lee and Brahmasrene, 2016; Belkhir and Elmeligi, 2018).
This study is a novel attempt to explore the nexus between ICT, renewable energy, and environmental quality in a single robust study focusing on the emerging economies of South-East Asia, using Panel Quantile and Dynamic Fixed Effect (DFE) estimation techniques. The study is expected to contribute in many ways. First, this research could raise awareness among policymakers in this belt, and enable them to make their strategic frameworks more robust to encourage ICT and digitalization in for energy-efficient production and a sustainable environment. Moreover, this study could have far-reaching implications at both the regional and country levels. Theoretically and methodologically, this study is likely to add value to the existing body of knowledge by using estimation techniques that cover both the short-run and long-run dynamics of the variables. This study could enhance the understanding of many researchers, with a special focus on exploring similar variables and likely to abreast their knowledge repository and insights.
This study aims to investigate the impact of ICT and renewable energy on the environmental quality in South-East Asia to explore the prevailing mechanisms of ICT and digitalization approaches and renewable energy trends underway in these countries.
LITERATURE REVIEW, THEORETICAL BACKGROUND AND HYPOTHESIS DEVELOPMENT
Information Communication Technology and Environmental Quality
This paper is based on the TAM theory, which states that advanced technology is accepted for technological innovation and for the enhancing the individual capabilities (Davis, 1989). Hence in this region the acceptance of ICT and technological development is purely in the spirit of this theory and the Diffusion of Innovations (DOI) theory by Moore and Benbasat (1991), which explain how the diffuson of ideas is related to the spread of technology. Nowadays, there is a debate among academics about how to explore the impact of ICT on the environment. The increasing use of ICT in emerging economies is highly debatable (Asongu and Nwachukwu, 2016). ICT practices enhance human capacity and capabilities, which directly contribute to the country’s GDP (Pradhan et al., 2016), and help to decrease income disparity (Tchamyou et al., 2019). ICT is a significant factor in bringing about financial growth and innovation (Edo et al., 2019), as well as encouraging education and promoting the Human Development Index (Tchamyou et al., 2019). Whereas the fact is not hidden from anyone about the reality of been the ICT, a contributing factor to environmental sustainability. However, the existing literature is divided on whether ICT is beneficial or detrimental to the environment. Mingay (2007) asserts that ICT contributes almost 2% of worldwide greenhouse gases, which negatively affect environmental quality. Similarly, Alcott (2005) states that although ICT plays a pivotal role in enhancing productivity, it has an adverse effect on environmental quality. Likewise, F. N. Khan et al. (2020) confirm the positive nexus between ICT and CO2 emission in the ASEAN region, analyzing data from 1991 to 2009. Internet use and GDP have both short-run and long-run relationships with CO2 emissions, verifying the adverse impact on the environmental quality of OCED countries (Salahuddin et al., 2016). However, a school of thought arguing that ICT positively contributes to environmental quality can also be found in empirical literature. In this regard, Al-Mulali et al. (2015a) found indications of a negative relationship between ICT and CO2 emissions, confirming that ICT reduces CO2 emissions in emerging economies, but that the effect is insignificant. Similarly, Godil et al. (2020) investigated data from numerous countries for the period 1990 to 2015 and outlined that ICT decreases carbon emissions in high- and middle-income countries, suggesting that ICT in high-income countries may be due to efficient energy usage that accounts for low CO2 emissions. Li et al. (2018) argued that ICT reduces the amount of CO2 emissions in specific European regions. Validating the positive nexus of ICT and environmental quality, Ozcan and Apergis (2018) examined the impact of ICT on CO2 emissions, and confirmed that ICT helps to minimize ecological degradation, thereby concluding that ICT is the mitigating and stimulating factor in CO2 emissions. Based on the above discussion, we have developed the following hypothesis Table 1.
TABLE 1 | Variables and measurement
[image: Table 1]H1: ICT reduces greenhouse gases and improves environmental quality.
Renewable Energy and Environmental Quality
Renewable energy is a central focus of study for energy economics researchers. Riti et al. (2018) investigated the impact of both renewable and non-renewable energy on environmental quality, and found that fossil fuel energy consumption increases CO2 emission both in the short and long run, while renewable energy consumption reduces CO2 emission in the long run. Renewable energy has become vital for every country thanks to its cost-effectiveness and its contributions to reducing CO2 emissions compared to conventional energy consumption (Turkenburg et al., 2012). Panwar et al. (2011) also demonstrate that renewable energy is more cost-effective and could be very significant in lowering the emission of greenhouse gases. Moreover, Xie et al. (2018) conducted a study to investigate the effect of SO2 and renewable energy consumption on air pollution in the Jing-Jin-Jie region, and concluded that renewable energy development is vital for reducing the emission of dangerous gases that create a pollutant environment, and suggested that technological innovation in renewable energy would further reduce air pollution. Similarly, H. Yu et al. (2012) carried out a study on the impact of the growth of industry on the ecosystem and revealed that greater consumption can cause ecological problems. Similarly, environmental degradation and the elimination of resources were mainly caused by the development of industrial units. Furthermore, Tilt (2019) asserted that technological innovation in the course of renewable energy enhances the capacity and supply of renewable energy to better meet energy shortages and to increase the energy portfolio. Similarly, Lewis (2010) explored renewable energy as a future source of energy given its environmentally friendly nature. Likewise, B. Lin and Zhu (2019) argued that improving the technological level of renewable energy would promote renewable energy production.
Extensive empirical studies exist on the pollution–economic growth nexus with inconsistent findings (Ahmad et al., 2017; Al-Mulali et al., 2016; Alam and Paramati, 2016; Anastacio, 2017; Awad and Abugamos, 2017; Jebli, 2016; Özokcu and Özdemir, 2017; Zeeshan et al., 2021; Zeeshan et al., 2021). The second pillar of the empirical studies has focused on the relationship between energy consumption and economic growth. These studies were pioneered by Kraft and Kraft (1978) in their seminal work. Earlier versions of these studies, which were conducted in bivariate models, could have resulted in an omitted variable bias resulting in inconsistent estimates (Akarca and Long, 1980). However, recent studies have used multivariate models and advanced time-series estimation approaches, but their findings have been conflicting (Asafu-Adjaye, 2000; Apergis and Payne, 2010; Dergiades et al., 2013; Mutascu, 2016). From the previous eras, environmental sustainability and energy safety have been the most vital and pertinent economic challenges. CO2 emissions are mainly caused by the consumption of more fossil fuels, which is confirmed by IEA (International Energy Agency). Much previous research documented that more fossil fuel energy usage leads to more CO2 emissions in emerging economies across the globe. That is why numerous policymakers and regimes have documented the significance of renewable energy for meeting energy demand and minimizing CO2 emissions, and research has been conducted to investigate the dynamics of renewable energy usage and CO2 emissions. For example, Jaforullah and King (2015) documented a negative association between renewable energy consumption and CO2 emissions in the United States from 1960 to 2007. Moreover, Rafiq et al. (2014) reported one-directional causality running from CO2 emissions to renewable energy, where they found bi-directional causality between the two variables in both countries, i.e., India and China from 1972 to 2011. A similar study was conducted on data from Kenya from 1980 to 2012 by Al-Mulali et al. (2016), who found that renewable energy usage significantly minimized CO2 emissions. Similarly, Bloch et al. (2015) found that renewable energy usage decreases CO2 emissions. Some of the previous researchers established that improvements in the banking sector led to greater energy use, which led to greater CO2 emissions In cross-country studies, numerous findings confirmed a positive nexus between renewable energy use and environmental degradation. Moreover, Apergis and Payne (2012) asserted that there is a positive and long-term cointegrating nexus between renewable energy consumption per capita and CO2 emissions per capita. Similarly, Boutabba (2014) examined a causal nexus exists between CO2 emissions and fossil fuel consumption, suggesting that greater usage of renewable energy will prove to be a factor in minimizing the degradation of the environment. However, Menyah and Wolde-Rufael (2010) asserted that renewable energy had not reduced carbon emissions in the United States and that there was no causality between renewable energy consumption and CO2 emissions. Salim and Islam (2010) documented that CO2 emissions had a positive effect on renewable energy usage and also noticed a one-directional causality from renewable energy consumption to CO2 emissions in India; however, a bidirectional casualty between renewable energy consumption and CO2 emissions in China, Brazil and Indonesia was observed. Based on the above discussion we have developed the following hypothesis.
H2: Renewable Energy Increases Environmental Quality
Population and Environmental Quality
Currently the impact of population on CO2 emissions is still being debated. In previous studies, population has also been considered one of the key indicators. An and Jeon (2006) used a cross-sectional regression non-parametric kernel technique, which validated an inverted U-shape between population, using OECD panel data for the period from 1960 to 2000. Similarly, Menz and Welsch (2012) asserted that population is the main cause of CO2 emissions in 26 OECD countries and suggested that the birth rate needed to be controlled as it affected CO2 emissions. Yang and Wang (2020) reported a negative effect of population on environmental quality in China in 10, suggesting that population must be controlled to counter the emission of greenhouse gases. Similarly, Cai et al. (2021) and Q. Wang and Wang (2020) argued that CO2 emissions are largely caused by the population. However, Avom et al. (2020), and Zhou et al. (2019) argued that population size and energy positively affect CO2 emissions, documenting that environmental quality has direct link with environmental quality. Furthermore, M. M. Rahman et al. (2020) examined the nexus between CO2 emissions and population in five South-Asian regionsS, applying panel co-integration techniques for the period from 1990 to 2017 and found that population has a direct link with CO2 emissions in this region, with a one-directional causality from population to CO2 emissions. Cole and Neumayer (2004), Li et al. (2018) and C. Zhang and Lin (2012) highlighted that the rising pattern in the size of urban populations has resulted in higher energy usage that can lead to serious ecological problems, particularly multiplying effect on the level of CO2 emissions. Similarly, many other studies also reported a proportionate relationship between population size and CO2 emissiosn in the context of regions (Cole and Neumayer, 2004; Poumanyvong and Kaneko, 2010) and megacities ( M. Lin et al., 2012; Shuai et al., 2018; X. Yu et al., 2020).
H3: Population size positively contributes to CO2 emissions.
Trade and Environmental Quality
Currently, growth in international trade and the environment propose that the present state of the trade, energy uses and forms like non-renewable can be vital to sustainable environment. Hassan et al. (2019) explored the relationship between trade and environmental quality, and argued that trade has several economic and ecological consequences. Moreover, Dogan and Turkekul (2016) highlighted that there is a positive impact of trade on environmental quality, which is supported by Shahbaz et al. (2013), and Kellenberg (2008). Furthermore, Kahouli and Omri (2017) also confirmed that trade has a positive effect on environmental quality, and proposed that the promotion of trade from the local to the international market does not increase the market shares of trade in a region, but improves the effectiveness of the use of limited resources, which enhances environmental quality. This recommend that a region that is open to trade will detect minimum pollution. However, Ruta and Venables (2012), and I. Khan et al. (2021) argued that the increase of trade to global market accounts for a reduction in natural resources, and increases the volume of CO2, which will eventually worsen environmental quality. In addition, Hassan et al. (2020) argued that international trade is unfavorable to the environment since it increases the presence of polluting industries. On the other hand, Iorember et al. (2021), and Güngör et al. (2021) studied the effects of trade on environmental quality in South Africa by applying the structural break Maki cointegration test and ARDL, and suggested that an increase in trade may improve environmental quality. This is why policymakers in South Africa are advised to consider the significance of trade to promote environmental quality.
H4: Trade liberalization adversely affects environmental quality.
METHODOLOGY AND ESTIMATION TECHNIQUES FOR HYPOTHESIS TESTING
Data, Estimation and Econometrics Techniques
The study used panel data from six South-East Asian counties from 2000 to 2018, collected from the WDI database, and analyzed it using panel data techniques, i.e., Panel Quantile and Dynamic Fixed Effect.
Baseline Estimation Techniques
With a view to exploring the effect of ICT and renewable energy on environmental quality in South-East Asian regions. We preferred panel quantile regression (PQR) estimation techniques in the spirit of Bassett and Koenker (1978), and Bassett Jr and Koenker (1978). Koenker and Bassett (1978) proposed this technique in which explanatory variables are conditionally distributed that cause fitting of liner function for independent variables and also extend the traditional variable mean regression which is in the form of OLS regression, while comparing QR with simple OLS regression a researcher can select any quantile to be used as an estimation parameter and an estimator that best suits when the data has normality, hetero and auto correlation issues. With the QR technique, the sensitivity to outliers is very minimal and delivers better and more accurate results (Sherwood and Wang, 2016; S.; Zhang et al., 2019). This particular estimation technique is considered an influencing factor with heterogeneous nature, and it very easily explores the data at different quantiles (Cheng et al., 2021; K.-L.; Wang et al., 2020). Based on these stated advantages we prefer panel quantile estimation techniques to explore the impact of ICT and renewable energy on environmental quality at different quantiles. In the spirit of Koenker (2004), we used the following panel quantile technique using equation as follows.
[image: image]
Where [image: image] represent the quantile of D.V, [image: image] is the vector that explain the explanatory variable and τ showing the quantile, [image: image] determine the parameter of quantile of the regression, [image: image] denotes the individual effect and [image: image] shows a random error term. The various parameters of QR are estimated as below.
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Where [image: image] [image: image], and [image: image] show the various quantiles, years and countries respectively. [image: image] , represent the weight of numerous countries [image: image] is explained in the following formula.
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We also applied the Dynamic Fixed Effect model to validate the relationship of the variables explored through penal quantile regression. Panel DOLS and Panel FMOLS estimation techniques perfectly estimate the short-run relationship, and do not account for the long-run relationship (Murthy and Nath, 2009). In comparison, the Dynamic Fixed Effect Model is a good choice among panel models when different levels of heterogeneity exist across units. It is an appropriate panel model when a researcher analyzes both the short-run and long-run relationships of the variables simultaneously. This estimator permits intercept varying and formally put in position of homogeneity restriction over the coefficients of both short-run and long-run associations. Since countries in emerging markets have both unique and similar practices and operations, Dynamic Fixed Effect is an accurate and justified model for the analysis of this research. Sometimes, owing to the omission of numerous common factors, the contemporaneous correlation occurs in various residuals; to deal with this problem econometrically, time-specific effects are made in regression The Dynamic Fixed Effect model is based on the ARDL correction form that is used to examine the short-run and long-run associations of the variables.
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Variables Definitions and Measurement
EMPIRICAL RESULTS AND DISCUSSION
In Table 2, we tested the existence of cross-sectional dependence in the data. We considered countries in South-East Asia, which represent the dynamics of different countries. Our results validated the existence of cross-sectional dependence in the data generated through numerous tests (Breusch and Pagan, 1980; Frees, 1995; Pesaran et al., 2004). All these tests showed significant values that clearly indicated the rejection of null hypothesis, meaning that the significance level of cross-sectional dependence exists in the data.
TABLE 2 | Test for cross sectional dependence.
[image: Table 2]Table 3 shows the results of the panel unit root test. We first explored the existence of cross-sectional dependence in the data. We investigated the order of co-integration, unit roots, and stationarity in the data. To identify the basic roots in the panel across various variables, we preferred first- and second-generation tests, i.e., LLC, IPS and ADF-Fisher as a first-generation technique to explore unit root in the data, and Pesaran (2007), and Breitung and Pesaran (2008) as second-generation tools. We employed second-generation techniques, as they are very supportive in cases where the data exhibit serious cross-correlation. Both categories of tests, i.e., first generation and second generation, outline that the variables exhibit the combination of 1(0) and 1(1) order.
TABLE 3 | Panel unit root test.
[image: Table 3]Once panel unit root in each variable was verified, the long-run relationship of the variables was assessed through the co-integration test. In this regard, we applied the Westerland (2007) test to analyze the co-integration between variables (see Table 4). Westerland (2007) is an accurate technique, when the data is highly heterogeneous in the short run and long run (Persyn and Westerlund, 2008). We used data from numerous countries in this region that contain cross-sectional dependence; this is why this co-integration technique was an appropriate choice (Zeeshan et al., 2021). ICT and renewable energy show the group means tests, and Pt and pa show the alternative hypothesis for capturing co-integration in the panel (Persyn and Westerlund, 2008). The outcomes of the test validate the existence of co-integration between variables as a result of the significant values of both ICT and Pop, and this clearly outlines the rejection of a null hypothesis for co-integration. Based on the significant test values, long-run co-integration in our data is pervasive.
TABLE 4 | Co-integration technique (Westerland, 2007).
[image: Table 4]We also apply Pedroni (1999), and Kao (1999) tests for analyzing co-integration between variables for more validation. Table 5 depicts the Pedroni co-integration tests based on seven diverse statistics. Based on the tabulated values there is a co-integrating relationship in the variables of this paper. Similarly, in Table 6, which shows the results of the Kao co-integration test, the statistics are significant at a 1% probability level, thereby rejecting the null hypothesis of no co-integration. Thus, all three co-integration tests validate the existence of co-integration between variables.
TABLE 5 | Results from the pedroni board Co-integration test.
[image: Table 5]TABLE 6 | Results from the Kao Panel Co-integration test.
[image: Table 6]In Table 7, the results of quantile regression are displayed. Our results showed that ICT was significant in the majority of quantiles with positive signs, implying that an increase in ICT will increase the level of CO2 emissions in these countries. In our results, the majority of quantiles showed coefficients significant at a 10% probability level. The results suggested that an increase in ICT and technological advancement in these countries could be effective in production, but showed a marginally significant contributing effect in CO2 emissions. Our results were in line with many previous studies, e.g., Lee and Brahmasrene (2014) for ASEAN, Avom et al. (2020) for sub-Saharan African countries. Our results for renewable energy showed that renewable energy negatively affected CO2 emissions in South-East Asia, demonstrating that the use of renewable energy could be effective in promoting environmental quality and sustainability. Almost seven quantiles out of ten were statistically significant at a 10% probability level. Hence, we concluded that renewable energy was effective in reducing CO2 emissions in South-East Asian countries, and could be a focus point for policymakers in the region as plays a role in environmental sustainability. Many previous studies also argued that renewable energy significantly contributed to environmental sustainability (Ullah et al., 2019; Borowski, 2021; Attia et al., 2022). Both trade and population were shown to have a significant effect on CO2 emissions, confirming that more trade and population increases can badly affect environmental quality.
TABLE 7 | Panel quantile regression.
[image: Table 7]Table 8 illustrates the results of Dynamic Fixed Effect embodying the short-run and long-run effects of ICT and renewable energy on environmental quality in South-East Asian countries. The results demonstrated that the ICT coefficient was statistically significant in the short run, implying that an increase in ICT platforms and technologies increased the volume of CO2 emission in South-East Asia. However, in the long-run, the coefficient was positive, but insignificant status which determine that due to advancement, mostly energy efficient measures are being underway to cater for environmental sustainability which would definitely contribute to lower down the volume of CO2 emission. Renewable energy showed statistically significant coefficients in both the short run and the long run, with an increase in significance in the long run, suggesting that in the long run more deliberate use of renewable energy in the manufacturing sector and households could be very impactful. Both trade and population had statistically significant relationships with CO2 emissions in both the short and long run. However, in the long run the results are comparatively less impactful on CO2 emissions, which means that due to efficient energy in both trade and households levels in this region would reduce to some extent the level of CO2 emission. Both trade and population showed a significant positive effect on CO2 emissions, suggesting that population and trade liberalization both account for environmental degradation in the short and long run in this region.
TABLE 8 | Results of dynamic fixed effect model.
[image: Table 8]CONCLUSION AND POLICY IMPLICATIONS
The tremendous growth in ICT, advanced technologies, and renewable energy have significantly contributed to environmental sustainability across the globe. Their significant contributions to environmental sustainability and environmental quality have attracted academics to comprehensively explore ICT, block chain, and renewable energy. This study focused on the South-East Asian region, with a view to ascertaining the impact of ICT and renewable energy on environmental quality. Our empirical results investigated both the short- and long-run relationship between ICT and renewable energy, and environmental quality, and revealed that ICT deliberation in this region contributed positively to the amount of CO2 emissions, and that ICT caused environmental degradation, which may be as a result of the use of fossil fuels in the majority of trade-related technologies and none energy efficient technologies. The empirical results of both estimation techniques, i.e., Penal Quantile regression and Dynamic Fixed Effect, showed positive coefficients for ICT in both the short and long run, hence we noticed that ICT did not improve environmental quality in the region, rather it caused environmental degradation. Some of the previous research also highlighted similar footprints of ICT with environmental quality (Shobande and Ogbeifun, 2022; Zafar et al., 2022).
Our results also highlighted the impact of renewable energy on environmental performance in this part of the world, and showed that renewable energy contributed to environmental quality. Hence, our results are in line with numerous studies that also explored the positive contribution of renewable energy to a country’s environmental performance (Chopra et al., 2022; Suki et al., 2022; Usman and Balsalobre-Lorente, 2022). Both trade and population in this region increased CO2 emissions, which implies that more trade activities and a consistent increase in population size caused environmental degradation.
The study has numerous implications. It could be vital for policymakers in this region as the findings clearly outline the negative effects of ICT on environmental performance, which suggests that think tanks dealing with these areas in this region must use efficient energy in for ICT equipment to bring down greenhouse gas emissions. The strategic formulation should be of such nature that it would encourage the use of green energy and efficient energy in the use of ICT. The national governments in this region should make laws to encourage efficient energy based on ICT equipment at the corporate, government and household level. The findings of the study showed the significant contributions of renewable energy to environmental quality in this region, thereby suggesting that each country must be very prone to efficient energy use at both the corporate and society level. This could be very helpful in developing trends for renewable energy use that will contribute to environmental sustainability of this region. The study could be further extended to compare various developing regions, and a new study comparing two different developed regions to explore the relationship between these variables could also be valuable.
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