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Solar energy technology innovation plays a crucial role in achieving green and sustainable development and a low-carbon economy. The literature focuses on the economic and environmental effects of solar energy but ignores the role of solar energy investment in multilateral development banks (MDBs) on technological innovation. Using the panel data of 37 countries, including OECD countries and China, from 2006 to 2019, we adopt a multi-period DID model to empirically analyze the impact of solar energy investment in MDBs on technological innovation. The results show that solar energy investment in MDBs can significantly promote technological innovation, with the conclusion still being valid after conducting a series of robustness tests. The heterogeneity results indicate that the promoting effect of solar energy investment in MDBs on technological innovation is more significant in regions with higher human capital and higher innovation ability. The findings of this paper can be a useful addition to the literature on solar energy and technological innovation and serve as a useful reference for countries around the world as they accelerate solar energy investment and promote technological innovation.
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1 INTRODUCTION
As an important support for a country’s economic and social development, energy is related to national security, economy and people’s livelihood and is an important material basis for people’s survival. With the development of modern industry, energy usage has gradually become the primary influencing factor in terms of national economic development. At the same time, the consumption of traditional fossil energy sources such as coal and oil has continued to grow with the increasing population. Additionally, energy consumption emits a large amount of carbon dioxide (CO2), nitrogen oxides and other greenhouse gases, which have a negative impact on the global climate. The key to solving this problem is the development of environmentally friendly renewable energy sources, such as water, wind, tidal and solar energy sources.
Technological innovation in the field of renewable energy can maximize the efficiency of energy use and reduce the negative impact on the global environment. Particularly, as a renewable energy source with great potential, solar energy has aroused worldwide attention due to its power generation efficiency and potential, as well as its extremely low carbon intensity (Yu et al., 2022). Owing to these high-tech properties and power generation efficiency, the use of solar energy can effectively alleviate the pressure of global traditional fossil energy depletion and international climate deterioration. Moreover, solar energy is conducive to promoting national economic and social development within the tolerance of the climate and environment. Therefore, a new round of energy structure adjustment and the potential for an energy technology revolution is bound to occur. In such a case, it is of great strategic importance to carry out technological innovation. Countries around the world have reached a consensus on the importance of developing renewable energy from four perspectives—energy security, economic growth, environmental protection and employment increase (4Es). Figure 1 fully shows the patent application situation in Organization for Economic Co-operation and Development (OECD) countries and China, which reflects the importance of each country for the issue of technological innovation. While promoting renewable energy technologies, countries rely on different types of energy sources according to their resource endowments or energy characteristics. Among them, solar energy, as a widely available energy source, has received further attention with the development of storage facilities such as photovoltaic cells. Solar energy technologies can be acquired through learning or the technology diffusion brought about by foreign investment, which shows that these technologies have high technological potential. However, this situation also implies that these technologies lose their use value with the continuous development and progress of the economy and society (Evenson, 2010; Güney, 2022), which also means that renewable energy technologies are characterized by the depreciation of their technical value. In the context of the rapid innovation and development of modern industry, the rate of depreciation of technical knowledge in the energy sector is as high as 10%–40% per year. Additionally, it is important to continuously replenish solar technologies with new technical knowledge and reduce the rate of depreciation of technical knowledge (Benkard, 2000; Watanable, 2000; Hall, 2007; Nemet, 2009). Increased innovation ability can drive the rate of replenishment of technological knowledge beyond the rate of depreciation, thus ensuring the economic efficiency of these solar technologies.
[image: Figure 1]FIGURE 1 | Number of patents per capita.
Solar energy investment is characterized by high capital requirements, long investment return cycles and high risks, which are the factors that cause high solar energy investment costs (Abdelrazik et al., 2022), thus further exacerbating the extent of underinvestment in solar-energy-related projects. In that case, it is difficult to meet the demand for solar energy financing through domestic government and private sector investments alone. As international financial organizations, MDBs provide low-interest financing and professional advice to economies with the aim of restoring global economic development and facilitating the reform of economic systems in developing countries. The system structure of MDBs presents the dynamic characteristics of overall diversity and change. Their project investments in the global economy are intersecting and complex and are closely related to certain economic issues such as international politics and climate change. These project investments have an important impact on the promotion of economic development and social progress. Since the interest rates of financial support provided by MDBs are much lower than the market interest rates in the same period and the project funds obtained from MDBs are often characterized by long repayment terms and favorable repayment policies, they enable economies to obtain large amounts of development assistance funds with minimal financing costs to invest in technological innovation (Gurara et al., 2020). The distinctive feature of MDBs, compared to other financial institutions, is that they do not aim at profit maximization and are able to mobilize multiple resources as well as provide good credit guarantees as supranational organizations. Access to solar energy investment in MDBs can effectively alleviate domestic financing needs and facilitate the flow of more funds to the technology research and development (R&D) sector, resulting in an increase in technological innovation (Matthäus and Mehling, 2020). Therefore, solar energy investment in MDBs can have a very important impact on technological innovation.
In this study, the European Investment Bank (EIB), New Development Bank (NDB), and Asian Infrastructure Investment Bank (AIIB) as MDBs, are selected as a sample to investigate their impact on technological innovation. We investigate whether there is an impact of solar energy investment in MDBs on technological innovation using the sample. Accordingly, whether this impact differs across countries with different levels of economic development is also investigated. First, most of the literature analyzes the relationship between renewable energy investment in MDBs and economic growth and carbon emissions. This study focuses on solar energy as a renewable energy source and selects solar energy investment in MDBs as a policy shock through which to assess policy utility by a multi-period difference-in-differences (DID) method. Second, while most of the literature takes a single country as a sample to study a single economy, this study expands the sample to 37 countries around the world to analyze the impact of solar energy investment in MDBs on technological innovation. Moreover, this study explores the global effect of this impact more precisely from a multi-economy perspective. Finally, this study analyzes the heterogeneity of the sample from the perspectives of human capital and innovation ability.
The remainder of this paper is organized as follows. Chapter 2 presents the literature review and theoretical hypotheses. Chapter 3 presents the methodology and data. Chapter 4 presents the empirical results, including multi-period DID benchmark regression, robustness tests and heterogeneity analysis. Chapter 5 presents the conclusions.
2 LITERATURE REVIEW AND THEORETICAL HYPOTHESES
As one type of renewable energy source, solar energy, compared to traditional fossil fuel energy sources, has the advantages of abundant potential, high power generation efficiency and low carbon emissions and is friendly toward the climate while meeting energy demand, thus playing an important role in the economic and social development of a country (Karayel et al., 2022). Due to the high upfront construction costs of solar energy for utilization and maintenance and the spillover effects of expertise in the renewable energy sector requiring substantial financial support, significant financial support is needed on an ongoing basis to make solar technologies competitive in the international market (Amo-Aidoo et al., 2022; Yasmeen et al., 2022). In addition, factors such as international climate change and surging energy demand are negatively impacting the economic effect of solar technologies, and thus, the level of innovation in solar technologies needs to be urgently increased. Technological innovation is a guarantee for the effective use of solar energy to meet energy consumption demand and achieve sustainable development, which not only is of great strategic importance for the construction of a clean, efficient, low-carbon and safe modern energy system but can also improve people’s livelihood and quality of life. The literature has explored the factors affecting renewable energy technology innovation from four main perspectives: innovation, climate, energy and policy. In the field of innovation, the factors influencing renewable energy technology innovation are mainly R&D expenditure, personnel investment involved in R&D and education, which play a positive role in promoting renewable energy technology innovation by continuously accumulating knowledge and experience in the R&D process (Kim & Kim, 2015; Bayer et al.,2013; Jaffe et al., 1998). In the field of climate change, CO2 emissions and related emission intensity are usually considered the main factors affecting renewable energy technology innovation, and these variables significantly reduce the ability of renewable energy technology innovation, showing a negative influencing relationship (Lanjouw and Mody, 1996; Costantini and Crespi, 2008). In the energy sector, renewable energy consumption and financial investment are considered the main factors affecting renewable energy technology innovation, both of which stimulate the potential of renewable energy technology innovation (Foxon et al.,2007). In the policy area, the institutional arrangement of technology innovation policies and their enactment are considered the most critical drivers of the enhancement of renewable energy technology innovation capacity (Yi and Liu, 2015). To further utilize solar energy and give full play to its energy potential, attention needs to be paid to the issue of technological innovation in solar energy. To this end, relevant studies have suggested that solar energy, as a seasonal energy source, suffers from a time mismatch in resource utilization and, thus, requires the consideration of capital investment through state subsidies, financing or the use of financial channels, like foreign investment, to upgrade solar energy reserve technologies or related facilities to save energy in the heating season for better use in the non-heating season (Gao et al., 2022; Yu et al., 2022). In addition to the seasonal nature of the energy source itself, which requires post-development storage technologies, the full utilization of solar energy requires certain long-distance transportation technologies. Due to the geographical location and distribution of natural resources, the utilization of solar energy resources requires local long-distance transportation facilities, and thus, the improvement of power transportation conditions and technologies at one location can facilitate the use of solar energy on a larger scale (Neupan et al., 2022; Sun et al., 2022). In addition to the need for technological innovation in the development and utilization stages, the post-maintenance of solar resource-related facilities also requires technological investment and technical staffing, which achieve sustainability in the use of solar resources and the restructuring of the country’s energy consumption (Abdelrazik et al., 2022).
The different backgrounds and motivations for the creation of MDBs have led to significant differences in their development missions, operational scopes, etc. (Strand, 2013; Park and Strand, 2015), and these differences have implications for the targeting of MDBs investment (Babb, 2009). Some scholars have analyzed the impact of the differences in the governance structures of MDBs on their investment decisions by systematically comparing them (Gutner, 2002; Kilby, 2011; Kilby and Bland, 2012). Moreover, other studies have comparatively analyzed how the investment decisions of MDBs are affected by geopolitics from the perspective of shareholders’ rights. Through comparative analysis, it is found that under the existing voting system, the United States, as a major economic power, plays a greater influencing role in the investment decisions of MDBs compared to other countries. It is an urgent issue to regulate the investment decision system of MDBs and truly bring into play the economic benefits of their investment (Copelovitch, 2010; Lyne et al., 2009). In addition, although the existing studies on MDBs have focused mainly on the analysis of the World Bank (WB), the Asian Development Bank and the Inter-American Development Bank have also been the subjects of many scholars’ studies because of their short establishment time, unique operating philosophy and institutional nature (Neumayer, 2003; Kilby, 2006).
The development of technological innovation is constrained by various economic and political factors, such as resource endowment, industrial structure, and international economic status, and shows significant regional heterogeneity (Lutz et al., 2017). In the process of technological innovation, each country gradually forms its own national characteristics in combination with its resource endowment, domestic and international market environment, and relevant policies of its government in the field of the technology innovation development preferences for solar energy (Yoo & Ready, 2014; Yang et al., 2016). Therefore, the effect of solar energy investment on technological innovation can be affected by a variety of factors, including the economic and social costs of applying and promoting the use of solar technology. The effective point of project investment and effective utilization rate of project investment have an impact on technological innovation (Horbach and Rammer, 2017). The differences in national natural resource endowments, energy conservation and emission reduction targets, as well as economic development levels, can impact the effectiveness of MDBs solar project investments (Carley, 2009; Trappey et al., 2015; Li et al., 2016; Nyiwul, 2017; Szulecki, 2017). Based on the above factors, the following hypotheses are proposed:
Hypothesis 1 Solar energy investment in MDBs can significantly improve technological innovation.
Hypothesis 2 Solar energy investment in MDBs can have a stronger promoting effect on technological innovation in regions with higher human capital.
Hypothesis 3 Solar energy investment in MDBs can have a stronger promoting effect on technological innovation in regions with a higher innovation ability.
3 METHODOLOGY AND DATA
3.1 Sample description
To evaluate the effect of solar energy investment in MDBs and accurately capture the degree of improvement in technological innovation, this study adopts a quasi-natural experiment using countries that received solar energy investment in MDBs in 2014, 2015, and 2018 as research subjects. Moreover, controlling for year and country fixed effects, the DID method is used to mitigate the effects of variables and measurement errors. Data for this study are obtained from the World Bank (WB), the European Investment Bank (EIB), the New Development Bank (NDB) and the Asian Infrastructure Investment Bank (AIIB). Furthermore, 14-year balanced panel data for a total of 37 OECD countries and China from 2006–2019 are obtained. Table 1 shows the statistical table of solar energy investment in MDBs.
TABLE 1 | Solar energy investment in MDBs.
[image: Table 1]3.2 Model setting
During the sample period, six countries received solar energy investment MDBs, as the policy shock year was inconsistent. Therefore, the multi-period DID method is chosen to estimate whether solar energy investment in MDBs is beneficial for technological innovation. In terms of model construction, according to Wang et al. (2023), the specific model is as follows:
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where i refers to the country and t refers to the year; [image: image] is the explained variable that refers to technological innovation in year t in country i, which is characterized by the number of resident patent applications. [image: image] consists of the interaction term of the time and grouping dummy variables (du = 1 if country i received solar energy investment in MDBs and 0 otherwise; dt = 1 if time t is the year after receiving solar energy investment in MDBs and 0 otherwise). [image: image], calculated as in model 2, is the key explanatory variable of the multi-period DID method. [image: image] is the key coefficient of concern, the estimated value of which reflects the effect of solar energy investment in MDBs on technological innovation; [image: image] is a constant term; [image: image] is a set of control variables; [image: image] is the year fixed effects to control for unobservable and unvarying individual time trends; [image: image] is country fixed effects; and [image: image] is a random error term that incorporates other unobservable factors.
Explained variables: The explanatory variable in this study is the number of resident patent applications (Pat). The key explanatory variable is [image: image]. When a country receives solar energy investment in MDBs; [image: image] and 0 otherwise. Coefficient [image: image] represents the net effect of solar energy investment in MDBs on technological innovation. According to Gozgor and Paramati (2022); Cao et al. (2022); Jiang et al. (2020); Xin and Zhang (2020); Zhu and Lee (2022); Zhu and Lee (2021); Sun (2019),; Zhang et al. (2020), we select six indicators that may affect technological innovation as control variables, including economic development (GDP), renewable energy consumption efficiency (Rece), foreign direct investment (FDI), population size (Pop), urbanization level (Urb), and industrial structure (Stru), the specific meanings of which are shown in Table 2.
TABLE 2 | Variables descriptions.
[image: Table 2]3.3 Variable description
The results of the descriptive statistics are shown in Table 3. During the sample period, the mean and maximum values of the number of resident patent applications for each country are 0.4363 million and 13.9382 million, respectively. Technological innovation varies widely among countries, and there is an urgent need to obtain solar energy investment in MDBs to further improve technological innovation.
TABLE 3 | Descriptive statistical results for the variables.
[image: Table 3]4 EMPIRICAL RESULTS
4.1 Benchmark regression analysis
This study uses the multi-period DID method to measure the impact of solar energy investment in MDBs on technological innovation. The empirical results are shown in Table 4. Column (1) shows the results without adding control variables. Columns (2) to (7) show the regression results with the inclusion of control variables on an item-by-item basis. The empirical results show that the regression coefficients of DID are all significantly positive at the 1% level, indicating that solar energy investment in MDBs can significantly increase technological innovation in countries, thus verifying Hypothesis 1. Countries that receive solar energy investment in MDBs have more adequate financial resources. To encourage enterprises to use more environmentally friendly solar energy for production activities, the government provides financial support to those enterprises using solar energy to alleviate their green financing constraints. Additionally, the government provides tax relief benefits to these enterprises so that their production costs are greatly reduced. The environmental costs of the economy and society are also significantly reduced. With the stimulation of solar energy investment in MDBs funds, innovative technology development in the solar field is becoming the focus of economic and social attention. More productive and efficient production technologies and patent innovations are emerging and being promoted and used, thus continuously improving technological innovation in the solar field.
TABLE 4 | Benchmark regression results.
[image: Table 4]Among the control variables, the level of economic development (GDP), renewable energy consumption efficiency (Rece), and urbanization level (Urb) are all significantly positive at the 1% level, indicating that the increase in economic development, the improvement in renewable energy consumption efficiency and the increase in urbanization level all contribute to the increase in the level of technological innovation. The increase in the economic development level, national income and government budget is thus improved to a certain extent. The economy and society pay more attention to the R&D and utilization of clean energy, which attracts more talent with high technology. Therefore, clean energy has a positive promotion effect on technological innovation. The increase in the efficiency of renewable energy use reflects the importance attached to the development of clean energy by the economy and society. As this emphasis deepens, technical talent gradually moves to the energy innovation technology sector and improves technological innovation. The regression coefficients of foreign direct investment (FDI), population size (Pop) and industrial structure (Stru) are significantly negative, indicating that the increase in foreign investment, the expansion of population size and the change in industrial structure all have a suppressive effect on innovation. The production activities of foreign-invested enterprises are mainly simple processing and assembling. Therefore, there is very little technological R&D. Therefore, an increase in foreign investment suppresses technological innovation in the country. The expansion of population size aggravates the income gap. More government spending is used to alleviate income inequality rather than technological innovation, thus promoting technological innovation. The increase in secondary industry output value represents the development of industrial manufacturing. The increase in the output of the secondary industry represents a better development of the industrial manufacturing industry, which is characterized by a large number of mechanical production activities with low technological content, thus inhibiting the increase in technological innovation.
4.2 Parallel trend test
The key prerequisite assumption for the validity of the multi-period DID method is the parallel trend assumption. The trend of technological innovation over time is consistent between the treatment and control groups countries before and after policy implementation. Therefore, this study uses the event study method for parallel trend testing (Jacobson et al., 1993), and we adopt the following econometric model:
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where [image: image] is a set of dummy variables. If country i receives solar energy investment in MDBs in year t, then [image: image] = 1 and 0 otherwise. Its coefficient [image: image] is the object of focus of the parallel trend test, reflecting the difference between technological innovation in the treatment and control groups after receiving solar energy investment in MDBs. The rest of the variables have the same meanings as those in model 1.
Based on the distribution characteristics of the sample data, the data before solar energy investment in MDBs are aggregated to period -8, and those after solar energy investment in MDBs are aggregated to period 5. When t < 0, [image: image] is the effect of the experimental group countries before obtaining solar energy investment in MDBs. t = 0 is the processing effect of the year when solar energy investment in MDBs is obtained. When t > 0, [image: image] captures the dynamic effects of e-commerce pilot cities. To show the results of the parallel trend test more visually, this study draws a trend chart of the estimated coefficient of [image: image] under a 95% confidence interval based on the regression results (see Figure 2).
[image: Figure 2]FIGURE 2 | Parallel trend of total carbon emissions. Notes: Circles indicate the coefficients, and solid lines indicate 95% confidence intervals.
The parallel trend test plot shown in Figure 2 indicates that the coefficient is not significant when t < 0. These results indicate that there is no significant difference in technological innovation between the experimental and control groups of countries before obtaining solar energy investment in MDBs. The sample passes the parallel trend test, indicating that the coefficient of [image: image] starts to become significant and objective after obtaining the solar energy investment in MDBs.
4.3 Robustness tests
The benchmark regression results show that solar energy investment in MDBs can significantly promote technological innovation. In addition, to ensure the reliability of the regression results, a multidimensional robustness test, analyzing multiple perspectives, such as the placebo test, replacement of the explained variables, and eliminating samples, is conducted.
4.3.1 Placebo test
To avoid the regression results being affected by unobservable omitted variables and losing their persuasive power, this study uses a placebo test by replacing the countries in the treatment group (Cai et al.,2016). Six countries are randomly selected from the sample data as a dummy experimental group. The remaining countries are used as a dummy control group for the regression analysis. The above process is repeated 500 times to obtain 500 multi-period DID benchmark regression coefficients and corresponding p values. The kernel density function distribution of the 500 coefficient estimates and p values are plotted in Figure 3.
[image: Figure 3]FIGURE 3 | Placebo test results. Notes: The estimated coefficients are the upper and lower limits of the 95% confidence interval.
As shown in Figure 3, the regression coefficients fall around 0 and obey a normal distribution, which is significantly different from the coefficient estimate (.8686) of Regression (7) in Table 4. Most of the p values are more significant than .1. The regression results are not significant, among which the benchmark regression estimates are outliers. Therefore, the interference of other random factors in the results can be excluded.
4.3.2 Replacement of the explained variable
In the benchmark regression, the number of resident patent applications is used as the explained variable. To test the rationality of the model design, regression analysis is conducted using the sum of the number of resident and non-resident patent applications as a new explained variable. The empirical results are shown in column (1) of Table 5. The DID coefficient is still positive at the 1% significance level. This regression result justifies the regression model constructed in this study, indicating that there is indeed a significant positive contribution of solar energy investment in MDBs to technological innovation.
TABLE 5 | Robustness test.
[image: Table 5]4.3.3 Eliminating observations
To further verify the reliability of the regression results, this study performs a before-and-after 1% tailing of the sample data. The regression results are shown in column (2) of Table 5. The signs of the DID coefficients remain consistent with those in the benchmark regression, and all of them are positive at the 1% significance level. Therefore, the reliability of the benchmark regression results is further confirmed.
4.4 Heterogeneity analysis
The 37 countries in the sample include 25 countries distributed in the European continent, three countries distributed in the North American continent, five countries distributed in the Asian continent, two countries distributed in the Oceanian continent, and two countries distributed in the South American continent. The level of economic development varies significantly among countries, and countries with different levels of economic development have significant differences in terms of human capital and innovation ability. Therefore, this study analyzes the heterogeneity of the sample from the perspective of human capital and innovation ability.
4.4.1 Human capital
In this study, heterogeneity is analyzed from the perspective of the labor force participation rate (working population/total population). The empirical results are shown in Table 6. Column (1) illustrates the non-significant effect of solar energy investment in MDBs on technological innovation in countries with lower human capital. In contrast, column (2) illustrates that the effect of solar energy investment in MDBs on technological innovation is significantly positive at the 1% level in countries with higher human capital. Thus, Hypothesis 2 is supported. Countries with higher human capital have more highly educated and skilled professionals than do those countries with lower human capital, which attracts more skilled people to the technology sector and thus significantly contributes to technological innovation in a country.
TABLE 6 | Heterogeneity test of human capital.
[image: Table 6]4.4.2 Innovation ability
This study conducts heterogeneity analysis from the perspective of innovation ability (R&D expenditure of GDP). The empirical results are shown in Table 7. As shown in column (1) of Table 7, the effect of solar energy investment in MDBs on technological innovation is significantly positive at the 5% level in countries with lower innovation ability. However, in countries with higher innovation ability, as shown in column (2) in Table 7, this effect is significantly positive at the 1% level. A comparative analysis of columns (1) and (2) reveals that the contribution of solar energy investment in MDBs to technological innovation is more significant in countries with higher innovation ability. Therefore, Hypothesis 3 is supported. Countries with higher innovation ability are able to invest more financial support in technology innovation, while simultaneously attracting more technical professionals to engage in technology development and innovation research in the field of technology innovation, which in turn has a more significant effect on the improvement of technology innovation.
TABLE 7 | Heterogeneity test of innovation ability.
[image: Table 7]5 CONCLUSION
This study, using data of 37 OECD countries and China for 14 years from 2006–2019 and adopting a multi-period DID benchmark regression model, considers solar energy investment in MDBs as a policy shock. We explore the impact of solar energy investment in MDBs on technological innovation and conduct heterogeneity analysis based on human capital and innovation ability, drawing the following conclusions. (1) Solar energy investment in MDBs can significantly improve the technological innovation of an economy. The level of economic development, efficiency of renewable energy use, foreign direct investment, population size, urbanization level, and industrial structure can also influence technological innovation. (2) There is regional heterogeneity in the effect of solar energy investment in MDBs on technological innovation, which is reflected in human capital and innovation ability; i.e., there are differences in the effect between countries with different human capital and innovation ability levels. The effect of solar energy investment in MDBs on technological innovation is stronger in countries with higher human capital and innovation ability and weaker in countries with lower economic development.
In summary, this study makes the following recommendations (Liang et al., 2022; Fang et al., 2022). First, increasing government efforts to encourage technological innovation, developing and implementing national programs to develop relevant science and technology, and attracting skilled personnel to participate in technological innovation research are recommended. Since technological innovation has the characteristics of high risk and high investment, it faces difficulty in meeting the demand for capital investment by the private sector alone. The government can raise large sums of money by virtue of national credit and policy preferences and invest them in the field of technological innovation. For example, the government can open a reward mechanism for innovation achievements and improve the protection of patent achievements to attract more technical talent to participate in technological innovation research. Since there are large differences in the level of economic development among global economies, government support policies with national development characteristics should be formulated according to the natural resource endowment and basic national conditions of the country in the process of playing government functions to promote technological innovation. On this basis, local governments can be appropriately delegated to make appropriate adjustments to technological innovation subsidy policies according to the individual characteristics of local administrative regions to more efficiently achieve the development of local technological innovation. The development of technological innovation inevitably has an impact on the international image of a country and increases the confidence of MDBs in the development of solar energy in the country, which in turn increases the amount and frequency of investment by MDBs in solar energy in the country, forming a virtuous circle.
Second, comprehensive solar energy project funds using a supervision system and solar energy policy system to improve the efficiency of the use of project funds should be fully constructed. To maximize the use of solar energy investment in MDBs, the government needs to improve the tracking and monitoring system for the use of such funds to achieve transparency and clarity in the use of financing and to prevent corruption. Moreover, the government should track the records from the acquisition of funds, the flow of funds, the transit of funds and the final output. Special verification posts should be set up to divide the flow of funds among different departments, and a monitoring system with separation of responsibilities should be designed. Additionally, the government should establish an all-round systematic information base to grasp the utilization of project funds. In addition, the government should match the final output of the used funds with the initial input to better estimate the difference between the utilization efficiencies of the funds in different sectors. Accordingly, the government can adjust the strength of technology innovation support policies in different sectors and consciously and appropriately tilt policy support toward sectors with higher utilization of funds to maximize technology innovation while also ensuring balanced development in each sector.
The shortcomings of this study are as follows. First, only solar energy investment in MDBs is taken as a policy shock, and the role of the amount of financing funds on technological innovation is not reflected. Second, this study selects only some of the solar energy investments in MDBs and does not consider the overall situation of all the MDBs. Therefore, these deficiencies should be complemented by subsequent studies.
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