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Abstract
According to the World Bank, energy efficiency is a critical facilitator of most Sus-
tainable Development Goals. Its contribution to CO2 emission reduction is astound-
ing. Environmentalists have recently emphasized the essential need to determine 
energy efficiency causes. This research broadens the debate’s horizons by proposing 
additional possible energy efficiency factors using data from the Chinese economy. 
From 1990 to 2020, we examined the influence of investment in renewable energy 
resources, financial inclusion, industrial production, and trade openness on China’s 
energy efficiency and climate risk. Additionally, this study is added to the litera-
ture by examining the causal relationships between variables while considering the 
temporal dimension. The findings indicate that industrial production, financial inclu-
sion, public R&D on renewable energy, and trade openness contribute significantly 
to China’s energy efficiency and climate risk. All other factors, except industrial 
production, are positively associated with energy efficiency. The path of causality 
is established from energy efficiency and climate risk to financial inclusion, indus-
trial production, renewable energy, public research and development budgets, and 
trade openness. According to the findings, changes in energy performance have fre-
quency-changing impacts on all variables. Policymakers believe that the financial 
system must be strengthened since this will significantly influence renewable energy.

Keywords  Renewable energy development · Sustainable financial inclusion · Energy 
efficiency · CO2 emission · China · Climate risk

 *	 Lifang Guo 
	 guolifang223@163.com

Extended author information available on the last page of the article

http://crossmark.crossref.org/dialog/?doi=10.1007/s10644-022-09437-w&domain=pdf


3096	 Economic Change and Restructuring (2023) 56:3095–3115

1 3

1  Introduction

Energy efficiency is critical given the complex economic model of low-carbon 
emissions and sustainable development. Global production has increased ten-
fold over the last century, dramatically increasing global warming. During the 
urbanization, carbon dioxide concentrations increased by 47%, global tempera-
tures rose by 1.8  °C, and sea levels rose by 5 inches (Mohsin et  al. 2021a, b, 
c). These greenhouse gas emissions adversely affect human life (Mikhaylov et al. 
2020). Worldwide greenhouse gas emissions have reached unprecedented levels. 
Regardless of being stopped immediately, the accumulated emission levels will 
harm future generations (Li et al. 2021a, b) In light of these sobering statistics, 
governments have prioritized economic growth while addressing ecological con-
sequences. As a result, they are creating various technologies to deliver energy 
services that are economical, ecologically friendly, and dependable—organized 
global discussions such as the 1997 Kyoto Protocol and the 2015 Paris Agree-
ment on Climate Change (PCA) to address growing global environmental chal-
lenges. These rules have been implemented to ensure that subsequent generations 
inherit a green and clean environment (Inguscio 2022). Under the accord, nations 
must adopt severe steps to limit carbon dioxide emissions. The transition from 
industrial to renewable energy systems is the most critical step today (Kumar 
et  al. 2022; Sahebi et  al. 2022). It necessitates investment in renewable energy 
research and development. It is because it increases energy efficiency.

Energy demand increases as the world’s population grows and the industry 
develops quickly. As a result of the finite supply of fossil fuels like coal and oil, 
the world probably needs an endless supply of substitute clean energy sources, 
such as hydroelectric power, wind and solar energy, renewable sources, biofuel 
power, and hydroelectric energy. Renewable energy’s percentage of the main 
energy supply is rising, including the most recent data from the China  Energy 
Information Administration, issued in 2019. As of 2019, the USA generated 8.9 
trillion British thermal units (BTU) of renewable energy, over six times as much 
as in 2015. The spike in new wind and solar power facilities fuelled the increase 
in production. According to an OECD poll, renewable energy has grown from 
16.7 percent in 2009 to 21.48 percent in the ten years after that. It is estimated to 
be responsible for more than half of global energy infrastructure by 2050, accord-
ing to the report’s authors (Mohsin et al. 2021a).

The 2015 Paris Agreement, which set a limit of 2 °C over preindustrial levels 
for world average temperature increase, was accepted in recent years. For exam-
ple (Yoshino et al. 2021). Because of the shift in climate policy, the energy mix 
will change, with a greater reliance on renewable sources of power. Researchers 
(Pofoura et al. 2021) contend that implementing policy to combat global warm-
ing leads to significant increases in the usage of renewable energy and decreases 
in greenhouse gas emissions. Stock markets are affected by various variables, 
including the company’s exposure to climate risk (Kaakeh et al. 2021) is a price 
element in a cross section of stock returns. Major climate policy shifts sparked a 
spike in energy business pricing.
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Climate change is therefore influencing expenditures in transportation infra-
structure as the worldwide route to net-zero emissions accelerates rapidly. In many 
regions of the globe, coal-fired energy production is progressively phased out, put-
ting fossil deposits, enterprises, and assets in danger of becoming stranded assets. 
When fossil-fuel projects fail to meet their expected returns, they risk shutting down 
and defaulting on the financial responsibilities originally incurred in their construc-
tion. According to the Carbon Tracker Organization, nearly a third of the projected 
fossil-fuel investments through 2040 might fail to reach the targets of the Climate 
Change Act if the policy and market transitions are not implemented. An approxi-
mately €1–4 trillion loss in global wealth may be caused by the trapping worth of 
carbon fuels investments, which is equal to the economic crisis of 2008, accord-
ing to (Melanidis and Hagerman 2022). Natural gas has developed as a transitory 
"bridge" fuel that provides charge and variable power production in tandem with the 
fast phase-out of natural gas. RPS and carbon neutrality or net-zero goals are driving 
national economic development in a big way right now.

This research needs to be done on several fronts. First, governments need to link 
their renewable energy investments with renewable energy to achieve the United 
Nations Sustainable Development Goals (SDGs) set out in the 2030 Agenda for 
Sustainable Development. Energy efficiency and productivity are inseparable from 
the achievements of most UN SDGs. Linking energy efficiency and productivity is 
critical. Third, industrial production was necessary to reduce poverty, develop the 
economy, and free people from the pain of the Industrial Revolution. The global 
environment, on the other hand, continues to worsen.

Furthermore, China’s economy is transitioning away from energy-intensive 
industries. As a result, there is a critical relationship between industrial output and 
renewable energy. Fourth, consumers want solutions that balance economic devel-
opment, climate change, and energy efficiency. Policymakers and academia need to 
understand many factors that improve energy efficiency in these environments (Xin 
et al. 2022). The country’s CO2 emissions have declined due to a range of environ-
mental regulations and market factors. However, carbon dioxide emissions per cap-
ita continue to exceed the country’s GWP target. Over the past decade, the increase 
in CO2 emissions is estimated to have resulted in hidden costs of $240 billion (Tian 
et al. 2022). To that end, the Joe Biden administration has several plans. To achieve 
carbon reduction targets, the government plans to increase the amount of renewa-
ble energy in the overall energy mix. Therefore, identifying the variables that affect 
China’s energy efficiency is the key to accelerating the energy transition and improv-
ing environmental efficiency through energy efficiency by 2050. This relationship is 
critical to the energy transition of the China economy and carbon reduction strategy 
(Dai et al. 2021).

From 1990 to 2020 the study aims to China’s economy has opened up to indus-
trial production and trade in recent years; China has implemented a series of poli-
cies to improve energy efficiency, critical to environmental sustainability. Due to 
the improvement in energy efficiency, studying the factors that affect my country’s 
energy efficiency is necessary. In the literature, the issue of energy efficiency has 
gotten a lot of attention. However, current research focuses on only one aspect of 
the problem: the impact of renewable energy on development. This study looked 
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at factors that affect energy efficiency, another factor that determines energy effi-
ciency. This study aimed to assess the impact of RE investments on EE. Therefore, 
this study enriches current knowledge by examining new EE factors such as energy 
resource investment, financial integration, and trade openness.

Examining the rest of the content is organized. The next part summarizes the data 
on energy efficiency concerns. This section also illustrates how economic growth 
and energy efficiency are linked. Part 3 contains data on energy efficiency as well 
as other aspects such as financial intermediation, industrial production, research and 
development, and trade openness. In addition, this part covers potential models, data 
sources, and model estimation methods. The last portion of the report highlights the 
concerns and makes policy recommendations.

2 � Literature review

Renewable energy’s critical role in reaching carbon neutrality has been thoroughly 
researched in the literature. Energy efficiency (Attia et al. 2022; Kang et al. 2022; 
Paramati et al. 2022; Zakari et al. 2022) and environmental efficiency (Tang and Tan 
2015; Tawiah et al. 2021; Wang et al. 2022; Wei et al. 2021) guide on using RCTs in 
future data analysis to identify factors that impact energy efficiency (Alvarado et al. 
2022; Huang et  al. 2022; Nuryartono and Pasaribu 2022) human capital and eco-
nomic complexity energy costs (Li and Ho, 2022; Peter et al. 2022).

Many researchers think there has been a causal link between financial inclusion 
and economic growth in recent years (Gyimah et al. 2022; Razak and Asutay 2022; 
Ullah et al. 2022) and that the relationship between financial inclusion and economic 
growth is economic growth. It is a motivating factor. Experts have recently expanded 
the financial sector’s external capacities to include natural resources and the envi-
ronment, and arguments on the relationship between economic integration and 
the environment have heated up (Mughal et al. 2022). Some academics claim that 
economic integration does not promote environmental improvement by lowering 
carbon dioxide emissions. For example, (Chopra et al. 2022) studied the influence 
of economic integration on global warming in Asia from 2004 to 2014. They con-
cluded that more significant fiscal consolidation would increase carbon emissions 
because of the tremendous rise of energy-intensive items like autos, refrigerators, 
and air conditioners. Also, see Chaudhry et al. We use data from the Organization 
of Islamic Cooperation (OIC) nations from 2004 to 2018 to undertake an empiri-
cal assessment of the influence of inclusive economic development on environmen-
tal deterioration. They suggest that the greenhouse effect has a favourable relation-
ship with the growth of financial integration (Cao et al. 2022; Chien et al. 2022a, b; 
Mahmood 2022; Mesagan 2021; Miśkiewicz 2021; Razak and Asutay 2022; Usman 
et al. 2022; Wang et al. 2022).

It is vital that "green finance" does not only refer to funding for fighting cli-
mate change. This would include environmental legislation in the industry, water 
purification, and the protection of biological variety. Financing for mitigation and 
management measures is readily available (Ghinoi and Steiner 2020). Greenhouse 
gas emission reductions and avoidance are termed financial mitigation flows. 
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Operating costs that lessen the vulnerability of goods and people to the reper-
cussions of environmental issues are referred to as adaptation financial flows. In 
N11 countries, the stochastic volatility metric causation technique discovered a 
relationship between economic growth and energy use. They found that Bhutan, 
Ethiopia, France, Greece, Japan, Mexico, Uruguay, and the Netherland had all 
implemented energy conservation measures. Several researchers have discovered 
that regions in the Eurozone and around the world have become more aware of 
the importance of international trade in promoting structural reforms and the 
implementation of sustainable power (Kuo et al. 2022), and this has led to a rise 
in the use of renewable sources in the Asia  and around the world. Developing 
finance sources from an economic viewpoint has yielded several resource effi-
ciency advantages. When combating climate change and promoting new green 
resources like wind resources, monetary authorities will play a significant role. 
To reduce the effect of global warming and pollution, entrepreneurs should 
include green investments in their portfolios. Climate risk may influence invest-
ment decisions in various ways. Investing in renewable energy facilities (e.g. 
through project finance), renewable technology venture funding, and alternative 
solution consumer lending are all green trading techniques that include synergis-
tic and antagonistic screening (Yasmeen et al. 2022).

On the other hand, the categories for certain financial businesses and the con-
ditions for green investments are still unclear. Exaggerating the genuine influence 
on the environment of their firm by using the phrase "Climate policy" is a word 
that is misused to characterize collateralized debt obligations. In most cases, 
financial institutions and issuers are mostly responsible for an organization’s 
environmental monitoring and reporting (Talebizadeh et al. 2021). Various gov-
ernment borrowers’ environmental effects are unreliable because of inherent pos-
sible conflicts of interest between lenders, purchasers, and certain aim providers. 
For investors and rating agencies, transparency and consistency of indications are 
essential for guiding investment opportunities towards debtors capable of execut-
ing the transition forward towards a low-carbon economy.

On the other hand, other scholars think that economic integration aids in 
achieving carbon neutrality to the greatest extent possible. Financial integration, 
they feel, is a good instrument for businesses to implement sophisticated low-
carbon technology and environmental management (Li et al. 2021a, b; Moshood 
et  al. 2021); consider how economic development impacts the top 15 polluters’ 
ecological degradation as a proxy for inclusive funding. This shows that eco-
nomic development and carbon dioxide emissions have a negative relationship. 
By easing energy poverty and reducing carbon dioxide emissions through tech-
nical innovation, economic integration can reduce carbon emissions. (Koomson 
and Danquah 2021) researched the influence of economic integration on the alle-
viation of energy poverty in Ghana and discovered that improving the country’s 
financial integration has the potential to eliminate energy poverty. The observed 
association between energy poverty and the greenhouse effect was proven by 
Chien et  al. (2022a, b), John and Deinde (2021), Zhao et  al. (2022a, b, c) both 
got the same results as us. Economic integration can help countries reduce their 
carbon impact by removing energy poverty.
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There may be a nonlinear link between financial inclusion and the greenhouse 
effect in addition to the linear one described above. Weimin et al. (2022), investi-
gated if there is an inverted U-shaped link between economic integration and global 
carbon emissions using the environmental Kuznets curve (EKC). In other words, 
China’s carbon dioxide emissions are inversely proportional to its economic integra-
tion. Further investigations (Yin et al. 2022) have backed this conclusion. However, 
studies frequently underestimate the influence of economic integration on carbon 
emission reductions in space, particularly in China.

Only a few studies, particularly in China, have looked at the carbon impact of 
financial integration. Furthermore, many experts in the area overlook this specific 
CO2 collection procedure. The China Comprehensive Financial Consolidation Index 
utilizes gender tabular data from 2004 to 2018 to see how financial consolidation 
affects carbon emissions in different parts of the country. Future research will also 
focus on how energy efficiency changes and how it affects the relationship between 
economic inclusion and carbon emissions.

2.1 � Industrial power production

In the evidence, industrial productivity best indicates energy efficiency. Several 
studies have examined how energy efficiency affects industrial production (Ouyang 
et al. 2021; Zhao et al. 2022a, b, c). Academics haven’t studied how industrial output 
affects energy efficiency. Industrial production and energy efficiency are incompat-
ible (Dalla Longa et al. 2022). Moreover (Hassan et al. 2022a, b), industrial output 
affects renewable energy because it is the biggest energy user (Mahi et al. 2021).

2.2 � Finance and energy

Financial integration is a topic that has received much attention in the litera-
ture. Several academics have explored the influence of financial consolidation on 
critical macroeconomic indicators. The result of economic integration on energy 
and environmental efficiency has lately been addressed by researchers (Mesa-
gan 2021). The influence of economic integration on energy efficiency, on the 
other hand, has received little attention. Previous research (Hassan et al. 2022a, 
b; Wang and Li 2019) has primarily focused on the effect of economic growth 
on energy use. Economic expansion is predicted to boost energy consumption 
by promoting banking activity by increasing efficiency and lowering bank risk 
and the cost of bank lending (Islam et al. 2022). As a result, economic develop-
ment and energy use are inextricably linked. The influence of economic growth 
on renewable energy, on the other hand, has received little attention. The problem 
of increasing energy efficiency due to economic development has received very 
little attention (CI et al. 2022; Gyimah et al. 2022; Olayungbo et al. 2022; Tong 
et al. 2020). CI et al. (2022) look at ways to enhance energy efficiency in response 
to Russian economic development, whereas Gyimah et al. (2022) is the situation 
in 28 EU nations. The demand for complicated financial systems has grown over 
time (2020), owing to a scarcity of public investment funding. Through a solid 
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financial plan, investors may stimulate demand for renewable energy by financing 
sustainable and energy-efficient technology. By transferring funds from waste-
ful to efficient funds, a healthy financial system may also enhance the need for 
renewable energy.

To summarize, growing renewable energy is essential for establishing a clean and 
green environment. As a result, the most intriguing component of our research is our 
knowledge of the features that contribute to energy efficiency while switching to a 
low-carbon energy system. To expand the proportion of renewable energy in China’s 
global energy mix, investments in renewable energy, economic integration, indus-
trial output, and free trade are required. In China, there is a lot of research on energy 
efficiency (Li and Ho 2022; Liu et al. 2022a, b; Mesagan, 2021; Xin et al. 2022). On 
the other hand, these studies exclusively look at the influence of renewable energy 
on growth as one source of worry. This white paper adds to the current body of 
knowledge in the following ways: A new research was done as a starting step to look 
at the influence of renewable energy investments on energy efficiency. Other charac-
teristics explored as predictors of energy efficiency include financial inclusion and 
trade openness.

Many academics think there is a causal association between financial inclusion 
and economic development in recent years and that this correlation is a positive 
stimulus. It is OK to be impacted. Experts have recently expanded the financial sec-
tor’s external capacities to include natural resources and the environment, and argu-
ments on the relationship between economic integration and the environment have 
heated (Paramati et al. 2022). Some academics claim that economic integration does 
not promote environmental improvement by lowering carbon dioxide emissions. For 
example, (Hassan et al. 2022a, b) studied the influence of economic integration on 
global warming in Asia from 2004 to 2014. They concluded that more significant 
fiscal consolidation would increase carbon emissions because of the tremendous rise 
of energy-intensive items like autos, refrigerators, and air conditioners. They suggest 
that the greenhouse effect has a favourable relationship with the growth of financial 
integration (CI et  al. 2022; Koomson and Danquah, 2021; Mikhaylov et  al. 2020; 
Nasir et al. 2021; Wang et al. 2021).

Moreover, there is currently a shortage of research on the impact of Brazil’s for-
eign commerce on the energy-emissions climate nexus. Few studies have exam-
ined the carbon footprint of the trade from emerging nations such as Russia. We 
searched the scientific literature and only identified three studies examining Chinese 
exports and imports’ energy and carbon content. From 1972 through 1995 (Berner 
et al. 2022) examined the Chinese trade (Sanaye et al. 2022). These studies look at 
energy transfers and pollutants rather than an ecological footprint. Still, they also 
utilize the total amount of energy instead of sustainable and non-renewable portions 
to compare, which is more important for reducing greenhouse gas emissions. There 
are now studies that concentrate on the radioactive decay of materials of a single 
sector, area, or economic block rather than examining the impacts of the energy 
matrix on business as a whole instead of on parts of the economy through economic 
cooperation and development (Walter and Brüggemann 2020). Studies conducted in 
the USA and abroad ignore renewable and non-renewable energy sources’ role in 
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climate change. Filling up these holes is the purpose of the present research, which 
is helpful.

There may be a nonlinear link between financial inclusion and the greenhouse 
effect in addition to the linear one described above and investigated if there is an 
inverted U-shaped link between economic integration and global carbon emissions 
using the environmental Kuznets curve (EKC). In other words, China’s carbon diox-
ide emissions are inversely proportional to its economic integration. Further investi-
gations have backed up this conclusion. However, studies frequently underestimate 
the influence of economic integration on carbon emission reductions in space, par-
ticularly in China.

Green finance’s primary significance in the link between economic growth and 
energy efficiency has been studied by several academics. Green finance, make out, 
is a powerful tool for resolving the conflict between economic growth and environ-
mental sustainability. According to the researchers, green finance proved to be an 
effective instrument for increasing energy efficiency through green technology inno-
vation. Green finance and energy efficiency have a good link, according to Liu et al. 
(2022a, b) and Zhao and Taghizadeh-Hesary (2022).

According to an empirical study, green finance is a long-term approach for 
improving energy efficiency, although FinTech and economic integration are 
adversely associated with energy efficiency in E7 nations. It is a good idea to 
increase financial inclusion to boost the green economy’s performance.

CO2 emissions may be significantly reduced when energy efficiency and eco-
nomic integration are coupled, (Wang et al. 2022) and his colleagues. In terms of 
energy and environmental policy, energy efficiency has long been a top focus.

On the other hand, energy efficiency is defined as a reduction in energy input 
per unit of economic output, as specified in energy efficiency. As a result, increas-
ing energy efficiency can reduce energy use while also saving money (Chien et al. 
2022a, b). In other words, companies and people may cut energy consumption and 
consequently CO2 emissions by maintaining the same level of economic activity 
while increasing energy efficiency (Dalla Longa et al. 2022; Truby et al. 2022) High 
energy efficiency, on the other hand, denotes a high level of low-carbon technology 
and is the foundation for the discovery and development of renewable energy. Many 
experts believe that using renewable energy can help reduce CO2 emissions. Their 
findings imply that energy efficiency is the most effective and efficient solution for 
lowering CO2 emissions. Much additional research has shown a negative relation-
ship between energy efficiency and CO2 (Akram et al. 2022; Lei et al. 2022).

2.3 � The specific index system China Financial Inclusion

To properly grasp China’s expanding financial integration and the carbon emis-
sions resulting from its economic integration, a thorough and accurate evaluation of 
China’s financial integration has become a must. To estimate total financial sector 
growth, several researchers increasingly use complex methods. To investigate eco-
nomic integration, (Mesagan et al. 2022) employ three variables: official accounts, 
savings, and credit. The Mesagan (2021) study also supports this method of financial 
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integration. Parihar et al. (2022) presented an index system based on permeability, 
availability, and durability, while (Mohsin et al. 2021c, a, b) proposed an index sys-
tem based on three dimensions of permeability, accessibility, and usefulness. Some 
researchers have devised and deployed indicator systems that consider a variety of 
characteristics, including consumption, effectiveness, availability, and cost.

3 � Theoretical justification and methods of analysis

3.1 � Model

In public R&D funding for renewable energy, the following empirical model is used 
to investigate the influence of financial integration and industrial output on energy 
efficiency and trade openness.

The EU represents energy efficiency, which is calculated as the proportion of 
energy output to energy consumption. Energy efficiency improvements throughout 
time contribute to economic and sectoral energy efficiency gains and the total energy 
consumption includes renewable and waste energy. On-point IEA data (IEA). World 
Bank calculates GDP (2021).

This study uses the public budget for renewable energy R&D as a gauge of renew-
able energy investment (RER&D). OECD tracks RER&D (2021). FIN (finance) 
combines statistics from commercial banks, branches, contract deposits (% of GDP), 
and ATMs (percent of GDP). IMF statistics (2021). World Bank measures trade 
openness in 1 TB. China’s data spans 1990–2021.

3.2 � Theory

The increase in productivity per unit of energy consumption is called energy efficiency. 
This measure takes into account both productivity and energy consumption. It is gener-
ally accepted that investment in renewable energy contributes to energy efficiency. 
Based on previous research, the analysis predicts that public research and development 
of renewable energy will have a beneficial impact on the EU, i.e. 

(

𝜋
2 =

𝜕EE

𝜕RER&D
> 0

)

 . 
One possible explanation for the negative impact on EU industrial production is that 
significant investments in renewable energy research and development have expanded 
options for switching to more efficient renewable energy sources. R&D investments 
also improve energy efficiency by helping governments explore environmentally 
friendly renewable energy technologies. The study predicts that industrial production 
will have a negative impact on the EU, i.e. 

(

𝜋
4 =

𝜕EE

𝜕INDP
< 0

)

 . The China budget is 
shifting away from energy production, which might explain why industrial output nega-
tively influences growth. The country is heavily reliant on energy imports. China’s con-
tribution to energy, particularly renewable energy, has dwindled over time. As a result, 
it can be stated that China’s industrial output has a negative influence and that 

EE
t
= �

1
+ �

2
RER&D

t
+ �

3
FIN

t
+ �

4
INDP

t
+ �

5
TO

t
+ �

it



3104	 Economic Change and Restructuring (2023) 56:3095–3115

1 3

economic restructuring will also enhance China’s energy performance. One explana-
tion for this assertion is that financial integration, a crucial part of economic growth, 
stimulates demand for renewable energy by boosting investors’ capacity to fund energy-
efficient technology at reasonable rates. Switching from RE sources to less expensive 
non-renewable energy sources can also help households save money, 
i.e. 

(

𝜋
3 =

𝜕EE

𝜕FIN
> 0

)

 . In addition, the economy is likely to benefit from the opening of 

trade, EE, i.e. 
(

𝜋
5 =

𝜕EE

𝜕TO
> 0

)

 . This is because international commerce allows coun-
tries to learn from each other’s experiences moving from less efficient to more efficient 
energy technology. The international exchange also makes it easier for filthy industries 
to be transferred from developed to developing countries. As a result, China will profit 
from trade liberalization.

3.3 � Econometric methods

From 1990 to 2020, control variables look at the influence of China’s economic inte-
gration and industrial production on energy efficiency. This study tested an empirical 
model using time series econometric approaches, which can handle data with structural 
perturbations and validate the established sequences. Regional and global economic 
shocks, the 2009 recession, and, most recently, the new coronavirus pandemic in 2019 
are all wreaking havoc on the Chinese economy. As a result, cells should be character-
ized in light of these outcomes (Table 1).

The Bayer and Hank (B&H) real test is used. This study looks at the long-term rela-
tionships between energy efficiency and features like development, financial inclusion, 
government support of energy research, financial inclusion, and industrial production. 
The BH test equation is as follows.

The essential values are shown as symbols EG-J and EG-J-Bo-Ba.

EG − J = −2
[

ln
(

P
EG
)

+ ln
(

P
J
)]

EG - J - Bo - Ba = −2
[

ln
(

P
EG
)

+ ln
(

P
J
)

+ ln
(

P
Bo
)

+ ln
(

P
Ba
)]

Table 1    The impact of financial inclusion on energy consumption

Impact channels Reflection of effects

Direct effect Consumers may now borrow money simply and inexpensively to buy durable items 
and consume more energy as the financial industry develops

Business effect Today, businesses have more straightforward and cheap access to financial resources 
due to strong economic growth. The stock market’s growth can impact enterprises 
by supplying them with additional financial resources. These enhancements 
increase energy usage while improving the company’s present commercial capa-
bilities

Wealth effect The increase in stock trading has affected consumer and business confidence in the 
market. Financial confidence is growing, leading to a rise in energy consumption
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The influence of financial consolidation and industrial output on energy efficiency 
in China from 1990 to 2020 is studied using control variables. We use econometric 
time series approaches to estimate empirical models in this work. To assess estab-
lished series that can manage data with structural perturbations. The China economy 
has been decimated by the regional and global economic crisis, the 2009 recession, 
and the 2019 new coronavirus pandemic. As a result, while characterizing cells, 
these results must be considered (Table 2).

The researchers utilized Johansen’s completeness test to establish robustness, 
which is analogous to the B&H test. For initial differences, these parameters must 
stay constant. The models in this study were evaluated using FMOLS, DOLS, and 
CCR methods. We employ the FMOLS approach, a semi-parametric method to han-
dle the potential of correlation. When dealing with the link between random explan-
atory variables and integral equations, the test’s key benefit is asymptotically correct 
and efficient. The FMOLS architecture successfully tackles this issue by allowing 
team members to connect failed process sequences across many team members. This 
study also employed DOLS and CCR methodologies in addition to FMOLS. The 
DOLS approach minimizes minimum sampling time and distortion in test equations, 
such as lead and bass. We employ the DOLS estimator to check endogeneity and 
diminish intrinsic feedback by raising both frontal and lateral inequalities. DOLS 
takes bias, endogenous correlation, and serial correlation into consideration. This 
study also evaluated the model using Park’s (1992) CCR test.

To guarantee dependability, robust regression analysis was used. A frequency-
domain causality test was utilized to assess energy efficiency and causation between 
FINANCE, INDP, RER&D, and TO (series). Long-term, short-term, mid-term, and 
test frequencies are I = 0.05, 1.50, and 2.50. This method has the benefit of quickly 
eliminating seasonal variance from a dataset.

4 � Results and discussion

The (Narayan and Popp 2010) test integrates the features of time series variables in 
this study. Table 3 shows that the first-order difference has no effect on sustainable 
energy, economic flows, industrial production, public R&D, or renewable energy 
trade openness. All variable-level means are not equal, even though the variables are 
same.

Energy efficiency, wealth creation, industrial production, public renewable power 
R&D, and full-scale firms were identified using Bayer–Hanke integration tests, 
integrating model variables with B&H. Integration of variables is the main statisti-
cal test for EG, JJ, Ba, Bo, EG-J, and EG-J-Ba-Bo. Included are energy efficiency, 
financial integration, industrial production, renewable energy R&D, and trade lib-
eralization. JJ integration can discover four vectors. Thus, model variables are syn-
thetic. The results of the JJ test and B&H test are reported in Table 3.

The findings of the FMOLS, DOLS, and CCR techniques are shown in Table 4. 
The apparent elements impacting China’s energy efficiency include financial inte-
gration, industrial output, public R&D in renewable energy, and trade openness. 
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Table 5 displays some intriguing findings. The results of the robust regression analy-
sis are shown in Table 6.

China’s energy efficiency gains from early investments in energy resources (based 
on public R&D assessments of renewable energy). Shifting the economy away from 
non-renewable energy and towards efficient renewable energy would necessitate a 
significant investment in R&D. Governments can invest in R&D to create ecologi-
cally friendly renewable energy technology that reduces carbon dioxide emissions. 
Under the PCA, countries will also be required to transition to renewable energy-
based industrial structures. Investing billions in R&D, as many are now pointing 
out, is a critical step. To contribute to the Sustainable Development Initiative by 
pursuing energy efficiency targets. Energy efficiency (SDGs) is crucial in the seven 
United Nations Sustainable Development Goals. The argument is centred on renew-
able energy. SDGS’s primary objective is to increase energy efficiency and deliver 
contemporary power. Investing in energy resources is vital to accomplish one of the 
SDGs: clean and cheap energy (Table 7).

Table 3   Narayan and Popp 
(2010) Unit root test

Note: ***, ** and * is for significance level of 1, 5 and 10%

Variables I(0) I(I)
Level and trend Level and trend

EE −2.914 −6.278***
FININC −3.078 −5.008***
INDP −3.587 −8.267***
RER&D −3.379 −6.059***
TO −3.398 −7.551***

Table 4   Cointegration test

Engle-Granger (EG) Johansen (JJ) Banerjee (Ba) Boswijk (Bo)

P-Value(s) 0.0749 0.0103 0.0088 0.0031
Test statistics −4.1859* 39.2117** −4.6264*** 28.5020***
EG-J 13.869**
EG-J-Ba-Bo 34.836**

Johansen cointegration test

Hypothesized Eigenvalue Trace 0.05 Prob.**

No. of CE(s) Statistic Critical value

None* 0.75343 114.342 80.3415 0
At most 1 * 0.71136 75.1386 56.2458 0.0014
At most 2 * 0.54723 40.3464 36.0109 0.0274
At most 3 0.38956 18.1601 19.3977 0.0867
At most 4 0.11245 4.33998 4.84147 0.0879
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REC also affects industrial production negatively. CCR enhances INDP size 
over FMOLS and DOLS. For every 1 percent increase in INDP, energy efficiency 
declined 0.985 percent. High-energy-consuming sectors increased at a rate of 1.1 
per year during the last decade, whereas low-energy-consuming industries grew at 
3.2. This suggests energy intensity has risen slower than industrial production. This 
is because China’s industrial sector uses oil, coal, electricity, natural gas, and renew-
able energy (mainly biomass) (primarily biomass). The industrial sector’s over-
all energy mix has less renewable energy. China’s renewable energy consumption 
climbed from 62 million QBTU in 1950 to 1854 in 2000. China’s industrial sector 

Table 5    Long-run results

Note: ***, ** and * is for significance level of 1, 5, and 10%. 
FMOLS is for modified
CCR​ Complete Normal Regression, DOLS Dynamic Ordinary Least 
Squares is abbreviated as DOLS. [] contains a list of common mis-
takes

Variable FMOLS DOLS CCR​
Coefficients Coefficients Coefficients

[SE] [SE] [SE]

INDP −0.948* −0.851*** −0.988***
[0.4651] [0.1908] [0.3258]

FININC 1.761*** 1.568*** 1.7185***
[0.2931] [0.4688] [0.3677]

RER&D 0.1071** 0.1688*** 0.1197*
[0.0461] [0.0342] [0.0637]

TO 0.714*** 0.6028* 0.659**
[0.1922] [0.3051] [0.2466]

Constant −1.5051*** −1.4539*** −1.8685***
[0.3925] [0.3281] [0.2932]

Table6    Robust 
regression analysis

Note: ***, ** and * is for significance level of 1, 5, and 10%

Variables Coefficients
[SE]

INDP −0.752***
[0.1523]

FININC 1.0554***
[0.1990]

RER&D 0.1553**
[0.0607]

TO 0.5231***
[0.1025]

Constant −1.0307***
[0.2987]
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will use 2356RE by 2020. China’s industrial sector utilized 0.858, 4.326, 7.625, and 
11.36 QBTU of coal, electricity, oil, and natural gas during this time. As China’s 
economy swings away from energy-intensive industries, renewable energy in its 
industrial sector has decreased. Renewable energy utilization has been increasing in 
all other areas. China’s industrial production is losing its renewable/non-renewable 
energy balance.

Second, China’s economic integration depends on energy efficiency. The China 
financial system allows consumers to get low-cost financing for durable products 
and investors to develop or expand renewable energy installations, according to 
the study. Increased financial inclusion will allow investors to reinvest in energy-
efficient firms. Customers switch to renewable energy as financial services become 
more accessible and equal. Anton and his colleagues are promoting green energy 
(2020). Economic growth boosts energy efficiency, says one study. Seven SDGs 
depend on fiscal integration (SDGs). "Everyone should have inexpensive, reliable, 
sustainable, modern energy." Enhanced financial integration makes investors more 
inclined to support low-cost, energy-efficient technologies, which boosts renewable 
energy demand. SDG 7 is attainable. We believe financial inclusion is needed to 
achieve one of the Sustainable Development Goals, such as clean and affordable 
energy. 17% of global energy usage is renewable.

The statistics suggest that trade openness improves energy efficiency. Interna-
tional trade’s involvement in knowledge transmission between countries may affect 
energy efficiency through knowledge transfer. Countries often study their counter-
parts’ experiences to enhance their use of renewable energy. As international trade 
grows, so are energy-efficient home appliances, per capita, the number of financial 
and banking sector personnel. Non-renewable energy accounts for 93 Mtoe (nearly 
92 percent), whereas renewable energy accounts for 7.8Mtoe (5.6 percent). In con-
trast, 29.6 Mtoe (62 percent) came from non-renewable sources of energy, and 34 
Mtoe (50 percent) availability from renewable. Interactive Greenhouse gas emis-
sions inherent in commodities and services are exported and imported due to inter-
national commerce in virtual energy. The Chinese economy imported 258.36  Mt 
CO2-Eq.  (93 percent) from the rest of the world, while the country’s renewable 
energy sector imported only 8.5 Mt CO2-Eq. (3.8 percent). Instead of exporting 66.3 
Mt CO2-Eq. (37 percent) from renewable energy sources, China sent out 95.83 Mt 
CO2-Eq. (56.1 percent) from commodities and services derived from non-renewable 
renewable technologies.

Table 7    Frequency domain 
causality test

Note: ***, ** and * is for significance level of 1, 5, and 10%

Variables Freq (0.05) Freq (2.50) Freq (1.50)
Long-run Long-run Long-run

REC − FININC 4.9149* 5.201* 6.581**
REC − INDP 4.078* 8.143** 7.248**
REC − RERD 6.207* 7.693** 6.038*
REC − TD 7.374** 7.495** 8.551**
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5 � Conclusion

5.1 � Policy implications

Financial integration, industrialized production, public renewable energy R&D, 
and trade liberalization influence China’s energy performance. This study, like 
the majority of others, adds to our understanding by focusing on financial inte-
gration rather than economic growth. Furthermore, unlike previous studies, our 
conclusions are based on industrial production rather than GDP. China’s economy 
has benefited greatly from industrial output. Furthermore, this study adds to the 
corpus of knowledge by examining causal linkages between variables in the con-
text of time. It shows how the nature of the link between energy efficiency and the 
factors that influence it evolves through time. This approach (series) looks into 
cause-and-effect relationships between variables at different frequencies (string). 
Industrial output, economic integration, public renewable energy R&D, and trade 
openness are all important factors in China’s energy efficiency, according to stud-
ies. Except for industrial production, all other variables are positively related 
to REC. The results were consistent with the approaches used, which included 
FMOLS, DOLS, and CCR.

FMOLS estimates of industrial production and trade openness, on the other 
hand, are higher than DOLS and CCR estimates. Energy efficiency is causally 
linked to industrial output, financial integration, public R&D, and exposure to the 
renewable energy trade. Energy Vibration Efficiency has varied degrees of influ-
ence on all variables.

In response to rising environmental and economic issues, the United Nations 
developed many Sustainable Development Goals (SDGs) in 2015. Environmen-
tal sustainability, as well as poverty, inequality, and injustice alleviation, are the 
primary goals of these SDGs. A major focus is on the usage of renewable energy. 
The main purpose of SDGS is to improve energy efficiency and gain access to 
new energy sources (UN DESA 2017). 2017 is the year (DESA). Energy effi-
ciency is a cornerstone of most SDGs, according to the World Bank.

Based on these findings:

	 I.	 This study offers relevant laws to increase energy efficiency, a crucial compo-
nent of most SDGs, including sustainable energy and the environment. SDGS’s 
primary goal is to boost energy efficiency and supply creative energy.

	 II.	 Consequently, China should spend more on green sources and emphasize 
energy efficiency. Improved energy efficiency helps poor groups to contribute 
to the transition to a low-carbon future by boosting productive potential. It also 
improves energy efficiency, cutting costs, and offering fewer environmental 
dangers. Furthermore, improving energy efficiency necessitates strengthening 
the world’s economy, which has substantial implications for energy efficiency.

	 III.	 Further, according to the financial system, enough money must be available to 
support energy efficiency measures. Economic integration can help renewables 
gain a more significant part of the energy pie. According to the World Bank, 
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one of the SDGs is budgetary consolidation. A solid financial system may 
make more investments in renewable energy through research and develop-
ment, increasing energy efficiency. To expand the usage of renewable energy 
in manufacturing, energy measures are also required. Households’ access to 
economic resources must also be improved. The public and commercial sec-
tors will be unable to expand the energy industry without the cooperation of 
family members.

	 IV.	 Energy investment, financial integration, industrial production, and trade liber-
alization influence China’s energy efficiency. Examine how energy investment 
and other variables affect China’s energy efficiency. South Asia, Europe, the 
OECD, the G8, and the BRICS may benefit. Most studies are needed to con-
firm the causal relationship between energy expenditure and energy efficiency.
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