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Abstract 

This study examines the nexus between urbanization (UR), gross capital formation (GCF), trade openness (TO), and 
renewable energy consumption (REC) to understand their interplay and implications for renewable energy adoption. 
Analyzing the data reveals a negative correlation between UR, GCF, TO, and REC, highlighting challenges in promoting 
renewable energy amidst urbanization, capital formation, and global trade integration. Policy interventions are crucial 
to address barriers hindering renewable energy uptake. Recommendations include incentivizing foreign direct 
investment, enhancing technology transfer, incentivizing clean energy investments, and promoting financial literacy. 
Integrated urban planning and alignment of capital formation policies with renewable energy goals are essential 
strategies to accelerate renewable energy adoption. This study offers valuable insights for policymakers and 
stakeholders seeking to promote renewable energy development and sustainability. 
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1. Introduction

The nexus between financial development, foreign direct investment, and renewable energy consumption is 
increasingly important in today's global context. Financial development is crucial in promoting and supporting foreign 
direct investment in the renewable energy sector (1-4). Financial institutions, both public and private, provide the 
necessary funds for the development and implementation of renewable energy projects. Without adequate financial 
support, it becomes challenging for developing countries to transition towards renewable energy sources (5-11). This 
leads to a dependence on fossil fuels, which not only contributes to environmental pollution and climate change but also 
increases the vulnerability of these countries to fluctuations in global energy prices and geopolitical tensions(11-15). 
Furthermore, foreign direct investment can significantly impact renewable energy consumption. Companies from 
developed countries often invest in renewable energy projects in developing countries, bringing in advanced 
technologies and expertise. These investments help to enhance the renewable energy sector's capacity and efficiency, 
leading to increased consumption of renewable energy sources. The nexus between financial development, foreign 
direct investment, and renewable energy consumption is a complex and interconnected relationship. It requires a 
comprehensive and integrated approach from policymakers, financial institutions, and stakeholders to promote 
sustainable development and accelerate the transition towards a clean energy future (16-18). The nexus between 
financial development, foreign direct investment, and renewable energy consumption is becoming increasingly 
important (19-26). Financial development, such as the availability of credit and investment opportunities, is crucial in 
facilitating foreign direct investment in the renewable energy sector (27). Financial institutions provide the necessary 
funding for renewable energy projects, allowing developing countries to transition away from fossil fuels and towards 
clean, renewable energy sources (28-33). This transition is vital for mitigating climate change, reducing environmental 
pollution, and enhancing energy security. On the other hand, foreign direct investment brings capital, advanced 
technologies, and expertise into developing countries' renewable energy sector, which helps improve the efficiency and 
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effectiveness of renewable energy generation and consumption. As a result, developing countries can increase their 
renewable energy capacity and reduce their dependence on fossil fuels, leading to improved energy security and greater 
environmental sustainability(34-39). Adopting renewable energy policies and developing renewable energy 
technologies are also crucial factors driving renewable energy consumption. These policies provide incentives and 
regulatory frameworks that promote renewable energy sources while technological advancements make renewable 
energy more accessible and cost-effective. 

Furthermore, financial development and foreign direct investment can facilitate the adoption of these policies and 
technologies by providing the necessary funding and support. In conclusion, the nexus between financial development, 
foreign direct investment, and renewable energy consumption is critical in driving the transition to a clean energy future 
(Lee, 2019). Developing countries, in particular, rely on financial development and foreign direct investment to enhance 
their renewable energy generation capacity, which enables them to reduce their dependence on fossil fuels and promote 
environmental sustainability. 

2. Literature review and hypothesis development 

2.1. Financial development and renewable energy consumption  

In recent years, there has been an increasing focus on the correlation between financial development and the utilization 
of renewable energy. This literature review seeks to examine the current body of research on the impact of financial 
development on the adoption and exploitation of renewable energy resources. Gaining a comprehensive understanding 
of this correlation is of utmost importance for policymakers, investors, and stakeholders who want to promote 
sustainable energy transitions and alleviate the impacts of climate change. Financial development refers to the overall 
state of financial markets, including their depth, efficiency, stability, and accessibility to financial services. Multiple 
studies have emphasized the significance of financial development in facilitating the adoption of renewable energy. Beck 
and Nesiba (2020) discovered that nations with advanced financial systems tended to allocate more investments toward 
renewable energy projects, resulting in an overall rise in their use of clean energy. Access to funding is crucial for the 
implementation of renewable energy projects. The study (22, 40-42) argues that enhanced finance and investment 
accessibility empowers enterprises and people to allocate resources toward renewable energy technologies, including 
solar, wind, and hydroelectric power. In addition, implementing financial advancements like green bonds and venture 
capital financing has supported the expansion of renewable energy initiatives in several nations. 

Moreover, the stability and predictability of financial markets significantly impact investor confidence in renewable 
energy projects. Countries with robust regulatory frameworks and favourable policies for renewable energy tend to 
attract higher levels of investment in this industry (43). On the other hand, uncertainty in financial markets might 
discourage investment in renewable energy projects, resulting in slower adoption rates. Government policies and 
regulations significantly influence the interplay between financial development and renewable energy use. Policy 
measures such as feed-in tariffs, tax incentives, and renewable energy requirements may encourage investment in clean 
energy projects (44, 45). Furthermore, regulatory frameworks that encourage openness, accountability, and risk 
reduction are crucial for attracting investments in renewable energy infrastructure (23, 46-51). Furthermore, global 
cooperation and collaboration are essential for advancing renewable energy objectives. The Paris Agreement and 
similar multilateral efforts provide a structured platform for nations to collaborate in addressing climate change and 
advancing the development of renewable energy sources. Financial institutions and development organizations are vital 
in supplying funds and technical support for renewable energy projects in poor nations (52). Overall, the existing 
research indicates a favourable correlation between the advancement of financial systems and the use of renewable 
energy sources. Access to financial resources, consistent regulations, and favourable policies are crucial factors that 
contribute significantly to the implementation and expansion of renewable energy projects. Nevertheless, it is necessary 
to confront obstacles such as unpredictable market conditions and conflicting policies to use renewable energy sources' 
vast capabilities fully. Future research should prioritize the identification of optimal strategies and policy interventions 
aimed at facilitating sustainable energy transitions on a global scale. 

Addressing urgent environmental concerns, energy security issues, and the need to mitigate climate change, the study 
focuses on the critical importance of transitioning towards sustainable energy systems. The study seeks to elucidate the 
complex interconnections among financial development, FDI, and REC to recognize these relationships' significant roles 
in promoting the adoption of renewable energy sources amidst the global transition from fossil fuels. The study offers 
insights into practical approaches for achieving sustainable energy transitions, enhancing energy security, and fostering 
economic growth by incorporating renewable energy sources. The initiative is motivated by the pressing need to 
address climate change and advance sustainable development. 
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Research is primarily driven by the imperative to address climate change, enhance energy security, and stimulate 
economic growth by adopting renewable energy sources. The study examines the influence of financial development 
and foreign direct investment on Renewable Energy Consumption (REC) to facilitate policy decisions to accelerate the 
transition to renewable energy sources and address climate issues. Furthermore, the research enhances our 
understanding of the dynamics of the global energy transition and offers valuable guidance to stakeholders, investors, 
and policymakers advocating for sustainable development goals. This study seeks to pave the way for a more resilient, 
sustainable, and environmentally friendly energy future by examining the correlation between financial development, 
FDI, and REC. 

2.2. Foreign direct investment and renewable energy consumption  

The convergence of foreign direct investment (FDI) and renewable energy consumption has received considerable 
attention in recent years, owing to its potential ramifications for sustainable development and climate change 
mitigation. The literature seeks to analyze the current body of research on the impact of foreign direct investment (FDI) 
on the adoption and usage of renewable energy resources in various areas and nations. Foreign direct investment is 
essential for the worldwide growth of renewable energy infrastructure. Multiple studies have emphasized the beneficial 
correlation between foreign direct investment (FDI) inflows and the use of renewable energy (53-59). Xu and Su (2018) 
discovered that foreign direct investment (FDI) inflows play a significant role in fostering the advancement of renewable 
energy projects by providing financial resources, technological advancements, and specialized knowledge. Host 
governments often rely on multinational companies (MNCs) to provide substantial financial support and execute 
renewable energy initiatives (60-63). 

Furthermore, foreign direct investment (FDI) can potentially promote the transfer of technology and the dissemination 
of information in the renewable energy industry. Multi-national corporations (MNCs) provide cutting-edge technology 
and optimal methods that may improve the effectiveness and output of renewable energy initiatives (64). In addition, 
foreign direct investment (FDI) inflows promote competition and innovation within the renewable energy sector, 
decreasing costs and enhancing performance (65, 66). Moreover, the regulatory landscape and policy framework in the 
countries where foreign direct investment (FDI) takes place significantly influence the effect of FDI on the use of 
renewable energy. Countries that have favourable laws and incentives for renewable energy tend to attract a higher 
amount of foreign direct investment (FDI) in this particular industry ((67-69). On the other hand, obstacles imposed by 
regulations and ambiguity in policies might discourage the entry of foreign direct investment (FDI) and impede the 
progress of renewable energy projects (70). 

Multilateral institutions and international collaboration are essential in allowing the use of renewable energy driven by 
foreign direct investment (FDI). The World Bank, International Finance Corporation (IFC), and regional development 
banks provide financial support and technical guidance for renewable energy initiatives in underdeveloped nations 
(Kumar et al., 2020). In addition, international agreements and efforts such as the United Nations Sustainable 
Development Goals (SDGs) and the Paris Agreement provide a favourable atmosphere for foreign direct investment 
(FDI) in renewable energy. These accords demonstrate a lasting commitment to sustainability and climate action.  

Although FDI-led renewable energy consumption has significant advantages, it also poses some difficulties. In order to 
achieve inclusive and sustainable development, it is crucial to tackle issues such as resource reliance, environmental 
sustainability, and social fairness, as highlighted by Leal-Arcas et al. (2019). In addition, foreign direct investment (FDI) 
governance and its effects on local populations and ecosystems need meticulous supervision and control (Kolk et al., 
2021). Ultimately, the evidence indicates that foreign direct investment (FDI) is crucial in stimulating the global 
adoption of renewable energy. Capital access, knowledge transfer, and policy support are crucial factors that facilitate 
the growth of renewable energy via foreign direct investment (FDI). Nevertheless, to fully optimize the beneficial effects 
of foreign direct investment (FDI) on the transition to sustainable energy, it is imperative to tackle obstacles such as 
regulatory impediments and environmental concerns. 

3. Data and methodology of the study  

3.1.  Model specification  

The study aims to gauge the role of FDI and financial development in energy consumption from renewable sources in 
SSA. The generalized relations are as follows.  

REC| FDI, FD …………(1) 
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Following the literature, the above Eq (1) has extended with the inclusion of control variables: gross capital formation, 
trade, and urbanization. The extended equation is as follows. 

REC| FDI, FD, TO, GCF, UR …………(1) 

With log transformation, the above Eq (2) can be displayed in the following manner. The regression equation would 
then take the following form: 

𝑅𝐸𝐶 = 𝛽0 + 𝛽1𝐹𝐷𝐼 + 𝛽2𝐹𝐷 + 𝛽3𝑇𝑂 + 𝛽4𝐺𝐶𝐹 + 𝛽5𝑈𝑅 + 휀 

Here, REC is the renewable energy consumption (dependent variable).FDI, FD, TO, GCF, and UR are independent 
variables representing foreign direct investment, foreign aid, trade openness, gross capital formation, and 
unemployment rate. β0, β1, β2, β3, β4, and β5 are the coefficients representing the impact of each independent variable 
on REC. ε is the error term, representing the difference between the observed and predicted values of REC that the 
independent variables cannot explain. 

The regression equation includes REC as the dependent variable, representing renewable energy consumption. The 
equation contains multiple independent variables that could influence REC. Let us analyze each variable and its potential 
impact on REC. Foreign direct investment (FDI) denotes investments made by foreign entities in domestic assets. 
Increased foreign direct investment can result in a rise in renewable energy consumption through different channels. 
For example, international investors could introduce cutting-edge technologies and specialized knowledge in renewable 
energy generation, enhancing efficiency and increasing capabilities (2, 71-74). Moreover, foreign direct investment can 
fund renewable energy initiatives, supporting their progress and execution. Financial development refers to the 
sophistication and accessibility of financial services within an economy. Although not explicitly stated in the regression 
equation, FD may indirectly impact REC. Enhanced financial development can increase access to funding for renewable 
energy projects via methods like loans, venture capital, and crowdfunding. Enhanced access to financing may encourage 
investment in renewable energy infrastructure and boost REC expansion. 

Trade openness indicates an economy's integration with global trade markets. Increased trade openness can positively 
impact REC by enabling renewable energy technologies, resources, and knowledge transfer between countries. 
Enhanced access to global markets may result in implementing more effective and eco-friendly energy solutions, 
ultimately boosting the use of renewable energy. 

The GCF represents the overall value of newly created physical assets in an economy over a defined timeframe. A higher 
GCF indicates a more significant commitment to investing in infrastructure, such as renewable energy projects. 
Investing in renewable energy infrastructure, including wind farms, solar parks, and hydroelectric plants, can increase 
the capacity for renewable energy generation, thereby enhancing REC levels. 

 Urbanization indicates the percentage of a nation's inhabitants residing in urban regions. Urbanization can impact REC 
in various ways. With the concentration of populations in urban centers, there is usually an increased need for energy, 
including renewable sources. Urban centers can act as focal points for innovation and policy experimentation, 
facilitating the uptake of renewable energy technologies and practices. In addition, urbanization may lead to increased 
investments in renewable energy infrastructure to address the energy requirements of expanding urban populations. 

3.2. Estimation strategies  

When doing econometrics and panel data analysis, it is essential to address issues such as slope variations and 
interdependence among cross-sectional units and conduct panel unit root tests to maintain the correctness and 
reliability of empirical findings. (75) explores the idea of slope heterogeneity, which refers to the differences in the 
connection between independent and dependent variables across various units or entities in a panel dataset. This 
phenomenon might arise due to diverse underlying traits or structural disparities among the entities under 
investigation. In order to address the variation in slopes, it is crucial to use appropriate statistical techniques such as 
fixed-effects or random-effects models. These strategies aid in controlling unit-specific effects, accurately assessing the 
connections being studied, and correcting variances. 

As elucidated in the study of (76-80), cross-sectional dependence refers to correlations or interdependencies among 
the observations across different cross-sectional units in a panel dataset. This problem violates the concept of 
independence between observations and may lead to skewed estimates and erroneous statistical conclusions if not 
appropriately addressed. Techniques such as spatial econometrics or panel data models that account for cross-sectional 
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dependencies, such as the spatial error model or the geographical lag model, are often employed to tackle this issue. 
Considering spatial or temporal interactions between units may result in more reliable and robust estimations of the 
connections under investigation. 

As outlined in reference 81, panel unit root tests are statistical techniques used to determine if individual series in a 
panel dataset exhibit unit root characteristics, indicating non-stationarity. Conducting unit root tests is crucial for 
assessing the stationarity of variables across time. Non-stationary data may lead to misleading regression conclusions 
and erroneous deductions. Various unit root tests, such as the Levin-Lin-Chu test, the Im-Pesaran-Shin test, and Fisher-
type panel unit root tests, are used to ascertain the stationarity of the panel data series. Performing panel unit root tests 
may enhance the dependability of results and mitigate possible challenges associated with studying non-stationary data, 
eventually strengthening the resilience and credibility of empirical studies. 

The target empirical model will be performed with DCE and DCE-IV panel data estimation techniques. DCE models 
involve estimating heterogeneous coefficient models using common correlated effects in a dynamic panel. The model 
equation for DCE can be represented as: 

𝑦(𝑖, 𝑡) = 𝑤0(𝑖) + 𝑥(𝑖, 𝑡) ∗ 𝑤2(𝑖) + 𝛿(𝑖) ∗ (𝑥(𝑖, 𝑡) − 𝑥(𝑖, 𝑡 − 1)) + ∑[𝑑(𝑖) ∗ 𝑧(𝑖, 𝑠)] + 𝑒(𝑖, 𝑡) 

In this equation, 𝑦(𝑖, 𝑡) represents the dependent variable, 𝑥(𝑖, 𝑡) is the independent variable, 𝑤0(𝑖), 𝑤2(𝑖), and 𝛿(𝑖) 
capture long run and short run effects, respectively. The term 𝑧(𝑖, 𝑠) includes additional variables, and e(i,t) is the error 
term 

DCE-IV extends DCE by incorporating instrumental variables to address endogeneity issues. The model equation for 
DCE-IV can be expressed as: 

𝑦(𝑖, 𝑡) = 𝑏0(𝑖) + 𝑥(𝑖, 𝑡) ∗ 𝑏2(𝑖) + 𝑑(𝑖) ∗ 𝑧(𝑖, 𝑡) + 𝑒(𝑖, 𝑡) 

These equations illustrate how DCE and DCE-IV models are structured to estimate dynamic common correlated effects 
in panel data analysis, considering both the immediate and lagged impacts of variables on the dependent variable while 
accounting for endogeneity through instrumental variables. 

4. Estimation and interpretation  

Before the implementation of the target mode, the study implemented a preliminary investigation with a slop of 
heterogeneity (75), cross-sectional dependency (76-80), and panel unit root test (81). Table 1 displays the preliminary 
results and exhibits the availability of heterogeneity properties, cross-sectional dependency, and variables integrated 
into the first-order operation.  

Table 1 Slop of heterogeneity, cross-sectional dependency, and panel unit root test  

Panel A: SH test of Bersvendsen and Ditzen (2021)   

 Delta Statistic Adjusted Delta 
Statistic 

SH exits     

Model 3.5173*** 5.5115*** Yes    

  (Breusch and Pagan 
1980) 

 Pesaran (2004)  Pesaran, Ullah et al. 
(2008) 

 Pesaran 
(2006) 

Juodis and Reese 
(2022) 

REC 181.379*** 45.496*** 249.963*** 8.911*** 4.2607***  

FD 326.732*** 32.441*** 234.515*** 20.535*** -2.377***  

FDI 202.558*** 44.83*** 225.848*** 39.93*** -
1.5001*** 

 

TO 353.601*** 21.43*** 229.298*** 19.551*** 0.4363***  

GCF 247.899*** 17.293*** 121.758*** 9.905*** 4.7793***  

UR 309.358*** 18.692*** 146.06*** 22.779*** 6.5844***  
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Variabl
es 

CADF test statistic  CIPS test statistic   Herwartz and 
Siedenburg -2008 

  Level first difference Level first 
difference 

Level first 
difference 

REC -1.333 -4.117*** -1.395 -7.096*** -0.8067 1.7348*** 

FD -2.222 -3.877*** -2.706 -5.191*** 1.2588 5.9188*** 

FDI -2.723 -2.817*** -2.254 -2.672*** 0.9824 8.9982*** 

TO -2.127 -7.652*** -1.752 -7.803*** 1.3904 -0.1907*** 

GCF -2.49 -6.304*** -2.03 -2.971*** 0.993 7.7116*** 

UR -2.706 -4.944*** -2.562 -6.296*** 1.8434 -1.3823*** 

Table 2 displayed the panel unit root test results and exposed a long-run association available in the empirical relations. 

Table 2 Results of panel cointegration test  

Model  FD--->REC FDI--->REC TO--->REC UR--->REC GCF--->REC 

GT -10.646*** -10.249*** -6.02*** -6.002*** -12.18*** 

Ga -10.085*** -13.713*** -12.921*** -14.079*** -11.279*** 

Pt -13.665*** -9.273*** -13.582*** -10.556*** -8.901*** 

Pa -13.593*** -11.873*** -13.816*** -9.398*** -6.243*** 

KRCPT      

MDF 20.911*** 15.563*** 17.643*** 21.018*** 1.402*** 

DF -9.9*** 9.703*** 21.624*** -2.971*** -0.331*** 

ADF 17.013*** 5.112*** 11.878*** 6.54*** 8.407*** 

UMDF -10.138*** -6.287*** 17.97*** 4.74*** 16.364*** 

UDF 5.703*** -7.055*** 3.926*** 13.213*** 11.111*** 

PCT      

MDF 8.28*** 5.149*** -0.957*** -7.327*** -8.945*** 

PP 9.05*** -3.642*** 7.571*** 3.757*** 14.925*** 

ADF 8.071*** 9.608*** 10.48*** 8.275*** 11.332*** 

 

  no shift  mean shift  regime shift  

  LMг LMΦ LMг LMΦ LMг LMΦ 

  Stat. stat. stat. stat. stat. Stat. 

Model 1 -3.4203*** -2.587*** -3.1888*** -3.8568*** -3.7196*** -2.7206*** 

Model estimation: DCE and DCE-IV and their results are displayed in Table 3. The study findings revealed a negative 
linkage toward REC, indicating that the inflows of FDI hinder clean energy inclusion. However, the coefficient of FDI2 
was exposed positively to REC, suggesting U-invest relations, that is, after a point in time, inflows of FDI foster cleaner 
consumption. The study's results suggest a strong association between foreign direct investment (FDI) and the usage of 
renewable energy (REC). Our study aligns with the literature (12-15, 82-86). Initially, the research discovered a negative 
correlation, indicating that more foreign direct investment (FDI) might hinder the acceptance and use of renewable 
energy sources. The results align with prior studies suggesting foreign direct investment favors conventional energy 
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industries over renewable energy. This preference is attributed to regulatory uncertainty, insufficient policies, and 
perceived risks associated with renewable projects (87-89). 

However, the research delved further by including a squared term for Foreign Direct Investment (FDI), which revealed 
a more complex link with Regional Economic Cooperation (REC). The coefficient of FDI squared shows a positive 
association with REC. This indicates the presence of a U-shaped correlation, whereby renewable energy use is 
stimulated by inflows of foreign direct investment (FDI) until a certain threshold is surpassed. This finding is consistent 
with an "inverted U-curve" or "Kuznets curve," which proposes that economic development may initially lead to 
environmental damage. However, eventually, it can facilitate environmental improvements, such as the increased 
adoption of renewable energy technologies (29, 83, 85, 90-94). A U-shaped connection emphasizes the need to assess 
the timing and magnitude of foreign direct investment (FDI) inflows in relation to promoting renewable energy use. FDI 
may initially pose challenges to the integration of clean energy. However, suppose a certain degree of economic growth 
or investment maturity is achieved. Certain policies and activities may be enacted to harness FDI inflows and promote 
renewable energy adoption in that case. Several strategies may include promoting foreign direct investment in 
renewable energy projects, enhancing regulatory frameworks to promote sustainability, and fostering collaborations 
between international investors and local participants in the renewable energy sector (95-97). In conclusion, the study 
results highlight the complex connection between foreign direct investment (FDI) and regional economic cooperation 
(REC), demonstrating both inhibiting and facilitating dynamics. Gaining a comprehensive understanding of these 
complexities may assist policymakers in developing more efficient methods to harness foreign direct investment (FDI) 
to achieve sustainable energy transitions and meet long-term renewable energy goals. 

For financial development, the coefficient revealed a negative, an adverse tie unveiled between FD and REC, implying 
that access to financial products and services discourages using clean energy. Whereas the coefficient of FD2 disclosed 
a positive connection towards REC, postulating the beneficial effects of FD on clean energy inclusion in the energy mix, 
a U-invert association has been established. The findings regarding the relationship between financial development 
(FD) and renewable energy consumption (REC) demonstrate a noteworthy contrast, shedding light on the intricate 
mechanisms through which FD influences the uptake of clean energy(98-107). The initial finding of the study highlights 
a negative correlation between financial development (FD) and the consumption of clean energy (REC), suggesting an 
adverse relationship between the two. Upon initial examination, this discovery may appear paradoxical. However, it 
indicates that although increased access to financial products and services typically benefits economic advancement, it 
does not necessarily lead to greater adoption of renewable energy technology. There could be various reasons for this 
negative association, such as market distortions, lack of awareness about clean energy options, or insufficient legislative 
support for renewable energy growth in the finance sector. 

To address the negative association, policymakers must consider strategies to overcome barriers to integrating clean 
energy within the financial system. One potential approach is to provide financial incentives for investments in 
renewable energy, enhance financial literacy initiatives to educate investors about clean energy opportunities and 
implement policies that promote sustainable finance behaviors. The study reveals a positive correlation between FD 
squared and REC, explaining their relationship more deeply. The positive correlation suggests that once a specific level 
of financial growth is achieved, the influence on clean energy integration becomes beneficial. This leads to a connection 
between financial development and renewable energy usage that adheres to an inverted U-shaped trend(108-115). In 
summary, the initial stages of financial growth could impede the acceptance of clean energy. However, as financial 
progress increases, it could facilitate the integration of renewable energy into the energy mix. Policymakers could utilize 
this finding to explore strategies for optimizing the positive effects of financial development on the incorporation of 
clean energy. One may need to advocate for innovative funding methods tailored for renewable energy projects, foster 
partnerships between financial institutions and clean energy entrepreneurs, and leverage financial regulations to 
promote sustainable investing practices. In addition, efforts to enhance market transparency and reduce investment 
risks associated with clean energy projects could enhance the positive impact of financial growth on Renewable Energy 
Certificates (RECs). 

In summary, the findings on the relationship between FD and REC emphasize the intricate connections between 
financial growth and the implementation of clean energy. To promote sustainable energy transitions, policymakers can 
implement targeted measures to address obstacles and leverage opportunities. It is essential to recognize and consider 
the dual impact of financial development on REC, encompassing both positive and negative effects. An inverse 
correlation exists between the coefficients of urbanization (UR), gross capital formation (GCF), and trade openness (TO) 
with renewable energy consumption (REC). Analyzing the potential impact of these variables on the adoption and 
utilization of renewable energy sources is crucial.  
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Urbanization encompasses the process of population concentration and growth in urban areas. Urbanization plays a 
significant role in driving economic growth and increasing energy demands. This increases reliance on conventional 
energy sources due to existing infrastructure, energy-intensive methods, and ingrained consumption patterns within 
urban areas. Furthermore, rapid urbanization may result in changes in land use and environmental degradation, which 
could impede the implementation of renewable energy technologies. Consequently, the UR coefficient in the regression 
model may suggest challenges in transitioning urban energy systems to renewable sources, resulting in a negative 
association with REC(116-121). 

The GCF represents the total investment in physical assets within an economy. Higher levels of investment are 
commonly associated with economic expansion. Nevertheless, the negative coefficient of GCF suggests that capital might 
be allocated more towards traditional energy infrastructure or non-renewable projects rather than investments in 
renewable energy initiatives. One potential explanation for this situation could be current investment incentives 
favoring traditional energy sources, apprehensions regarding risks associated with renewable energy endeavors, or 
limited financing options tailored for clean energy projects. Therefore, despite the general capital formation, the focus 
on non-renewable investments contributes to the noted negative correlation with REC(2, 122-126). 

Trade openness refers to the degree of economic integration with international trade markets. International trade 
facilitates the interchange of goods, services, and technologies. Nevertheless, the negative coefficient of TO suggests that 
increased trade openness may not necessarily result in a higher uptake of renewable energy(22, 127-132). Increased 
trade openness could lead to heightened competition from more affordable, non-renewable energy sources in 
international markets, potentially reducing the demand for renewable energy options. Furthermore, trade agreements 
and policies may not consistently prioritize sustainability or renewable energy development, potentially hindering the 
connection between trade openness and REC(6, 133, 134). Overall, the negative coefficients of UR, GCF, and TO indicate 
the challenges associated with promoting renewable energy consumption in urbanization, capital formation, and trade 
openness. In order to effectively address these challenges, it is essential to implement specific policy interventions that 
target institutional, financial, and structural barriers. This will help facilitate the transition towards a more sustainable 
and renewable energy-focused economy. 

Table 3 Coefficients derived with DCE and DCE-IV 

  Coefficient Std. Error t-Statistic Coefficient Std. Error t-Statistic 

  DCE DCE-IV 

FD -0.12975 0.0195 -6.65385 -0.17329 0.0198 -8.75202 

FD2 0.08544 0.0408 2.0941 0.08649 0.0285 3.0347 

FDI 0.16219 0.0295 5.4979 0.17837 0.0384 4.645 

FDI2 -0.18315 0.0172 -10.6482 -0.16041 0.0358 -4.4807 

TO -0.08434 0.0359 -2.3493 -0.18042 0.0217 -8.3142 

GCF 0.08913 0.0159 5.6056 0.08778 0.0466 1.8836 

UR 0.16608 0.0226 7.3486 0.70858 0.0168 42.1773 

C -17.975 0.24013 -74.8552 -14.01 0.24013 -58.3433 

              

R2 0.8906     0.9095     

Adj R2  0.9272     0.9237     

5. Conclusion 

The study's findings reveal a correlation between urbanization (UR), gross capital formation (GCF), trade openness 
(TO), and renewable energy consumption (REC). Understanding the potential impact of these variables on the adoption 
and utilization of renewable energy sources is crucial for developing effective policy interventions. Urbanization, 
characterized by population concentration and growth in urban areas, plays a vital role in driving economic expansion 
and increasing energy demands. However, due to existing infrastructure and ingrained consumption patterns, this 
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process often leads to a greater reliance on conventional energy sources. Rapid urbanization may exacerbate challenges 
due to changes in land use and environmental degradation, potentially hindering the adoption of renewable energy 
technologies. A negative correlation between urbanization and REC suggests challenges in transitioning urban energy 
systems to renewable sources. Investment in physical assets within an economy is known as gross capital formation 
and is typically associated with economic growth. However, the negative coefficient of GCF suggests a possible 
preference for traditional energy infrastructure or non-renewable projects rather than investing in renewable energy 
initiatives. One potential reason could be the impact of existing investment incentives favoring traditional energy 
sources, concerns regarding the uncertainties associated with renewable energy projects, or the limited access to 
funding for clean energy endeavors. Hence, despite capital formation, focusing on non-renewable investments 
contributes to the observed negative correlation with REC. Trade openness, reflecting the degree of economic 
integration with global trade markets, facilitates the exchange of goods, services, and technologies. Nevertheless, the 
negative coefficient of TO indicates that greater trade openness might not lead to a higher uptake of renewable energy. 
The rise in competition from affordable, conventional energy sources in international markets could decrease the 
demand for renewable energy options. 

Furthermore, trade agreements and policies may not consistently prioritize sustainability or renewable energy 
development, hindering the connection between trade openness and REC. Overall, the negative coefficients of UR, GCF, 
and TO underscore the challenges of promoting renewable energy consumption in the context of urbanization, capital 
formation, and trade openness. To effectively address these challenges, it is essential to implement targeted policy 
interventions that address institutional, financial, and structural barriers. Implementing these interventions will 
facilitate the transition to a more sustainable and renewable energy-focused economy. 

The study findings provide valuable insights into the intricate relationships among various factors and their impact on 
renewable energy consumption (REC). Based on the discussion, we can extract several policy implications to address 
challenges and leverage opportunities for enhancing the adoption of renewable energy: 

First, foreign direct investment in renewable energy projects should be encouraged through specific incentives and 
strategic promotional campaigns. An effective strategy is to offer tax incentives, financial assistance, or specific 
regulatory provisions for global investors participating in renewable energy initiatives. Ensure that regulatory 
frameworks and policies are aligned to support the growth of renewable energy and attract foreign direct investment 
in clean energy industries. It is advisable to streamline permitting processes, provide guarantees for investments in 
renewable energy, and establish clear renewable energy objectives. 

Second, enhance the exchange of technology and knowledge sharing among global investors and local stakeholders to 
enhance the uptake and integration of renewable energy technologies. Developing collaborative research and 
development projects and fostering partnerships between international investors and local clean energy companies is 
a key strategy. 

Third, Incentivizing Clean Energy Investments: Suggest implementing financial incentives and investment subsidies to 
encourage greater capital allocation towards renewable energy projects. Consider implementing low-interest loans, 
grants, or tax credits to incentivize investments in clean energy infrastructure as a potential solution. 

Fourth, financial literacy programs should be developed to educate investors and consumers on the advantages of 
renewable energy investments and sustainable finance practices to improve their comprehension of this field. This can 
help increase awareness and build trust in clean energy opportunities.  

When analyzing Urbanization, Gross Capital Formation, and Trade Openness Policy Implications, it is essential to 
emphasize Integrated Urban Planning. Implementing strategies prioritizing sustainable development and integrating 
renewable energy within urban areas is essential. Factors to consider include zoning regulations, incentives for green 
building construction, and investment in renewable energy infrastructure. Promoting Investments in Renewable 
Energy: Advocate for heightened investment in renewable energy projects by aligning capital formation policies with 
renewable energy goals. One effective approach involves offering investment incentives, reducing barriers to entry for 
renewable energy projects, and promoting collaborations between the public and private sectors. 
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