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Abstract
This study uses a quantitative methodology to investigate how the rise of digital money has affected efforts to increase 
green energy use in China. This work contributes to the body of knowledge by using a number of empirical methods, such 
as regression analysis, parametric quantile estimation, stability diagnostic tests, and sensitivity analysis. This study’s results 
further demonstrate the importance of digital financing in easing the adoption of renewable energy sources throughout 
China. Financing alternatives for renewable energy projects have increased as a result of digital finance’s integration of 
digital technology with financial services. A wider range of investors has been attracted through crowdfunding, peer-to-peer 
lending, and other alternative financing models made possible by digital platforms, allowing the development of small and 
medium-sized renewable energy projects that may have had trouble securing funding through more traditional channels. The 
impact of digital finance on energy management and optimization is also investigated. As a result, renewable energy sources 
have been more widely adopted due to increased energy efficiency, better grid integration, and more efficient energy delivery. 
This study presents substantial evidence of the beneficial benefits of digital finance on renewable energy use in China using 
rigorous empirical methodologies such as regression analysis, parametric quantile estimation, stability diagnostic tests, and 
sensitivity analysis. The results highlight the significance of using digital money to boost the use of renewable energy, lessen 
reliance on fossil fuels, and help create a greener, more sustainable future.
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Introduction

Promoting renewable energy consumption is essential in 
the fight against climate change and for achieving sustain-
able development on a global scale (Razzaq et al. 2023). 
By investing heavily in renewable energy sources includ-
ing wind, solar, and hydro, China has become a major 
player in this space. However, there are several obstacles 
in the way of the broad adoption and integration of renew-
able energy sources into China’s energy system (Du et al. 
2022). The introduction of digital finance, exemplified 
by mobile payments, blockchain, and online platforms, 

has completely altered China’s economic landscape. With 
the ability to fund, distribute, and use renewable energy 
in novel ways, the digital revolution has the potential to 
radically alter the energy sector (Lin and Ma 2022). As a 
result, studying how digital finance might encourage green 
energy usage in China is a tempting research opportunity 
(Zhang et al. 2022). For several reasons, it is critical to 
have a handle on how digital money is influencing the 
spread of renewable energy. Because of China’s massive 
population and fast growing middle class, the country has 
an insatiable want for energy and urgently needs clean, 
sustainable alternatives to fossil fuels. Financing alterna-
tives for investing in and using renewable energy may be 
made more readily available and inexpensive via the use of 
digital finance. Second, renewable energy producers now 
have more options for gaining access to financing, stream-
lining transactions, and overcoming conventional financial 
restrictions thanks to digital finance platforms. Renew-
able energy projects may benefit from digital finance 
since it allows for cheaper financing options including 

Responsible Editor: Nicholas Apergis

 *	 Jing Ma 
	 Emma15529047256@126.com

1	 Xi’An University of Architecture and Technology Huaqing 
College, Xi’An 710049, China

RETRACTED A
RTIC

LE

http://crossmark.crossref.org/dialog/?doi=10.1007/s11356-023-29504-7&domain=pdf


102491Environmental Science and Pollution Research (2023) 30:102490–102503	

1 3

crowdsourcing, smart contract-based transactions, and 
peer-to-peer lending.

Furthermore, by using blockchain technology, digi-
tal finance may increase openness and confidence in the 
renewable energy industry. Blockchain’s distributed and 
irreversible transaction records may boost renewable ener-
gy’s transparency, make it easier to issue renewable energy 
certifications, and encourage confidence between suppliers 
and buyers. Because of this increased openness, the growth 
of strong renewable energy markets may be encouraged, 
and investor and consumer confidence can be bolstered. 
Thus, studying how digital finance and the use of renew-
able energy interact in China is a promising area of study. 
Policymakers, industry stakeholders, and academics may 
overcome financial, technological, and regulatory hurdles 
to renewable energy adoption by better understanding the 
function of digital finance in this space. This study has the 
potential to aid in the long-term modernization of China’s 
energy infrastructure, helping the nation meet its goals of 
reducing its carbon footprint and ensuring a brighter, more 
prosperous future.

The fight against climate change and the pursuit of sus-
tainable development need the incorporation of renewable 
energy sources into China’s energy infrastructure (Cao et al. 
2021). Promoting the use of renewable energy sources may 
be aided by digital money, which includes mobile payments, 
blockchain, and online platforms. However, there has been 
little investigation into how exactly digital financing pro-
motes green energy uptake in China. Therefore, the ques-
tion that needs answering is how exactly digital finance 
helps increase the use of renewable energy sources in China 
(Wang et al. 2023). The goal of this study is to learn more 
about how the use of digital finance may facilitate and stimu-
late the development of renewable energy sources within 
China’s dynamic energy market. By solving this research 
puzzle, we can learn more about how digital finance might 
help promote the widespread use of renewable energy in 
China. Policymakers, industry stakeholders, and academics 
will be able to use the results to their advantage as they work 
to design methods to overcome monetary, technological, and 
regulatory hurdles. To maximize its potential, speed the tran-
sition to a cleaner and more sustainable energy system in 
China, and contribute to global efforts to mitigate climate 
change, it is crucial to understand the processes through 
which digital finance supports consumption of renewable 
energy (Wu et al. 2022).

This study makes significant theoretical and practical 
contributions to numerous fields by examining how digi-
tal finance might be used to increase renewable energy 
usage in China (Zhao et al. 2021). For starters, it will help 
us learn more about the significance of digital finance in 
the field of renewable energy. The research will provide 
light on how digital finance might help China overcome 

financial constraints and accelerate the use of renewable 
energy sources by examining the use of technologies includ-
ing mobile payments, blockchain, and online platform. 
Researchers, politicians, and business leaders who want to 
use digital finance to facilitate environmentally responsible 
energy transformations may find this information invalu-
able. In addition, the study’s findings will help advance the 
field by illuminating the primary channels via which digi-
tal finance promotes the use of renewable energy (Yu et al. 
2022). The research will shed light on the specific ways in 
which digital finance platforms offer financing alternatives, 
facilitate transactions, and incentivize the use of renewable 
energy in China via in-depth case studies, policy assess-
ments, and business model evaluations (Ozturk and Ullah 
2022). Stakeholders in the renewable energy industry who 
are interested in making the most of digital finance will find 
this research quite helpful (Chen 2022).

Also, the research will look at the monetary factors that 
are holding back renewable energy’s broad acceptance 
in China. This study will aid policymakers and financi-
ers by shedding light on the potential of digital finance 
to reduce project costs, attract a wide range of investors, 
and promote novel financing structures. These findings will 
be used to influence the development of specific financial 
instruments and regulations to hasten the deployment of 
renewable energy sources, with the goal of resolving the 
conventional issues associated with a lack of money and 
high costs. More specifically, this study will investigate 
the potential for cooperation between digital finance and 
technology advances in the renewable energy industry. The 
research will emphasize the potential of digital finance 
technologies like blockchain, smart meters, and data ana-
lytics to improve energy management, grid integration, 
and transparent monitoring of renewable energy output 
and consumption. These results will aid in the design of 
renewable energy systems in China that are both more effi-
cient and dependable. The study will then conclude with 
concrete policy suggestions based on the research results 
to boost the efficient use of digital finance in accelerating 
the adoption of renewable energy sources in China. The 
proposed solutions would include the legislative frame-
works, market incentives, and supporting policies essential 
to establishing an enabling environment for digital finance 
in liberating renewable energy’s full potential. To hasten 
China’s move toward a low-carbon and sustainable energy 
future, the policy insights gleaned from this study will be 
invaluable. Overall, this study will provide significant addi-
tions to our knowledge of how digital finance may increase 
the use of renewable energy in China. Policymakers, indus-
try stakeholders, and academics will all benefit from the 
innovative insights into the methods, advantages, and prob-
lems of integrating digital finance and renewable energy 
that will be provided by this study. The study’s long-term 
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objective is to aid in the worldwide fight against climate 
change by contributing to the sustainable revamping of 
China’s energy infrastructure.

Literature review

Renewable energy consumption in China

China’s attempts to move toward a more sustainable energy 
system have been greatly aided by the rapid development in 
the country’s use of renewable energy. China, the world’s 
biggest producer of greenhouse gases, is aware of the ben-
efits renewable energy can bring to the fight against climate 
change, the cleanup of the air we breathe, and the mainte-
nance of long-term energy security. This paper surveys the 
state of renewable energy consumption in China, including 
its history, current problems, and projected growth. China 
has made great gains in recent years toward widespread use 
of renewable energy. Massive investments in wind, solar, 
hydropower, and biomass energy projects have resulted from 
the government’s lofty ambitions for renewable energy out-
put and consumption. China has taken the renewable energy 
industry by storm, and now accounts for a significant portion 
of worldwide renewable capacity and production (Li et al. 
2023). China’s wind power industry has grown rapidly in 
recent years, with massive wind farms cropping up all across 
the country. These projects have helped cement China’s sta-
tus as a worldwide leader in wind power and expanded the 
country’s use of renewable energy overall. Supportive gov-
ernment regulations, technology advances, and cost reduc-
tions have all contributed to the rapid expansion of the solar 
energy sector. China has made great strides toward its renew-
able energy targets via the widespread construction of both 
large-scale solar farms and distributed solar systems, such 
as rooftop installations (Li et al. 2023).

China’s reliance on hydroelectric power as a renewable 
energy source remains strong. The nation’s hydroelectric 
plants, which are spread out around the country, help to 
generate electricity and regulate the country’s water supply 
(Zhang et al. 2022). Biomass energy, which is produced 
from the combustion of organic matter and agricultural 
byproducts, is another popular renewable energy option. 
Numerous benefits have resulted from China’s rapidly 
expanding use of renewable energy sources. It has helped 
China diversify its energy supply, decrease its dependency 
on fossil fuels, and improve its energy security. Because it 
produces much less emissions than traditional fossil fuel-
based power production, renewable energy has also been 
essential in reducing air pollution issues. In addition, the 
clean energy industry has benefited from the proliferation of 
renewable energy technology via increased innovation, the 
creation of new employment opportunities, and increased 

economic growth. But there are problems that come along 
with China’s expanding use of renewable energy. Intermit-
tent renewable energy sources, such as wind and solar elec-
tricity, are a major challenge since they create integration 
and stability problems for the system. Advanced energy 
management technologies and grid infrastructure improve-
ments are necessary to effectively control the fluctuating 
production of renewables and provide a dependable power 
supply. To properly address this dilemma, it is essential that 
energy storage technologies, such as batteries, continue to 
progress (Wu et al. 2022).

A further big difficulty is raising the capital required to 
maintain and increase usage of renewable energy (Li et al. 
2023). China has invested heavily in renewable projects, but 
more funding is needed to ensure their sustained progress 
and innovation. The responsibility for attracting private 
investments, fostering R&D, and establishing efficient pro-
ject finance methods falls on the shoulders of policymak-
ers. Taking the changing fuel price into account, Zhang and 
Umair (2023) discovered that the United States’ carbon diox-
ide emissions are inversely proportional to its utilization of 
renewable energy, but the correlation between nuclear power 
and greenhouse gas production is weak—a global analysis 
of the factors impacting CO2 emissions, focusing on the top 
24 European nations. The effectiveness of renewable sources 
and the role of economic expansion in renewable power 
output and per Income reduction were both approved (Zhao 
et al. 2022). In contrast, they use fossil fuels to generate 
electricity, increasing carbon dioxide emissions. Another 
factor in lowering carbon dioxide emissions is advances in 
energy efficiency. In conclusion, China’s use of renewable 
energy has come a long way, making a substantial impact on 
the country’s efforts to slow climate change, cut pollution, 
and guarantee reliable energy supplies. China’s energy mix 
has been diversified thanks to the rise of wind, solar, hydro-
power, and biomass energy sectors, all of which have con-
tributed to the country’s robust economic prosperity. Grid 
integration, energy storage, and funding all provide ongoing 
difficulties. Resolving these issues is essential if China is to 
continue its rapid adoption of renewable energy and speed 
its way toward a low-carbon energy future (Tu et al. 2021; 
Zheng et al. 2022).

Developing renewable energy through digital 
finance

Digital finance has emerged as a significant instrument in 
accelerating renewable energy projects, in response to the 
worldwide urgency to generate renewable energy as a solu-
tion to climate change (Iqbal and Bilal, 2021). In this piece, 
we look at how crowdfunding, blockchain, and other types 
of digital money might help advance the renewable energy 
sector. Alternative funding sources for renewable energy 
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projects may be found in digital finance, which includes 
innovations like mobile payments, peer-to-peer lending, 
and crowdfunding platforms (Li et al. 2021). In particular, 
crowdfunding removes the restrictions placed on small-
scale and community-driven renewable energy projects by 
conventional financing methods and expands their access to 
cash. The renewable energy industry stands to benefit greatly 
from blockchain technology, which is yet another exciting 
use of digital money. Blockchain facilitates safe, transparent, 
and decentralized transactions by generating an immutable 
record of ownership and transactions. Blockchain makes it 
possible for people and communities to trade energy directly 
with one another in the context of renewable energy, doing 
away with middlemen and lowering transaction costs. It also 
allows for thorough monitoring and verification of renew-
able energy production, increasing trust and reducing fraud 
(Hao et al. 2023a).

Connecting renewable energy project developers, inves-
tors, and customers is facilitated by digital finance plat-
forms and online markets (Zhu and Li 2021). By facilitating 
connections between investors and renewable energy pro-
jects, these markets help both parties achieve their sustain-
ability objectives. They streamline the buying process for 
renewable energy, giving customers more options for how to 
get their power. The expansion of the clean energy industry 
is aided by the ease with which renewable energy sources 
may be implemented. Digital finance enables data-driven 
insights and analytics to improve renewable energy systems 
beyond only funding and transactions. Smart meters and 
data analytics tools capture data on electricity use, genera-
tion, and grid status in real time. This information helps 
with resource allocation, energy management, and the inte-
gration of renewable energy sources into the grid. More 
efficient, dependable, and adaptable renewable energy sys-
tems are possible with the use of digital finance and data 
analytics (Chang 2022). China’s digital banking industry 
has expanded rapidly thanks to the country’s adoption of 
cutting-edge tools like big data and AI. Digital finance is a 
relatively recent development in the world of finance that 
comprises a wide range of novel financial business mod-
els that provide high efficiency, low transaction costs, and 
improved data visualization. It aims to remedy the flaws 
of conventional banking by offering alternative solutions 
(Ding et al. 2022). Supporting digital finance, client credit 
profiles, and lessening information asymmetry in trade 
procedures have all benefited greatly from technological 
advancements like blockchain and cloud computing (Yang 
and Masron 2022). Overcoming credit and information bar-
riers, increasing efficiency, and promoting environmental 
quality all benefit from a stable and reliable financial system 
that provides access to low-cost services. Digital finance 
helps promote low-carbon environmental preservation and 
robust economic development by bolstering the competitive 

market mechanism, wherein enterprises are more likely to 
invest collaboratively and make efficient use of available 
resources (Li et al. 2022a).

Given the depletion of fossil fuels and the need to save 
energy and minimize emissions, renewable energy is of criti-
cal importance to China’s economy (Lin and Huang 2023). 
Hydropower, wind power, solar power production, and bio-
mass power generation all have sizable installed capacities in 
China, demonstrating the country’s progress in developing 
these renewable energy sources. However, the Renewable 
Energy Technology Innovation (RETI) gap across Chinese 
provinces has expanded due to regional inequalities in terms 
of location, economic growth, and governmental position 
(Lyu et al. 2023). Because of this discrepancy, national 
productivity, resource allocation, and rates of RETI are all 
impacted negatively. That is why it is so important to rig-
orously study the elements that affect province RETI lev-
els and how they're converging (Abbas et al. 2023). Green 
energy has helped stabilize China’s economy by reducing 
the negative effects of importing fossil fuels in the face of 
fluctuating global oil prices. Even though RETI is becom-
ing more widespread, many nations still struggle to fully 
implement it because of expensive prices and quick techni-
cal advancements. The debate also sheds light on the fact 
that the eastern area of China is the most productive and 
has the strictest environmental pollution control measures, 
highlighting the geographical disparity in green growth per 
capita throughout China. Growth in green GDP per capita 
has also been substantial in the west in recent years. A thor-
ough evaluation of the two-indicator system, however, shows 
that the Chinese government must make serious efforts to 
strike a balance between green GDP per capita and the low-
carbon environment (Iqbal et al. 2021). The impact of digital 
green financing and RETI on sustainable development is an 
important area for further study. There is policy relevance 
and practical importance in understanding the theoretical 
interpretation and empirical analysis of this topic in the post-
epidemic age (Shahbaz et al. 2022).

The majority of the literature so far has focused on how 
digital green financing and RETI affect environmental out-
comes such pollution from industry, air quality, and carbon 
emissions (Khan and Rehan 2022). The unequal effect of 
digital green financing and renewable energy technology 
innovation on green growth has been the subject of very few 
research. Through technology advancement, capital allot-
ment, and industrial upgradation, green finance has been 
found to reduce financial exclusion, increase the efficiency 
with which green activities may access financial resources, 
and decrease carbon emissions (Hu et al. 2023). To fully 
grasp the effects of digital green finance, RETI, and green 
growth on fostering sustainable development, however, fur-
ther study is required. In conclusion, digital finance offers 
substantial prospects for expanding the use of renewable 
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energy (Muganyi et al. 2021). Digital finance improves the 
renewable energy industry by creating new funding oppor-
tunities, increasing transparency, and streamlining transac-
tions via crowdfunding, blockchain technology, and online 
platforms. It encourages the development of the market for 
renewable energy sources and helps smooth the way for the 
switch to a more environmentally friendly energy infrastruc-
ture (Hao et al. 2023b). By harnessing the power of digital 
finance, stakeholders can hasten the adoption of renewable 
energy, reap its full advantages, and help build a more sus-
tainable and resilient future (Cui et al. 2023).

Methodology

Theoretical framework

Numerous critical aspects interact to provide the theoretical 
basis for understanding how digital finance might increase 
usage of renewable energy (Dong et al. 2022). Innovation 
in technology, broadened access to finance, crowdsourcing, 
blockchain, and the importance of digital platforms all play 
a part. Collectively, they help spread the word about and 
use of renewable energy (Chen 2022). Within this structure, 
technological advancement plays a key role. Innovations in 
mobile payment systems, P2P lending, and crowdfunding 
have completely altered the traditional banking system. 
These technology advancements have made it easier for peo-
ple and communities to take part in renewable energy efforts, 
lowered the transaction costs involved, and expanded access. 
One further crucial factor to think about is digital finance. 
There is a possibility that digital finance might help under-
privileged communities get access to conventional banking 
services (Hepburn et al. 2021). Formerly excluded people 
are now able to participate in the use of renewable energy 
sources because of digital platforms providing them with 
access to financial resources (Wang, Gao). The expansion 
of the market for renewable energy that results from this 
policy is a boon to the industry as a whole. In this context, 
crowdfunding stands out as a key technique. Crowdfunding 
for renewable energy projects is made possible by digital 
finance platforms that promote direct interaction between 
project creators and prospective investors (Yang et al. 2023). 
This increased accessibility to funding encourages invest-
ment in renewable energy infrastructure from a wide range 
of stakeholders (Ali et al. 2023).

Digital finance platforms increase participation and 
investment in renewable energy projects by establishing 
confidence among investors via increased transparency and 
accountability. Within this theoretical setting, blockchain 
technology functions as a transformational force. Peer-to-
peer energy trade is made possible by blockchain because 

of its decentralized, transparent, and secure nature. Con-
sumers may cut out the middlemen and trade green energy 
directly with one another via blockchain-based platforms 
(Zhang et al. 2022). The elimination of middlemen and the 
increased agency of local communities are two key ben-
efits of this decentralized model for the renewable energy 
industry. In addition to facilitating transparent and account-
able use of renewable energy, blockchain technology offers 
comprehensive monitoring and verification of renew-
able energy production. The widespread use of renewable 
energy is greatly aided by online platforms. These sites act 
as markets where consumers can easily access and choose 
renewable energy sources, investors can find projects that 
correspond with their sustainability objectives, and renew-
able energy initiatives can easily get finance. Information 
asymmetry is mitigated, the financing process is streamlined, 
and more renewable energy alternatives are made available 
via online platforms that bring together project developers, 
investors, and customers (Tu et al. 2021). Because of these 
factors, the market for renewable energy is expanding, and 
more people are using it. Finally, the theoretical framework 
stresses the importance of technical advancement, digital 
finance, crowdfunding, blockchain technology, and digital 
platforms in boosting renewable energy usage. By using 
these elements, digital finance facilitates more participation 
from a wider variety of stakeholders in green energy efforts, 
increases openness and accountability, allows for the trading 
of energy between individuals, and simplifies the process 
of gaining access to renewable energy (Chang 2022). To 
further encourage renewable energy consumption via digital 
finance, governments, investors, and industry stakeholders 
may benefit from understanding and utilizing this paradigm.

Empirical structure of study

According to the standard framework for manufacturing 
theory, this research developed a straightforward conceptual 
framework for renewable energy consumption. According to 
this view, Chinese energy consumers do not waste any power 
immediately but instead use it to make other things. Indeed, 
most people and companies do not use renewable energy 
directly, but they use the power created from it to make other 
things (such as light bulbs, water heaters, space heaters, and 
stoves). Using Filippini’s model, we can define the output 
(x) of energy consumption according to the input (E), the 
kind of power, and the devices used to process the input (A).

Q1 represents the share of renewable energy in total 
electricity production, and Q2 represents the share of 

(1)x = x
(

Q1E,Q2E, T ,A
)
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combustion in total electricity production. Accordingly, we 
may define the cost of output (C) using Eq. (2).

P1 and P2 stand in for the cost of the two differ-
ent electricity rates, PT for the cost of other forms of 
energy, and PA for the cost of the appliances themselves. 
Moreover, the utility value (u) may be described as an 
expression (see Eq. (3)) of the energy goods bought (x), 
the other items obtained (y), and the desired qualities of 
people and enterprises (z).

According to this theory, consumer preferences are 
better understood as a two-stage optimum problem. The 
first phase aims at optimizing the benefits to custom-
ers and businesses, while the second phase minimizes 
manufacturing costs. On the one hand, expanded finan-
cial access will change how people and companies gen-
erally want to spend their money. Still, on the other, 
it will make renewable energy and modern appliances 
more affordable. In this research, we utilize the demand 
for renewable energy as the factor that depends on and 
digital finance as the primary independent factor. Addi-
tional regulating factors consist of GDP growth (Li et al. 
2022b), export activity, alternative energy sources, and 
monetary outlays. What follows is a definition of the 
empirical model:

where REC is the renewable energy consumption, DF is the 
digital finance, and X is an indicator of control that includes 
the gross domestic product, export intensity, renewable 
energy resources, and rate of economic spending and green 
funding for renewable energy generation. Additionally, I 
stands for “province” and “t” for “year.”

This leads to an interesting follow-up question: how 
does access to affordable credit impact the demand for 
renewable energy sources? To investigate the influence 
process between FI and RED via mediation, this research 
uses the combined production capacity of four forms alter-
native energy sources. The methodology is outlined below:

(2)C =
(

P1Q1 + P2Q2

)

E + PTT + PAA

(3)U = U(x, y, z)

(4)LnREC
i,t = �0 + �1LnDFi,t +

∑5

k=2
�
k
LnX

i,t + �
i,t

(5)LnRED
i,t = �1LnDF

i,t +

∑4

k=1
�
k
LnX

i,t + �
i,t

(6)M
i,t,n = �2LnFI

i,t +

∑4

k=1
�
k
LnX

i,t + �
i,t

(7)
LnRED

i,t = �3LnDFi, t +
∑3

n=1
�
n
M

i,t,n +

∑4

k=1
�
k
LnX

i,t + �
i,t

The regulating factor M, and HP, NP, WP, and PP are 
the dependent variables. In this context, FI directly influ-
ences RED through a neutralizing system, denoted by _3. 
The overall treatment effects (Zhong et al. 2022). If both _2 
and _n is significant, then _2_n indicates backdoor influ-
ence of FI on RED. Understanding the mechanism that acts 
as a mediator between FI and RED in China is made more 
accessible by the MER.

Research data

The research spans the years 2009 and 2019 and looks at 
how digital finance and environmental laws influenced 
China’s efforts to reduce resource usage. One of the inde-
pendent factors vital to sustainable development is digital 
finance, a major driver of cutting-edge digital technologies. 
The renewable energy consumption is measured by using 
the % of total final total energy consumption. The research 
evaluates digital financial inclusion in China’s major cit-
ies using the Peking University Digital Financial Inclusion 
Index (PKU-DFIIC), a set of 33 financial indicators bro-
ken down into three dimensions: coverage breadth (account 
coverage rate), usage depth (payment, money funds, credit, 
insurance, investment, credit investigations), and digitali-
zation level (mobility, affordability, credit, convenience). 
In place of strict environmental laws, environmental levies 
are imposed. Given its substantial impact to environmental 
deterioration, economic development is also considered a 
control variable. In order to account for cyclical and seasonal 
fluctuations within the short time frame of the research, the 
data is converted from years to quarters using the quadratic 
match-sum method. In addition, a natural logarithm trans-
formation is used to create mirror images of the data. Using 
these variables table explains the descriptive statistics of 
study. Table 1 shows the descriptive statistics of the research.

Results and discussion

Regression analysis

Cross-sectional dependency testing is often overlooked, 
which may lead to inaccurate and unreliable estimates. 
For this reason, the pre-benchmark tests for regression 
are conducted using the Breusch-Pagan LM and Pesaran-
scaled LM (Khan and Rehan 2022) analyses. The find-
ings of the test, summarized in the following table, show 
that the null assumption is false and that the data are cen-
tered on their descriptive setting. Table 3’s last column 

(8)MER
n
=∣

�2 ⋅ �n

�1

∣
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displays the findings of an analysis of regression using 
the S-GMM techniques for static panel estimates to inves-
tigate the impact of financing on demand for renewable 
energy. As  the S-GMM technique may help with the issue 
of possible variability and sectional dependency. Fixed 
panel information estimate is handled using the ordinary 
least squares (OLS) approach, changing panel data estima-
tion is handled using the dynamic generalized method of 
moments (D-GMM) method, and the findings are shown 
in columns (1) through (5) of this article. Considering that 
the coefficient signs across all of our standard approaches 

are uniform, we are confident in our findings reported in 
Table 2.

The coefficient of economic inclusion is positive and statis-
tically significant at the 2% level, suggesting that it may raise 
demand for green energy. If we can raise FI by 3%, we can 
boost demand for renewable energy by 4.623%. In addition, 
growth in gross domestic product and renewable energy ratio 
can boost demand for renewable energy. This former conclu-
sion is in line with the results of other research (Qin et al. 
2022; Ren et al. 2021), which found that economic growth 
may increase need for alternative energy sources. The sec-
ond finding demonstrates that regions rich in sources of clean 
energy are more favorable to expansion than standard one’s 
industry (Ren et al. 2023; Tang et al. 2023; Wang et al. 2022). 
This may be because the availability of these resources will 
determine how challenging it will be to grow the alternative 
energy sector in a particular region. Renewable energy con-
sumption is inversely connected to China’s export intensity. 
Previous research (Wu and Huang 2022; Yin et al. 2023) has 
shown that exports with more significant economic advan-
tages also result in greater energy use and pollution. Since 
renewable energy sources are more cost-effective than con-
ventional ones (like coal), exporting fewer items with a large 
energy footprint might help improve RED. In addition, the 
LFE elasticity does not affect RED using the OLS, FE, FGLS, 
or D-GMM model but does under the S-GMM model.

Breusch‑Pagan LM test and stability diagnostic

To test the stability of the evaluated outcomes of regres-
sion, we first use the S-GMM technique to switch out the 

Table 1   Descriptive statistics

Variable Mean Max. Min. SD

LnRED 7.9365 8.7365 5.2796 3.9465
LnDF 2.3999 5.3965 4.2956 7.8376
LnGDP 6.3956 4.2975 8.4954 3.2997
LnED 2.3866 2.1965 −5.3865 7.3787
LnRER 1.566 4.2997 −1.3764 4.28654
LnLFE 5.3956 3.0897 2.4045 5.3543
LnTRED 6.9365 7.3956 −5.3963 3.2654
LnPRED 5.2776 5.3976 −3.9843 2.1976
LnFICB 2.9879 7.4876 1.39654 1.39654
LnFIUD 3.2068 6.9865 4.39234 6.6732
LnFIDD 2.1065 8.965 7.3876 5.3976
HP 54.3956 36.355 2.29809 23.39564
NP 6.8854 79.345 4.9856 32.3453
WP 2.1456 56.398 9.3776 6.39654
PP 5.3956 32.465 3.2997 5.30342

Table 2   Regression analysis 
estimating using OLS

Variables (1) (2) (3) (4) (5) (6)
OLS FE RE FGLS D-GMM S-GMM

LnREDi,t-1 3.29*** 8.97654***
(32.39) (23.3432)

LnDF 3.393*** 2.199*** 1.365*** 5.465*** 5.6432*** 3.2654***
(5.394) (9.96) (7.94) (7.543) (8.553) (9.8543)

LnGDP 2.1567** 5.356*** 4.256*** 3.67** 4.3567*** 8.67***
(7.8561) (7.867) (5.44) (4.79) (7.97) (5.55)

LnED −3.277** −1.3567 −3.55*** −7.34*** −2.3675 −3.55***
(−4.567) (−5.3562) (−7.56) (−4.56) (−7.567) (−8.88)

LnRER 8.967*** −7.9456 2.177** 5.99*** 7.456*** 5.3452***
(45.57) (−6.3561) (7.865) (12.456) (54.3567) (32.477)

LnLFE −8.681*** 5.3456 −6.456 −5.675*** −4.2567** −4.565
(−4.5993) (3.267) (−5.564) (−2.34) (−3.2991) (−1.356)

_Cons 4.45*** −4.56*** 3.56 4.45*** −9.856 5.656
(8.99) (−4.56) (5.34) (6.89) (−3.56) (2.45)

AR(1) 9.856 4.345
AR(2) 7.445 2.399
Sargan 6.478 3.2979
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variables in Columns (1) and (2) of Table 4 from renew-
able energy demand per capita to total sustainable energy 
request and the percentage of power produced from renew-
able energy. The computed FI coefficients on both TRED 
and PRED show positive and predictable indicators. Spe-
cific elasticity values for FI on TRED and PRED are 3.245 
and 5.867, respectively (Table 3). These findings show that 
the key conclusions we draw from the standard regres-
sion we used are sound. It is also possible to conclude 
that economic inclusion will increase the overall demand 
for renewable energy and the share of power produced by 
renewable sources.

Second, this research swaps out the index of economic 
inclusion for FICB, FIUD, and FIDD to examine the sus-
tainability of the findings. The outcomes are expected 
to be favorable if the S-GMM is used. FICB, FIUD, and 
FIDD’s calculated values on RED are 3.176, 5.756, and 
6.487, respectively (Table 4). Because economic reform 
might decrease the cost of funding clean energy sources 
organizations, these findings suggest that expanding 
length, increasing utilization and a higher technological 

standard successful strategy for increasing need for alter-
native energy sources in China. These findings are con-
sistent with the formal analysis of regression used for this 
investigation.

The UN’s planned SDG number seven is to provide 
access to dependable, low-cost, environmentally friendly 
energy (Lee and Wang 2022; Qin et al. 2022). As a result, 
making more renewable energy sources accessible is a cru-
cial objective. Additionally, China is actively pushing the 
growth of renewables to raise the percentage of power pro-
duced from renewable energy to 60% by 2031 (Qin et al. 
2022; Lee et al. 2023). Financial assistance is urgently 
required to develop green energy infrastructure, and study 
associated technologies (Liu et al. 2022; Ma et al. 2022), 

Table 4   Stability diagnostic test 
statistic

Variable (1) (2) (3) (4) (5)
LnTRED LnPRED LnRED LnRED LnRED

LnTREDi,t-1 3.298***
(42.39)

LnPREDi,t-1 5.3569***
(21.288)

LnREDi,t-1 5.466*** 54.45*** 1.2345***
(24.45) (42.56) (56.39)

LnDF 3.85*** 5.45***
(7.345) (32.67)

LnFICB 5.3567***
(32.456)

LnFIUD 4.3677***
(9.97)

LnFIDD 3.2456***
(9.34)

LnGDP 1.2459*** 4.367** 3.2456*** 7.454*** 1.267***
(5.345) (5.3977) (5.267) (5.56) (23.44)

LnED −3.2967*** −2.3453*** −4.223*** −1.58*** −4.934***
(−9.396) (−3.4934) (−32.39) (−1.256) (−23.546)

LnRER 3.2992*** 8.345*** 7.496*** 3.3567*** 5.3453***
(32.45) (43.4459) (34.5679) (45.345) (43.467)

LnLFE −7.4983456 −9.8456 −5.30437 1.30456 −8.7345***
(−2.87) (−4.3345) (−9.399) (4.2453) (−8.764)

_Cons −1.29675*** −8.3456** 5.3465 5.9456 −3.445***
(−6.984) (−5.398) (6.398) (4.208) (−7.34)

AR(1) 4.398 4.3984 7.034 2.298 4.983
AR(2) 1.298 6.4984 7.845 9.845 4.3874
Sargan 4.509 5.398 8.935 8.599 5.3984

Table 3   Breusch-Pagan LM test

Test Statistics

Breusch-Pagan LM test 435.55***
Pesaran-scaled LM test 7.897***
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notwithstanding the high initial cost and lengthy invest-
ment return time of projects involving renewable energy. 
An increase in FI, as predicted, may attract more invest-
ment with regard to the field of green energy and boost the 
use of green power. There has been a rise in China’s use 
of renewable energy sources in recent years. While China 
is committed to expanding its renewable energy sector, 
progress may be hampered by differences between regions 
in economic expansion and scientific/technological devel-
opment. Higher spending on the renewable energy sector 
is made possible by greater digital finance, demonstrat-
ing the traits of green finance. Because many businesses 
working with renewable energy are only starting, signifi-
cant resources are needed to develop new technologies 
and build the necessary infrastructure. The expansion of 
green energy technology may be aided by providing more 
accessible financial services for businesses like these, who 
were previously unable to get funding.

Quantile parametric estimates

Table 5 displays the quantitative findings of a study that uses 
the quantile regression method to examine the imbalanced 
connection between FI and RED in China. We can see how 
these variables fluctuate throughout time. Table 5 shows that 
the flexibility of FI and RER on green power demand is sta-
ble over quantiles, but the effects of GDP growth, exports, 
and financial outlays are competing. Raising FI may con-
siderably enhance renewable energy use in regions either 
significantly RED in China, as shown by the excellent elas-
ticity of FI on RED consistently at various measure levels. 
Furthermore, locations with more renewable solid energy 
development are those where funding has a more significant 
impact on renewable energy demand.

The gross domestic product elasticity stops making a 
difference at very high quantiles. The regions shown with 
the highest renewable consumption are all located in the 
southwest, where GDP is relatively low. This has little to 
no effect on renewable energy demand. Further, an export 
value significantly impacts higher quantiles, suggesting that 
the volume of exports would disproportionately impact areas 
with substantial demand for renewable energy. The effect of 
renewable energy sources on demand is constant across all 
quantiles, but the flexibility for economic outlays negligible 
between the 60th and 95th percentiles. To examine the vari-
ation in the effect of FI on RED, the 35 provinces are divided 
into two areas according to their physical position. Table 6 
displays the outcomes utilizing S-GMM model and depicts 
the two areas' provinces. Consistently positive test results 
suggest that the model is workable with the given panel’s 
information and that all IVs are successful. There is a positive 
correlation between FI and RED in both panels. An increase 
of 1 percentage point in FI will lead to an increase of 5.854% 
in demand for renewable energy in the southern areas and 
an increase of 7.854% in the market for alternative energy 
sources in such areas, north. That is to say, increased FI has 
an exponential impact on the development of the renewable 
energy sector in northern China. Beneficial and consider-
able effects of economic growth and the use of clean energy 
sources may be seen in every subsection. Notably, in the 
southern area, the effect of the amount of fiscal spending 
is negative, suggesting that the municipal administration’s 
concentration on minerals development and power may result 
in a decrease in demand for renewable energy.

Table 5   Parametric quantiles estimates

Dependent factor: LnRED

Variables Proportions
10th 25th 50th 75th 90th

LnDF 3.99* 1.379** 5.499*** 4.379*** 1.295***
(3.67) (1.2567) (4.3456) (4.556) (5.3567)

LnGDP 4.256*** 8.4456*** 5.256*** 8.667 −7.399
(234) (5.3456) (1.56) (5.468) (−9.845)

LnED −1.277 −8.589 −6.67** −3.267** −3.98***
(−3.45) (−7.5345) (−4.367) (−4.356) (−6.456)

LnRER 5.56*** 7.494*** 7.496*** 5.477*** 2.1345***
(6.456) (34.334) (32.99) (4.757) (2.3567)

LnLFE −7.8567* −9.8456* −6.499 −1.279** −6.4678
(−4.3456) (−7.5456) (−7.99) (−5.499) (−3.2567)

_Cons −3.297 6.367 4.379 6.499*** 7.5456***
(−5.56) (4.3456) (5.477) (4.3689) (4.44)

Table 6   Mixed quantile analysis outcomes

Variable (1) (2)

LnREDi,t-1 3.299*** 7.4569***
(21.57) (8.3459)

LnDF 54.377*** 9.3459***
(5.457) (2.3345)

LnGDP 8.691*** 7.5349***
(5.76) (8.3459)

LnED −4.56 5.3345
(−6.55) (1.235)

LnRER 3.3567*** 4.3564***
(6.4345) (5.542)

LnLFE −8.556** −8.456
(−1.456) (−9.3489)

_Cons 3.299 −1.9234*
(2.399) (−5.4456)

AR(1) 6.4569 6.99
AR(2) 7.3456 5.4569
Sargan 8.2345 3.2956
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Table 7 displays the mechanism of mediation results, 
from which numerous conclusions may be drawn. As can 
be seen in Columns (2)–(5) of Table 7, approximated find-
ings suggest that FI has a positive relationship with WP and 
PP. In contrast, its effects on HP and NP are not meaning-
ful. These suggest that FI enhancement may boost output 
from wind and PV but has little effect on output from hydro 
or nuclear. All four of HP, NP, WP, and PP have benefi-
cial results for RED. In particular, we get coefficients of 
4.3687, 5.3498, 6.675, and 7.4532. These findings indicate 
that rising levels of HP, NP, WP, and PP may achieve ris-
ing levels of use of renewable energy per capita. Third, 
using Eq. (13) and the ability from Table 7, we find that the 
MER for WP and PP is 32.57% and 22.34%, respectively 
(Table 6), whereas the relationship between HP and NP and 
the demand for solar power is minimal.

Sensitivity analysis

These findings might be attributed to the development of 
wind power and solar power innovations, the decline in 
associated prices, and the flexibility of the required levels of 
funding and installations. It is important to remember that the 
government supports incentives for renewable energy power 
production (other than hydropower) and actively promotes 
sustainable investments of social assets in this sector (Feng 
et al. 2022; Fu et al. 2023). The increasing need for renewable 

energy sources is a direct result of the boom in the wind 
power and solar energy-generation sectors, both of which 
have benefited from the fast advancements (Hao et al. 2023c).

Furthermore, the price of wind power on land and solar 
electricity is expected to drop by 88% and 61% between 
2019 and 2051, as reported by Bloomberg New Energy 
Finance (Cheng et al. 2023; Delina 2023). The mean annual 
increases for HP, NP, WP, and PP in China were 7.87%, 
43.78%, 78.57%, and 342.7%, respectively, between 2013 
and 2019; the quantity of wind energy produced (i.e., 453.78 
billion kWh in 2019) exceeds calculation of nuclear produc-
tion of energy (Table 7). The amount of solar power produc-
tion is increasing (i.e., For reasons that may include ongoing 
costs for basic materials used in hydroelectric and nuclear 
power plants and a significant initial investment, growing 
FI has little impact on the growth of these industries). The 
following findings reveal the influence mediation relation-
ship between economic inclusion and green energy demand.

Discussion

There have been enormous breakthroughs in the growth of 
the renewable energy (RE) industry. Despite this, several 
obstacles remain that might stunt its past and future devel-
opment. The lack of available funds stands out among these 
other difficulties. When compared to fossil fuels, renewable 

Table 7   Sensitivity analysis 
estimates

Variable (1) (2) (3) (4) (5) (6)
LnRED HP NP WP PP LnRED

LnDF 4.343*** 4.895 5.399 6.392*** 3.2345*** 2.1456***
(7.77) (6.234) (4.389) (5.3934) (6.494) (5.39)

HP 6.48794***
(2.398)

NP 5.3854***
(32.374)

WP 5.3845***
(9.37456)

PP 9.4267***
(8.7345)

LnGDP 4.235** 31.39*** 45.399 8.745*** 3.256*** −3.2349***
(3.29) (6.99) (6.99) (8.6967) (5.367) (−7.594569)

LnED −5.389*** −8.696*** 7.686*** −8.5045*** −7.5567*** −5.4879
(−4.399) (−5.49) (31.289) (−5.39454) (−6.599) (−7.677)

LnRER 5.399*** 23.499*** 3.489*** −2.187*** −7.356* 5.4654***
(43.499) (33.499) (7.96) (−777) (−3.2456) (43.1567)

LnLFE −7.9099*** 7.5877** −7.5956*** −6.437*** −6.599*** −1.2345***
(−6.99) (3.979) (−6.445) (−5.47) (−5.679) (−6.53456)

_Cons 5.499*** −43.56*** −21.56** −42.45*** −8.4569*** 9.8567***
(6.4977) (−5.988) (−4.45) (−6.499) (−2.178) (23.33456)

xttest3 3214.47*** 6.5e+467*** 43218.56*** 5.6e+49*** 32451.99*** 43562.55***
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energy’s high initial investment prices and longer return 
times are major roadblocks. To reach global RE goals, we 
need large funding for digital finance for renewable energy 
projects, which comes with its own set of dangers. The scope 
and nature of the projects will determine which finance alter-
natives will be made available. Equity finance or venture 
capital may work effectively for smaller enterprises using 
innovative technology, whereas bank loans or debt financ-
ing are more common for bigger projects. These sources of 
funding might be difficult to get into without the backing 
of a stable financial system. Government funding, foreign 
funding, commercial banks, and non-banking entities are 
all mentioned as potential contributors to RE development. 
Research shows that improved access to credit has a crucial 
impact in boosting RE usage. Provides access to debt and 
equity finance via stock markets and sophisticated financial 
institutions for green energy entrepreneurs. In addition, a 
robust financial system makes it easier to finance low- or 
zero-carbon projects at reduced interest rates. This reasoning 
backs up the claim that a robust financial system encour-
ages the expansion of the renewable energy sector, which in 
turn attracts investment and sustainably meets consumers’ 
energy needs.

The purpose of this research is to assess how China’s 
changing financial landscape affects the country’s grow-
ing appetite for renewable energy. This study adds to the 
growing body of work on finance and renewable energy by 
analyzing the impact of financial structure on renewable 
energy use. It also calculates the economic growth threshold 
and value at which financial structure substantially affects 
renewable energy consumption and investigates the route 
by which financial structure influences renewable energy 
consumption: economic growth. In addition, the research 
examines the correlations between financial framework and 
renewable energy use, accounting for regional differences. 
This research uses the practicable generalized least squares 
and fixed-effects model to show that the financial structure 
of the BRICS nations is a barrier to the widespread adoption 
of renewable energy. However, it greatly increases the use of 
renewable energy across the board, in China, the developed 
world, and the developing world. In addition, the financial 
framework promotes economic development, which in turn 
enhances the usage of renewable energy. Beyond a certain 
level of economic development, the research finds, the influ-
ence of financial structure on the adoption of renewable 
energy sources becomes more pronounced.

Given the importance of economic growth, especially in 
China, several studies have looked at how that has affected 
the expansion and use of renewable energy. Differing defini-
tions and proxies of financial progress, however, account for 
the lack of consistency across these researches. Growth in 
the financial sector may be measured in terms of both its size 
and structure, such as the ratio of direct to indirect finance 

or private credit to GDP. Recent studies have highlighted 
the significance of financial structure and its consequences 
for environmental and economic concerns, while the former 
serves as a significant indicator for evaluating the connec-
tion between renewable energy usage and finance. Corpo-
rate governance, information asymmetry, financing costs, 
credit limitations, and credit channels are all improved by a 
well-developed financial structure. Assuming other variables 
remain constant, these characteristics promote expansion in 
the economy. There are a number of pathways via which 
the monetary structure influences the uptake of renewable 
energy. First, it lowers the cost of capital and eliminates 
credit restrictions, allowing businesses to raise their invest-
ments in green practices and grow their operations, which 
in turn increases the use of renewable energy. In addition, 
a robust financial system boosts technological development 
and GDP expansion. Investment and finance in renewable 
energy sources are made easier as a result of its attention to 
issues of information asymmetry and moral hazards. Finally, 
the value of eco-sustainable enterprises is on the rise as the 
relevance of CSR increases and publicly listed companies 
are required to provide more information. Because of this, 
the public offering of more environmentally responsible 
companies is stimulated by a healthy financial system, which 
in turn increases the use of renewable energy sources.

Conclusion and policy implications

Conclusion

In conclusion, digital financial integration has emerged as a 
major engine for the development of renewable energy use 
in China. Financing for renewable energy projects has been 
much more accessible thanks to a number of novel plat-
forms and solutions that have been established with the help 
of digital technology and financial services. Several major 
conclusions may be drawn from this study. (a) To begin, the 
variety of funding choices for renewable energy projects in 
China has greatly increased thanks to digital finance. (b) 
Alternative finance methods like crowdsourcing, peer-to-
peer lending, and others have gained ground via digital plat-
forms, drawing in more investors and decreasing the need for 
conventional banking services. (c) Many renewable energy 
projects, especially those of a smaller or medium scale, that 
may have had trouble being funded via more traditional 
channels have been made possible as a result. (d) Renew-
able energy transactions are now more efficient and trans-
parent thanks to digital financing. The transaction costs for 
purchasing and selling renewable energy have decreased and 
the number of middlemen involved has decreased because 
to technological advancements like blockchain, smart con-
tracts, and digital payment systems. Increased confidence 

RETRACTED A
RTIC

LE



102501Environmental Science and Pollution Research (2023) 30:102490–102503	

1 3

among market players and more competitive pricing have 
boosted demand for renewable energy. Moreover, better 
energy management and optimization have resulted from 
the rise of digital banking. Our research has shed light on 
the ways in which digital finance has been instrumental in 
increasing the use of renewable energy in China. According 
to the results, the financial structure has a significant effect 
on the renewable energy industry. Investment and innova-
tion in renewable energy technologies are greatly aided by 
a matured financial system that is marked by effective cor-
porate governance, less information asymmetry, and lower 
financing costs. As a consequence, more renewable sources 
of energy are used, creating a more stable energy system.

Policy implications

Several policy implications for maximizing the potential of 
digital finance to increase renewable energy consumption 
in China may be gleaned from the study’s results. In order 
to create innovative financial products and platforms that 
meet the needs of renewable energy projects, policymakers 
should encourage collaboration between traditional financial 
institutions and digital technology companies. By working 
together, we can lower the cost of borrowing and make more 
financial options available. Governments should provide 
transparent and encouraging policies that encourage the 
growth of digital finance in the renewable energy industry. 
Data privacy, security, and consumer protection are all part 
of this, as is the promotion of interoperability and transpar-
ency standards. To enable universal access to digital bank-
ing platforms, policymakers should prioritize investments 
in digital infrastructure, such as internet connections and 
data centers. Maximizing the advantages of digital finance 
for renewable energy consumption will also need actions to 
improve digital literacy and technical abilities among con-
sumers and enterprises. Research and development should 
be encouraged, with a particular emphasis on the integration 
of renewable energy sources and digital finance. Investing in 
research, encouraging partnerships between universities and 
businesses, and spreading information are all ways to ensure 
the industry is always evolving. The adoption of renewable 
energy sources, the reduction of reliance on fossil fuels, 
and China’s contribution to a sustainable and ecologically 
friendly future may all be accelerated by adopting these pol-
icy initiatives. The results of this research have important 
implications for policymakers looking to increase demand 
for renewable energy sources in China. The creation of a 
stable finance framework that backs renewable energy pro-
jects should be the top priority for legislators. This involves 
facilitating the availability of equity and venture finance, 
especially for smaller, technology-focused businesses. Debt 
funding and bank loans are equally crucial for large-scale 
renewable energy projects. It is also important to improve 

the availability of capital for environmentally responsible 
enterprises by working to increase their corporate govern-
ance and transparency. Policymakers should think about 
enacting incentives and rules that require publicly listed 
companies to disclose environmental information. Invest-
ments in renewable energy sources will become more valu-
able and appealing as a result of this.

Future research directions

There are numerous intriguing routes for future research 
that might further enhance our knowledge of the compli-
cated interaction between China’s financial system and its 
usage of renewable energy. Green bonds and carbon pric-
ing are two examples of particular financial instruments 
and procedures that might be studied in the context of their 
effect on the adoption of renewable energy sources in the 
context of future research. It would be helpful for policy-
makers and investors to get insight into the efficacy of these 
instruments in mobilizing financial resources for renew-
able energy projects. Second, further work is required to 
understand how financial structure affects renewable energy 
usage in various Chinese provinces and cities, since there is 
significant regional heterogeneity within the country. This 
will help policymakers encourage the use of renewable 
energy sources in particular geographic areas by crafting 
more nuanced and nuanced regulations. There is need for 
more research on the interplay between financial framework 
and technical innovation in the renewable energy industry. 
If politicians and investors want to speed up the shift to 
renewable energy, they would benefit from learning more 
about the relationship between financial growth and techni-
cal innovation. Finally, given digital finance’s fast expan-
sion and its potential to transform the renewable energy 
environment, future study might examine emerging trends 
and technologies in digital finance and their consequences 
for renewable energy use. This involves researching the 
effectiveness of digital financial technologies like crowd-
sourcing and blockchain technology in attracting investors 
to green energy projects. Future studies may help fill up 
our understanding of the link between financial framework 
and renewable energy use if they focus on these knowledge 
gaps. By providing policymakers and investors with this 
information, we may help speed the adoption of renewable 
energy in China and elsewhere, leading to a more secure 
energy future.
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