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Abstract

:

The Belt and Road investment involves a large number of renewable energy projects, but whether the energy efficiency is linked to the Belt and Road Initiative (BRI) cooperation has yet to be established in the literature. This research attempts to close this gap by looking at how the BRI affects the energy efficiency of participating nations after the fact through a counterfactual analysis. Based on the Difference-in-Difference-in-Difference (DDD) and quantile DID methods for the panel dataset covering 178 nations and areas for the period of 2002 to 2018, we explored the impacts of BRI on energy efficiency vary by different energy efficiency quantiles, resource endowments, and income levels. First, the positive effects of BRI are significant in medium-and high-energy efficiency quantiles but are not significant in low-energy efficiency quantiles for up to 30%. Second, the BRI tends to increase more energy efficiencies in resource-rich BRI countries than those in resource-poor BRI countries. Third, the BRI tends to increase more energy efficiencies in low-income BRI countries than those in high-income BRI countries. The findings can assist BRI countries in improving energy efficiency and sustainable development capacity under the initiative, thus resolving the increasing anxieties in climate change and environmental pollution in this area.
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1. Introduction


The Belt and Road Initiative (BRI) is the first initiative that has global trade, investment, and exchange impacts based on international cooperation among most developing countries in the world. Since the BRI was proposed in 2013, green has been the undertone of the initiative. The green BRI aims to reduce environmental pollution and carbon emissions while promoting economic development in BRI countries. It includes the construction of clean energy infrastructure, green credit, and cooperation in science, technology, and education, which may promote technological progress, industrial upgrading and thus energy efficiency in BRI countries. At the same time, some criticism has been heard. China’s investment in BRI countries may involve the transfer of high-polluting and energy-intensive production capacity to these countries, while China’s investment in fossil fuels, such as thermal power and oil and gas pipelines, also makes the local economy more dependent on fossil fuels production.



After proposing the BRI, China’s investment in the energy sector of BRI countries focuses on clean energy production with comparative advantages such as hydropower, wind power and solar cell factories, as well as the efficiency of extraction and transportation of traditional energy, increasing BRI countries’ income while avoiding waste of fossil energy use and improving the energy efficiency. For example, energy projects account for 75% of China’s investment in Pakistan. Among them, the Karot hydropower project is the first large-scale energy project under the BRI, which won the 2017 Infrastructure Journal Global Best Financing Award for the hydropower project in the Asia-Pacific area. In addition, Ethiopia’s Adama wind power plant is the first one outside of China to utilize Chinese rules and techniques and provides more than 20 percent of the Ethiopian capital’s electricity needs. Moreover, with the fast development of China’s photovoltaic device in both production capacity and technology, a solar cell and module production plant in Penang Malaysia was invested in by Chinese Jinko Solar in 2015. By the end of 2018, Jinko solar had built seven plants in Malaysia with a capacity of 3500 MW for cells and 3000 MW for modules, effectively boosting the proportion of clean energy generation in Malaysia.



On the other hand, there has been an increase in global concern about climate change and pollution in recent years, particularly in developing nations, which is closely related to energy efficiency. Due to the need for economic development and unavoidable energy consumption, developing countries should improve technology and upgrade industries to increase energy efficiency for reducing pollution and developing in a low-carbon model. However, up to this point in time, the energy efficiency of the BRI nations has been relatively poor. The BRI nations’ average energy efficiency in 2018 was 30 percent lower than that of OECD countries and roughly 50 percent lower than the world average. A significant component of sustainable development in BRI nations is improving energy efficiency. It is also a key countermeasure to combat climate change and environmental pollution concerns in international cooperation contexts.



However, the impact of the BRI on the energy efficiency of participating countries is currently controversial. Some studies claimed that BRI members will see a decline in their energy efficiency due to the increase of economic activity, particularly infrastructure construction and natural resource development [1,2,3]. According to other research, BRI collaboration with China would increase the energy efficiency of BRI nations as well as their ability to achieve sustainable growth in the long term [4,5,6]. To this end, this study will investigate whether the BRI affects the energy efficiency of participating nations positively or negatively to address this vacuum in knowledge. As of 2020, 140 countries have formally joined the BRI, providing a quasi-natural experiment for evaluating the effects of this event on the energy efficiency of BRI nations.



In this study, the following contributions have been made based on a counterfactual analysis. (a) This analysis empirically assesses the impact of the BRI on energy efficiency based on the Difference-in-Difference (DID) method and various tests have been made for the robustness of the results. (b) It explores the impact of BRI on energy efficiency varies by different energy efficiency quantile levels, showing that the effects are significant in the medium- and high-energy efficiency quantile levels but are not significant in low quantile levels. (c) It investigates how the impact of BRI on energy efficiency varies by different BRI country groups in resource endowments and income levels. The BRI tends to increase more energy efficiencies in resource-rich and low-income BRI countries than those in other BRI countries. Such heterogeneous effects can help to make customized policy implications based on different types of countries under the context of BRI.



The structure of this research is as follows. A mechanism analysis and a literature review on the relationship between BRI and energy efficiency are presented in Section 2. A regression model based on the DID approach is estimated for energy efficiency in Section 3, and the methods as well as the data source are also illustrated in this section. According to the DID, quantile DID, and Difference-in-Difference-in-Difference (DDD) methods, in Section 4, the study finds that the BRI’s influence on energy efficiency varies depending on different energy efficiency quantile levels, resource endowments and income levels. Section 5 concludes the research and gives the policy implication.




2. The Belt and Road Initiative and Energy Efficiency: Mechanism and Literature


2.1. The Belt and Road Initiative’s Effect on Energy Efficiency


Many improvements related to energy efficiency are possible, such as economic growth, technological spillovers, and industrial transformation, as a result of China and BRI countries working together to implement BRI projects across the world. Under the BRI, China’s outward foreign investment, export and import, and international exchange with other BRI countries have grown rapidly since 2013. Consequently, we will analyze the relationship between the BRI and energy efficiency based on the above three aspects.



Generally speaking, it is challenging for developing countries to fulfill their energy-saving and emission-reduction potentials owing to a lack of finances as well as efficient solutions, and the cost of achieving energy saving and emission reduction may be higher than that of developed countries. Most developing countries still rely on coal for power generation. For example, China generated 49% of its electricity from coal in 2020, while India generated 58% [7], which may be due to the fact that coal is cheap and available, the plants can be erected quickly, and they are familiar with the technologies [8], so as to satisfy their fast development. Since 2011, greenhouse gas (GHG) concentrations have continued to increase in the atmosphere, reaching annual averages of 410 ppm for CO2, 1866 ppb for CH4, and 332 ppb for N2O in 2019 [9]. The land and the ocean have taken up a near-constant proportion (globally, about 56% per year) of CO2 emissions from human activities over the past six decades [9]. The governments of most developed countries attach great importance to emission reduction and set specific emission reduction targets. However, most BRI countries are developing countries, and they need more cooperation, especially capital and technology support for increasing the share of renewable energy and improving their energy efficiencies for reducing CO2 and dealing with climate change together.



In terms of the impact of China’s outward foreign investment, after proposing the BRI, China’s investments in the energy sector of BRI countries focused on clean energy with comparative advantages such as hydropower stations, wind power stations, and solar cell factories. These clean energy infrastructures have reduced the use of fossil fuels and helped BRI countries’ economic growth. Therefore, the increase of fossil energy consumption is relatively lower compared with the increase of GDP, which may eventually improve energy efficiency. Second, the exploitation of natural resources in several BRI nations, particularly in the Middle East, also demands very significant energy consumption. China has invested in and assisted these BRI countries in increasing their fossil energy extraction capacity and technology, as well as lowering energy usage throughout the extraction, resulting in increased energy efficiency. Third, China has built many infrastructures, especially transportation facilities, in cooperation with BRI countries. The infrastructures which China has helped to build, such as high-speed railways, expressways, bridges, and pipelines, will shorten transportation distances and improve the energy efficiency of transportation. Fourth, the financing facilitated by the BRI from some Chinese investors such as the Silk Road Foundation and Asian infrastructure investment banks can boost BRI countries’ energy efficiency in several ways: First, it is to help BRI countries build hospitals, schools, and other public service facilities so that improving the level of human capital, which may be of great help to the economic growth and also increase output per unit of energy used. Second, it is to provide funds for the construction of overseas economic and trade cooperation zones or industrial parks to improve the production efficiency and upgrade the industrial level of BRI countries. Third, some service businesses with low energy use and high production are included in China’s outward investment, such as the financial industry and information industry, as well as tourism. They use less energy and produce higher output than other industries, thus improving the BRI countries’ energy efficiency.



In terms of the influence of trade with China on BRI countries’ energy efficiency, the essence of related studies is to analyze whether foreign trade can improve the expected output of energy elements. For example, Boyd and Pang [10] emphasize that increasing energy efficiency is contingent on increasing total factor productivity, while international trade can promote the technological progress and productivity improvement of a country. A few studies have also documented that trade with China has a favorable influence on other countries’ energy efficiency [11,12]. On the one hand, exports of high-value-added science and technology products, such as telecommunications, laptops, and high-speed trains, have replaced China’s low-end industrial products in recent years, resulting in industrial structure upgrades and technology spillovers in BRI countries, especially those in Africa. In addition, China’s exports of domestic overcapacity such as energy-intensive products replaced some BRI countries’ energy-intensive industries, thus reducing energy consumption and increase energy efficiency in these countries. On the other hand, China’s huge import demand stimulated economic activity and income growth, thus increasing output per unit of energy used.



Third, as for the international exchange between China and other BRI countries, many fields including education, science, technology, and culture have risen quickly after the proposal of the BRI, which can help BRI countries improve their human capital and technology and has a favorable influence on energy efficiency. Varied BRI nations have vastly different cultural backgrounds. There are 1023 sister city pairings between China and 61 BRI nations, which represents about half of the total in China [13]. In addition, China has inked agreements with 24 BRI nations on the mutual certification of tertiary education qualifications [13]. China has established the “Silk Road” government scholarship to assist over 10,000 students from those nations [12]. In addition, China has inked intergovernmental agreements on scientific and technical cooperation with 49 BRI nations [14].



The above impact mechanism which we analyzed can be shown in the following Figure 1, which also indicates the research design and methodologies.



This paper mainly uses the counterfactual analysis DID method to estimate the policy effect of participating in the BRI on the energy efficiency of countries along the Belt and Road. Although the DID method can solve the endogeneity problem to a certain extent and the results after a series of tests are credible, the effect of this policy is rather general. To this end, this paper uses the quantile DID method to further discuss the policy impact of BRI at different energy efficiency levels. At the same time, the DDD method is used to discuss the differences in the policy effects of BRI on energy efficiency in different types of BRI countries.




2.2. Literature Review


A wide range of energy efficiency-related studies has examined the impact of BRI-related variables, such as trade [15,16,17,18,19] and FDI [20,21,22,23,24,25]. Studies have examined the link between the BRI and energy efficiency, with the results falling into three groups.



	(1)

	
Positive impacts







According to Han et al. [4], the BRI can enhance energy efficiency convergence among BRI nations via regional cooperation and energy trade with China. Based on the panel data of 48 BRI countries for the period of 1990–2015, Sun et al. [26] also reached a similar conclusion. They also found that high-income BRI countries perform better than the lower-income BRI countries. Based on the panel data of 59 BRI countries for the period of 1996–2015, Qi et al. [27] found that the bilateral trade between China and other BRI countries can promote the energy intensity convergence rate by about 13% when exceeding the trade threshold value. Especially, BRI countries with larger bilateral trade scales or more technology-intensive imports from China will have higher convergence rates than the others. Similarly, Huang et al. [28] found that the energy intensity convergence among BRI countries will become faster when the globalization level is above the threshold, indicating that deep cross-national cooperation in economic, social, and political areas is needed under the BRI. According to Qi et al. [5], the greater the total factor energy efficiency (TFEE) is in high-income nations where the development and convergence have been more rapid. Festus et al. [29] found that regulating coal rents in the form of carbon harm prices has a substantial yet beneficial effect on CO2 emissions. In an era of global environmental awareness, the need to change the energy balance to renewable sources is critical. According to Gu and Zhou [6], after collecting basic information on clean energy infrastructure projects in BRI countries, China has 36 such projects, with a total capacity of 15.75 Gw. A significant push will be provided by China’s successful investment and execution of green projects in BRI nations. Liu et al. [30] also observed that the initiative can improve the environmental sustainability of Chinese OFDI in the linked sectors and particularly in developing nations. By studying the carbon intensity in 29 BRI countries (excluding China), Li et al. [31] found that BRI countries tend to achieve a stable carbon intensity in order to achieve environmentally friendly energy and low-carbon development. This suggests that the BRI can be used to reduce global emissions of carbon dioxide and develop green energy globally. Energy efficiency will also be favorably impacted by the energy efficiency of the surrounding regions, suggesting that increasing energy efficiency is also a problem for global governance that requires the involvement of all nations. In addition, by calculating the relationship between renewable energy consumption and carbon emissions among 33 BRI countries from 1986 to 2018, Anwar et al. [32] found that renewable energy consumption tends to reduce the carbon emissions off BRI countries, and investment in renewable energy projects is very important under the BRI. Based on the panel data of 46 BRI countries from 2003 to 2016, Wu et al. [33] found that China’s OFDI has an increasing effect on the green total factor productivity of BRI countries, especially those countries with higher institutional quality. Based on the DID method, Wu et al. [34] found that the BRI tends to reduce CO2 intensity in the energy-intensive industries of BRI counties, such as the manufacturing, transportation, electricity, and heating sectors. Based on the panel Granger causality test from 1999 to 2017, He et al. found that renewable energy consumption, carbon intensity, and economic growth have a systematic link in BRI countries, indicating that the BRI can help to realize sustainable development through promoting renewable energy development in these countries. Based on the panel data of 24 BRI projects, Abbas et al. [35] found that renewable energy can help BRI countries improve the environment, thus the financial assistance from China in renewable energy sources and technologies is quite positive for realizing sustainable development in these countries. From the panel data of 25 BRI countries from 2005 to 2019, Wang et al. [36] found that the growth in renewable energy scale has a key reducing effect on CO2 emissions in most BRI countries.



	(2)

	
Negative impacts







According to Rauf et al. [2], the Environmental Kuznets Curve (EKC) theory for the BRI countries is used to argue that mega projects are a cause of ecological harm since the BRI requires enormous energy sources to complete the contained projects. A pollution haven hypothesis (PHH) verified model is proposed by Cai et al. [37] to perform a complete examination of the PHH in a Belt and Road case study. Results reveal that China is a pollution refuge for 22 advanced nations and that it is a pollution haven for 19 underdeveloped countries. Tracy et al. [1] believed that China’s green shift might be realized in part through the export of polluting businesses and the deterioration of natural resources in nations that are at the bottom of the global production chain, and hence more vulnerable. According to Ascenso et al. [3], the BRI will have a significant impact on global commerce in the future; however, it may also lead to a lasting deterioration of the ecosystem. Based on the panel data of 33 BRI countries for the period of 2000–2016, Liu et al. [38] suggested that the overall energy efficiency of these countries was continually falling, and the average energy efficiency of the BRI countries has declined since 2013. By applying the data envelopment analysis (DEA) method, Atta Mills et al. [39] found that the overall energy efficiency of 58 BRI countries is relatively lower than other countries, and only 7 West Asian and North African countries are energy efficient. For the panel data of 90 BRI countries for the period of 1990–2017, Ahmad et al. [40] found that there exists a bidirectional causality among finance development, trade openness, and energy consumption with carbon emissions. From a panel data of 47 BRI countries over a period of 1980 to 2016, Rauf et al. [41] found that energy consumption, gross fixed capital, economic growth, financial development, and urbanization may lead to environmental degradation in BRI countries. Based on the panel data of 69 BRI countries from 2000 to 2014, Khan et al. [42] found that technological innovations, economic growth, and foreign direct investment have a negative impact on renewable energy. Similarly, Akbar et al. [43] found that energy efficiency can reduce CO2 emission; however, FDI and GDP will lead to an increase in CO2 emission. In addition, Akbar et al. [44] also analyzed the transport energy efficiency by taking two years as a pre- and post-BRI case, showing that, after the BRI, there is an increase in economic activity but a decline in transport energy efficiency.



	(3)

	
Different impacts







Yang and Wei [45] reviewed the total factor energy efficiency (TFEE) and its affecting variables for 17 major areas of the Belt and Road from 2005 to 2015 and conclude that the TFEE’s primary negative drivers are technical changes, coal use, research and development, and environmental degradation. The positive drivers of the TFEE, on the opposite, are pure efficiency changes, changes in the scale of efficiency, economic structure, opening up, and government finances. Chen et al. [46] proposed a DEA technique for assessing BRI nations’ low carbon economic process and energy efficiency. According to the study, low-carbon economic growth, high energy efficiency, and high income levels are unrelated. For a group of 59 Belt and Road Initiative (BRI), Shah et al. [47] found that the increase in capital formation, foreign direct investment and open trade improves the quality of the environment, while an increase in income and the consumption of electricity deteriorates the quality of the environment. Based on the panel data of 97 BRI countries from 2002 to 2017, Wu et al. [48] found that import intensity tends to reduce carbon emissions, but export intensity tends to increase carbon emissions of BRI countries, and the impact in the resource-rich BRI countries is much bigger than that in the resource-poor BRI countries. Based on the Shapley value decomposition method, Wu et al. [49] also found that the impact of import intensity on the carbon emissions divergence among BRI countries changed after 2009, but the export intensity has been invariant. For the panel data of 65 BRI countries from 1981 to 2016, Rauf et al. [50] found that energy consumption, high-tech industry, and economic growth deteriorate environmental quality, but financial development and renewable energy consumption have a positive effect on the environment.



To summarize, research on the BRI’s influence on energy efficiency are conflicting and inconclusive. Because the BRI nations differ in terms of development, energy efficiency, and resource endowment, the impact of the BRI on their energy efficiency may vary. However, no research has been done to look at the possible differences in impact owing to the BRI countries’ efficiency, income, and resource endowment simultaneously. This study differs from prior studies in the following three ways: first, we analyze the impacts of BRI on BRI nations’ energy efficiency by using panel data of 178 countries from 2002 to 2018, and the result passes the robustness checks. Second, the quantile DID technique was used to examine the BRI’s heterogeneous effectiveness at various degrees of energy efficiency. Third, we use the DDD approach to estimate the effects of the BRI on energy efficiency for distinct BRI country groups with varied resource endowments and income levels, resulting in diverse practical consequences for separate country groups under the BRI.





3. Variable, Model, and Data Source


3.1. Methods


One of the most straightforward ways to measure a policy’s impact is to compare differences in outcomes across the treated groups before and after implementation. However, because economic conditions vary both before and after the implementation of a policy, the difference between the two of them does not always stem from the policy effect.



In order to resolve this issue, we will employ the difference in difference (DID) approach to examine the BRI’s impact on the energy efficiency of related nations in order to determine the root cause. By using a control group that was not in the policy area, first, we must compute the difference between the control group prior to and after the policy’s adoption as a time impact for the treatment group. This is known as the treatment group’s time effect. Second, the difference in the control group before and after is subtracted from the difference in the treatment group in order to produce a more accurate policy effect estimate [51]. As a kind of natural experiment, the DID approach may successfully manage the unachievable heterogeneity and impact of inalienable elements over time and avoid the shared causalities between variables, resolving the endogenous issue of the policy variable to some degree. However, the results of the DID method are just the combined impact of the policy variable on the dependent variable, and it cannot reflect the specific effects in different situations.



Therefore, for the country data in this paper, the differences in three dimensions of the region, time, and different types of countries can be taken into account by using the DDD model. The traditional DID model can only measure the difference between two dimensions (region and time), while the DDD model can measure the difference between three dimensions on the original basis. In the empirical part, BRI countries are divided into different groups in two ways, which are resource endowments and income levels.



For natural resource endowments, the classification is from the gross rent of natural resources (as a percentage of GDP), which is an index of the world bank database. Gross rents for resources are the total rents for coal (hard and soft), oil, minerals, forests, and gas. If the average index of a nation between 2002 and 2018 exceeds the mean value of the BRI countries, the index is classed as the country rich in natural resources; otherwise, the index is categorized as the country low for natural resources. For income levels, because of differences in average annual income between 2002 and 2018, nations categorized as high-income above the average or low-income below the average will be categorized as high-income or low-income groups in that particular year.




3.2. Variables


In this study, the execution of the policy is the key variable and is measured by the signature of the MOU. The Belt and Road Initiative links the eastern Pacific Ocean with the western Baltic Sea, spanning Europe, Asia, and Africa and including 65 countries [52]. Therefore, the countries in the Silk Road area that have signed MOU with China are defined as BRI countries, which constitute the treatment group, and other countries which are not in the area and did not participate in the BRI constitute the control group for the DID model. As the mechanism analysis in Section 3.1, we assume that it has a positive impact on energy efficiency in BRI countries.



The dependent variable energy efficiency is calculated as the proportion of GDP to fossil fuels use, where GDP is measured in US dollars at the 2011 constant price and the fossil use is measured in a kilogram of oil equivalent. In reality, energy efficiencies in BRI countries are generally quite low due to low technology levels and backward industries. BRI countries are mainly dependent on agricultural and resource industries and manufacturing industries, and their economic development is heavily dependent on energy-intensive industries. Meanwhile, their energy conservation and emission reduction technologies are generally backward, leading to the rapid growth in energy consumption and carbon emissions. In view of the difficulty of rapid industrial upgrading and technological progress in a short time, the solutions mainly focus on gradually increasing the output per unit of energy consumption, namely, energy efficiency, and developing clean energy to replace the fossil energy. Therefore, energy efficiency involves both the amount of energy use of a country and the amount of output it produces, and improvements in energy efficiency can reduce energy consumption while maintaining a certain rate of economic growth in developing BRI countries.



In addition, variables anticipated to impact energy efficiency in BRI nations were controlled for accurately empirical investigations.



To begin with, urbanization will undoubtedly increase energy consumption and economic growth, and then has an effect on energy efficiency [53]. For most developing countries with high economic growth, the impact of urbanization on energy efficiency is generally negative [54,55]. It is written as UR [16] and is defined as the percentage of city dwellers in the total population in this paper where the unit is %. According to the Kuznets curve for the environment, while urbanization is low, it could waste too much energy and reduce energy efficiency; once it reaches a turning point, it could enhance energy efficiency [56]. Because the urbanization level is quite different among BRI countries, we do not make predictions about its impact.



Second, the upgrade of industrial structures, especially the upgrading of tertiary industries, may have an influence on boosting energy efficiency. It is generally acknowledged that reducing the ratio of industry added value to the GDP and stimulating technological progress can continuously reduce energy intensity, thus increasing energy efficiency [57]. Energy efficiency variation presents an obvious feature of industrial economy transformation [58]. The industrial structure in this research is controlled by utilizing the ratio of value-added to GDP from the service sector and is referred to as SER [59], where the unit is %. The larger the GDP share of the tertiary industry, the better the energy efficiency is predicted to be.



Third, one of the most important elements impacting energy efficiency is economic growth. Generally, economic growth can promote energy efficiency in higher-income countries while restraining energy efficiency in lower-income countries. In a word, the positive relationship between economic growth and energy efficiency increases as the countries reach from low-income level to high [60]. In particular, individual developing countries with faster economic growth have improved energy efficiency rapidly, such as India, which has changed its fossil-fuel-based, energy-led economic growth pattern to a growth model driven by energy efficiency [61]. To manage the degree of economic progress, we utilize the constant price of GDP per capita in 2010 US dollars, denoted as PGDP [15]. Based on the environmental Kuznets curve, when economic development is modest, economic progress may become too reliant on energy use, and it may decrease energy efficiency; after reaching the turning point, the energy efficiency may increase because of the transformation of the growth model, stricter laws, and increased environmental awareness at a certain level of economic development. Similar to urbanization, we do not make predictions about its impact.



Fourth, a substantial impact on energy efficiency might be had by the combination of energy usage, particularly renewable energy usage. The development of renewable energy is closely related to energy conservation, emission reduction and energy efficiency [62]. Despite the moderately improved efficiency of coal and oil energy, its relatively low level contributes most to the overall energy inefficiency because it is the main fuel used in most developing countries [63]. Therefore, the improvements in the use of clean energy make it of importance to increasing energy efficiency. The energy consumption structure is defined as the renewable energy consumption share over the final energy consumption and is referred to as ENC [64,65], where the unit is %. The greater the share of renewables used in the final energy consumption, the more energy efficiency is anticipated.



Fifth, open trade may have a major effect on energy efficiency. Most of the previous relevant studies believe that a country’s trade openness and reduction of barriers can improve energy efficiency through some channels such as promoting technology spillover and industrial upgrading, especially for developing countries [66,67,68]. The proportion of imports and the exports to GDP is regarded as the index of open trade and is referred to as OPEN [18,69], where the unit is %. Imports may replace excessive energy consumption and poor energy efficiency with some manufacturing, while exports may lead to increased revenue and output. Therefore, the greater the openness to commerce, the better the energy efficiency.



Sixth, we manage the stock of FDI. Some studies considered that foreign direct investment enhanced the energy efficiency significantly and there is no increase in pollution, which demonstrated the “pollution halo” effect [70,71,72,73]. Others believed that foreign direct investment increased pollution and was not beneficial to energy efficiency, which demonstrated that the “pollution haven” effect was greater than the “pollution halo” effect [74,75,76,77]. In this research, FDI is described as the FDI share over GDP and is referred to as FDI/GDP [78], where the unit is %. If the FDI industry concentrates on the heavy industry or other industries with low energy efficiency, FDI may decrease energy efficiency. If concentrated on the service sector or other industries with high energy efficiency, FDI may increase energy efficiency. In short, the energy efficiency effect of FDI mainly relies on the kind of sector in which it invests. Consequently, we do not prejudge FDI’s total effect on energy efficiency.



Ultimately, human capital is a key driver of clean energy development and energy efficiency improvement since it leads to technological advancement and environmental consciousness. One essential positive externality of human capital development is that it promotes a greener future through energy conservation [79]. The proportion of the population in higher education in the general population between the ages of 18 and 22 is defined as human capital and is defined as EDU [80], where the unit is %. It is expected that the higher level the of human capital, the higher the energy efficiency.



A few variables may have an impact on energy efficiency but are not included because the data is not available, such as energy-saving policies, energy-saving technology level, and government control over energy prices. Omission of important variables may lead to endogeneity problems and bias the estimation results. However, our subsequent robustness tests show that there is no problem of missing important variables, and the DID method, as a natural experimental method, can reduce the impact of missing variables to a certain extent.




3.3. Econometric Models


This study adopts the DID approach and proposes the involvement of BRI as a quasi-natural experiment to explore its impact on energy efficiency in BRI countries. As mentioned earlier, the treatment group is chosen for the BRI countries while the control group is chosen for non-BRI countries, and the corresponding DID models are formed:


EEit = β BRIi·Postit+ γXit + ui+ vt + εit



(1)







Equation (1) is a DID regression model which takes into consideration both timing and country-fixed factors in addition to random variables. In the equation, i represents the nation ranging from 1 to 178, and t represents the year ranging from 2002 to 2018. EEit is the energy efficiency that is being used as the dependent variable in this research. Postit is a dummy variable that represents the influence of BRI policy on the processing time. For Postit, country i and China signed a BRI MOU and the year of signing and the years afterward are set to 1. It is set to 0 for the years immediately before that. When processing the Belt and Road Initiative group, i is used to indicate whether a nation is located within the Belt and Road Initiative region. If there is a nation along the routes, this variable should be set to 1, otherwise it should be set to 0. The interaction term between BRIi and Postit, which is the fundamental variable addressed by the DID technique, is denoted by the symbol BRIi·Postit. Urbanization, industry structure, per capita income, energy use structure, open trade, foreign direct investment, and human capital are control factors and constitute Xit for economic features that might influence energy efficiency. In this equation, vt denotes the year fixed effect, ui is the country fixed effect, and εit denotes the random disturbance factor. We are particularly interested in the coefficient β of the variable BRIi·Postit, whose economic significance may be explained by the influence of BRI on energy efficiency.



Based on the DDD method, Equation (1) can be expanded to Equations (2) and (3) as the model (2) and model (3). These are calculated as follows:


EEcti = βBRIc·POSTt·RESRi + η1BRIc·POSTt + η2BRIc·RESRi

+η3RESRi·POSTt + γXct + uc + vt +λi + εcti



(2)






EEctj = βBRIc·POSTt·LOWIj + η1BRIc·POSTt + η2BRIc·LOWIj

+η3LOWIj·POSTt + γXct + uc + vt + λj + εctj



(3)







In Equation (2), time, country, and resource fixed effects are taken into consideration while estimating the DDD results. Equation (2) adds the variable RESRi to the equation, which indicates whether a nation is in the group of resource-rich countries or one of the resource-poor countries, in addition to the variables described in Equation (1). For RESRi, if one country belongs to the resource-rich country, it is set as 1, otherwise, it is set as 0. λi is the resource fixed effect. To estimate the time, country, and income fixed effects in the DDD estimating model (3), the following must be used: LOWIj in the formula is a dummy variable that indicates whether a nation is a low-income country or a high-income country. To determine if a nation falls into the low-income category, the variable LOWIj is assigned to 1, otherwise, to 0. λj represents the income fixed effect. The influence of BRI on energy efficiency may be used to explain the coefficient β in Equations (2) and (3). In addition, to control time trends in the treatment groups, we add cross-terms BRIc·POSTt, BRIc·RESRi, RESRi·POSTt, BRIc·LOWIj, and LOWIj·POSTt, respectively, in Equations (2) and (3).




3.4. Data Sources


The panel data, comprising 178 nations and regions, covering 63 Silk and Road countries from 2002 to 2018, omitting Palestine and Bhutan due to a lack of data on energy efficiency and 115 others, are used in this paper.



The data of the years for signing MOU between BRI countries and China are from the Chinese government’s Belt and Road Portal (https://www.yidaiyilu.gov.cn/gbjg/gbgk/77073.htm, accessed on 8 August 2021) [81], which is for the variable MOU. The data on energy efficiency comes from the International Energy Agency (IEA) Statistics (https://www.iea.org/data-and-statistics, accessed on 8 August 2021) [7], which is for the variable EE. The data of share of FDI stock over GDP come from the World Investment Report of United Nations Conference on Trade and Development (UNCTAD) (https://unctadstat.unctad.org/EN/, accessed on 8 August 2021) [82], which is for the variable FDI/GDP. The World Bank provides all of the additional variables’ data (https://databank.worldbank.org/source/world-development-indicators, accessed on 8 August 2021), including urbanization level (UR), industrial structure (SER), GDP per capita (PGDP), renewable energy share (ENC), trade openness (OPEN), the proportion of the population with higher education (EDU), as well as the gross rent of natural resources for the classification of BRI countries in different resource endowments [83].





4. Empirical Results and Analyses


4.1. The Impact of BRI on Energy Efficiency


We add the national fixed effect, the year fixed effect, and the BRI time trend impact over time in small increments, as indicated in Equation (1) of Section 3.2. At the national level, the standard errors are clustered. The energy efficiency may be changing more naturally in BRI nations than in other countries and areas, independent of the policy changes brought forth by the BRI. For example, the majority of BRI countries are in the process of economic development. The gradual improvement of the technology level, industrial structure, and other factors of these countries will lead to the increase of their energy efficiency.



Ignoring the underlying trend change of dependent variables in the treatment group will produce the bias of missing variables and make the estimated results biased. Referring to Li et al. [84], as indicated in column (2) of Table 1, a time-varying variable t representing the time trend is defined, and a cross term between the BRI and t is included in the equation. It is through this interaction item that the expected trends in energy efficiency in the treatment group may be controlled. The coefficient of the variable BRI × POST in column (2) is somewhat bigger and more statistically significant than the coefficient in column (1), as shown in Table 1, showing that the results after adding the cross term are more dependable than the results of column (1).



If the treatment group’s dependent variables are not taken into account for their underlying trend changes, the estimated findings will be skewed. A continuous-time trend variable t and a cross term between the t and the BRI are suggested by Li et al. [84]. This is represented in column (2) of Table 1. The energy efficiency is determined by this interaction item. According to Table 1, the coefficient of the cross term BRI·POST in column (2) is marginally bigger and more significant, implying that it is more resilient despite the little difference between them.



Based on Model (1), energy efficiency has grown considerably in BRI countries as a result of BRI policies. The coefficients of the variable BRI·Post were significantly positive at the 10% and 5% levels, as shown in columns (1) and (2), respectively. It shows that the policy of BRI has a significantly increasing effect on the energy efficiency of BRI countries, which is consistent with our assumption in Section 3.1 and previously related literature (e.g., 26–36). Actually, according to the energy efficiency data of BRI countries available in this paper, the average energy efficiency of the BRI countries has risen from 8.62 in the year 2012 to 9.04 in the year 2018.



In addition, most of the control variables are positively and statistically significant at the 1 percent level with coefficients for all four variables, including human capital, energy consumption structure, per capita GDP, and industrial structure, suggesting that the boost in human capital, the transformation to renewable energy use, economic growth, and industrial development have increasing effects on energy efficiency. On the one hand, the level of urbanization is negative and significant at 10% statistically, which means that the current phase of urbanization will decrease the energy efficiency. It indicates that in most BRI nations, the urban development is at a low level and depends too much on the use of fossil energy. On the other hand, the trade openness coefficient is positive and significant at the 1% level statistically, which corresponds to our earlier theories and predictions. The coefficient of the variable of FDI stock is nevertheless positive and not statistically significant. The potential explanation is that the stock and flow of foreign capital is still relatively modest, not having a direct effect on the BRI nations’ energy efficiency.



As shown in Table 2, energy efficiency is split into 18 quantiles, from high to low, to examine the energy efficiency effects of BRI at various degrees of energy efficiency based on the quantile DID technique in BRI countries. No additional variable findings are displayed in the table due to limited space. It is found that at the 0.05, 0.1, 0.15, and 0.3 quantile levels of energy efficiency, the effects of BRI are not significant. However, in other medium or high quantile levels, the BRI policy effects are all significant. This may be due to the lack of innovation and the capacity of technology in the lowest energy efficiency and maybe less-developed BRI countries [5]. The cooperation with China under the BRI is more about poverty alleviation than increasing energy efficiency.




4.2. Analysis of Validity and Robustness


For one reason, the selection error of samples may result in incorrect DID findings. In addition, the policy impacts may not be the gap before and after policy adoption. The results of DID are not trustworthy in this situation. Multiple tests must thus be carried out to ensure that the results fulfill the validity and robustness of the DID technical data.



As a first step, we compare the mean energy efficiency values of the control and treatment groups after the policy change. There is no statistically significant difference between the two periods, as shown by the p-value of 0. Energy efficiency is different for the two following BRI deployments, according to the data.



Secondly, we do a parallel trend analysis before the policy occurs. To be valid, the mean values of treatment and control groups need not be identical, but the trends between groups should be similar before the policy event. So that we could test this hypothesis, we built up an interaction item BRI × dumyear that reflects the possible differences in energy efficiency trends between the two groups. Because of this, we are primarily concerned with comparing the two groups in the years before and after the BRI was enacted, which could not only reflect the parallel trend before the policy but also observe the effect after the policy.



As shown in Figure 2, the cross term BRI × dumyear between BRI and year dummy variable is close to 0 in the policy year and the years before, and then significantly positive, indicating that the evolving patterns of the treatment group and control group in the policy year and years preceding the implementation of the BRI are the same, with no significant difference, in line with the parallel trend hypothesis. In the year when MOU is signed, the effect of the BRI is not obvious. However, in the years after the policy, it does not contain 0 in the 99% confidence interval; that is, at the one percent level, the cross-term coefficient is statistically significantly positive, suggesting that the cross-term has a statistically significant positive policy effect and that there is a statistically significant difference between the treatment group and the control group. Because the BRI has a lagging influence on energy efficiency, such as the fact that the impact of the initial investment will not occur until it is done, it is fair to expect the policy effect to be delayed by one year after the investment project is completed.



Third, similar to Topalova [85], at a period previous to 2013, the placebo test establishes BRI policy events. From 2005 to 2012, we estimate the difference to determine if the effect on energy efficiency is still favorable. As shown in the preceding study, the basis of the DID approach is that the energy efficiency trend before the event is not considerably different. The calculated coefficient of the key variable should not be significant if the policy event is established in a time before 2013. If the findings are opposite, then it is implied that potential non-observed variables other than BRI might lead to increases in the energy efficiency of BRI nations. In order to assure the robustness of the model, the policy impact years have been established as 2012, 2011, 2010, 2009, 2008, 2007, 2006, and 2005, as well as the years following those years, where appropriate. Columns (1) to (8) in Table 3 respectively report the corresponding estimated results, which indicate that the estimated coefficients are all insignificant and the DID regression results are robust.




4.3. BRI’s Disparate Effects on Energy Efficiency in Various Types of Nations


The influence of the BRI on energy efficiency may vary depending on the kind of country. For example, China has helped build vast amounts of clean energy infrastructure, such as hydropower stations and wind farms, to meet the electric power needs in low-income BRI countries, which can not only reduce the use of fossil fuels but also help BRI countries develop their economies. In addition to cooperating on clean energy infrastructure, China has invested and helped resource-rich BRI countries improve their traditional fossil energy extraction capacity and technology. As a result, low-income nations are more likely to benefit from China’s BRI than high-income countries, and it also increases the energy efficiency in resource-rich countries more than that in resource-poor countries. In this section, the DDD method is used to further discuss the heterogeneous impacts of BRI on energy efficiency in different types of countries.



Based on model (2), Table 4 shows that the BRIc·POSTt·RESRi variable is positive and statistically significant at the 10 percent level, indicating that participation in the BRI tends to increase energy efficiency in resource-rich countries more than that in resource-poor countries, which is consistent with our analysis in Section 2.1 and previously related literature (e.g., 39 and 48). The main reason may be that, first, China has invested in many projects in resource extraction of resource-rich BRI countries for reducing energy consumption through improving their fossil energy extraction capacity and technology. Second, China has imported a large number of resources, especially energies from resource-rich countries, thus stimulating their income growth. Third, in recent years, Chinese exports of value-added items, such as telecommunications, laptops, and high-speed trains, can lead to spillovers in technology and the upgrading of industrial structures in the BRI nations, especially in resource-rich African countries. Fourth, China’s exports of domestic overcapacity, especially of energy-intensive products, can replace these BRI countries’ related industries, thus reducing energy consumption and increasing energy efficiency.



Based on Model (3), the variable BRIc·POSTt·LOWIj is positive and statistically significant at the level of 1%, which means that in low-income nations, the BRI tends to enhance energy efficiency more than in high-income countries, which is consistent with our analysis in Section 2.1 and previously related literature (e.g., 26 and 30). In addition, there could be a number of reasons for this finding. First, Chinese investment in the clean energy industries, such as hydropower stations and wind farms can reduce the use of fossil fuels. Second, Chinese OFDI in transportation infrastructure with comparative advantage can improve the economy as well as the energy use efficiency in low-income countries. Third, China helped BRI countries build hospitals, schools, and other public service facilities so that improving the level of human capital and economy. Fourth, the construction of China’s trade and economic cooperation areas and industrial parks abroad can improve the production efficiency and upgrade the industrial level of local BRI countries. Fifth, some of China’s foreign investments in the service industry, for example, the financial and information industries, have low energy consumption and high production that can increase BRI nations’ energy efficiency. The knowledge exchanges and collaboration in technology and education under the BRI can finally contribute to improving BRI nations’ energy efficiency and reduction technologies.



Moreover, in terms of control variables, the FDI share of GDP is positive and statistically significant at 10 percent for energy efficiency in the two DDD models, which shows that the FDI has a higher energy efficiency effect in BRI low-income countries than that in the high-income BRI countries and has more energy efficiency impacts in resource-rich BRI countries than that in the resource-poor countries. A possible explanation is that less-developed countries are short in capital, and foreign capital plays a greater role in their domestic technological progress, industrial upgrading, and energy efficiency improvement; China’s investment in the resources sector has raised the technology level of the industry in the resource-rich BRI countries while importing large amounts of resources to boost output level. In addition, the impact of urbanization in the two DDD models is both statistically insignificant. This implies that no major variances exist in the level of influence on the energy efficiency of urbanization between resource-rich and resource-poor nations, as well as high-income and low-income ones. In other words, it shows that cooperation such as trade and investment from China has little correlation with the urbanization level of the BRI countries.





5. Conclusions, Policy Implications, and Discussions


Based on the DID approach, this study focuses on the varied implications of the BRI on participating nations’ energy efficiency. Subsequently, the potential effects at different energy efficiency levels are investigated by the quantile DID method. Furthermore, through the DDD technique, the heterogeneous impacts in different BRI countries are discussed based on different resource endowments and income levels. We infer the following conclusion on the basis of the outcomes of this investigation.



Firstly, the study found that participation in the BRI, on average, has had a significantly positive effect on the energy efficiency of BRI countries. The tests based on the average test, the parallel trend test, and the placebo test show that the finding is reliable. Second, in medium and high energy efficiency quantities, the beneficial impacts of the BRI are considerable, while in low energy efficiency quantities, they are not significant. Third, the BRI tends to increase more energy efficiencies in resource-rich countries than those in resource-poor countries and tends to increase more energy efficiencies in low-income countries than those in high-income countries.



With the BRI, member nations may improve their energy efficiency and environmental sustainability, which can help them compete more effectively in the global marketplace. Therefore, in the course of investment and trade, China should avoid the transfer of over-polluting production capacity, and focus on the development of clean energy, transportation infrastructure, cooperation in science, technology and education, and high-tech industries.



First, for low-energy efficiency BRI countries, China can stimulate energy investment, trade, and technical cooperation, especially by providing aids and loans to develop clean energy infrastructure, helping them to increase energy efficiency while meeting their own energy needs for development. Second, for high-energy efficiency BRI countries, infrastructure connectivity is a prior cooperation area, and China can invest more in transportation and energy projects so as to facilitate their economic development, meet Chinese energy requirements, and further improve the energy efficiency through technology spillover from China. Third, for resource-rich BRI countries, China needs to further invest and help them improve their fossil energy extraction capacity and technology for increasing their energy efficiencies. Fourth, for resource-poor BRI countries, the export of high value-added products with strong technology spillover and the shares of knowledge will increase the potential and power of their economic growth and also the energy efficiency. Fifth, for low-income BRI countries, China can continue to import labour-intensive products and natural resources to increase their incomes, and at the same time, directly invest in some manufacturing industries with high-value-added products such as the electronics industry, thus increasing outputs while ensuring a certain energy efficiency level. Finally, for high-income BRI countries, China’s outward investment can raise the proportion of some new industries with low energy consumption and high output, such as the financial and information industries, to meet the needs of the domestic market in these countries while increasing their energy efficiencies.



The above research on this subject has given some conclusions and policy suggestions, however, it should be recognized that because of the limitations of the latest data, which is only up to 2018, whether the impact of the BRI on the energy efficiency of BRI countries will continue until today is not identified. Other than the DID method, other methods of policy simulation do exist, such as machine learning or Computable General Equilibrium (CGE) policy estimation, but they are usually used to study specific policy changes. The Belt and Road mainly includes five links covering policy communication, infrastructure connectivity, financial integration, unimpeded trade, and people-to-people connectivity, in addition to which many other factors may be involved, too. Therefore, it is impossible to calculate the macro policy behavior of participating in the Belt and Road based on other computing methods such as the general equilibrium model. In addition, if more data could be acquired to form a larger control group, the propensity score matching (PSM-DID) method can also be used to check the robustness of the results. If industry-specific energy efficiency data are available, we can further investigate the impact of joining the BRI on energy efficiency in different sectors of BRI countries.



The intended target audiences of this research are mainly policy makers on energy and the environment, economic administrators, and theoretical and empirical researchers on energy economics and international relations. Since the Belt and Road Initiative is a completely new thing, this study provides some inspiration for researchers in international economics, development economics, environmental economics, and related interdisciplinary disciplines and can inspire them to study the improvement of energy efficiency in developing countries from the perspective of international cooperation.
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Figure 1. Mechanism and research design. 
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Figure 2. Testing parallel trend. 






Figure 2. Testing parallel trend.
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Table 1. Energy efficiency regression findings.






Table 1. Energy efficiency regression findings.





	
Dependent Variable

	
Energy Efficiency




	

	
(1)

	
(2)






	
BRI·Post

	
2.425 *

(0.062)

	
3.043 **

(0.014)




	
EDU

	
0.032 ***

(0.000)

	
0.035 ***

(0.000)




	
FDI/GDP

	
0.001

(0.742)

	
0.001

(0.505)




	
ENS

	
0.033 ***

(0.000)

	
0.034 ***

(0.000)




	
PGDP

	
0.001 ***

(0.002)

	
0.001 ***

(0.004)




	
OPEN

	
0.008 ***

(0.004)

	
0.007 ***

(0.009)




	
UR

	
−0.016 *

(0.094)

	
−0.014 *

(0.080)




	
SER

	
0.114 ***

(0.000)

	
0.119 ***

(0.000)




	
R square

	
0.251

	
0.268




	
Year-fixed effect

	
Y

	
Y




	
Nation fixed effect

	
Y

	
Y




	
BRI × Time trend

	

	
Y




	
Observations

	
1791

	
1791








Source: data analysis. Notes: p-values are in brackets * p < 0.1, ** p < 0.05, *** p < 0.01.
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Table 2. The results of regression using the quantile method.
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	Quantile
	0.05
	0.10
	0.15
	0.20
	0.25
	0.30
	0.35
	0.40
	0.45





	BRI·Post
	2.231

(0.531)
	0.951

(0.215)
	1.821

(0.336)
	2.789 **

(0.020)
	3.669 ***

(0.000)
	0.480

(0.709)
	1.369 *

(0.052)
	2.321 *

(0.074)
	1.722 **

(0.046)



	control variables
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y



	observations
	1791
	1791
	1791
	1791
	1791
	1791
	1791
	1791
	1791



	R square
	0.18
	0.12
	0.10
	0.11
	0.12
	0.12
	0.12
	0.13
	0.13



	Quantile
	0.5
	0.55
	0.6
	0.65
	0.7
	0.75
	0.8
	0.85
	0.9



	BRI·Post
	2.259 **

(0.027)
	2.480 **

(0.023)
	2.874 ***

(0.003)
	3.331 ***

(0.005)
	3.993 ***

(0.002)
	4.034 ***

(0.004)
	3.113 **

(0.020)
	4.651 **

(0.013)
	2.214 *

(0.077)



	control variables
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y



	observations
	1791
	1791
	1791
	1791
	1791
	1791
	1791
	1791
	1791



	R square
	0.14
	0.15
	0.15
	0.14
	0.14
	0.15
	0.14
	0.16
	0.18







Source: data analysis. Notes: p-values are in brackets * p < 0.1, ** p < 0.05, *** p < 0.01.
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Table 3. Placebo robustness test.
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	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)





	Policy year
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	2012



	BRI·Post
	1.563

(0.362)
	1.083

(0.521)
	1.725

(0.728)
	1.467

(0.662)
	1.362

(0.693)
	1.757

(0.522)
	0.964

(0.416)
	1.386

(0.457)



	Control variables
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y



	Observations
	1791
	1791
	1791
	1791
	1791
	1791
	1791
	1791



	R square
	0.249
	0.252
	0.255
	0.246
	0.248
	0.251
	0.249
	0.254







Source: data analysis. Notes: p-values are in brackets.
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Table 4. Regression results by the DDD method.






Table 4. Regression results by the DDD method.





	
Dependent Variable

	
Energy Efficiency




	

	
Resource Endowment

	
Income Level






	
BRIc·POSTt·RESRi

	
5.231 *

(0.052)

	




	
BRIc·POSTt·LOWIj

	

	
2.888 ***

(0.000)




	
EDU

	
0.037 ***

(0.000)

	
0.024 ***

(0.000)




	
FDI/GDP

	
0.001 *

(0.095)

	
0.001 *

(0.084)




	
ENS

	
0.036 ***

(0.000)

	
0.032 ***

(0.000)




	
PGDP

	
0.001 ***

(0.001)

	
0.001 ***

(0.000)




	
OPEN

	
0.007 **

(0.011)

	
0.008 ***

(0.002)




	
UR

	
−0.013

(0.154)

	
−0.012

(0.198)




	
SER

	
0.078 ***

(0.000)

	
0.120 ***

(0.000)




	
R square

	
0.272

	
0.286




	
Other cross-terms

	
Y

	
Y




	
Year FE

	
Y

	
Y




	
Nation FE

	
Y

	
Y




	
Resource FE

	
Y

	




	
Income FE

	

	
Y




	
Resource*Year trend

	
Y

	




	
Income*Year trend

	

	
Y




	
Nation*Year trend

	
Y

	
Y




	
Observations

	
1791

	
1791








Source: data analysis. Notes: p-values are in brackets * p < 0.1, ** p < 0.05, *** p < 0.01.
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