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Abstract

:

Although renewable energy investments in developing and emerging economies play a crucial role in accelerating the clean energy transition, investments remain limited. Building on previous research, this study takes a unique approach by analyzing determinants of clean energy investments from investors from one country, the United States, which represents the largest single source of investments. Based on panel data sourced from Bloomberg New Energy Finance (BNEF)’s Climatescope, we analyzed renewable energy investments by investors from the United States between 2008 and 2019. The analysis included four factors (i.e., economic, socio-environmental, political, and proactivity) and covered 61 emerging/developing countries. Our results suggest that the most significant factor that determines renewable energy investment by investors from the United States is commercial ties between the investing and recipient country. Our findings also demonstrate the importance of a strong legal system and clean energy promotion mechanisms, such as feed-in tariffs, in recipient countries. When breaking down investment flows, the effects of different economic factors may vary, depending on whether the renewable technology is solar or wind, which further highlights the importance of understanding determinants of renewable energy investments.






Keywords:


clean energy; investment; Paris Agreement; renewable energy












1. Introduction


In line with international agreements, such as the Kyoto Protocol and the more recent Paris Agreement, many countries have been increasingly addressing the need to reduce greenhouse gas emissions and, as a result, accelerating the transition to clean energy production. While the Kyoto Protocol is focused on economically advanced countries and the the development of legally binding emissions targets, the Paris Agreement encompasses contributions to hazardous emissions reductions for developed, emerging and developing countries, and the subsequent reporting on those contributions [1]. Not only does the agreement serve as a voice for less economically developed members of the international community in negotiating climate problems, but it has also become a mechanism to promote and enhance technology development, comply with provisions, and support transparency among the least developed countries (LCDs) [2]. Moreover, emerging markets continue to be attractive targets for big investors, with renewable energy (RE) company portfolios in developing countries having been found to generate close to average market risk [3]. As such, greater attention is being paid to a wider spectrum of potential investments that target global warming, thus stimulating global financing for the low-carbon energy transition.



When it comes to RE investment, studies have explored the contribution of renewables to the energy mix [4] and renewable energy capacity [5]. Importantly, much research has concentrated on financial flows and investments in renewables [3,6,7,8,9,10,11,12]. This has also included investment in renewables through clean energy green bond proceeds and allocations, and identifying factors that influence such investments [13,14].



At the same time, RE investment research in emerging and developing markets remains understudied despite the growing significance of this group of countries. Part of this may be due to the lack of data for RE investments in emerging/developing markets coupled with incomplete data for social, environmental, economic and political variables. In addition, there are few studies that analyze two-way relationships between countries, such as trade flows. Because commercial ties may be critical in making investment decisions, elucidating specific criteria that investor countries consider when investing in emerging markets would represent a meaningful contribution.



To fill this gap in the academic literature, this paper builds on Ragosa and Warren’s [10] framework (which focused on renewables investments in developing countries) by further investigating renewables investments in emerging economies. To overcome data constraints, this paper utilizes investment data from a relatively new database, Bloomberg New Energy Finance (BNEF)’s Climatescope. The contributions of this paper are three-fold. First, this paper focuses on investors from one investing country, the United States, which accounts for the largest amount of RE investments in emerging/developing countries. Second, this paper expands the set of independent variables for the analysis. All factors are separated into rational groups with economic, socio-environmental, political and renewable potential characteristics. Third, this paper disentangles investments by technology (particularly solar and wind) and not by investor type—the latter of which is prevalent in previous studies.



In the following sections, this paper will provide an overview of (1) the key literature; (2) data and methods; (3) analysis and discussion; and (4) concluding remarks.




2. Literature Review


The global energy transition requires substantial investment; recent evidence shows that an increase in funds channeled toward the most popular renewable technologies (such as wind and solar) has resulted in a sharp decline in generation costs [15]. At the same time, renewable energy investments in less developed markets remain limited, and we see evidence of a particularly large investment gap in sustainable energy [16]. As international investments in renewable energy technologies in emerging/developing countries play a crucial role when it comes to making progress on global commitments, such as the Paris Agreement, this suggests that the poorest countries are struggling to contribute to and reap the benefits of this energy transition [17].



To this end, it is critical to identify factors that catalyze financial flows to support this transition. In other words, what are the determinants of renewable energy investments—particularly for less economically developed economies? In general, prior research has focused on four major areas: (1) economic, (2) socio-environmental, (3) policy-related, and (4) proactivity-related factors. First, economic factors feature predominantly in RE investment research. Studies have paid particular attention to GDP growth, GDP per capita and inflation [18]. In addition to GDP figures, Ragosa and Warren [10] found that domestic credit to the private sector as a percentage of GDP has an impact on international investing in renewables. While the study focused on renewables investments in developing countries, the research excluded public investments from the analysis—a division that, according to some scholars [19], may be unclear.



Second, climate change problems were linked with socio-environmental factors in previous literature. This includes an analysis by Liu et al. [5], which found linkages between carbon dioxide emissions and installed renewables capacity in 29 countries between 2000 and 2015. Similarly, in benchmarking research by Marques et al. [20], Aguirre and Ibikunle [4] found that CO2 emissions levels were significant indicators of renewables deployment. Furthermore, Ragosa and Warren [10] argued that natural resource rents (% of GDP) as a proxy for the competitive environment attracted foreign investments in sustainable energy in developing countries.



Third, policy instruments that serve as a mechanism for the transition to green technology were also identified as potential determinants of investment. In one report, a policy framework to support the enhancement of green investments included key elements, such as setting government objectives toward green transition, reforming the market policy and developing suitable investment conditions, reinforcing the financial system, accumulating resources and technical capacity, and promoting sustainable businesses and consumer awareness of green technologies [21]. Moreover, to facilitate renewables investments, countries have been encouraged to improve the domestic investment environment by implementing regulatory incentives, licensing sustainable energy projects, creating a fair tax system for low-carbon emissions, and creating reasonable pricing policies [22].



Additional studies that analyze green bond proceed allocations found that economic policy support and climate commitments of the recipient country can address the global GHG emission problem by financing renewable energy projects with green bonds [13,14]. In analyzing policy risks in renewables investment, Gatzert and Vogl [6] investigated factors such as feed-in tariffs, energy price risk, resource risk, and inflation risk and found that policy risks can greatly influence the risk and return on investments, while cross-country investments have considerably lower risk and are more attractive. Wall et al. [12] also found that feed-in tariffs were one of the most important political factors to attract foreign investments in low-carbon energy projects, with fiscal measures and tax incentives having a positive effect on the amount of foreign investments (particularly for solar technology). Moreover, emerging countries may be able to attract foreign direct investment by calculating the political risk and the value of long-term RE investments [11].



Fourth, studies have analyzed a country’s proactivity and political climate in implementing policies for promoting sustainable energy and participation in international organizations targeting climate change. Among these factors are the implementation and usage of feed-in tariffs [10], commitment to renewable energy [4] and the Kyoto Protocol policy implementation after 2005 [5]. Ragosa and Waren [10] found that only feed-in-tariffs (FIT) yielded significant results among policy instruments in their regression model, with the implementation of FIT boosting investments by an average of USD 39 million. Furthermore, Aguirre and Ibikunle [4] found that continuous commitments positively influenced the growth of renewable energy contributions to the overall country-level energy supply. Lastly, Liu et al. [5] suggested that there was a significant increase in the installed capacity of renewable energy resources among Kyoto signatories, the OECD and EU countries, after the implementation of the Kyoto Protocol in 2005. Taken together, these findings highlight the potential importance of a country’s proactivity and political climate in attracting RE investments.



With regards to the target of investigation, although several studies have analyzed a large number of investor countries to investigate financial flows in renewables projects [9,10,13,23]; a few have focused on cross-country investments in sustainable energy for just one country. This includes the case of Chinese foreign investments in renewables in the 17 EU countries [7,8]. According to this research, the EU countries with more developed institutional and strong political environments are the most attractive for Chinese sales and services subsidiaries, while R&D investments from China usually go to larger European countries with a strong rule of law. Results suggest that political stability, corruption control and low trade barriers are significant factors for Chinese manufacturing investments in sustainable technology.



Based on this review of the literature—particularly the four determinants identified in the academic discourse and the usefulness of single-country studies—the following section presents data and methods that will be used in this study. Specifically, the research design extends Ragosa and Warren’s [10] analysis by including emerging economies as targets of RE investment and focuses on the RE investments by investors from the United States, the biggest source of investments in RE in emerging/developing countries.




3. Research Design


3.1. Hypothesis Development


This paper builds on previous studies on cross-border investing in renewable energy [4,5,10]. As shown in Figure 1, the theoretical framework includes four groups of explanatory factors: (1) economic factors; (2) socio-environmental factors; (3) political factors; and (4) renewable energy proactivity factors.



First, prior studies examined country GDP per capita, GDP growth and inflation, using a top-down investment strategy model [18]. Since these are the most significant economic factors which describe market throughput and the overall economic situation, this may affect investors’ decisions when it comes to substantial cross-border investments. We may also expect that renewable energy investments in developing countries may be based on international economic relationships with these countries. As such, the bilateral trade flows variable (export and import) between the United States and the recipient country was included in the research design. If the sign is positive, this means that investors from the United States provide more renewable energy investments to those countries with which the country has stronger commercial ties. Furthermore, as previous research has suggested that the proxy of financial market policy represented by domestic credit to the private sector as a percentage of GDP has a relevantly significant influence on renewables investment flows [10], this leads to the formulation of the first null hypothesis:



Hypothesis 1 (H1).

Economic factors do not affect renewable energy project investment decisions in developing/emerging countries by investors from the United States.





Second, this paper investigates whether socio-environmental factors play a crucial role in renewable energy investments. We note that the renewable energy installed capacity growth is caused primarily by strong environmental concerns, in particular, carbon dioxide emissions [5] and PM2.5 air pollution conditions. As such, we may expect that a recipient country’s overall environmental performance (as represented by the EPI index) may have an impact on renewable energy investments by countries such as the United States. In other words, if the result sign is negative, this would suggest that the United States tends to help developing countries, who are struggling more with meeting international environmental standards. Furthermore, as Ragosa and Warren [10] highlight the role of a competitive environment encouraging foreign investments in renewables, natural resource rents (% of GDP) are introduced as a proxy for competition policy. Finally, this research examines the influence of access to electricity (% of the population) in the recipient country as an indicator of the level of power industry development. Considering these factors, the second null hypothesis is as follows:



Hypothesis 2 (H2).

Socio-environmental conditions of recipient countries do not affect investments in large renewable energy projects in developing/emerging countries by investors from the United States.





Third, “political factors” refer to both recipient countries’ domestic governing system and international representation—in particular, OECD membership, which is considered an important factor in previous studies [23,24], as the organization was created to provide financial support between countries, including energy investments. Political stability and rule of law were highlighted as important factors when it comes to the analysis of international investments and were found to be significant in several studies [10,13]. This leads to the formulation of the third null hypothesis:



Hypothesis 3 (H3).

Political factors do not affect investments in renewable energy projects in developing/emerging countries by investors from the United States.





Lastly, proactivity on renewable energy is represented by binary variables, depending on whether or not policies supporting renewable energy or membership in climate-related international organizations are in place. In Ragosa and Warren’s [10] study, factors, such as feed-in tariffs (FiTs) that support renewably produced electricity’s prices and long-term purchase obligations, as well as regulatory instruments factor, were significant in results on cross-border private investments in renewable energy in developing markets. Regulatory instruments here refer to auditing, monitoring, codes and standards, obligations systems, or required policies created by the recipient government. Aguirre and Ibikunle [4] utilized a continuous commitment dummy variable as a proxy for renewable energy share of total final energy consumption (TFEC): the variable equals one if the share was more than 20% between 2008 and 2019 (and 0 if it did not meet this threshold). Further, we may expect that the United States would invest in countries that are members of International Renewable Energy Agency (IRENA), and countries that promptly ratified the Kyoto Protocol before it entered into force in 2005 (the dummy variable equals one if the country ratified the protocol before 2005, and 0 otherwise). In Ragosa and Warren’s [10] research, this group of variables was aggregated into one measure of renewable energy proactivity. This served as an indicator of the intensity of the recipient country’s interest in renewable energy and support of its development (between a Likert scale of 0 if none of the group factors were mentioned or in place, and 5 if it included all of them). This analysis investigated aggregated measures, as well as each factor’s influence. Accordingly, the next null hypothesis is formulated:



Hypothesis 4 (H4).

Renewable energy supportive policies and RE commitments of recipient countries do not positively affect investments in large renewable energy projects in developing/emerging countries by investors from the United States.





For the second part of the analysis, this study disentangles investments by the United States into two groups based on the most popular renewable technologies: solar and wind. We note that previous studies have also analyzed renewable energy by technology [9,18], and this separation allows us to examine solar and wind potential. The peculiarity of renewable global investments is that we cannot invest randomly in solar and wind power stations in different countries. Each country has its respective wind and solar potential to produce sufficient energy from the two technologies. These variables were already examined in Aguirre and Ibikunle’s [4] research and were found to be very significant in RE’s contribution to energy supply. For the analysis, solar potential is represented by global horizontal irradiance (GHI) in MWh per year in each recipient country [25]. Given the large number of units, the log of values was taken to maintain the consistency of results. For wind technology investments, the regression employs a wind potential variable calculated by the area of the country in square kilometers, which, at a height of 50 m (60 m is a usual height for a wind turbine), has wind density which falls into 3–7 class (wind speed higher than 6.7 m/s). As these variables are time-invariant, given that the geographic nature potential is unlikely to change dramatically over time, random effects are used in the second part of the analysis. Furthermore, to support solar and wind power stations, countries should have necessary capital and economic resources. As such, we may expect the influence of economic factors in this regression to be significant. Accordingly, the last null hypothesis is generated as follows:



Hypothesis 5 (H5).

The effect on investments in large renewable energy projects in developing/emerging countries by investors from the United States does not vary according to the renewable energy technology.






3.2. Data Collection


For the dependent variable, this paper utilized panel data based on the Bloomberg New Energy Finance (BNEF)’s Climatescope database, which combines information about all cross-border finance deals in renewable energy projects in 61 emerging/developing countries. (Based on Climatescope’s classification, emerging/developing countries included in the analysis are Afghanistan, Argentina, Azerbaijan, Bangladesh, Belarus, Brazil, Bulgaria, Burkina Faso, Burundi, Cambodia, Cameroon, Chile, China (Mainland), Colombia, Costa Rica, Croatia, Dominican Republic, Ecuador, Egypt, El Salvador, Eritrea, Georgia, Guatemala, Honduras, India, Indonesia, Jamaica, Jordan, Kazakhstan, Kenya, Liberia, Malawi, Malaysia, Mali, Mexico, Mongolia, Morocco, Mozambique, Nepal, Nicaragua, Oman, Pakistan, Panama, Peru, Philippines, Romania, Russian Federation, Senegal, Serbia, Sierra Leone, Singapore, South Africa, Sri Lanka, Tanzania, Thailand, Turkey, Uganda, Ukraine, Uruguay, Vietnam and Zambia.) BNEF Climatescope includes data regarding large renewable project investments made by organizations from all over the world, but excludes local RE investors in the recipient country. From this database, we utilized only RE investments from organizations in the United States for the first part of the analysis and narrowed this down further to only solar and wind technology investments for the second part. Investment data for China excluded Taiwan and Hong Kong, due to gaps in observations. Specifically, separate data for other variables in the regression were unavailable for Hong Kong and Taiwan. At the time of conducting this research, BNEF data were available between 2008 and 2019. As such, our paper utilized investment data between 2008 and 2019 (or all available years of data) for large RE projects in terms of installed capacity—or larger than 1.5 MW.



For independent variables, economic factors included recipients’ annual GDP growth (percentage), GDP per capita (2010 constant USD), annual inflation, average consumer prices (percentage), trade data (the sum of exports and imports between the United States and the recipient country) and domestic credit to the private sector by banks in recipient country as a percentage of GDP. The primary data source was the World Bank (World Development Indicators) database (see Appendix A for details).



For socio-environmental factors, data included the mean annual PM2.5 air pollution in micrograms per cubic meter (between 2008 and 2019), access to electricity as a percentage of the population (between 2008 and 2018) and the total number of natural resources rents as a percentage of GDP (between 2008 and 2018) from the World Bank (World Development Indicators) database. The 2019 information regarding the percentage of population with access to electricity was available at the IEA, World Energy Outlook 2020 for 2019. Environmental Performance Index (EPI) data between 2008 and 2019 came from the Yale Center for Environmental Law & Policy and the Center for International Earth Science Information Network at Columbia University (CIESIN). Lastly, carbon dioxide emissions (tons) data between 2008 and 2019 were sourced from the 2020 Global Carbon Research Project group.



Political variables consisted of political stability and rule of law indexes between 2008 and 2019, with the World Bank (World Governance Indicators) database serving as the primary source. The OECD dummy variable and renewables proactivity group of dummy variables were generated by the authors. For the second part of the regression, data for solar and wind potential were also calculated by the authors with the help of the Solar and Wind Energy Resource Assessment data source. All explanatory variables and sources are represented in Appendix A.



Appendix B illustrates the matrix of correlations, suggesting that our panel data are not affected by multicollinearity. As an additional tool to analyze the magnitude of multicollinearity, this paper utilized the variance inflation factors (VIF) test for all independent variables (except for dummy variables). As shown in Table 1, while a VIF factor of more than five may be considered risky, our results suggest that the variables are not affected by severe multicollinearity, as the VIF ratios are less than 10 [26].




3.3. Methods


This study utilized three different regression models: logit, tobit and linear. Logit and linear models were used in previous studies on this topic [10], while an additional tobit model was added to the analysis, as the dependent variable for the investment amount in our panel data contained many zero values. Random effects were used for all three models, as the dataset has many time-invariant dummy variables.



The first model is the random effects logistic model:


  P r  (   Y  i 1   = 1 ,  Y  i 2   = 2   |  X i    1  ,    α i   )  =  (  e x p  (   X  i 1   β +  α i   )   )  /  (  1 + e x p  (   X  i 1   β +  α i   )   )   



(1)




where   P r   is the probability of investment occurring,    X  i 1     is the vector variable for explanatory factors and    α i    represents the random effect. The logistic model was used to determine the influence of different factors on the likelihood of investments coming from the United States to emerging/developing countries for large renewable energy projects. As such, the binary dependent variable was generated to use in the logit model, where “1” indicates when investment occurred in a particular year and “0” otherwise.



The tobit and linear models assessed the effect of each variable from different groups on the amount of investments from the United States and are based on the following regression:


     Y  i t   = α +  β 1  E c o n o m i  c  i t   +  β 2  S o c i o − E n v i r o n m e n t a  l  i t   +  β 3  P o l i t i c a  l  i t   +      β 4  R e n e w a b l e s   p r o a c t i v i t  y  i t   +  ε  i t      



(2)




where    Y  i t     is a measure of foreign private investments from the United States flowing into a country  i  at year  t ;   E c o n o m i  c  i t     is a vector representing economic factors;   S o c i o − E n v i r o n m e n  t  i t     is the socio-environmental factors;   P o l i t i c a  l  i t     is the political factors;   R e n e w a b l e s   p r o a c t i v i t  y  i t     is the group of dummy variables to assess  i  country’s renewables proactivity; and    ε  i t     denotes the error term. For the second part of the analysis with different renewable technologies, only the logit model is used.





4. Key Findings and Discussion


4.1. Regression Results


Based on our analysis, the logit model provided the most significant results. Models 1 and 4 (Table 2) suggest that among all economic variables, inflation, consumer prices and trade generated the strongest positive coefficients regarding the number of investments by investors from the United States. Specifically, if inflation levels are higher in the recipient country, the country is more likely to receive investment by investors from the United States. Our results suggest that trade also has a comparatively high coefficient with strong significance, meaning that investors from the United States prefer to invest in countries with which the country has strong commercial ties. The financial market policy has a negative effect on investment decisions. This means that among emerging/developing markets, investments by investors from the United States support countries with a weaker financial sector. However, growth domestic product per capita and GDP growth levels of the recipient country were inconsistent across all models and demonstrated low significance. However, overall, the majority of economic factors exhibited high significance when it came to RE investment flows. As such, the null Hypothesis H1 can be fully rejected.



In addition, models 1 and 4 show that the environmental performance index has a quite significant negative coefficient. This suggests that investors from the United States prefer to invest in countries that are struggling to meet high environmental standards and have problems with production waste and pollution. At the same time, it seems that investors from the United States do not consider actual environmental issues, such as CO2 emissions, pollution levels and access to electricity by population, when making financial decisions, as these variables were found to have insignificant coefficients. Nevertheless, total natural rents presented significantly negative results in the tobit models (models 3 and 6), which can be interpreted that competition is still an important factor for investments in renewables. The countries that rely more on fossil fuels are less attractive to green investors or are not open to the energy transition and development of new renewable energy projects. Environmental and geological factors seem to influence investment flows to renewable in emerging countries. Taken together, Hypothesis H2 can also be rejected.



In terms of political factors, political stability was found to have a negative effect. While this may suggest that less politically stable countries receive more investment, the results are statistically insignificant and thus, it is difficult to support this statement fully. OECD membership also showed no connection to the amount of renewables investments. However, models 2 and 4 show that the rule of law is a strong determinant of RE investments. In other words, U.S.-based investors focus on countries with strong governance and adequate legal systems and controls. As a result, the null Hypothesis H3 can be rejected.



As shown in model 4, commitment to renewable energy as one of the main sources of energy consumption shows a high coefficient, suggesting that investors from the United States would choose to invest in countries that already have demand for RE resources. This is supported by the Kyoto Protocol ratification variable’s strong positive coefficient in tobit model 6. Aside from feed-in tariffs, other regulatory instruments and monitoring show no significance. As model 5 illustrates, feed-in tariffs might also attract investments to the country, while the IRENA membership factor in models 5 and 6 show a negative sign. This suggests that specific attention is not paid to countries that participate in this agency and that investments are more likely to be channeled to non-member countries. The null Hypothesis H4, thus, can be rejected.



With regards to investments for solar and wind technology respectively, Table 3 shows regression results for the binary outcome of RE investment decisions. For economic factors, all four models for both solar and wind showed comparatively significant results for the GDP growth variable (which has a negative sign). This suggests that investors from the United States prefer to invest in less developed countries for wind and solar technologies. This includes African and southeast Asian countries with high wind and solar potential. In terms of the GDP index, model 3 and model 4 (particularly the highly significant positive coefficient for wind technology) stand in contrast to insignificant negative results from the solar energy model results (models 1 and 2). For model 4, wind technology investments were highly dependent on the recipient country’s GDP. One interpretation could be that while wind turbines may be less expensive to install, they are quite often much more expensive to maintain vis-à-vis solar energy. This differentiation may level the playing field, making solar the less expensive option depending on maintenance costs. In this respect, investments in wind technology are channeled to countries with higher GDP levels, while the opposite is the case for recipients of solar technology investments.



For socio-environmental factors, CO2 emissions and access to electricity were found to be insignificant for both renewable technologies investments. However, the pollution level variable for wind power was both strong and positive, while the EPI index and natural resources rents were significant and negative. Solar technology did not yield any significant results.



Political factors showed more reliable coefficients, compared to environmental variables. In particular, the rule of law shows statistically significantly high results for both technologies’ investments, with wind coefficients being slightly higher than those for solar. However, political stability and OECD membership showed a predominantly negative sign and low significance, as mentioned in our Table 2 results discussion.



Renewables’ proactivity was found to be more significant in the ungrouped set of variables. Here, the results suggest that IRENA membership of the recipient country is more positively significant for solar technology, while wind power projects investments showed the opposite sign. This implies that wind energy investments are more likely to be channeled to non-IRENA members. Kyoto Protocol ratification and overall commitment to renewables show positive signs but are statistically insignificant. For feed-in tariffs, wind technology shows a strong coefficient of almost 2, while other regulatory instruments suggest a high negative index. These policies show opposite and insignificant results for solar energy projects investments by investors in the United States to emerging/developing markets.



In sum, Table 3 shows bigger coefficients for wind technology investment regressions, while the impact of different factors on solar technology investments are generally insignificant and have small indexes. Thus, the null hypothesis H5 can be rejected.




4.2. Discussion


Our regression results support key findings from previous literature when it comes to RE investment. Specifically, our analysis supports the observation that economic indicators (such as GDP and inflation indexes) have a strong, positive influence on the number of investments [10,18]. At the same time, results for domestic credit to the private sector by banks demonstrated a significant negative relationship, contrary to findings by Ragosa and Warren [10]. This may reflect a distinguishing feature of investors from the United States with those of other countries, as Ragosa and Warren’s [10] analysis included investors for all large RE projects in developing markets, whereas our study focused on investors from one country (i.e., the United States).



Aside from economic factors, this study found a strong positive relationship between investments and factors such as the rule of law and renewables regulatory instruments, especially feed-in tariffs. Our findings support the results by Ragosa and Warren [10] and also those by Aguirre and Ibikunle [4], where it was shown that a commitment to renewable energy plays a crucial role in the development of renewables projects.



By focusing on the case of investments from one country, this allowed us to include more specific variables that elucidate the two-way relationships between investments from the United States and recipient countries. For instance, we added trade as one economic factor. While “trade openness” was already included in Ragosa and Warren’s study [10], the findings were limited to a one-sided factor for the investment recipient. In our study, we were able to examine the import/export numbers of both investing and recipient countries. As a result, our findings suggest that one of the most significant factors of renewable energy investment by investors from the United States is commercial ties with the recipient country.



In addition, while results varied between different RE technology investments, our findings suggest that investors from the United States invest in wind technology in richer countries, while solar technology investments go toward relatively poorer recipients. Although investors do pay attention to the country’s overall environmental performance, investments occurred more in the case of a lower index. The results also demonstrate the importance of a having a strong legal system and clean energy promoting mechanisms, such as feed-in tariffs. However, since the factor of renewable energy commitment is high and positive, investors from the United States may want to concentrate on countries where renewable energy technologies are not as developed as well as those which rely mostly on fossil fuels.





5. Conclusions


Although renewable energy investments in developing and emerging economies play a crucial role in accelerating the clean energy transition, investments are limited. As such, this paper analyzed determinants of RE investments in emerging/developing countries from the perspective of investors from the United States to better understand investment patterns with a view to accelerate future investment. Previous limitations in data were overcome by utilizing Bloomberg New Energy Finance’s Climatescope data, which include investment data for large renewable projects statistic in emerging markets. To enhance the robustness of the analysis, we separated factors by groups (economic, socio-environmental, political, RE proactivity factors) and utilized different regression models (logit, tobit and linear). Our results indicated the importance of strong trade relationships, stable legal systems, initial commitments to renewable energy resources and RE regulatory instruments, such as feed-in tariffs, for RE investors in the United States.



For the second part of analysis, we separated RE investments into two major groups: wind and solar power. Results suggested that higher GDP levels in recipient country are more important for wind technology project investments, while the opposite was the case for solar technology investments.



Despite our contributions to the academic literature, our research is not without its limitations. For the dependent variable, this research utilized data from Bloomberg New Energy Finance. The data source includes only large projects for renewable energy investments (>1 MW), while small capacity projects’ (<1 MW) investments are not considered. In addition, the timeframe for our research was between 2008 and 2019. As such, we were unable to incorporate the most recent years of data in our analysis. Lastly, due to calculation complications, the wind potential variable includes only land wind power stations. There is a significant amount of offshore power stations in a country’s marine territory, which can be covered in further studies.
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Table A1. Explanatory variables.






Table A1. Explanatory variables.





	
Dependent variable




	
1

	
Inv

	
U.S.A. investments in RE in emerging markets

	
USD

	
Bloomberg New Energy Finance (BNEF)’s Climatescope

	
https://global-climatescope.org/clean-energy-investments (accessed on 15 September 2021)




	
2

	
Inv_d

	
Dummy variable of whether or not the foreign investment took place

	
dummy var

	
Created by author

	




	
Economic factors




	
3

	
gdp_gr

	
GDP growth annual (%)

	
annual %

	
WDI World Bank (World Development Indicators)

	
Lee, Zhong (2014)




	
4

	
Pgdp

	
GDP per capita (constant 2010 USD)

	
USD

	
WDI World Bank (World Development Indicators)

	




	
5

	
infl

	
Inflation, average consumer prices

	
annual %

	
WDI World Bank (World Development Indicators)

	
Lee, Zhong (2014)




	
6

	
trade

	
(ex + imp) U.S.A. trade flows with other countries

	
USD

	

	




	
7

	
credit

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

	
% of GDP

	
WDI World Bank (World Development Indicators)

	
Ragosa et al. (2019)




	
Socio-environmental factors




	
8

	
co2_emis

	
CO2 Emission

	
tons

	
Global Carbon Project. (2020)

	
Liu (2019), Aguirre, Ibikunle (2014)




	
9

	
poll

	
PM2.5 air pollution, mean annual exposure

	
micrograms per cubic meter

	
WDI World Bank

	
World Development Indicators




	
10

	
epi

	
Environmental performance index (EPI)

	
index

	
Yale Center for Environmental Law & Policy/Center for International Earth Science Information Network at Columbia University.

	




	
11

	
elect

	
Access to electricity (% of population)

	
%

	
WDI World Bank (World Development Indicators), IEA, World Energy Outlook-2020 for 2019

	




	
12

	
nat_re

	
Total natural resources rents (% of GDP)

	
% of GDP

	
WDI World Bank (World Development Indicators)

	
Ragosa et al. (2019)




	
Political factors




	
13

	
pol_stab

	
Political stability: estimate

	
(−2.5 weak to +2.5 strong)

	
WGI World Bank (World Governance Indicators)

	
Ragosa et al. (2019)




	
14

	
rule

	
Rule of Law: Extent to which agents have confidence in and abide by the rules of society

	

	
WGI World Bank (World Governance Indicators)

	
Tolliver et al. (2020)




	
15

	
oecd

	
OECD membership

	
dummy var

	
Created by author

	
Wikipedia




	
Renewables’ proactivity




	
16

	
commit

	
Constant commitment to renewable energy (1 if during 2008–2019 years the coefficient is more 20%, and 0 otherwise)

	
dummy var

	
Created by author, modified from Aguirre, Ibikunle (2014)

	
Aguirre, Ibikunle (2014)




	
17

	
fit

	
Feed-in tariffs enaction (as if 2018)

	
dummy var

	
Created by author based on RENEWABLES 2019 GLOBAL STATUS REPORT

	
Ragosa et al. (2019)




	
18

	
regul

	
Regulatory instruments: Auditing, monitoring, codes and standards, obligation schemes or other mandatory requirements are in place (binary)

	
dummy var




	
19

	
irena

	
IRENA membership

	
dummy var

	
Created by author based on Irena website data

	




	
20

	
kyoto

	
Kyoto protocol fast ratification: 1 for the ratified countries before 2005 and 0 otherwise.

	
dummy var

	
Created by author, modified from Liu

	
Liu et al. (2019)




	
21

	
agg_re

	
Aggregated variable of 16–20 variables all together, range 0–5

	

	
Created by author, modified from Ragosa

	
Ragosa et al. (2019)




	
Adjusting variables




	
22

	
solar

	
Solar potential

	
MWh per year

	
Calculated by author, Solar and Wind Energy Resource Assessment

	
Aguirre, Ibikunle (2014)




	
23

	
wind

	
Wind potential (land areas only) wind speed class 3–7 at 50 m

	
km2
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Table A2. Matrix of correlations.






Table A2. Matrix of correlations.




















	Variables
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)
	(9)
	(10)
	(11)
	(12)





	(1) gdp_gr
	1.000
	
	
	
	
	
	
	
	
	
	
	



	(2) pgdp
	−0.058
	1.000
	
	
	
	
	
	
	
	
	
	



	(3) infl
	−0.112
	−0.090
	1.000
	
	
	
	
	
	
	
	
	



	(4) trade
	0.099
	0.117
	−0.089
	1.000
	
	
	
	
	
	
	
	



	(5) credit
	0.069
	0.461
	−0.117
	0.332
	1.000
	
	
	
	
	
	
	



	(6) co2_emis
	0.162
	0.018
	−0.050
	0.751
	0.446
	1.000
	
	
	
	
	
	



	(7) poll
	0.228
	−0.278
	0.057
	0.131
	0.030
	0.288
	1.000
	
	
	
	
	



	(8) epi
	−0.082
	0.380
	−0.044
	0.052
	0.270
	−0.004
	−0.325
	1.000
	
	
	
	



	(9) elect
	−0.149
	0.422
	−0.164
	0.193
	0.525
	0.145
	−0.188
	0.471
	1.000
	
	
	



	(10) nat_re
	0.075
	−0.080
	0.044
	−0.096
	−0.238
	−0.066
	0.005
	−0.266
	−0.368
	1.000
	
	



	(11) pol_stab
	0.003
	0.489
	−0.141
	−0.051
	0.281
	−0.077
	−0.462
	0.289
	0.217
	0.092
	1.000
	



	(12) rule
	0.030
	0.716
	−0.166
	0.013
	0.492
	−0.013
	−0.227
	0.359
	0.360
	−0.099
	0.592
	1.000







Note: (1) GDP growth; (2) GDP per capita; (3) inflation; (4) trade; (5) domestic credit to private sector; (6) CO2 emission; (7) PM2.5 air pollution; (8) environmental performance index; (9) access to electricity; (10) natural resources rents; (11) political stability; (12) rule of law.
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Figure 1. Theoretical framework for international clean energy investments. 
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Table 1. Variance inflation factors test results.
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	Variable
	
	VIF
	1/VIF





	ln_pgdp
	GDP per capita
	8.05
	0.124227



	elect
	Access to electricity
	3.59
	0.278284



	rule
	Rule of Law
	2.86
	0.349627



	poll
	PM2.5 air pollution
	2.83
	0.352746



	co2_emis
	CO2 Emission
	2.76
	0.362042



	pol_stab
	Political stability
	2.76
	0.362319



	ln_trade
	Trade
	2.51
	0.398449



	credit
	Domestic credit to private sector
	2.41
	0.415232



	gdp_gr
	GDP growth
	1.44
	0.692764



	epi
	Environmental Performance Index
	1.38
	0.723939



	nat_re
	Natural resources rents
	1.3
	0.766477



	infl
	Inflation
	1.26
	0.79335



	Mean VIF
	
	2.76
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Table 2. Regression results for cumulative renewable energy investments.






Table 2. Regression results for cumulative renewable energy investments.





	
Group of Factors

	
Variable

	
m1 (Logit)

	
m2 (Linear)

	
m3 (Tobit)

	
m4 (Logit)

	
m5 (Linear)

	
m6 (Tobit)






	
Economic

	
GDP per capita

	
0.069

(0.415)

	
−0.146

(0.623)

	
0.140

(0.511)

	
0.271

(0.420)

	
0.254

(0.626)

	
0.689

(0.467)




	
GDP growth

	
−0.040

(0.051)

	
0.056

(0.067)

	
0.040

(0.066)

	
−0.051

(0.050)

	
0.089

(0.070)

	
0.091

(0.064)




	
Inflation

	
0.050 ***

(0.026)

	
−0.024

(0.057)

	
−0.027

(0.031)

	
0.045 ***

(0.025)

	
−0.022

(0.056)

	
−0.026

(0.029)




	
Trade

	
0.336 **

(0.134)

	
0.148

(0.194)

	
0.226

(0.142)

	
0.318 **

(0.135)

	
0.009

(0.179)

	
0.040

(0.129)




	
Domestic credit to private sector

	
−0.019 **

(0.008)

	
0.006

(0.010)

	
0.002

(0.009)

	
−0.023 *

(0.008)

	
0.006

(0.010)

	
0.000

(0.008)




	
Socio-environmental

	
CO2 Emission

	
0.000

(0.000)

	
−0.000

(0.000)

	
−0.000

(0.000)

	
0.000

(0.000)

	
−0.000

(0.000)

	
−0.000

(0.000)




	
PM2.5 air pollution

	
0.014

(0.013)

	
0.002

(0.016)

	
0.013

(0.014)

	
0.013

(0.013)

	
0.018

(0.016)

	
0.033 *

(0.011)




	
Environmental Performance Index (EPI)

	
−0.025 **

(0.012)

	
−0.008

(0.012)

	
−0.011

(0.014)

	
−0.026 **

(0.012)

	
−0.006

(0.013)

	
−0.008

(0.013)




	
Access to electricity

	
0.011

(0.013)

	
−0.001

(0.014)

	
−0.010

(0.015)

	
0.016

(0.012)

	
−0.004

(0.016)

	
−0.016

(0.013)




	
Natural resources rents

	
−0.014

(0.023)

	
−0.035

(0.031)

	
−0.056 ***

(0.030)

	
−0.015

(0.022)

	
−0.044

(0.033)

	
−0.069 *

(0.026)




	
Political

	
Political stability

	
−0.361

(0.311)

	
−0.098

(0.404)

	
0.141

(0.366)

	
−0.434

(0.308)

	
−0.275

(0.419)

	
−0.146

(0.304)




	
Rule of Law

	
0.821

(0.499)

	
0.931 ***

(0.520)

	
0.776

(0.552)

	
0.851 ***

(0.475)

	
0.609

(0.525)

	
0.404

(0.479)




	
OECD membership

	
0.059

(0.737)

	
0.396

(0.624)

	
0.078

(0.710)

	
−0.086

(0.718)

	
0.163

(0.471)

	
−0.089

(0.598)




	
Renewables’ proactivity

	
Aggregated variable of RE proactivity

	
0.404 **

(0.183)

	
−0.169

(0.332)

	
−0.179

(0.224)

	

	

	




	
Commitment to RE

	

	

	

	
0.749 ***

(0.410)

	
−0.209

(0.553)

	
−0.324

(0.428)




	
Feed-in tariffs

	

	

	

	
0.811 **

(0.370)

	
−0.662

(0.418)

	
−0.579

(0.382)




	
Regulatory instruments

	

	

	

	
0.045

(0.404)

	
0.324

(0.630)

	
0.195

(0.445)




	
IRENA membership

	

	

	

	
−0.358

(0.524)

	
−1.139 **

(0.471)

	
−1.118 **

(0.496)




	
Kyoto protocol ratification

	

	

	

	
0.099

(0.464)

	
0.795

(0.738)

	
1.133 **

(0.499)




	

	
lnsig2u

	
−0.440

(0.492)

	

	

	
−0.776

(0.598)

	

	




	
sigma_u

	

	

	
0.525

(0.386)

	

	
0.000

(0.340)

	




	
sigma_e

	

	

	
1.645

(0.135)

	

	
1.635 *

(0.097)

	




	
_cons

	
−9.210 *

(3.599)

	
16.180 *

(4.374)

	
13.187

4.220

	
−9.873 *

(3.424)

	
15.509 *

(3.839)

	
12.188 *

(3.451)








Note: * p < 0.01, ** p < 0.05, *** p < 0.1.
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Table 3. Logistic regression results for solar and wind technology investments.
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Group of Factors

	
Variable

	
m1

	
m2

	
m3

	
m4




	

	

	
Solar

	
Wind






	
Economic

	
GDP per capita

	
−0.329

(0.517)

	
−0.595

(0.556)

	
0.370

(0.538)

	
1.669 **

(0.681)




	
GDP growth

	
−0.153 **

(0.062)

	
−0.154 **

(0.061)

	
−0.168 *

(0.064)

	
−0.235 *

(0.073)




	
Inflation

	
−0.003

(0.037)

	
0.003

(0.037)

	
0.060 ***

(0.035)

	
0.052

(0.039)




	
Trade

	
0.234

(0.167)

	
0.270

(0.169)

	
0.543 *

(0.158)

	
0.415 *

(0.157)




	
Domestic credit to private sector

	
0.003

(0.010)

	
0.007

(0.011)

	
−0.048*

(0.011)

	
−0.076 *

(0.014)




	
Socio-environmental

	
CO2 Emission

	
0.000

(0.000)

	
−0.000

(0.000)

	
−0.000

(0.000)

	
0.000

(0.000)




	
PM2.5 air pollution

	
0.023

(0.016)

	
0.019

(0.017)

	
0.041 **

(0.018)

	
0.058 *

(0.020)




	
Environmental Performance Index (EPI)

	
−0.008

(0.014)

	
−0.008

(0.015)

	
−0.022

(0.015)

	
−0.029 ***

(0.016)




	
Access to electricity

	
0.019

(0.017)

	
0.021

(0.018)

	
0.016

(0.018)

	
0.024

(0.018)




	
Natural resources rents

	
−0.014

(0.033)

	
−0.012

(0.034)

	
−0.047

(0.033)

	
−0.087 **

(0.036)




	
Political

	
Political stability

	
−0.059

(0.416)

	
0.127

(0.440)

	
−0.292

(0.418)

	
−0.711 ***

(0.431)




	
Rule of Law

	
1.085 ***

(0.622)

	
1.156 ***

(0.618)

	
1.702 *

(0.594)

	
1.891 *

(0.546)




	
OECD membership

	
0.041

(0.826)

	
0.397

(0.824)

	
−0.379

(0.729)

	
−0.919

(0.732)




	
Renewables’ proactivity

	
Aggregated variable of RE proactivity

	
0.200

(0.231)

	

	
0.276

(0.209)

	




	
Commitment to RE

	

	
0.310

(0.536)

	

	
0.013

(0.501)




	
Feed-in tariffs

	

	
−0.025

(0.497)

	

	
1.911 *

(0.542)




	
Regulatory instruments

	

	
0.018

(0.598)

	

	
−1.210 **

(0.616)




	
IRENA membership

	

	
1.346 ***

(0.786)

	

	
−1.959 *

(0.628)




	

	
Kyoto protocol ratification

	

	
0.335

(0.650)

	

	
1.160

(0.753)




	
Technology

	
Solar potential

	
0.327 ***

(0.186)

	
0.387 **

(0.193)

	

	




	
Wind potential

	

	

	
−0.000

(0.000)

	
−0.000 ***

(0.000)




	

	
lnsig2u

	
−0.338

(0.757)

	
−0.516

(0.907)

	
−1.202

(1.447)

	
−14.254

(439.686)




	
_cons

	
−12.806 *

(4.830)

	
−13.753 *

(4.966)

	
−16.527 *

(4.624)

	
−22.318 *

(5.179)








Note: * p < 0.01, ** p < 0.05, *** p < 0.1.
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