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This study explores the nexus between foreign direct investment, financial development, energy consumption, economic growth and globalization for a selected panel of Belt and Road Initiative (BRI) countries over the period 1990–2016. After employing appropriate panel unit root tests, the Westerlund co-integration test, the DSUR long-run panel estimation approach and the Dumitrescu-Hurlin panel causality test, the results reveal a significant long-run relationship among the analyzed variables. The DSUR results show that energy consumption is boosted by 0.023 and 0.790% when a 1% rise occurs in foreign direct investment and economic growth. A 1% increase in financial development and globalization reduces energy consumption by 0.049 and 0.621%, respectively. We also found bidirectional relationships of energy consumption with financial development and foreign direct investment with globalization for the selected sample of our study. A unidirectional causal relationship exists, moving from energy consumption towards both financial development and foreign direct investment. An increase in FDI, the introduction of energy-efficient technology, and development of the financial sector lead to sustainable economic growth. The findings reveal the need to formulate policies that promote energy efficiency among Belt and Road (BR) countries. The policy implications of this study are presented in the Conclusion.
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INTRODUCTION
In the current globalization era, the debate on energy policy and its regulation is considered a critical area of research by practitioners and academics. Energy consumption is an integral part of economic development (Belke et al., 2011) and social and sustainable development (Kahouli, 2017). Due to the rise in world economic growth, the gap between demand and energy supply has increased rapidly in recent years, thereby increasing energy insecurity, including in BRI counties. Financial development motivates the adoption of advanced energy-efficient and environment-friendly technologies, resulting in a better global environmental quality.
Recently, the world economy rapidly grew excessively, which can also affect energy consumption level, and securing an appropriate energy supply level is also then a challenge for world economies: the global economy grew by 22.9 times between 1971 and 2015, and, along with economic growth, total energy consumption levels in 2015 were about 2.2 times their 1971 level1.
In recent decades, several studies have investigated the relationship between energy and economic development. In most of these, an increase in energy consumption has been linked to economic growth (Saud and DanishChen, 2018). Thus, it is also possible to observe a link between energy consumption and financial development (Çoban and Topcu, 2013). Similarly, the financial sector performs a crucial role in the stability and development of an economy. ‘Financial development’ mainly refers to an increase in the financial activities of a country, such as an increase in foreign direct investment (FDI), an increase in the provision of credit to the private sector, the financial sector, and to the private sector by the banks, or an increase in stock market activities of an economy. Financial development plays a crucial role in a country’s financial systems, increasing economic efficiency but also energy consumption levels (Sadorsky, 2011; Islam et al., 2013c; Husaini and Lean, 2015; Le and Ozturk, 2020; Baloch et al., 2021; Godil et al., 2021.
Three different avenues exist to explain the financial development and energy consumption nexus. First, financial development encourages more inflows of FDI, which lead to enhancing energy consumption and economic growth. Second, financial development causes financial sector development, which leads to efficient financial intermediation approaches to more consumer credit which surges in purchases of ‘big-ticket’ items. Third, the development of capital markets and financial markets facilitates more reserves in economies, enhancing energy consumption (Zhang, 2011).
Many empirical studies have considered other factors that can affect the turning point of the Environmental Kuznets Curve (EKC) and environmental quality. One of these factors is financial development (FD) which has become the focus of environmental studies (Adebayo et al., 2021a; Adebayo and Kirikkaleli, 2021; Kirikkaleli et al., 2021; Rehman et al., 2021). FD may facilitate investments such as providing more funds to new firms, which may bring more opportunities to establish or upgrade the renewable energy sector. FD attracts more FDI, leading to technological innovations and thus assisting in reducing energy consumption (Chang, 2015). It is a fact that FDI is one of the reliable sources that boosts domestic production capacities, brings upgraded technologies, and increases investment through finance provision (Sirin, 2017). Therefore, researchers believe that only superior knowledge and management practices can sustain and give the edge to international enterprises undertaken on foreign soil, and probably through FDI (Doytch and Narayan, 2016). Further, there is ample literature that explores the nexus between FDI and energy consumption. FDI can enhance energy consumption by developing and expanding the industrial, logistics and manufacturing sectors, where energy is considered the backbone of the industrialized process. However, this important area needs further investigation in view of updated data and advances in econometrics techniques .
Investigation of energy consumption, FDI and financial development may clarify controversy surrounding the BRI, which China first proposed in 2013. The BRI comprises two routes: the Silk Road Economic Belt and the 21st Century Maritime Silk Road. This initiative seeks to connect infrastructure networks and to build trade between Asia and Europe and Africa along the ancient Silk Road routes. Therefore, it is one of the main priorities and important pillars of the BRI to strengthen energy cooperation along the BRI routes (NDRC NOFA M, 2015; Khan and Ozturk, 2020; Adebayo et al., 2021a). The BRI’s link with the energy sector is not without controversy, because this may also have other impacts on productivity, such through as a rise in financial provision and infrastructure development. The BRI will enhance energy security in China and its partner countries through improving production, energy supply, and energy efficiency gain.
However, the international community tends to believe that China’s outdated industries will be transferred to other countries through this initiative, resulting in a decline in their environmental quality and an increase in energy consumption (Pieter, 2017). This counter-view of the BRI may prevent or discourage some economies from participating in the Initiative. This would also stop those countries from introduction of technological advances, and finance- and expertise-related activities (Han et al., 2018).
In the light of this discussion, this study investigates the long-run relationship between FDI, energy consumption (EC) and FD for a panel of BRI countries for the period 1990–2016.
This study makes two contributions. Firstly, numerous time-series and panel studies have investigated such relationships (Sadorsky, 2010; Sadorsky, 2011; Islam et al., 2013a; Ozturk and Acaravci, 2013; Shahbaz et al., 2013; Hu et al., 2020; Rehman et al., 2021), but to the authors’ knowledge, the research remains scant in many respects, such that studies have not yet been undertaken in the context of BRI countries, which potentially provide an essential panel for such an investigation. Secondly, prior empirical literature has used panel data analysis techniques and combined-countries analysis, while this study uses a unique set of country-wise, long-run estimations. This study uses the second-generation DSUR estimator approach and takes the most extended data available for the analyzed variables.
This study thus assists both China and other BRI countries identify and understand any potential adverse impacts of the Initiative, thereby helping to provide practical information for policymakers.
The rest of the paper is organized as follows. Literature Review provides the literature review. Data and Methodology discusses the data and methodology. Results and Discussion provides the estimated results and discussion of them. The final section concludes the paper and provides implications.
LITERATURE REVIEW
The BRI has attracted global attention (Godement, 2015), and there is no doubt that the BRI will have a significant impact on economies around the world in areas such as finance, the environment, economies, energy, education and politics (Palit, 2017). As with the significance of other economic variables, FD can also positively stimulate and brings changes to an economy, in that it assists the easier availability of financial capital, it promotes global investment, facilitates ready availability of energy-efficient appliances, minimizes financial risks, reduces borrowing costs, and enhances transparent economic transactions between borrowers and lenders. All such stimulation of economic activities can affect energy consumption with fixed investment in different economies (Saud and DanishChen, 2018). FD provides liquidity for the establishment of efficient projects, and energy also plays an integral part in the smooth running of financial sector. Development in the financial sector can boost liquidity for investment, industrial expansion, and facilitate new infrastructure, significantly affecting energy consumption (Islam et al., 2013a). Hence, this study categorizes the empirical literature based on two strands: the first strand employs time-series data; the second uses a panel countries data framework.
Shahbaz and Lean probe the energy-finance nexus in Tunisia for the period 1971–2008. The ARDL and the Johansen co-integration tests were adopted for data analysis. The results show the presence of a long-run relationship between energy consumption and finance. A bidirectional causal relationship between the two variables was also detected (Shahbaz and Lean, 2012).
The feedback effect between financial development and energy consumption has been detected in Malaysia, while, in the short run, energy consumption through FD is shown by Granger causality analysis (Tang and Tan, 2014). Another similar study probes the presence of a long-run association between FDI, relative price, economic growth, FD and energy consumption by applying the Johansen and Juselius co-integration approach; this study presented a bidirectional link between growth and energy consumption and a unidirectional causal link from financial development towards economic growth. Another study investigated the long-run relationship between energy and finance for Pakistan for 1972–2012 (Komal and Abbas, 2015; Adebayo et al., 2021b). The findings of this empirical work revealed the significant positive influence of financial development on energy consumption.
More recently, Saudi Arabia has examined the energy-finance nexus 1971–2011 (Mahalik et al., 2017); the study findings explore the presence of a one-way causal link from financial development to energy demand. Similarly, Kahouli specifies that escalation in FD accelerates energy consumption, which adversely stimulates the real output growth in Israel (Kahouli, 2017).
In panel-country analysis, a direct relationship has been observed between energy consumption and FD for a panel of 22 developing countries over the period 1990–2006 (Sadorsky, 2010). The findings of the study reveal the positive relationship between the explanatory variables.
Another study Husaini and Lean (2015) explores how electricity consumption, output and price are co-integrated in the long run. However, the relationship between electricity consumption and output is positive. In the long run, the study has found a unidirectional causality from manufacturing output to electricity consumption. The findings indicate that the development of the manufacturing sector stimulates a more significant energy demand.
Xu probes the finance and energy relationship for 29 Chinese provinces during 1999–2009. This study employs the GMM approach, and the findings show the positive relationship between consumption of energy and FD (Xu, 2012).
Another similar study, focusing on a panel of GCC countries, investigates the long-run association between economic growth, trade openness, FD, urbanization and energy consumption by applying the Pedroni co-integration approach (Al-mulali and Lee, 2013). The findings reveal that trade openness, FD, urbanization and economic growth positively impact energy consumption. Further, a two-way causality exists between FD and growth, energy consumption and growth, trade openness and economic growth, openness and FD, and openness and urbanization. A one-way causal relationship is detected from FD towards energy consumption and urbanization towards energy consumption.
A study examines the effects of financial development on energy consumption from 1971 to 2009 (Tang and Tan, 2014). The findings report the existence of a bidirectional causal link between energy and FD. However, Chang argues that FD can bring opportunities in regard to renewable energy sector expansion by providing more funds for innovative firms (Chang, 2015).
Furuoka studies the association between finance and energy consumption in Asia from 1980 to 2012, employing a panel co-integration test (Furuoka, 2015; He et al., 2021; Li et al., 2021; Teng et al., 2021). The finding confirms the long-run association between finance and energy consumption. Further, the one-way causality relationship is noticed, running towards financial development from energy consumption. Hence, the rise in energy consumption may motivate the acceleration of FD in Asia. It also confirms that FD in financial sector development reduces energy consumption in BRICS countries (Ahmed, 2017).
Yet another study proposes that increased energy efficiency can minimize energy consumption, increasing financial development in China (Fan et al., 2017; Adebayo et al., 2021c).
DATA AND METHODOLOGY
The analysis of this study is based on 59 BRI countries2. In recent times the Chinese State Information Center has hosted 71 BRI countries (Krane, 2018). However, the selection of countries and the choice of the period (1990–2016) were constrained by data appropriateness and accessibility, which reduced our sample size to only 59 BRI countries. The main variables of the study are energy consumption (EC), financial development (FD) and foreign direct investment (FDI). The data are collected from the World Development Indicator (WDI, 2017). FDI is measured by the net inflow of foreign direct investment (% of GDP), FD is gauged by domestic credit to the private sector (% of GDP), domestic credit provided to the private sector by banks (% of GDP), and domestic credit provided by the financial sector (% of GDP) (Sun et al., 2020). GDP per capita (constant 2010 US$) represents economic growth. EC denotes energy use (kg of oil equivalent per capita). Globalization has been expressed through an index of globalization (Pohekar and Ramachandran, 2004; Saud and DanishChen, 2018).
The selection of variables for our study is based on several prior empirical studies. To facilitate the interpretation of the estimated coefficients, we transformed the variables into their logarithms. This also controls the heteroskedasticity issue and reduces differences in the heterogeneous panel data. The variables and their measure, data sources, frequency, measure, data sources are presented in Table 1.
TABLE 1 | Variables, measure, data source, and time span.
[image: Table 1]Methodology
This study empirically explores the nexus among the analyzed variables, i.e., financial development, FDI, growth, energy consumption, and globalization, for a heterogeneous panel of BRI countries. FD is the key factor for economic development, because it promotes the financial efficiency of an economy (Sadorsky, 2011). Economic growth and development rise when well-developed financial sectors exist in a country (Nasreen et al., 2017). Therefore, an economy’s well-developed financial sector and financial structure bring FDI into the region through globalization and affect energy consumption and the environment through various effects. Globalization stimulates an economy’s competitive advantages and brings changes and economic prosperity through international collaboration and trade. It affects domestic production factors and its composition has effects on energy and the environment (Ling et al., 2015). Based on this discussion and the empirical works of Shahbaz et al. (2016b) and Ahmed (2017), we propose long-run Eq. 1:
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Where FD represents financial development; FDI shows foreign direct investment; GDP is the economic growth; GLO indicates globalization; and EC indicates energy consumption. The analyzed variables are taken in their natural logarithms in order to acquire consistent results. The log-linear form can rewrite Eq. 1 as follows:
[image: image]
Where t represents the number of periods (i.e., 1, 2, 3, …. n); i indicate the number of countries (i.e., 1, 2, 3, …. n); InEC is the logarithm of energy consumption (dependent variable); InFD and InFDI are the logarithms of FD and FDI, respectively (independent variables); InGDP is the logarithm of economic growth; and InGLO is the logarithm of the globalization index; λ represents the error term; β0 shows the slope-intercept; β1t, β2t, β3t, and β4t are the coefficient estimates of FD, GDP, FDI, and GLO, respectively. We expect β1 and β4 will be negative, and β2 and β3 positive.
RESULTS AND DISCUSSION
Before checking and analyzing the stationarity of the data, it is imperative to check it for cross-sectional dependence in the context of heterogeneous panels. To this end, and Pesaran (2007) CD tests have been implied, which are more consistent and reliable for panel data. The outcomes of the CD tests are noted in Table 2, which confirms the presence of cross-sectional dependence in the panel data, since the probability value is below 0.09. Hence, the findings show cross-sectional dependency for FDI, EC, economic growth, globalization and FD.
TABLE 2 | Test for cross-sectional dependence.
[image: Table 2]Panel Unit Root Test
The econometric analysis starts with the panel unit root test to check the level of stationarity of the data. Several panel unit root tests proposed by prior literature, such as the first-generation panel unit root tests [i.e., Levin Lin Chu (LLC), and Hadri, Breitung] and the second-generation panel unit root tests (i.e., IM Pesaran Shin, Fisher PP, Fisher ADF test, and CIPS and CADF). The first-generation estimator may not be appropriate for reliable results due to the low power of the test (O’Connell, 1998). Therefore, this study prefers to employ the CIPS and CADF tests established by Pesaran et al. (2008) for panel unit root confirmation. The results of the panel unit root tests are presented in Table 3, and show that the evaluated variables become stationary at first differences [I (1)] and unit root at levels. Similarly, researchers examine the impacts of Pakistani rupee volatility on monthly energy imports based on the nonlinear autoregressive distributed lag (NARDL) estimations. Augmented Dickey-Fuller and Phillips-Perron tests were used to conduct unit root testing, and the bound testing approach was used to examine the long-term cointegration (Saqib et al., 2021).
TABLE 3 | Panel unit root test.
[image: Table 3]Westerlund Panel Co-Integration Test
After confirming the stationarity in the data at the first differences, in Table 4 we find the co-integration among the analyzed variables. This study used the Westerlund panel co-integration test proposed by Westerlund (2007). This method detects the existence of heterogeneity in the data and provides more consistent and robust results. The Westerlund co-integration results infer that both group and probability statistics are significant at a 1% significance level. The finding suggests that the null hypothesis of no co-integration is rejected. Thus, co-integration exists among the analyzed variables, i.e., EC, FDI, FD, GDP and GLO.
TABLE 4 | Results of Westerlund panel co-integration test.
[image: Table 4]DSUR Long-Run Estimation Test
The key inference of empirical work is to analyze the long-run estimations among the examined variables. This study employed the second-generation estimator DSUR established by Mark et al. (2005). The DSUR estimator is a good predictor and provides consistent normal distribution, even if N’s value is smaller than the value of T. Moreover, it accounts for cross-sectional dependence and heterogeneity. Prior research also used the same model for similar and diverse panel studies (Haseeb et al., 2019; Saud et al., 2019; Shujah-Ur-Rahman et al., 2019). This approach estimates the long-run coefficient of EC, FDI, GDP, FD, and GLO. The DOLS approach is employed for country-wise analysis, along with the DSUR approach for panel data analysis. The results of the DSUR panel long-run estimation and DOLS approach are presented in Tables 5, 6, respectively.
TABLE 5 | Results from panel DSUR estimation.
[image: Table 5]TABLE 6 | Results of PMG ARDL Panel estimation.
[image: Table 6]Heterogeneous Panel Causality Test
The DSUR panel long-run estimation results are not appropriate for offering sufficient evidence about the direction of the causal relationship between the analyzed variables for relevant policymaking. Knowledge about the causal link between EC, FDI and FD can assist in crafting applicable energy-finance policies in regions and these guarantee sustainable economic growth. This study employed the panel causality approach for testing the null hypothesis of the homogeneous non-causality counter to the alternative hypothesis of heterogeneous non-causality (Dumitrescu and Hurlin, 2012). The significance of using this approach is that it permits heterogeneous unrestricted coefficients through CD and dissimilar log structures. This technique comprises two statistics, i.e., Z bar-statistics demonstrate the standard normal distribution of the test, and the W bar-statistics show the average statistics. The DH panel causality test results are stated in Table 7. The empirical findings presented in this study are more robust and reliable because we employ appropriate estimation approaches.
TABLE 7 | Results from DOLS (country-wise).
[image: Table 7]DSUR Long-Run Estimates
The key empirical results of DSUR long-run estimation are displayed in Table 5. It is worth mentioning that, in reference to the probability values and t-statistics values, the coefficient estimates of all the explanatory variables are statistically significant. At a glance, it is seen that FDI promotes energy consumption in BRI countries. FDI has highly significant (at 1% level) and positive effects on energy consumption. The magnitudes of 0.0232444 and 0.0255713 (respectively) suggest that a 1% rise in FDI can raise the EC by 0.023 and 0.025%, respectively, in Models 1 and 2. It captures that FDI inflows are the key factor behind causing high energy consumption in the BRI regions. Our empirical result is consistent with the prior empirical literature: for instance, Lee and Wan (2013) for G20; Islam et al. (2013a) for Malaysia; and Alam et al. (2015) for SAARC countries. However, our result is not consistent with Farhani and Solarin (2017) for the US. FDI inflows motivate foreign investors to set up new businesses or expand their current companies in the host country, resulting in high energy demand and consumption in the area. Moreover, FDI inflow may bring inadequate energy consumption technology, lack of skills, high population mobility, and insufficient information transfer from one country, all of which increase energy consumption. The attraction of FDI into the economy increases industrial operations, production and energy consumption; however, the economic development of the economy rises. Hence FDI inflows positively impact EC in BRI countries.
The results in the Table show that FD affects EC negatively and significantly. It implies that FD does not harm the environment by reduction in EC. If all else is the same, a 1% rise in FD can reduce EC by −0.049% and −0.026%, respectively, in Models 1 and 2. In other words, the negative estimated coefficient shows that FD has a marginal decrease in the consumption level of energy in these countries. The proxies used in Models 1 and 2 for FD significantly negatively affect EC in BRI countries. On a broader note, this confirmation is similar with Alam et al. (2015) for South Asian Association for Regional Cooperation countries, Farhani and Solarin (2017), for India, and Long et al. (2017) for the US. However, it is not in line with Liu et al. (2018) for China and Saud and DanishChen (2018) for China.
In the case of a solid financial system, financial institutions may quickly provide more debt at a low rate to their customers for investment activities, innovative energy-efficient projects, and research and development (R&R and R&D) in regions, resulting in reduced EC (Solarin et al., 2017).
The facilitation of energy-saving and R&D projects is closely linked with advanced energy-efficient technologies, reducing EC by its efficient utilization (Tamazian et al., 2009). The stimulation of the effective banking system leads to an efficient financial system of the different economies, which assists in the easier provision of debt or loans to customers or investors for boosting income levels, while fulfilling the demand for energy through its efficient utilization (Tang and Tan, 2014). Another possibility is careless consumption and investment of banking and financial sector debt money in unproductive activities in these regions. This means that an easy monetary policy enhances credit allocation to the financial sector or the banking sector, enhancing investment opportunities in energy-efficient projects in these regions.
The relationship between economic growth and energy consumption is highly significant (at a 1% significance level) and positive. The coefficients 0.7902 and 0.7945 show that, keeping other things constant, a 1% rise in economic growth can cause an increase in EC by −0.790 and 0.794%, respectively. This empirical finding is similar to the determination reached for India (Shahbaz and Lean, 2012), but it is not identical to the conclusion reached for the US (Farhani and Solarin, 2017). High growth requires more energy consumption, because energy is one of the essential factors in producing goods and services (Shahbaz et al., 2016b). Our result is also similar to the view of Shahbaz and Lean (2012) that the expansion of industrial activities and economic activities such as investment, production, purchasing, shopping, and consumption require more energy and contribute to the GDP. Further, old technologies, lack of skills, old production methods, the absence of knowledge, and lack of diversity in energy sources cause high EC in the BRI countries. The positive association between economic growth and EC shows that BRI countries are more concerned with their economic expansion, compromising their energy usage in return. FDI inflows switch agricultural land to manufacturing industries, which require more energy sources for production and manufacturing purposes, and thus EC rises.
The coefficient estimate of globalization with energy consumption is not harmful and is highly significant at a 1% significance level. The coefficients −0.6205 and −0.6466 imply that a 1% increase in globalization decreases EC by 0.62 and 0.64%, respectively. The result implies that globalization reduces EC in the long run. This result is in line with for Brazil and Shahbaz et al. (2017b) for Singapore, but not in line with Shahbaz et al. (2016b) for India or Saud and DanishChen (2018) for China. Globalization is a slow process that reduces EC in the BRI countries. The negative link may be due to the use of advanced energy-efficient technologies in production processes or to unsuitable improvement in the total factors of production together with economic growth. High economic growth determines high energy demand for the production of goods and services if advanced or energy-efficient technologies are not implied in the production process (Shahbaz and Lean, 2012).
Further, globalization assists the transfer of innovative technologies from across borders, i.e., from developed countries towards developing countries. It brings an innovative production method rather than conventional production methods and increases the comparative advantages among various nations. More openness through globalization to the international market brings new partners and advances and energy-efficient technology, which also shield the environment from degradation. Globalization through foreign trade and FDI inflows brings energy-efficient machinery, production methods, and managerial skills, which boost economic development and efficient use of energy (Saud et al., 2020) (Figure 1).
[image: Figure 1]FIGURE 1 | Graphical representation of the long-run results.
The reported results in Table 6, drawn from this study, are reliable and robust, as this study employed additional sensitivity and robustness tests. The results drawn from the various models (i.e., DSUR and PMG ARDL) used, and the different measures used for financial development are robust, as the results are similar across all the models. Further, this study uses the most extended available dataset for the explanatory variables for the BRI panel countries. Table 6 shows the robustness of DSUR estimation.
Results From DOLS (Country-Wise Analysis)
After analyzing the long-run estimation for panel data, it is imperative to comprehend the dynamic nexus between FDI, EC and FD across individual countries. The fully modified ordinary least squares model (FMOLS) is applied to analyze the long-run country-wise analysis of the data. The results of DOLS estimations are presented in Table 7. The finding implies that FD has a positive and significant impact on EC in 25 countries (Armenia, Azerbaijan, Bahrain, Belarus, Bulgaria, China, Egypt, Estonia, Ethiopia, Hungary, India, Indonesia, Kyrgyz Republic, Lebanon, Macedonia, Mongolia, Pakistan, Poland, Russia, Slovak Republic, Slovenia, Sri Lanka, Tajikistan, Turkey, and the Yemen Republic). This finding implies that FD positively stimulates the consumption of energy in these countries.
It is recommended in regard to policy implications in these countries that they enhance the introduction of high energy energy-efficient technology through FD in the financial and banking sectors. Further, financial institutions should invest more in energy-efficient projects and R&D to boost efficient production and consumption of energy. On the other hand, it is observed that FD has an adverse influence on EC in 16 countries (Brunei Darussalam, Colombia, Cambodia, Croatia, Georgia, Israel, Jordan, Republic of Korea, Kuwait, Moldova, New Zealand, Oman, Romania, Singapore, Ukraine, and the UAE).
The development of the financial sector is positively contributing towards efficient use of energy or through energy conservation policies. Policymakers need to keep constant or to further improve such energy conservation policies in the future. An insignificant relationship was observed in 18 countries (Albania, Bangladesh, Bosnia Herzegovina, Czech Republic, Iran, Iraq, Kazakhstan, Malaysia, Morocco, Myanmar, Nepal, Panama, Philippines, Qatar, Saudi Arabia, South Africa, Thailand, and Vietnam).
The coefficient of FDI has a significant positive impact on energy consumption in ten BRI countries (Armenia, Azerbaijan, Bahrain, China, Egypt, Kazakhstan, South Korea, Myanmar, Tajikistan, and the Yemen Republic). This result implies that high EC encourages more investment and growth activities, which call for further financial development in the regions (Shahbaz and Lean, 2012). To reduce high EC, strict rules and policies regarding FDI inflow are needed in these countries. High tariffs on the introduction of old and high EC technology can help to reduce high EC in these economies, unlike the negative and significant impact of FDI on EC found in eleven BRI countries (Albania, Belarus, Bosnia and Herzegovina, Brunei Darussalam, Estonia, Georgia, Indonesia, Iran, Jordan, Poland, and the UAE). This means that FDI inflow into these countries brings energy-efficient technology, knowledge, and skills to the host country.
In contrast, an insignificant impact was observed in 38 BRI countries (Bangladesh, Bulgaria, Colombia, Cambodia, Croatia, Czech Republic, Ethiopia, Hungary, India, Iraq, Israel, Kuwait, Kyrgyz Republic, Lebanon, Malaysia, Macedonia, Mongolia, Moldova, Morocco, New Zealand, Nepal, Oman, Panama, Pakistan, Philippines, Qatar, Russia, Romania, Singapore, Saudi Arabia, Slovenia, Slovak Republic, Sri Lanka, South Africa, Turkey, Thailand, Ukraine, and Vietnam).
In regard to the estimated coefficient of globalization, EC was found to be significant and positive in 30 BRI countries (Azerbaijan, Belarus, Bosnia and Herzegovina, Brunei Darussalam, Bulgaria, Czech Republic, Hungary, Indonesia, Iran, Iraq, Israel, South Korea, Macedonia, Malaysia, Morocco, Myanmar, New Zealand, Nepal, Oman, Pakistan, Poland, Panama, Russia, Singapore, Saudi Arabia, Slovenia, Slovak Republic, Thailand, UAE, and Vietnam). This finding implies that an increase in globalization causes high EC. This may be due to inefficient EC technology transfer through globalization. It strongly suggests that governments should take initiatives to establish strict policies regarding FDI inflows and trade. Further, high taxes on old and outdated high EC technologies are required in order to reduce energy consumption.
Unlike the finding above, globalization also has a negative and significant impact on EC in 20 BRI countries (Armenia, Bahrain, Bangladesh, China, Colombia, Cambodia, Croatia, Egypt, Georgia, India, Jordan, Kazakhstan, Lebanon, Philippines, Qatar, Romania, Sri Lanka, Tajikistan, Turkey, and Yemen Republic). At the same time, an insignificant nexus was observed in nine countries (Albania, Estonia, Ethiopia, Kuwait, Kyrgyz Republic, Moldova, Mongolia, South Africa, and Ukraine).
Economic growth had a significant positive impact on EC in 39 BRI countries (Armenia, Albania, Bahrain, Bosnia and Herzegovina, Bangladesh, Brunei Darussalam, China, Cambodia, Colombia, Croatia, Estonia, Egypt, Ethiopia, Georgia, India, Iran, Indonesia, Jordan, Kazakhstan, Kyrgyz Republic, Kuwait, South Korea, Lebanon, Moldova, Malaysia, Mongolia, Qatar, Philippines, Romania, Russia, Sri Lanka, Saudi Arabia, Slovenia, South Africa, Thailand, Tajikistan, Turkey, Ukraine, and the Yemen Republic). This result implies that these BFRI countries are energy-dependent, and therefore energy conservation policies are needed to address high EC. High EC leads to high increased economic growth; consequently, the efficient utilization of energy is required to maintain high economic growth with low EC. Hence, the escalation in EC leads to increased growth and investments in these regions.
Unlike this result above, economic growth also adversely influences EC in ten BRI countries (Azerbaijan, Belarus, Bulgaria, Czech Republic, Hungary, Israel, Macedonia, Poland, Singapore, and Vietnam). This implies that these countries have achieved efficiency in economic growth along with efficient utilization of energy.
Finally, insignificant impact has been found in ten BRI countries (Iraq, Myanmar, Morocco, New Zealand, Nepal, Oman, Panama, Pakistan, UAE, and the Slovak Republic).
Dumitrescu Hurlin Panel Causality
The empirical results from Table 8 imply the presence of a feedback hypothesis between FD and EC. A similar result is also found by prior empirical works, for instance, Farhani and Solarin (2017), for the US, Bekhet et al. (2017), for GCC countries, and Shahbaz et al. (2013) for Malaysia. This implies FD assistance in providing easy loans or debt for the establishment of new businesses, investment activities, or purchasing durable EC goods. The rise in EC enhances economic expansion, resulting in a rise in demand for financial services, which further guarantees FD. The finding implies that FD and EC are complementary (Islam et al., 2013a). Our study supports a two-way causal link between GDP and EC. This finding is similar to Shahbaz et al. (2013) for Malaysia, Kahouli (2017), for SMCs, and Ahmed (2017) for BRICS. It implies that EC and GDP impact each other, which suggests that EC- and GDP-related policies should be implemented mutually. The causality results indicate a mutually reinforcing (feedback) effect between FD and GDP. This finding validates the demand-supply side hypothesis and is similar to the finding reached by Shahbaz et al. (2013). FD enhances capital formation, opens up opportunities for entrepreneurs, stimulates trade, and offers financial resources with low costs, motivating foreign investors to invest in the home country, and resulting in enhancement of domestic output. Thus, a rise of economic growth occurs (Shahbaz et al., 2017a). A two-way causal association is detected between GDP and FD. Similar results were found by Al-mulali and Lee (2013) for GCC countries and Islam et al. (2013c) for Malaysia.
TABLE 8 | Results of Dumitrescu-Hurlin (DH) panel causality.
[image: Table 8]The bidirectional causal relationship is observed between globalization and FD, globalization and GDP, GDP and FDI, FDI and FD, and globalization and EC. However, it differs in regard to a unidirectional causal link detected from EC towards FD. This result is similar to the finding reached by Tang and Tan (2014) and Furuoka (2015); they show that energy conservation policies should be implemented. Similarly, a one-way causal relationship was detected running from EC to FDI.
CONCLUSION AND POLICY RECOMMENDATIONS
The study investigates the nexus between foreign direct investment, financial development, energy consumption, economic growth, and globalization for 59 BRI countries over 1990–2016. This study implements the Pesaran, LM and CD tests to find heterogeneity and CD dependency across country variables, and CIPS and CADF panel unit root tests to gauge the stationarity of the data, the Westerlund panel co-integration test to investigate the long-run association among the studied variables, the DSUR panel approach to analyze long-run panel estimation, the DOLS panel approach to examine long-run country-wise analysis, and Dumitrescu Hurlin panel causality approach to explore the presence of the causal links between the analyzed variables.
The main impetus for this study is the absence of empirical work that observes the nexus between financial development, foreign direct investment and energy consumption based on sources from BRI countries. This study employs second-generation estimations, along with two different proxies for financial development measures. Hence, the results of this study are more robust and reliable.
The overall findings of the study, together with policy recommendation, are as follows.
• By applying CD tests, the study revealed heterogeneity and CD dependency across countries for the analyzed variables dataset.
• The CADF and CIPS unit root test determines that all the analyzed variables are stationary at first differences [I(1)]and non-stationary at their level.
• The Westerlund co-integration test results show the presence of long-run co-integration among the analyzed variables.
• The DSUR estimator reports that both FDI and economic growth lead to an escalation in energy consumption. On the other hand, financial development and globalization decrease energy consumption in BRI countries.
• The results drawn from the DOLS estimator show that FD has a positive impact on EC in 25 countries and a negative impact on EC in 16 countries. Similarly, the estimated coefficient of FDI has a significant positive effect on EC in ten countries and negatively impacts EC in 11 countries. In regard to the estimated coefficient of globalization and EC, this was found to be substantial and positive in 30 countries, but negatively influences EC in 20 economies. GDP has a positive and meaningful relationship with EC in 39 countries and a negative relationship in ten countries.
• The DH panel causality test results report the existence of a two-way causal relationship between EC and FD, FDI and FD, EC and GDP, and GLO and EC in the long run. There is enough evidence to support the one-way Granger causal relationship running from EC towards FD and FDI.
To reduce EC in the long run, high EC countries need to specialize in production of non-energy-intensive products. Efficient energy use will enhance production activities, along with economic development, in selected BRI countries. Energy-intensive industries and firms need to follow strict energy-efficient consumption regulations. Financial institutions should invest more in energy-efficient technology, efficient EC projects, and R&D-related programs. Further, the encouragement of advanced technology through foreign investment and an increase in tariffs on old and outdated technologies will also reduce high EC in these countries.
More openness to international markets brings advances and innovative energy-efficient technology and techniques to the regions. Globalization through FDI brings new partners and flexibilities in the production line with new investments, which lead to efficient energy use. This diffusion of the foreign investment wave’s energy-efficient consumption with new technology and efficient use of raw materials products consequently reduces energy misuse. Further, international liberalization and FDI inflows bring positive externalities to society and raise public awareness regarding the efficient utilization of energy, which is also an important step to mitigate energy consumption.
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