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Abstract 

The association between foreign direct investment (FDI), gross capital formation (GCF), financial development, and 
renewable energy usage is investigated in this research (REC). The research used the CS-ARDL and NARDL estimates to 
examine the correlation among REC, FDI, GCF, and financial development. The results demonstrate a strong and 
statistically valid positive correlation in both the immediate and prolonged periods. Whether innovation in FDI is 
favourable or bad, it may ultimately affect REC, either by accelerating or diminishing it. Additionally, the research 
emphasizes a substantial and statistically valid association between REC and GCF, demonstrating that domestic capital 
creation has a favourable effect on the incorporation of clean energy. Furthermore, the data demonstrates a noteworthy 
association between financial development and renewable energy certificates (RECs), suggesting that the financial 
incentivizes facilitated by financial development play a pivotal role in encouraging the widespread use of REC. The 
results shown in this research are consistent with prior scholarly works and have substantial ramifications for 
comprehending the intricate interplay of sustainable energy, foreign direct investment (FDI), gross capital formation 
(GCF), and financial growth. However, the research emphasizes the need to conduct a thorough assessment of the 
characteristics and quality of foreign direct investment (FDI) inflows. Furthermore, it emphasizes the need to promote 
equitable and sustainable development in the renewable energy industry while considering its impacts on society and 
the environment. In addition, the report highlights the possible social and environmental repercussions that may result 
from renewable energy initiatives sponsored locally. This underscores the importance of establishing resilient policy 
frameworks and efficient governance mechanisms to guarantee that financial development, foreign direct investment 
(FDI), and the Green Climate Fund (GCF) all contribute to fostering sustainable and equitable expansion in the utilization 
of renewable energy. As a result, the study's results provide significant contributions to the understanding of how to 
optimize the use of financial development, green climate funds (GCF), and foreign direct investment (FDI) in order to 
promote the adoption of renewable energy. But before formulating sustainable approaches to encourage the use of 
renewable energy, it is vital to do a thorough evaluation of the broader ramifications and associated variables. 
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1. Introduction

Using renewable energy is crucial in order to support sustainable development, guarantee energy security, and improve 
social well-being [1-9]. Renewable energy (RE) offers many benefits that are important for society's economic and social 
elements. The adoption and expansion of renewable energy sources may have far-reaching beneficial effects on the 
economy. Renewable energy investments may stimulate the economy by creating many new jobs in fields like as 
manufacturing, installation, R&D, and production, among many others. The stud of Wang, et al. [10], Su, et al. [11], 
Rahman, et al. [12], Olabi and Abdelkareem [13] disclosed the potential to greatly enhance economic growth at both the 
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local and national levels, especially in regions that are fortunate to have abundant renewable energy resources. In 
addition, the use of renewable energy technologies offers the potential to lower energy expenses for both consumers 
and companies over time[14-16]. Renewable energy (RE) has the potential to significantly affect the economy by 
reducing energy costs and expanding access to cheap power. We can diversify our energy sources and reduce our 
reliance on fossil fuels with the help of renewable energy, which is an encouraging development toward greater energy 
security. The dangers of price swings and supply interruptions may be mitigated in this way. Concurrently, it is critical 
to acknowledge the tremendous benefits that society reaps from renewable energy sources. [17, 18]. Reducing air and 
water pollution, which are usually associated with traditional energy sources, is one way in which renewable energy 
technologies may improve public health. Particularly in places where pollution from conventional energy sources is a 
major problem, this may lead to healthcare expense reductions and general community improvement. Renewable 
energy projects can empower local people by providing opportunities for ownership, engagement, and profit sharing. 
Community-based renewable energy initiatives can bring people together, empower them, and give them a sense of 
belonging. Furthermore, these activities may help to improve and invigorate the local economy. These activities not only 
enhance the area's well-being but also build a strong sense of pride and ownership in the community. Furthermore, in 
rural or poor areas, renewable energy technology has the ability to significantly expand energy accessibility while also 
creating fairness. Solar home systems and mini-grids, which are localized renewable energy solutions, provide a 
tremendous opportunity to supply communities with sustainable and dependable power. As a consequence, economic 
activity and living standards may rise. [19, 20]. Renewable energy is incredibly important for both the economy and 
society, and there are many factors that contribute to this significance. It has the potential to boost the economy, create 
job opportunities, lower energy costs, improve public health, strengthen energy independence, support local 
communities, and increase energy availability. In order to move towards a more sustainable and inclusive energy future, 
it is important to acknowledge and utilize the economic and social advantages that accompany this shift[21, 22]. 

The nexus between foreign direct investment (FDI), gross capital formation, financial development, and renewable 
energy consumption is a topic of increasing interest and importance in the context of global economic development and 
sustainability. These factors are interconnected in complex ways, and understanding their relationships is crucial for 
shaping policies and strategies that promote both economic growth and environmental responsibility [19, 20, 23-25]. 
Foreign direct investment represents a significant inflow of capital and technology into a country, often playing a key 
role in economic development. Gross capital formation, on the other hand, reflects the level of investment in physical 
assets within an economy, which is essential for driving productivity and growth. Financial development, encompassing 
the efficiency and effectiveness of financial intermediaries and markets, is crucial for facilitating investment and 
economic activity. Meanwhile, renewable energy consumption is a vital indicator of a country's commitment to 
sustainable and environmentally friendly energy sources, with implications for climate change mitigation and energy 
security. Studying the interplay between these factors can provide valuable insights into how FDI, capital formation, 
financial development, and renewable energy consumption influence each other and contribute to overall economic and 
environmental outcomes. This understanding can inform policies and strategies aimed at promoting sustainable 
economic growth, energy transition, and environmental stewardship. By examining the nexus between these variables, 
researchers and policymakers can gain a deeper understanding of how to harness FDI, capital formation, and financial 
development to drive renewable energy consumption and sustainable development. This knowledge can help guide 
decision-making processes and shape initiatives that balance economic prosperity with environmental sustainability, 
ultimately contributing to a more resilient and equitable global economy. 

2. Literature review 

2.1. FDI effects on renewable energy consumption  

FDI is widely recognized as a crucial factor in the economic development and transfer of technology to the countries 
where it is received [20, 25-29]. There is a growing body of study that examines the impact of foreign direct investment 
(FDI) on the use of renewable energy sources, reflecting the increasing importance of these sources in the global 
economy. Both developed and developing nations have been the focus of studies investigating the correlation between 
foreign direct investment and the adoption of renewable energy sources. Consensus findings suggest that foreign direct 
investment (FDI) may assist host countries in developing their renewable energy infrastructure and technology 
capacities. This is often attributed to the fact that multinational corporations involved in renewable energy initiatives 
disseminate knowledge, expertise, and funding [21, 22, 30-33]. Literature offered by Chau, et al. [34], Cao, et al. [35], 
Binh An, et al. [36], Balsalobre-Lorente, et al. [37] indicate that foreign direct investment (FDI) has a positive impact on 
the renewable energy policies and frameworks of host countries. The regulatory frameworks and investment climates 
for renewable energy are vulnerable to the impact of multinational firms, who often bring with them their own national 
standards and optimal approaches when they participate in such ventures. 
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In the Studies of Qamruzzaman [2], Su, Wang, Li and Wang [11], Rahman, Alam and Velayutham [12], Zhao and 
Qamruzzaman [38] have shown that foreign direct investment (FDI) is critical to fostering innovation and technological 
improvement in the renewable energy sector. Foreign direct investment (FDI) may help host nations embrace 
renewable energy by transferring sophisticated renewable energy technology, funding research and development, and 
disseminating knowledge. However, it is important noting that the research recognizes the presence of possible 
constraints and obstacles connected with FDI in the renewable energy industry. Concerns have been raised about the 
potential for large-scale renewable energy efforts to develop reliance on certain technology, create inequities in the 
distribution of benefits, and have negative environmental effects. Furthermore, the effect of foreign direct investment 
(FDI) on the utilization of renewable energy sources such as solar, wind, hydropower, and biofuels may vary. Studies of 
Derindag, et al. [39], Chen and Raza [40], Xiao and Qamruzzaman [41], JinRu, et al. [42] have examined the impact of 
foreign direct investment (FDI) on the use of renewable energy in various sectors, uncovering the unique dynamics and 
challenges associated with each kind of renewable power. The study of Chen and Raza [40], Karim, et al. [43], Farzana, 
et al. [44] the consequences of foreign direct investment (FDI) on the use of renewable energy sources reveals that this 
relationship is intricate. Considering the potential challenges and industry-specific factors when using foreign direct 
investment (FDI) for sustainable energy expansion is of utmost importance, notwithstanding the potential benefits of 
FDI in boosting renewable energy consumption via investment, innovation, and knowledge exchange. Additional 
research is necessary to get a deeper understanding of the impact of foreign direct investment (FDI) on the use of 
renewable energy sources. This research will help inform strategies and policies that may maximize the positive 
benefits of FDI on the transition to sustainable energy. 

2.2. Gross capital formation effects on renewable energy consumption  

Considering the growing consensus on the significance of investment in facilitating the adoption of renewable energy, 
numerous studies have examined the correlation between GDP growth and the utilization of renewable energy [27, 45]. 
The impact of gross capital development on renewable energy use in industrialized and emerging countries has been 
thoroughly examined. Our results corroborate those of other studies showing that more expenditures in physical assets 
and infrastructure (measured by gross capital development) are associated with a greater uptake and use of renewable 
energy sources. It is generally believed that a major factor in this link is the funding of the necessary infrastructure for 
renewable energy production, transmission, and distribution. In addition, a great deal of research has shown that a 
major factor in encouraging innovation and technical advancement in the renewable energy sector is the production of 
substantial money. More funding for R&D and the implementation of state-of-the-art technologies may greatly increase 
the use of renewable energy sources, according to empirical evidence. Sustainable and environmentally friendly energy 
may be more accessible, particularly in developing nations, if investments were made in the development of renewable 
energy infrastructure [38, 41, 46]. 

In addition, various studies such as Qamruzzaman [4, 5], Wang, Qamruzzaman, Serfraz and Theivanayaki [23], JinRu, 
Qamruzzaman, Hangyu and Kler [42], Wei, et al. [47], Guan and Qamruzzaman [48], Bhuiyan, et al. [49] have analyzed 
the effects of different types of investment, encompassing both public and private sectors, on the utilization of 
renewable energy sources. There is a growing body of evidence indicating that investments in renewable energy 
projects and infrastructure, regardless of whether they are carried out by the public sector or private companies, can 
have a significant impact on the development and adoption of renewable energy technologies. The study recognizes 
numerous limitations and possible difficulties in establishing a causal relationship between GCF and the use of RE. There 
are significant concerns regarding the lack of appropriate regulatory structures, market incentives, and policy 
frameworks that are necessary to ensure that the generation of capital leads to equitable and sustainable growth in the 
adoption of renewable energy[50-52]. Studies examining the correlation between gross capital formation and 
renewable energy consumption highlight the pivotal importance of investment in propelling the shift towards 
renewable energy sources. Increased investment in renewable energy leads to higher utilization, but the impact of this 
investment is susceptible to political, regulatory, and market forces. As a result, it is crucial to approach this matter with 
utmost caution and thoughtful analysis. Further research is required to gain a more comprehensive understanding of 
the effects of gross capital development on renewable energy consumption. This will assist in the development of 
informed policies and legislation that optimize investments in sustainable energy transitions. 

2.3. Financial development effects on renewable energy consumption  

There has been a notable increase in the volume of research dedicated to exploring the correlation between the 
expansion of the financial sector and the utilization of renewable energy sources [38, 44, 53-55]. This can be attributed 
to the increasing recognition of the crucial role that financial institutions play in facilitating the shift towards sustainable 
energy sources. The aim of this literature review is to offer a succinct overview of the key findings and commonly 
observed patterns in research exploring the impact of economic growth on the adoption of renewable energy sources. 
Extensive research has been conducted in both developed and developing nations to explore the correlation between 
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economic prosperity and the adoption of renewable energy sources. Previous research such as Tan, Qamruzzaman and 
Karim [20], Qamruzzaman and Kler [26], Farzana, Qamruzzaman, Islam and Mindia [44], Akpanke, et al. [56], MEHTA, 
et al. [57], Qamruzzaman and Karim [58] has shown that a strong and well-established financial system is closely linked 
to higher levels of investment and the widespread adoption of renewable energy technology. This observation aligns 
with the results of other research studies. This system is characterized by efficient financial intermediation, convenient 
access to capital, and a regulatory framework that is supportive. The significant role played by financial institutions in 
enabling investment opportunities, offering risk management solutions, and providing funding for renewable energy 
projects may be the key factor driving the increased adoption of renewable energy. 

Existing literature highlights the importance of market mechanisms and financial innovation in promoting the adoption 
of renewable energy sources. Based on various studies, it has been found that certain financial products, such as green 
bonds, renewable energy funds, and carbon finance instruments, can effectively attract investments in sustainable 
energy sources and generate profits for renewable energy projects[24, 47, 55]. If there are laws in place that promote 
the expansion of renewable energy projects, such as feed-in tariffs, tax incentives, and renewable energy objectives, 
then financial institutions may be more inclined to actively engage in these projects. In addition, various studies have 
been carried out to enhance the utilization of renewable energy sources. These studies have explored the potential 
advantages that developing nations may experience through improved access to finance and initiatives promoting 
financial inclusiveness. When individuals, businesses, and communities have convenient access to financial services like 
loans, insurance, and investment opportunities, they can potentially improve their utilization of renewable energy 
sources by investing in the necessary technology and infrastructure[43, 44, 54, 59]. Additionally, the existing literature 
has acknowledges that there are numerous limitations and challenges associated with the connection between 
economic growth and the utilization of renewable energy sources. The insufficient level of transparency in financial 
markets, risk management systems, and regulatory frameworks has raised significant concerns. The absence of 
transparency may hinder the capacity of financial development to facilitate sustainable and fair growth in the 
production and utilization of renewable energy [46, 60-64]. 

Ultimately, studies that assess the influence of financial development on the adoption of renewable energy sources 
underscore the significance of robust financial systems in facilitating the shift towards sustainable energy. To effectively 
raise funds, mitigate risks, and foster investment in renewable energy, it is crucial to establish a strong financial system 
characterized by inclusivity, innovation, and supportive regulation. Further study is necessary to gain a deeper 
understanding of how increases in financial development impact the utilization of renewable energy. This information 
will greatly enhance the development of plans and policies aimed at maximizing the positive impact of financial systems 
on the transition to sustainable energy. 

3. Data and methodology of the study  

To explore the magnitude of financial openness and trade openness on energy transition, the present study has 
implemented several robust econometric tools such as Cross-sectional ARDL offered by [65]. The generalized CS-ARDL 
for the empirical testing is as follows. 

𝑅𝐸𝐶̅̅ ̅̅ ̅̅
𝑖𝑡 = 𝛼̅𝑖𝑡 +∑𝛽̅𝑖𝑗𝑅𝐸𝐶̅̅ ̅̅ ̅̅
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𝑝
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The error term, 𝜀𝑖, in Eq. (6) is independently distributed across time and countries, mean congregates to zero (i.e., 𝜀 𝑡 = 
0) in root mean square error as N → ∞. Therefore, the linear effects of both dependent and independents can establish 
in the presence of cross-sectional dependence in 𝜇𝑖, 
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𝑅𝐸𝐶𝑖𝑡 = 𝛼̅𝑖𝑡 +∑𝛽̅𝑖𝑗𝑅𝐸𝐶̅̅ ̅̅ ̅̅
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Thus, the Panel CS-ARDL specification of Equation (2) 

𝑅𝐸𝐶̅̅ ̅̅ ̅̅
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Where 𝑃̅ = (𝐹𝐷𝐼̅̅ ̅̅ ̅, 𝑋̅)  and 𝑆𝑍  In the number of lagged cross-sectional averages. Furthermore, Equation (8) can be 
reparametrized to the effects of the ECM presentation of Panel CS-ARDL as follows: 
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Asymmetric ARDL following the nonlinear framework introduced by [66], the above equation (1-3) can be established 
in the following manner  

𝑅𝐸𝐶𝑡 = (𝛽
+𝐹𝐷𝐼1,𝑡

+ + 𝛽−𝐹𝐷𝐼1,𝑡
− ) + (𝛾+𝐹𝐷1,𝑡

+ + 𝛾−𝐹𝐷1,𝑡
− ) + (𝜋+𝐺𝐶𝐹1,𝑡

+ + 𝜋−𝐺𝐶𝐹1,𝑡
− ) + 𝛿𝑖𝑋𝑡 + 𝜀𝑡 (10) 

Where the value of 𝛽+& 𝛽−;  𝛾+& 𝛾−;  𝜋+& 𝜋−  Stands the asymmetric elasticity of financial, trade, and economic 
openness on REC, NRE, and fossil energy consumption, respectively. The asymmetric decomposition of financial 
openness [𝐹𝑂1,𝑡

+ ;  𝐹𝑂1,𝑡
− ], Trade Openness [𝑇𝑂1,𝑡
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− ], and Economic Openness [𝐸𝑂1,𝑡
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the execution of the following equations. 
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Now, equation (14) is transformed into asymmetric long-run and short-run coefficient assessment as follows: 
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∗
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+ 𝜀𝑡  (13) 

Moreover, the directional association established through the implementation of Period to execute the target 
estimation, the study has performed several preliminary assessments, that is, slop of homogeneity test following [67], 
cross–sectional dependency test targeting the framework offered by [68-70]. The test statistic is to be derived by 
executing the following equations.  

𝑦𝑖𝑡 = 𝛼𝑖 + 𝛽𝑖𝑥𝑖𝑡 + 𝑢𝑖𝑡  i= 1…...N, t=1…...T (16) 

𝐿𝑀 = 𝑇∑ ∑ 𝜌̂𝐼𝐽
𝑑
→𝑋2𝑁(𝑁+1)2

𝑁
𝑗=𝑖+1

𝑁−1
𝑖=1  (3) 

𝐶𝐷𝑙𝑚 = √
𝑁

𝑁(𝑁−1)
∑ ∑ (𝑇𝜌̂𝑖𝑗 − 1)

𝑁
𝐽=𝑖+1

𝑁−1
𝐼=1  (17) 

𝐶𝐷𝑙𝑚 = √
2𝑇

𝑁(𝑁−1)
∑ ∑ (𝜌̂𝑖𝑗)

𝑁
𝐽=𝑖+1

𝑁−1
𝐼=1  (18) 

𝐶𝐷𝑙𝑚 = √
2

𝑁(𝑁−1)
∑ ∑ (

(𝑇−𝐾)𝜌̂𝑖𝑗
2 −𝑢𝑇𝑖𝑗

𝜐𝑇𝑖𝑗
2 ) 𝑑𝑁

𝐽=𝑖+1
𝑁−1
𝐼=1 (𝑁, 0) (19) 

The static properties have been investigated by implementing the second-generation panel unit root test introduced by 
Pesaran [71], which commonly experiences the robustness and superior performance of the widely adopted second-
generation panel unit root test, CIPS and CADF. Researchers and practitioners alike have found this test to be the 
ultimate solution, surpassing traditional tests. Introducing the Cross-sectionally Augmented IPS (CIPS) test - the perfect 
solution for analyzing non-stationary time series with spatial correlation. Its unique ability to consider cross-sectional 
dependence within a panel data structure sets it apart. Introducing the Common Correlated Effects Average Dickey-
Fuller (CADF) test - the ultimate solution to the limitations of standard unit root tests when identifying stationarity in 
panels with common shocks. Whether the study deals with small sample sizes or unbalanced panels, both tests deliver 
reliable results that are frequently encountered in empirical studies. With the added benefit of accommodating diverse 
individual-specific trends and intercepts, these models maintain exceptional power in the face of various forms of serial 
correlation commonly found in economic time series data. The following equation is to be implemented for deriving the 
test statistics. 

This approach is known as CADF. Pesaran (2007) uses equation-9 for the CADF unit root test: 

∆𝑌𝑖𝑡 = 𝛽𝑖 + 𝛾𝑖𝑦𝑖,𝑡−1 + 𝜋𝑖𝑦̅𝑡−1 + 𝛽𝑖𝑦̅𝑡 + 𝜌𝑖𝑡  (20) 

∆𝑌𝑖𝑡 = 𝜇𝑖 + 𝛾𝑖𝑦𝑖,𝑡−1 + 𝜋𝑖𝑦̅𝑡−1 +∑𝛽𝑖𝑘∆𝑦𝑖,𝑘−1

𝑝

𝑘=1

+∑𝛽𝑖𝑘∆𝑦̅̅̅̅ 𝑖,𝑘−0

𝑝

𝑘=0

+ 𝛼𝑖𝑡  (21) 

𝐶𝐼𝑃𝑆 = 𝑁−1∑𝜕𝑖(𝑁, 𝑇)

𝑁

𝑖−1

 (22) 

 

𝐶𝐼𝑃𝑆 = 𝑁−1∑𝐶𝐴𝐷𝐹

𝑁

𝑖−1

 (23) 
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The present study confirms the robustness estimation by employing the AMG and CCEMG; both methods can address 
the issue of CDS and heterogeneity ([26, 43, 72] 

4. Results and discussion  

Research variables properties have guided the empirical nexus assessment by the section of an appropriate econometric 
model. This study implemented CSD, SHT, and PURT in documenting the research units' elementary characteristics. 
Error! Reference source not found. exhibits the results of the CSD and SH tests. Referring to the test statistics derived 
from the CSD test revealed the rejection of the null hypothesis of cross-section independency. Alternatively, the study 
established cross-sectional dependency among the research units. Additionally, the heterogeneity properties have been 
exposed through the execution of the slope of homogeneity test 

Table 1 Results of cross-sectional dependency test  

  
 

 

 

 

 

 

 

 ∆ Adj.∆ 

REC 270.147*** 20.111*** 237.526*** 18.823*** 34.731*** 79.894*** 

FDI 351.335*** 28.685*** 228.32*** 32.922*** 26.323*** 111.002*** 

FD 292.086*** 35.336*** 155.732*** 15.255*** 45.904*** 131.95*** 

GCF 207.108*** 25.765*** 142.981*** 38.572*** 52.471*** 100.689*** 

Y 238.18*** 27.023*** 138.98*** 51.792*** 16.693*** 148.716*** 

 

The study implemented the second-generation panel unit root test by implementing CIPS and CADF proposed by 
Pesaran. The results of PURT are displayed in Error! Reference source not found.. According to test statistics found 
from CIPS and CADF with a level, all eh variables are nonstationary, while the first difference operator established 
stationary by rejecting the null hypothesis of stationary.  

Table 2 Results of second generation panel unit root test  

Variables 

  

CADF test statistic  CIPS test statistic  CADF test statistic  CIPS test statistic  

for constant for constant  for constant & trend for constant & trend 

Level first difference Level first difference level first difference level first difference 

REC -2.779 -7.455*** -1.791 -4.609*** -1.375 -4.809*** -1.362 -7.572*** 

FDI -2.35 -6.891*** -2.205 -3.361*** -2.698 -5.805*** -2.93 -6.487*** 

FD -1.221 -5.56*** -2.666 -5.205*** -1.604 -2.831*** -2.668 -4.323*** 

GCF -2.916 -4.337*** -2.797 -2.401*** -2.59 -7.462*** -2.18 -2.004*** 

Y -2.064 -3.655*** -1.12 -3.355*** -1.245 -4.691*** -2.425 -4.489*** 

 
Next, the survey executed a panel cointegration test by following the framework proposed in assessing the long-run 
association between energy consumption measured by renewable, fossil and bias and the explanatory variables. Based 
on a diverse proxy for dependent variables, the study performed three cointegration models for long-run assessment. 
The results of long-run cointegration are exhibited in Error! Reference source not found., consisting of three panels 
of output. The test statistics derived from the panel cointegration test were found statistically significant at a 1% level, 
indicating the rejection of the null hypothesis of no-cointegration, alternatively revealing the long-run association 
between explained and explanatory variables.  
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Table 3 Results of panel cointegration test  

Model  FDI--->REC FD--->REC GCF--->REC Y--->REC 

Gt -13.313*** -14.402*** -13.196*** -12.395*** 

Ga -11.578*** -14.166*** -7.561*** -6.177*** 

Pt -10.478*** -6.061*** -8.555*** -14.797*** 

Pa -15.964*** -9.035*** -11.092*** -15.053*** 

KRCPT 

MDF 18.357*** -3.573*** -6.724*** 6.198*** 

DF 21.24*** -8.846*** -5.077*** 8.615*** 

ADF 6.893*** 5.324*** -7.813*** 6.226*** 

UMDF 14.637*** -5.921*** 14.94*** 22.154*** 

UDF 8.327*** 18.031*** 18.254*** 16.452*** 

PCT 

MDF 7.692*** -2.084*** -5.313*** 7.254*** 

PP -1.1*** 7.74*** -3.563*** 1.332*** 

ADF 14.203*** 13.013*** 9.224*** 11.068*** 

 

For FDI, study revealed a positive and statistically significant linkage in the long-run (short run) between foreign direct 
investment and renewable energy consumption, which is valid both in the estimation of CS-ARDL and NARDL. Our 

findings is in line with existing literature see for instance [4, 30, 31, 73-80]. In particular, a 10% changes in the long-run 
(short) will results in increase o REC by 1.545% (0.735%). furthermore, the positive (negative) innovation in FDI results 
in acceleration (degradation) of REC in the long-run by 0.2763% (0.2669%) and by 0.0948% (0.0548%) with a 1% 
changes in the FDI inflow in the economy. In line with the findings of the CS-ARDL and NARDL models, the study 
discovered a significant and positive correlation between foreign direct investment (FDI) and the consumption of 
renewable energy, both in the short and long term. This discovery holds significant implications for the intricate 

relationship between foreign direct investment (FDI) and the development of sustainable energy [42, 81-85]. There is a 
robust and statistically significant relationship between foreign direct investment (FDI) and the consumption of 
renewable energy sources. This suggests that FDI plays a significant role in promoting and facilitating the adoption of 
renewable energy. The advancement and expansion of renewable energy infrastructure and technologies depend on 
the financial investment, technological expertise, and knowledge brought by foreign direct investment (FDI). This aligns 
with the notion that foreign direct investment has the potential to bring about these positive outcomes. 

The coefficients of gross capital formation on REC has revealed positive and statistically significant in both CS-ARDL 
and NARDL estimation in the long-run and short-run, implying a beneficial effects of domestic capital formation in 

inclusion of clean energy in the energy mix. Existing literature has supported our findings see for instance [57, 86-90]. 
The study's results emphasize the robust and significant correlation between gross capital formation (GCF) and 
renewable energy consumption (REC). The findings, derived from rigorous CS-ARDL and NARDL calculations, 
demonstrate that domestic capital creation significantly contributes to the integration of clean energy sources into the 
overall energy mix. These findings indicate that allocating resources towards renewable energy infrastructure might 
have favorable and enduring outcomes in terms of sustainable energy use. This finding underscores the need of 
allocating resources towards tangible assets and infrastructure in order to foster the adoption of sustainable energy 
sources. 

For financial development, the coefficients disclosed positively connected to REC in both CS-AEDL and NARDL 
estimation in the long-run and short-run assessment, suggestion the access to financial benefits that is financial 
development prompt the energy consumption especially renewable sources. Our results is in line with existing 

literature such as [7, 76, 91-96]. According to the findings of the study, there is a significant and robust correlation 

between the utilization of renewable energy and financial development. Using the CS-ARDL and NARDL estimations, 
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both the short-term and long-term analyses provide support for this conclusion. The findings of this study indicate that 
the provision of financial incentives, facilitated by financial development, is a pivotal factor in encouraging the use of 
energy sources, particularly renewable ones.  

Table 4 Results of Long –run and short-run coefficients: CS-ARDL and NARDL 

Variables Coefficient st.error  t-stat  Variables Coefficient st.error  t-stat 

Panel- A: Log –run coefficient  

GDP 0.1669 0.0229 7.2882 FDI 0.1267 0.0172 7.3662 

GDP2  -0.2916 0.0715 -4.0783 GCF -0.2753 0.0368 -7.4809 

FDI⁺ 0.2431 0.042 5.788 FD 0.1603 0.0589 2.7215 

FDI 0.295 0.073 4.041 Y 0.1779 0.0216 8.2361 

FD⁺ 0.2926 0.0718 4.0752 Y2 0.1919 0.0701 2.7375 

FD 0.2473 0.0579 4.2711     

GCF⁺ 0.1984 0.0485 4.0907     

GCF 0.2859 0.0057 50.1578     

C -0.2977 0.0211 -14.109     

𝑊𝐹𝐷𝐼 12.2083       

𝑊𝐹𝐷 7.0323       

𝑊𝐺𝐶𝐹  5.8381       

Panel –B: Short-run coefficient  

△GDP 0.0968 0.0041 23.6097 △FDI 0.0761 0.0503 1.512922 

△GDP2  -0.1023 0.0026 -39.3461 △GCF 0.0454 0.0426 1.065728 

△FDI⁺ 0.0891 0.0364 2.4478 △FD 0.0261 0.0526 0.496198 

△FDI 0.0926 0.0286 3.2377 △Y 0.0534 0.0669 0.798206 

△FD⁺ 0.0727 0.0309 2.3527 △Y2 0.0268 0.04 0.67 

△FD 0.0919 0.0794 1.1574  0.0377 0.0098 3.846939 

△GCF⁺ 0.0768 0.0296 2.5945     

△GCF 0.0676 0.0094 7.1914     

cointEq (-1) 0.0854 0.0248 3.4435     

𝑊𝐹𝐷𝐼 7.0224       

𝑊𝐹𝐷 8.0575       

𝑊𝐺𝐶𝐹  1.3215       

 

Table 5 displayed the results of directional causality test following the non-granger causality test. Study findings 
exposed bidirectional causality between REC, FD, GCF and Y, while unidirectional causality revealed from REC to FDI.  
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Table 5 Results of no granger causality test: D-H causality test  

Null Hypothesis: W-Stat. Zbar-Stat.  remarks  

 REC does not homogeneously cause FDI 5.647184 5.952132 
 -->  

 FDI does not homogeneously cause REC 2.126461 2.24129 

 REC does not homogeneously cause FD 4.451647 4.692036 
 -->  

 FD does not homogeneously cause REC 1.918172 2.021753 

 REC does not homogeneously cause GCF 5.78746 6.099983 
 <---->  

 GCF does not homogeneously cause REC 5.174283 5.453694 

 REC does not homogeneously cause Y 3.092455 3.259447 
 -->  

 Y does not homogeneously cause REC 0.901169 0.949832 

 FDI does not homogeneously cause FD 5.247609 5.53098 
 <---->  

 FD does not homogeneously cause FDI 3.380446 3.56299 

 FDI does not homogeneously cause GCF 1.676939 1.767494 
 <--  

 GCF does not homogeneously cause FDI 3.739639 3.941579 

 FDI does not homogeneously cause Y 4.10627 4.328009 
 <---->  

 Y does not homogeneously cause FDI 5.990436 6.313919 

 FD does not homogeneously cause GCF 1.857598 1.957909 
  

 GCF does not homogeneously cause FD 2.512221 2.647881 

 FD does not homogeneously cause Y 4.392136 4.629311 
 -->  

 Y does not homogeneously cause FD 2.62593 2.76773 

 GCF does not homogeneously cause Y 0.845909 0.891588 
 <--  

 Y does not homogeneously cause GCF 5.226355 5.508578 

5. Discussion of the findings  

For FDI, study revealed a positive and statistically significant linkage in the long-run (short run) between foreign direct 
investment and renewable energy consumption, which is valid both in the estimation of CS-ARDL and NARDL. Our 
findings is in line with existing literature see for instance [4, 30, 31, 73-80]. In particular, a 10% changes in the long-run 
(short) will results in increase o REC by 1.545% (0.735%). furthermore, the positive (negative) innovation in FDI results 
in acceleration (degradation) of REC in the long-run by 0.2763% (0.2669%) and by 0.0948% (0.0548%) with a 1% 
changes in the FDI inflow in the economy. In line with the findings of the CS-ARDL and NARDL models, the study 
discovered a significant and positive correlation between foreign direct investment (FDI) and the consumption of 
renewable energy, both in the short and long term. This discovery holds significant implications for the intricate 
relationship between foreign direct investment (FDI) and the development of sustainable energy [42, 81-85]. There is 
a robust and statistically significant relationship between foreign direct investment (FDI) and the consumption of 
renewable energy sources. This suggests that FDI plays a significant role in promoting and facilitating the adoption of 
renewable energy. The advancement and expansion of renewable energy infrastructure and technologies depend on 
the financial investment, technological expertise, and knowledge brought by foreign direct investment (FDI). This aligns 
with the notion that foreign direct investment has the potential to bring about these positive outcomes. 

While these findings are certainly significant, it is important to thoroughly evaluate the study's constraints and broader 
ramifications. It is crucial to take into account the type and quality of foreign direct investment (FDI) inflows. This is 
because not all FDI has an equal impact on the development of sustainable energy. It is important to consider that 
foreign direct investment (FDI) can have varying effects on renewable energy consumption, depending on the location 
and other factors. To ensure that FDI contributes to fair and sustainable growth in renewable energy consumption, it is 
crucial to establish a comprehensive set of policies and governance measures [18, 27, 47, 56, 97, 98]. In addition, it is 
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important for the research to consider the potential impact of equitable and sustainable growth in the renewable energy 
industry on both the environment and society. Furthermore, it is crucial to examine how foreign direct investment 
(FDI)-driven renewable energy projects could potentially influence these aspects. In order to enhance sustainability, it 
is imperative to ensure that the positive relationship between foreign direct investment and the utilization of renewable 
energy sources effectively benefits local communities. Ultimately, the study's discovery of a noteworthy and statistically 
meaningful connection between foreign direct investment (FDI) and renewable energy (RE) consumption is certainly 
commendable. However, to effectively formulate sustainable strategies for leveraging FDI to enhance the utilization of 
renewable energy, it is crucial to thoroughly assess the broader implications and associated factors that arise from these 
findings [48, 92, 99-101].  

The coefficients of gross capital formation on REC has revealed positive and statistically significant in both CS-ARDL 
and NARDL estimation in the long-run and short-run, implying a beneficial effects of domestic capital formation in 
inclusion of clean energy in the energy mix. Existing literature has supported our findings see for instance [57, 86-90]. 
The study's results emphasize the robust and significant correlation between gross capital formation (GCF) and 
renewable energy consumption (REC). The findings, derived from rigorous CS-ARDL and NARDL calculations, 
demonstrate that domestic capital creation significantly contributes to the integration of clean energy sources into the 
overall energy mix. These findings indicate that allocating resources towards renewable energy infrastructure might 
have favorable and enduring outcomes in terms of sustainable energy use. This finding underscores the need of 
allocating resources towards tangible assets and infrastructure in order to foster the adoption of sustainable energy 
sources. The premise is that more investment in infrastructure and technology correlates with increased acceptance 
and usage of renewable energy sources. However, it is essential to carefully assess the broader consequences and 
potential constraints associated with the research, regardless of the importance of these results. Considering the quality 
and distribution of domestic capital creation, as well as the efficacy of investing in renewable energy infrastructure, is 
crucial. Furthermore, it is crucial for the research to consider the potential disparities in how GCF impacts the use of 
renewable energy in different economic sectors and geographical areas. It is essential to acknowledge the significance 
of comprehensive policy frameworks and governance systems in guaranteeing that the investment in renewable energy 
results in sustainable and equitable development [102-107]. 

Furthermore, it is crucial for the research to include the potential environmental and social impacts of renewable energy 
projects that are motivated by domestic capital development. It is essential to give priority to inclusive and sustainable 
growth in the renewable energy industry. Ensuring that the positive factors of the greatest common factor (GCF) in 
renewable energy use lead to tangible benefits for local communities and contribute to wider sustainability goals is of 
utmost importance. The study's results highlight the significant and relevant correlation between GCF and the usage of 
renewable energy, which has great importance. Nevertheless, it is important to meticulously examine the broader 
ramifications and variables associated with these findings. This research aims to establish comprehensive and enduring 
strategies for leveraging domestic resources to promote the adoption of renewable energy [58, 108-113]. 

For financial development, the coefficients disclosed positively connected to REC in both CS-AEDL and NARDL 
estimation in the long-run and short-run assessment, suggestion the access to financial benefits that is financial 
development prompt the energy consumption especially renewable sources. Our results is in line with existing 
literature such as [7, 76, 91-96]. According to the findings of the study, there is a significant and robust correlation 
between the utilization of renewable energy and financial development. Using the CS-ARDL and NARDL estimations, 
both the short-term and long-term analyses provide support for this conclusion. The findings of this study indicate that 
the provision of financial incentives, facilitated by financial development, is a pivotal factor in encouraging the use of 
energy sources, particularly renewable ones. While the implications of these results are noteworthy, it is imperative to 
thoroughly assess the broader ramifications and potential constraints associated with the research. An instance of this 
is the significance of considering the efficacy of financial systems in providing access to capital, risk management tools, 
and investment opportunities for renewable energy initiatives, in addition to the character and inclusiveness of financial 
development. Furthermore, it is critical that the study consider potential variations in the manner in which financial 
development influences the utilization of renewable energy across different economic sectors and regions. To ensure 
that financial development results in an inclusive and sustainable increase in the consumption of renewable energy, it 
is also vital to consider the significance of comprehensive policy frameworks and governance mechanisms. 

Furthermore, the study must consider the potential environmental and social repercussions that may result from the 
financial development of renewable energy initiatives. Furthermore, it is imperative to emphasize the significance of 
sustainable and inclusive development in the renewable energy industry. Ensuring that the robust correlation between 
financial development and the utilization of renewable energy sources yields concrete benefits for local communities 
and advances broader sustainability goals is of the utmost importance. The study's conclusions regarding the robust 
and significant correlation between financial development and the adoption of renewable energy sources are, in the 
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end, crucial. Nevertheless, it is imperative to conduct a comprehensive assessment of the broader ramifications and 
variables associated with these findings to formulate sustainable and all-encompassing strategies for leveraging 
financial progress to promote the adoption of renewable energy[113-118].  

6. Conclusion and suggestion 

The results suggest a strong and statistically significant correlation between the use of renewable energy, the growth of 
the financial industry, the influx of foreign direct investment, and the generation of gross capital. It seems that foreign 
direct investment, foreign direct investment, and global capital finance all have a role in promoting the use of renewable 
energy sources. Both the long-run and short-run evaluations reveal a positive and statistically significant correlation, 
indicating that these variables may influence the use of renewable energy. 

Both the long-term and short-term research demonstrate a clear and statistically significant correlation between foreign 
direct investment (FDI), foreign direct investment (FD), and global climate financing (GCF). These criteria are crucial 
for encouraging the use of renewable energy sources. This result, consistent with previous research, highlights the 
significance of foreign direct investment (FDI), strong financial systems (FD), and capital formation (GCF) in facilitating 
the shift towards renewable energy sources. A positive coefficient for foreign direct investment (FDI) indicates that FDI 
has a role in financing the development and enhancement of renewable energy infrastructure and systems. This aligns 
with the concept that foreign direct investment (FDI) may enhance the use of renewable energy sources via the infusion 
of funds, facilitation of knowledge transfer, and provision of practical experience.  A positive coefficient for financial 
development indicates that a robust financial infrastructure is crucial for attracting investment for renewable energy 
projects. This is due to the favorable number of coefficients related to financial development. The positive coefficient of 
gross capital formation underscores the crucial significance of investments in physical assets and infrastructure in 
promoting the use of renewable energy sources. This provides further substantiation that the use and acceptance of 
renewable energy sources escalated in tandem with heightened investments in the infrastructure and technologies 
pertaining to these sources. The results demonstrate the positive impact of foreign direct investment, foreign direct 
investment, and global climate finance in promoting the inclusion of clean energy through renewable sources. However, 
it is crucial to critically analyze the various limitations and concerns associated with these findings. Examine the 
importance of promoting equitable and sustainable growth in the renewable energy industry, and the possible social 
and environmental consequences that may arise from significant renewable energy initiatives The research should also 
include the potential variations in the effects of foreign direct investment (FDI), foreign direct investment (FD), and 
global climate financing (GCF) across various locations and circumstances. Furthermore, it is essential to establish a 
robust framework of comprehensive rules and regulations to guarantee that the auxiliary functions of these elements 
contribute to the expansion of renewable energy consumption in a way that is both sustainable and fair. the results 
demonstrate a strong and statistically significant correlation between foreign direct investment (FDI), foreign direct 
investment (FD), global climate finance (GCF), and the utilization of renewable energy. However, further examination 
is necessary to fully understand the broader implications and factors related to these findings, which will enable us to 
develop sustainable strategies for integrating renewable energy into our overall energy portfolio. 

Policy suggestion  

The findings of the study indicate that the utilization of renewable energy sources can be significantly enhanced by 
foreign direct investment (FDI), gross capital formation (GCF), and financial development. These factors have been 
shown to have a positive impact on the adoption and implementation of renewable energy technologies. The findings 
of this study have important implications for the formulation of policies and governance structures that can foster 
sustainable and fair growth in the renewable energy sector. Based on the aforementioned conclusions, the following 
policy recommendations are proposed: 

 It is crucial to differentiate between different categories and characteristics of foreign direct investment (FDI) 
inflows, as not all FDI has an equal impact on the progress of sustainable energy. Policy frameworks should be 
developed with the goal of attracting Foreign Direct Investment (FDI) that plays a proactive role in promoting 
the development of renewable energy infrastructure and technology. In addition, it is of utmost importance to 
establish thorough policy frameworks and governance mechanisms to ensure that Foreign Direct Investment 
(FDI), Green Climate Fund (GCF), and financial development all play a role in promoting fair and sustainable 
growth in the adoption of renewable energy. The aim of these regulations should be to promote the adoption 
of sustainable energy sources and ensure that the positive outcomes benefit the local communities. 

 In addition, it is essential to carry out a thorough assessment of the potential environmental and social impacts 
of renewable energy projects supported by foreign direct investment (FDI), the Green Climate Fund (GCF), and 
economic development. Policies should prioritize the promotion of inclusive and sustainable development in 
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the renewable energy sector. It is crucial to ensure that these policies bring tangible benefits to local 
communities and make substantial contributions to broader sustainability goals. Considering the quality and 
distribution of domestic capital creation is of utmost importance. It is essential to prioritize investment in 
renewable energy infrastructure and technology in order to encourage the widespread adoption of sustainable 
energy sources. In addition, it is important to make concerted efforts to address any inequalities in how these 
policies affect various economic sectors and geographical regions. 

 In addition, it is crucial for governments to give priority to the allocation of funds, tools for managing risks, and 
investment opportunities for renewable energy projects within financial institutions. At the same time, it is 
essential to emphasize the significance of inclusivity in fostering financial development. Emphasizing 
sustainable and inclusive development is of utmost importance when it comes to the renewable energy sector. 
It is crucial to establish effective policies that prioritize the connection between financial growth and the 
utilization of renewable energy. These policies should aim to bring tangible benefits to local communities and 
contribute to the broader sustainability goals. 

 In conclusion, the findings of the study underscore the importance of developing comprehensive and 
sustainable strategies that incorporate foreign direct investment (FDI), global climate funds (GCF), and 
financial development to promote the widespread adoption of renewable energy. The goal of these policies 
should be to ensure sustainable and inclusive growth in the renewable energy sector, while also addressing 
potential environmental and social impacts and promoting equitable and harmonious development. 
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