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This paper provides an in-depth analysis of how management efficiency affects sustainable

development in China’s top 10 private energy companies from 2005 to 2021, using the CUP-

FM technique. The study finds a notable correlation: a 1% improvement in management

efficiency results in a 0.21% reduction in energy expenditure. This highlights the significance

of efficient management practices, such as streamlined processes, better resource allocation,

and advanced technology use, in optimizing energy consumption and promoting sustain-

ability. Conversely, a 1% increase in the number of employees leads to a 0.49% increase in

energy expenditure due to increased operational activities and resource needs. The research

also explores the impact of other variables, including earnings per share (EPS), tax payments,

and technology spending, on energy expenditure among listed energy companies in China. To

foster innovation among employees through improved management efficiency, the paper

suggests practical policies such as enhancing sustainable literacy, providing green loans,

implementing standardized reporting, and encouraging collaboration and knowledge sharing

among energy companies.
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Introduction

The urgent need for a green transformation in the energy
sector stems from the critical requirement to tackle
environmental issues and mitigate climate change effects.

Reliance on fossil fuels has caused significant harm, including air
and water pollution, habitat destruction, and increased green-
house gas emissions (Squadrito et al. 2023). Previous research,
such as that by Du et al. (2023), Zhao and Rasoulinezhad (2023)
and Hassan et al. (2024), underscores the importance of transi-
tioning to renewable energy sources—like solar, wind, hydro, and
geothermal—to cut carbon emissions and promote sustainability.
Additionally, investing in green energy not only drives innovation
and job creation but also strengthens energy security by diversi-
fying energy sources (Majeed et al. 2023).

Countries striving for a green transformation in their energy
sectors increasingly depend on innovation to address their most
pressing environmental challenges. Technological progress is vital
for improving the efficiency, cost-effectiveness, and scalability of
renewable energy sources (Shobande et al. 2023). Advances in
energy storage, smart grid systems, and sustainable transportation
are crucial for managing the intermittency and variability of
renewable resources, ensuring their reliability and availability
(Aydin et al. 2023; Karlilar et al. 2023). Furthermore, innovation
in green energy technologies generates new economic opportu-
nities, driving job creation and investment in clean energy
infrastructure. By leveraging innovation, countries can expedite
the shift to a low-carbon economy while building resilience and
adaptability to climate change. Embracing these advancements
paves the way for a more sustainable and prosperous future for all
(Hille et al. 2020; Song et al. 2024).

Encouraging innovative behavior among employees, particu-
larly within leadership, demands several key requirements. Firstly,
fostering a culture that values creativity, risk-taking, and open
communication is essential. Leaders should create an environ-
ment where employees feel empowered to share ideas freely
without fear of criticism. Secondly, providing resources and
support for innovation is crucial (Rieger and Klarmann, 2022).
This includes allocating time, budget, and tools for experi-
mentation and idea development. Additionally, leaders must lead
by example, demonstrating their commitment to innovation
through their actions and decisions. They should actively
encourage and recognize innovative efforts from employees at all
levels of the organization (Euchner, 2022; Mingaleva et al. 2022).
Furthermore, establishing clear goals and expectations for inno-
vation ensures alignment with organizational objectives and
drives accountability. Lastly, promoting diversity and inclusion
within teams fosters a range of perspectives and ideas, enriching
the innovation process.

The need for innovation in green transformation is especially
urgent for China, given its position as the largest emitter of global
greenhouse gases. In 2020, China alone released an astounding
12.3 billion tonnes of CO2 equivalent (GtCO2e), accounting for
27% of global emissions. China’s significant dependence on coal
for power generation, representing nearly 60% of global coal
consumption, underscores the critical need to shift towards
cleaner energy sources. The impact of China’s energy consump-
tion and emissions on global climate change makes innovative
solutions essential for mitigating these effects. Without addres-
sing China’s emissions, local environmental issues will worsen,
and global reliance on coal, the dirtiest energy source, will con-
tinue unabated.

This paper focuses on evaluating the impact of management
efficiency, a key element of sustainable development, within
China’s top 10 most valuable private energy companies. The
study is motivated by the increasing importance of sustainable
development in the global energy sector, with China being a

major greenhouse gas emitter. By assessing management effi-
ciency, and analyzing the energy expenditure of leading compa-
nies such as Jinko Solar, EVE Energy, NIO, Tongwei Co Ltd,
Sungrow Power Supply Co Ltd, Formosa Petrochemical Corp,
LONGi Green Energy Technology Co., Li Auto, BYD, and CATL
—companies identified by Hurun in 2023—this research aims to
evaluate the effectiveness of their operational strategies in
achieving sustainable outcomes. Understanding the link between
management efficiency

This paper makes several contributions to the field, primarily
focusing on micro-level analysis of sustainable management
practices within China’s top private listed energy companies.
Firstly, it provides valuable insights into the relationship between
management efficiency and energy expenditure, offering a
nuanced understanding of how operational strategies influence
resource consumption and environmental impact. By identifying
factors that contribute to improved management efficiency, such
as streamlined processes, innovation, and strategic decision-
making, the paper offers actionable recommendations for
enhancing sustainability performance within the energy sector.
Secondly, the study highlights the importance of sustainable
innovation in driving reductions in energy consumption among
top private listed energy companies. By examining case studies
and empirical data, the paper identifies innovative practices and
technologies that have proven effective in optimizing energy
usage and minimizing waste. These insights serve as a blueprint
for other companies seeking to adopt similar sustainable prac-
tices, ultimately leading to a more energy-efficient and envir-
onmentally responsible industry. Moreover, the paper contributes
to the broader discourse on sustainable development by show-
casing the role of private enterprises in driving positive envir-
onmental outcomes.

The paper is organized as follows: Section 2 conducts a lit-
erature review, examining existing studies on management effi-
ciency, sustainable innovation, and energy consumption in the
energy sector. Section 3 provides background information on
China’s energy landscape and the role of private listed energy
companies. Section 4 outlines the methodology for data collection
and model development. In Section 5, empirical analysis results
are presented, highlighting the relationship between management
efficiency and energy expenditure. Finally, Section 6 offers con-
cluding remarks and policy implications based on the study’s
findings.

Literature survey, gaps and research hypothesis
Review of related literature. The shift from fossil fuels to
renewable energy sources marks a crucial step towards sustain-
ability and environmental stewardship in the energy sector.
Research by Rasoulinezhad (2020), Yoshino et al. (2021), Hou
et al. (2022), Jiang et al. (2022), Phung et al. (2023), and Hassan
et al. (2024) underscores the urgency of this transition to address
climate change and cut greenhouse gas emissions. Handayani
et al. (2019) demonstrated the viability of achieving 100%
renewable energy globally, highlighting its potential for sub-
stantial reductions in carbon emissions and related health bene-
fits. Additionally, Ye and Rasoulinezhad (2023) and Taghizadeh-
Hesary et al. (2022) stressed the need for integrated energy
strategies that emphasize renewable energy while balancing social,
economic, and environmental considerations. The economic
advantages of transitioning to renewable energy are also well-
documented, with Xu et al. (2023) revealing that investing in
renewable technologies not only generates employment and
boosts economic growth but also lowers energy costs and
strengthens energy security.
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Sustainable management practices have emerged as a critical
framework for businesses aiming to balance economic prosperity
with environmental responsibility and social equity. Extensive
literature has emphasized the importance of integrating sustain-
ability principles into organizational strategies and operations.
For example, Elkington’s concept of the “triple bottom line”
(Greenland et al. 2022) underscores the significance of consider-
ing environmental, social, and economic factors in decision-
making processes. Additionally, studies such as those by Danish
et al. (2019), Ruggerio (2021), and Sarkar et al. (2022) have
highlighted the strategic benefits of sustainable management,
including enhanced reputation, improved stakeholder relations,
and long-term resilience. Furthermore, research by Wqtrobski
(2019) has emphasized the role of leadership in driving
sustainability initiatives within organizations, stressing the need
for visionary leaders who prioritize environmental and social
responsibility.

Green innovation has emerged as a cornerstone of efforts to
address pressing environmental challenges while fostering
economic growth and competitiveness. Extensive literature
underscores the transformative potential of green innovation
across various sectors. For instance, studies by Melander and
Arvidsson (2022), Rasoulinezhad and Taghizadeh-Hesary (2022)
and Ogiemwonyi et al. (2023) have highlighted the concept of
“eco-innovation,” emphasizing the role of environmental con-
siderations in driving technological advancements and business
model innovation. Furthermore, research by Sun has explored the
drivers and barriers to green innovation, identifying factors such
as regulatory frameworks, market demand, and organizational
capabilities. Moreover, studies such as those by Qu and Liu
(2022), Niu et al. (2023), and Sun et al. (2023) have underscored
the importance of collaborative approaches and stakeholder
engagement in fostering green innovation ecosystems.

The sustainability of enterprises in China has become a topic of
increasing importance amidst the country’s rapid economic
development and environmental challenges. A burgeoning body
of literature has addressed various aspects of sustainability within
Chinese businesses. For instance, studies by Lu et al. (2020), and
Zhou et al. (2023) have examined the environmental manage-
ment practices of Chinese firms, highlighting the evolution from
reactive compliance to proactive sustainability initiatives. Addi-
tionally, research by Mitsunami and Nakai (2024) has explored
the relationship between corporate sustainability and financial
performance in China, demonstrating the potential for sustain-
able practices to enhance competitiveness and long-term value
creation. Moreover, studies such as those by Deng et al. (2023),
Yang and Deng (2023), and Lyu et al. (2023) have investigated the
role of government policies and regulatory frameworks in shaping
corporate sustainability strategies and outcomes.

Gaps and research hypothesis. In the existing literature on sus-
tainable management practices within China’s energy sector,
there remains a notable gap in understanding the specific
mechanisms through which management efficiency impacts
sustainable innovation and ultimately leads to reduced energy
consumption among top private listed energy companies. While
previous studies have explored the broader concepts of manage-
ment efficiency, sustainable innovation, and energy consumption
individually, there is a lack of comprehensive analysis that inte-
grates these factors within the context of China’s energy industry.
Therefore, the research hypothesis of this paper posits that higher
levels of management efficiency among top private listed energy
companies in China will positively influence their capacity for
sustainable innovation, subsequently leading to decreased energy
consumption.

Background and channels of impacts
China has embarked on a sustained journey towards sustain-
ability, marked by significant achievements and ongoing efforts
spanning nearly five decades. Since officially initiating ecological
and environmental protection endeavors in 1972, China has been
a pioneer in embracing the concept of sustainable development.
Over the years, the country has demonstrated its commitment
through substantial investments in poverty reduction and
renewable energy initiatives. Between 2012 and 2020, China
allocated approximately 1.6 trillion Chinese yuan ($219 billion) to
poverty reduction efforts, aligning with Sustainable Development
Goal 1. Furthermore, China’s energy landscape has witnessed a
notable transformation, with wind and solar energy poised to
surpass coal in electricity production capacity for the first time in
2024, accounting for 40% of total installed capacity. In 2021, the
country derived 7.727% of its energy from hydroelectric sources,
2.32% from nuclear power, and 7.141% from other renewables.
Despite these advancements, fossil fuels, primarily coal, still
dominate China’s electricity generation, comprising around 70%
of the total output. Nevertheless, China’s renewable energy sector
has experienced substantial growth, with installed capacity
exceeding 1.45 billion kilowatts by 2023, underscoring the
nation’s steadfast commitment to sustainable energy
development.

In the journey towards sustainability, the micro-level status of
enterprises plays a pivotal role in driving meaningful change.
Specifically, focusing on management efficiency with a sustain-
ability lens becomes crucial for achieving this goal. Management
efficiency, when directed towards sustainability objectives, holds
the potential to catalyze a cascade of positive outcomes within
enterprises. Firstly, focusing on management efficiency with a
sustainability perspective can cultivate a culture of innovation
within enterprises. By prioritizing sustainability goals, companies
are prompted to reassess traditional practices and explore alter-
native approaches that minimize environmental impact while
maximizing resource efficiency. This emphasis on sustainability
as a core value encourages employees to think creatively and
proactively seek out innovative solutions to complex challenges.
Moreover, it fosters a sense of responsibility and ownership
among employees, empowering them to contribute their ideas
and expertise towards the development and adoption of sus-
tainable practices and technologies. Secondly, improving man-
agement efficiency enhances overall enterprise efficacy,
streamlining operations and resource allocation towards sus-
tainable endeavors. This, in turn, contributes to enhanced prof-
itability and competitiveness in the market. Moreover, a focus on
sustainability-driven management efficiency leads to reduced
energy consumption, aligning with environmental conservation
goals and promoting resource efficiency. Lastly, heightened
emphasis on sustainability can attract increased Environmental,
Social, and Governance (ESG) investments, further bolstering
enterprises’ capacity to drive positive social and environmental
impacts. Therefore, prioritizing management efficiency with a
sustainability focus emerges as a multifaceted strategy with far-
reaching implications for enterprises’ sustainability journey and
their broader contributions to societal and environmental well-
being.

Research method and data of variables
This paper delves into the evaluation of management efficiency’s
impacts, serving as the bedrock for sustainable development,
within China’s top 10 most valuable private energy companies
spanning from 2005 to 2021. These companies include Jinko
Solar, EVE Energy, NIO, Tongwei Co Ltd, Sungrow Power Supply
Co Ltd, Formosa Petrochemical Corp, LONGi Green Energy
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Technology Co., Li Auto, BYD, and CATL. Management effi-
ciency is computed and incorporated as the explanatory variable,
while energy expenditure stands as the dependent variable.
Controlling for factors such as the number of employees, EPS
(Earnings Per Share), technology expenditure, and tax payments
in our empirical model, data for these variables were primarily
sourced from the BANK OF CHINA GLOBAL WEBSITE, China
Stock Market & Accounting Research (CSMAR), and the China
Financial Futures Exchange (CFFEX) dataset. Detailed informa-
tion on these variables is outlined in Table 1.

Anticipated impact explanations on energy expenditure are as
follows.

Improved management efficiency often leads to better resource
allocation, streamlined processes, and optimized operations.
Companies with higher management efficiency are more likely to
implement energy-saving practices, invest in renewable energy
sources, and adopt efficient technologies. Consequently, this leads
to a reduction in overall energy expenditure as resources are
utilized more effectively and wastage is minimized. Moreover, the
number of employees can impact energy expenditure in various
ways. While a larger workforce may result in increased energy
usage due to higher operational activity and facility occupancy,
companies with efficient management can mitigate this by opti-
mizing labor efficiency and reducing energy-intensive processes.
Additionally, a smaller but highly skilled workforce may lead to
increased innovation in energy-saving technologies, further
reducing energy expenditure. Earnings per share reflect a com-
pany’s profitability, which can influence its ability to invest in
energy-saving measures. Higher EPS may indicate greater finan-
cial capacity to implement energy-efficient technologies and
practices, leading to a decrease in energy expenditure. However,
companies solely focused on maximizing short-term profits may
prioritize cost-cutting measures that could inadvertently increase
energy usage. Thus, the impact of EPS on energy expenditure
depends on the company’s strategic priorities and long-term
sustainability goals. Furthermore, increased investment in tech-
nology often results in the adoption of energy-efficient equip-
ment, automation, and smart systems, leading to reduced energy
consumption and expenditure. Companies with efficient man-
agement are more likely to allocate resources towards research
and development of sustainable technologies, thereby driving

down energy costs over time through innovation and optimiza-
tion of energy usage. Tax payments can influence energy
expenditure through various channels. On one hand, higher tax
payments may limit the financial resources available for invest-
ment in energy-saving initiatives, potentially leading to increased
energy expenditure in the short term. Additionally, tax incentives
geared towards promoting sustainable practices and investment
in renewable energy sources can serve as powerful catalysts for
companies to prioritize energy efficiency. By offering tax breaks,
credits, or subsidies for initiatives such as installing solar panels,
implementing energy-efficient machinery, or transitioning to
greener production processes, governments can incentivize
businesses to adopt more sustainable practices. These incentives
not only lower the financial barriers to implementing energy-
saving technologies but also provide long-term cost savings
through reduced energy expenditure. Consequently, the impact of
tax payments on energy expenditure is intricately linked to the
broader regulatory landscape and the strategic decisions made by
companies in response to such policies. Businesses that strategi-
cally leverage tax incentives to invest in energy efficiency mea-
sures are likely to experience significant reductions in energy
expenditure over time, contributing to both their bottom line and
environmental sustainability efforts.

The empirical section of this study utilizes the panel co-
integration approach as its primary methodology, renowned for
its effectiveness and relevance when analyzing variables that
demonstrate long-term co-integration. To comprehensively
evaluate the impact of independent variables, a detailed panel
data econometric analysis is undertaken, involving several
diagnostic steps. Initially, the method proposed by Pesaran and
Yamagata (2008) is employed to meticulously examine the
consistency of slopes across the panel, ensuring the validity of the
model assumptions. Subsequently, it becomes imperative to
address the evaluation of cross-sectional dependency, which is
accomplished through the utilization of statistical techniques
such as Pesaran’s (2021) method. The following step entails
scrutinizing the stationarity status of the series, utilizing the
CADF and CIPS approach introduced by Pesaran (2007). The
investigation then proceeds to explore long-term relationships
between variables using Westerlund’s (2007) methodology.
Additionally, the analysis is augmented through the application

Table 1 Characteristics of the variables.

Variable Definition Symbol Reference Observation

Management
efficiency

Measure of the effectiveness and
productivity of managerial processes within
the company

ME – 2005–2021

Energy Expenditure Total expenditure incurred by the company
on energy-related activities

EE BANK OF CHINA GLOBAL WEBSITE, China Stock
Market & Accounting Research (CSMAR), and the China
Financial Futures Exchange (CFFEX) dataset

2005–2021

Number of
employees

Total count of individuals employed by the
company

NE BANK OF CHINA GLOBAL WEBSITE, China Stock
Market & Accounting Research (CSMAR), and the China
Financial Futures Exchange (CFFEX) dataset

2005–2021

Earnings per share Measure of a company’s profitability,
calculated as net income divided by the
number of shares

EPS BANK OF CHINA GLOBAL WEBSITE, China Stock
Market & Accounting Research (CSMAR), and the China
Financial Futures Exchange (CFFEX) dataset

2005–2021

Technology
Expenditure

Total expenditure allocated towards
technological advancements and
innovations

TE BANK OF CHINA GLOBAL WEBSITE, China Stock
Market & Accounting Research (CSMAR), and the China
Financial Futures Exchange (CFFEX) dataset

2005–2021

Tax payment Total amount of taxes paid by the company
to the government

TP BANK OF CHINA GLOBAL WEBSITE, China Stock
Market & Accounting Research (CSMAR), and the China
Financial Futures Exchange (CFFEX) dataset

2005–2021

Source: Authors’ construction.
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of the Continuously Updated Fully Modified (CUP-FC)
approach.

The CUP-FC (Continuously Updated Fully Modified) esti-
mator offers several notable advantages for econometric analysis.
By continuously updating the correction factors, CUP-FC
enhances the precision of estimates in the presence of panel
data with potential cross-sectional dependence and heterogeneity.
This approach addresses both finite sample bias and the incon-
sistency of traditional estimators in such contexts.

Interpretations of the results
In this paper, the empirical section primarily focuses on assessing
the influence of management efficiency on energy consumption
within a selection of listed energy companies in China spanning
from 2005 to 2021. The empirical results are elucidated through a
structured presentation of sequential tests along with their cor-
responding outcomes.

Table 2 presents the descriptive statistics for key variables,
revealing notable variability across the sample. Management
Efficiency has a mean of 13.243 and a high standard deviation of
8.769, indicating significant differences in management practices
among companies, with values ranging from 2.494 to 23.546.
Energy Expenditure averages 13,244.035 with a standard devia-
tion of 435.45, suggesting moderate consistency despite a broad
range of expenditure from 7,449.39 to 23,659.49. The Number of
Employees averages 56,004, but with a high standard deviation of
1,657, the range from 43,646 to 119,543 shows considerable
variation in company sizes. Earnings per Share (EPS) has a mean
of 5.362 and a large standard deviation of 8.193, indicating
diverse profitability levels, with EPS ranging from −3.657 to 7.90.
Technology Expenditure averages 9,853.12 with a standard
deviation of 1,504.64, reflecting moderate variability in invest-
ment levels, ranging from 1,650.40 to 21,354.59. Lastly, Tax
Payment has a mean of 453,635.46 and a standard deviation of
17,088.49, with values ranging from 130,434.22 to 985,343.50,
highlighting differences in company size and financial
performance.

Next, as delineated in Table 3, centers on the assessment of
slope homogeneity. Since all p-values are found to be statistically
significant at the 5% significance level, it can be inferred that the
panel displays uniformity in slopes.

The following analysis focuses on evaluating cross-sectional
dependency by employing Pesaran’s (2021) and Breusch-Pagan
(1980) metrics, which measure the correlation among the cross-
sectional units within the panel. The results of this evaluation are
summarized in Table 4, confirming the rejection of the null
hypothesis, as evidenced by the statistically significant p-values at
the 5% significance level.

Subsequently, the Cross-sectional IPS and ADF approaches are
employed to ascertain the degree of integration within the series.
The outcomes of these analyses are elaborated upon in Table 5,
revealing that the series exhibits stationarity at the first level of
difference.

The outcomes of the subsequent analysis, utilizing the Wes-
terlund (2007) technique to investigate the long-term relationship
among the variables, are presented in Table 6. Examination of the
p-values derived from the four statistics leads to the determina-
tion that, within our panel data, the variables exhibit long-term
cointegration.

The findings of the coefficient estimation, derived from the
panel cointegration estimator CUP-FM, utilized to address cross-
sectional dependency, are delineated and deliberated upon in
Table 7.

The observed correlation, where a 1% increase in management
efficiency results in a 0.21% decrease in energy expenditure
among selected energy companies in China, highlights several key
factors. Enhanced management efficiency typically involves
streamlined processes, improved resource allocation, and better
technology utilization. Companies with efficient management
practices can more effectively identify and address operational
inefficiencies, leading to optimized energy use and reduced waste.
Moreover, such efficiency fosters a culture of innovation and
sustainability, promoting the adoption of energy-saving technol-
ogies and practices. Investments in renewable energy, upgraded
equipment for improved efficiency, and conservation measures
are common outcomes. Additionally, efficient management
allows companies to swiftly adapt to market changes, regulatory
demands, and technological advances, ensuring they remain
proactive in implementing energy-saving strategies.

The observed association indicating that a 1% increase in the
number of employees corresponds to a 0.49% rise in energy

Table 2 Descriptive statistics of the variables.

Variable Mean S.D Max Min

Management efficiency 13.243 8.769 23.546 2.494
Energy Expenditure 13244.035 435.45 23659.49 7449.39
Number of employees 56004 1657 119543 43646
Earnings per share 5.362 8.193 7.90 −3.657
Technology Expenditure 9853.12 1504.64 21354.59 1650.40
Tax payment 453635.46 17088.49 985343.5 130434.22

Source: Authors’ construction.

Table 3 Slope homogeneity argument.

Statistics Value Prob.

Delta 16.110 0.000
Delta with adjusted term 13.901 0.000

Source: Authors’ construction.

Table 4 Cross-sectional dependency argument.

Test Breusch-Pagan Pesaran

Variable Value Prob. Value Prob.

Management efficiency 657.303 0.000 24.201 0.000
Energy Expenditure 789.220 0.000 26.075 0.000
Number of employees 508.169 0.000 19.694 0.000
Earnings per share 789.203 0.000 28.234 0.000
Technology Expenditure 454.203 0.000 23.657 0.000
Tax payment 672.102 0.000 28.521 0.000

Source: Authors’ construction.
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expenditure among selected enterprises in China can be attrib-
uted to several key factors. Firstly, an expanding workforce
typically entails higher operational activity and increased facility
occupancy, leading to greater energy usage for lighting, heating,
cooling, and other operational needs. As the number of
employees grows, so does the demand for resources, including
energy, to support their activities within the company premises.
Additionally, a larger workforce may necessitate the operation of
additional machinery and equipment to accommodate higher
production levels, further contributing to overall energy con-
sumption. Moreover, managing a larger workforce often requires
additional administrative and support services, which can
increase energy usage in areas such as office spaces, computing
systems, and employee amenities. Furthermore, the indirect
impacts of a larger workforce, such as increased transportation
needs for commuting employees and expanded supply chain
operations, can also drive up energy expenditure across various
facets of the business.

The estimated positive coefficients for earnings per share (EPS)
and tax payment, alongside the negative coefficient for technology
expenditure, regarding their impacts on energy expenditure
among listed energy companies in China, reflect distinct
dynamics within these variables. Firstly, the positive association
between EPS and energy expenditure suggests that companies
with higher profitability may be inclined to invest more in

energy-intensive operations or expansion strategies, thereby
increasing overall energy consumption. Additionally, higher EPS
could signify financial stability and growth, enabling companies
to afford increased energy usage to support their business activ-
ities. Similarly, the positive coefficient for tax payment implies
that companies with higher tax obligations may have greater
financial resources at their disposal, which they may allocate
towards expanding operations or investing in energy-intensive
processes, consequently driving up energy expenditure. Con-
versely, the negative coefficient for technology expenditure indi-
cates that investments in technology aimed at enhancing energy
efficiency and reducing consumption have a mitigating effect on
energy expenditure. Companies that prioritize technological
advancements geared towards energy conservation can achieve
cost savings by optimizing energy usage and reducing waste.

Continuing the analysis, a thorough investigation was under-
taken utilizing the Fully Modified OLS method to reassess the
signs of the coefficients. The outcomes, presented in Table 8,
indicate a negative impact of management efficiency on energy
expenditure among enterprises in China. This suggests that as
management efficiency improves, there is a corresponding
decrease in energy expenditure, ultimately fostering greater sus-
tainability within these enterprises.

Conclusion and practical implications
This paper offers an in-depth examination of how management
efficiency impacts sustainable development among China’s top 10
private energy companies from 2005 to 2021. The analysis reveals
a notable correlation where a 1% increase in management effi-
ciency results in a 0.21% decrease in energy expenditure. This
finding highlights the crucial role of effective management
practices, such as optimizing processes, improving resource
allocation, and leveraging technology, in reducing energy use and
promoting sustainability. Conversely, the study also shows that a
1% increase in the number of employees correlates with a 0.49%
increase in energy expenditure, reflecting the added operational
demands and resource needs of a larger workforce. Moreover, the
paper explores the influences of other variables like earnings per

Table 5 CIPS and CADF stationary examinations.

Variable CIPS CADF

I (0) I(1) I (0) I(1)

Management efficiency −1.34 (0.95) −5.40 (0.00) −1.20 (0.93) −6.34 (0.00)
Energy Expenditure −2.64 (0.85) −9.12 (0.00) −1.94 (0.79) −7.19 (0.00)
Number of employees −1.43 (0.92) −8.39 (0.00) −0.96 (0.68) −3.95 (0.00)
Earnings per share −2.19 (0.79) −10.05 (0.00) −1.96 (0.93) −6.39 (0.00)
Technology Expenditure −1.44 (0.90) −5.31 (0.00) −2.57 (0.83) −11.12 (0.00)
Tax payment −0.94 (1.00) −4.30 (0.00) −1.22 (0.95) −6.30 (0.00)

Note: the values in () are probability.
Source: Authors’ construction.

Table 6 Test of cointegration.

Statistic Result

t-statistic Prob.

Gt −3.795 0.019
Ga −12.012 0.025
Pt −4.593 0.039
Pa −6.922 0.002

Source: Authors’ construction.

Table 7 CUP-FM estimation result.

Variable Results

Coefficient Prob.

Management efficiency −0.213 0.004
Number of employees 0.492 0.066
Earnings per share 0.069 0.039
Technology Expenditure −0.326 0.011
Tax payment 0.167 0.043

Source: Authors’ construction.

Table 8 Fully Modified OLS estimation result.

Variable Results

Coefficient Prob.

Management efficiency −0.462 0.059
Number of employees 0.274 0.099
Earnings per share 0.014 0.021
Technology Expenditure −0.195 0.037
Tax payment 0.095 0.005

Source: Authors’ construction.
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share (EPS), tax payments, and technology expenditure on energy
expenditure, emphasizing the complex interplay of factors
affecting energy consumption. These results stress the importance
of strategic management in enhancing energy efficiency and
advancing sustainability in the energy sector.

To enhance employees’ innovation behavior through man-
agement efficiency in energy listed companies in China, several
practical policies can be implemented:

i. Increasing Sustainable Literacy of Managers and
Employees:
Introduce training programs and workshops to boost the
sustainable literacy of managers and employees in energy
companies. These initiatives should emphasize sustainable
practices, energy-saving methods, and the role of innova-
tion in advancing sustainability efforts. By raising aware-
ness and deepening understanding of sustainability
challenges, these programs will enable managers and
employees to effectively incorporate sustainable practices
into their everyday activities and nurture a culture of
innovation.

ii. Increasing Green Loans to Enterprises:
Introduce policies to incentivize financial institutions to
offer green loans with favorable terms to energy listed
companies that demonstrate a commitment to sustain-
ability and innovation. These loans can be earmarked for
investments in energy-efficient technologies, renewable
energy projects, and research and development initiatives
aimed at improving energy management and reducing
environmental impact. By providing access to affordable
financing, companies will be encouraged to undertake
innovative sustainability projects that drive energy effi-
ciency and reduce carbon emissions.

iii. Standardization of Sustainable Reporting:
Establish standardized guidelines and reporting frameworks
for sustainable practices and environmental performance
for energy listed companies. This will ensure consistency
and transparency in reporting sustainability metrics such as
energy consumption, carbon emissions, and environmental
impact. By standardizing sustainable reporting, companies
will be better able to benchmark their performance, track
progress over time, and demonstrate their commitment to
sustainability to investors, stakeholders, and the public.
Additionally, transparent reporting can incentivize compa-
nies to prioritize sustainability and innovation as part of
their corporate strategy.

iv. Promoting Collaboration and Knowledge Sharing:

Facilitate collaboration and knowledge sharing among energy
listed companies, industry associations, research institutions, and
government agencies to foster innovation and best practices in
sustainable energy management. Establish platforms for sharing
case studies, success stories, and lessons learned from sustain-
ability initiatives. Encourage cross-sectoral partnerships and col-
laborative research projects to develop innovative solutions to
common sustainability challenges. By promoting collaboration
and knowledge sharing, companies can leverage collective
expertise and resources to drive continuous improvement in
energy efficiency and sustainability performance.

For future research endeavors, there remains ample opportunity
to delve deeper into sustainable corporate management require-
ments within Chinese enterprises. This avenue of study could
entail a comprehensive examination of the regulatory frameworks,
industry standards, and corporate governance practices that shape
sustainability initiatives and management practices within Chinese
companies. Additionally, conducting surveys to gauge the per-
ception of sustainable innovation among employees and managers

within enterprises could provide valuable insights into the factors
influencing engagement with sustainability initiatives, barriers to
adoption, and opportunities for improvement.

Data availability
For inquiries regarding access to the datasets generated or ana-
lyzed in the current study, please do not hesitate to reach out to
the corresponding author.
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