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Abstract: The development of human society and the production and operation activities of enter-
prises have brought about global warming, resulting in frequent natural disasters. It has become
the consensus of all countries in the world to develop a green and low-carbon economy. Under
this background, enterprises, as the main body of economic activities, especially energy industry
enterprises, should optimize and upgrade the traditional production and operation mode with high
pollution, high consumption, and low output to a high-efficiency and low-pollution mode, and
pay attention to the co-ordinated development of economic benefits, social benefits, and ecological
benefits. Financial performance evaluation indicators have become the main basis for senior leaders
of energy industry enterprises to make decisions and evaluate the low-carbon economic benefits
of enterprises. This paper constructs a set of financial evaluation index systems of energy industry
enterprises under the background of a low-carbon economy from four dimensions: profitability, asset
quality, debt risk, and business growth. The analytic hierarchy process (AHP) is used to measure
the comprehensive contribution of financial indicators of low-carbon production and operation. The
purpose of this study is to provide scientific financial management decisions for energy enterprises
to reduce costs and increase the efficiency and low-carbon operation under the background of a
low-carbon economy. The research results show that the comprehensive evaluation index system
after the traditional financial evaluation index of energy industry enterprises is integrated with the
evaluation index of a low-carbon economy can help enterprises make more correct and effective
financial decisions in the process of survival, development, and growth, and, at the same time, the
financial evaluation index of a low-carbon economy should pay more attention to the indicators with
a higher comprehensive contribution, so as to effectively promote the low-carbon operation efficiency
of enterprise production, management, and sales. Compared with other research results, this paper
innovatively constructs a financial management decision-making index system for measuring the
low-carbon operation of energy enterprises in theory, which has important value in guiding energy
enterprises to reduce costs and increase the efficiency and low-carbon operation in practice.

Keywords: low-carbon economy; energy industry enterprises; financial indicators; optimization research

1. Introduction

With social progress and the new development concept, the pursuit of green and low-
carbon economic development models has become the trend of economic development in
all countries and mainstream countries in the world, and it is also an inevitable requirement
for promoting the high-quality development of economic entities. As early as 2003, the
concept of a low-carbon economy was first put forward in the British energy white paper
“Our Energy Future Creating a Low-Carbon Economy”. Its core idea is to develop a new
economic model with low energy consumption, low pollution, and low emissions, improve

Energies 2024, 17, 2311. https:/ /doi.org/10.3390/en17102311

https:/ /www.mdpi.com/journal/energies


https://doi.org/10.3390/en17102311
https://doi.org/10.3390/en17102311
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/energies
https://www.mdpi.com
https://doi.org/10.3390/en17102311
https://www.mdpi.com/journal/energies
https://www.mdpi.com/article/10.3390/en17102311?type=check_update&version=1

Energies 2024, 17, 2311

2 of 15

the energy utilization efficiency, optimize and adjust the industrial structure, and promote
the economic development model from high-carbon to low-carbon by developing clean
energy and innovating low-carbon technologies [1,2].

Subsequently, many countries in the world accepted the core concept of a low-carbon
economy and committed to promoting its development. At present, the low-carbon econ-
omy in many developed countries such as the United States, Japan, and Germany has
led the world economic development trend. China has clearly put forward the goal of
“double carbon”, promising to achieve peak carbon dioxide emissions in 2030 and strive to
achieve carbon neutrality by 2060 [3-5]. From the perspective of a low-carbon economy,
enterprises, as the main body of economic activities, especially those in the energy industry,
should actively fulfill low-carbon life’s environmental responsibility and transform the
financial performance evaluation system that is used to pursue the maximization of eco-
nomic benefits and economic profits into a comprehensive evaluation system that seeks the
co-ordinated development of economic benefits, social benefits, and ecological benefits [6,7].
The Low-Carbon Road published by the McKinsey Company clearly points out that the
production development of enterprises is the main reason leading to the imbalance of the
global ecological environment, and points out that enterprises should actively assume
social responsibility and environmental responsibility, change the development mode,
innovate the production mode, and build the green core competitiveness of enterprises by
establishing a low-carbon environmental management concept [8,9].

However, judging from the Standard Value of Enterprise Performance Evaluation
compiled by the State-owned Assets Supervision and Administration Commission in
2021, there are few indicators for evaluating the financial performance of low-carbon
economic development [10]. Hou X. D (2021) constructed an enterprise financial evaluation
index system from four traditional dimensions, profitability, solvency, operational ability,
and development ability, and put forward policy suggestions such as strengthening cost
management and improving the integration ability of logistics supply resources [11]. Liang
B.M. et al. (2022) used the entropy weight method to comprehensively evaluate the finance
of electric energy enterprises. It is considered that financial evaluation has become an
important basis for the management decision-making of energy enterprises, and promoting
technological innovation in financial evaluation indicators is an important factor to promote
the long-term development of enterprises [12]. Tian C. et al. (2023) reported that the carbon
trading pilot market forced enterprises to develop a low-carbon transformation through
negative effects on the financial performance level and credit financing level of enterprises.
The enterprise low-carbon financial evaluation index is affecting the management decision-
making of enterprises to an increasing extent [13]. Rogge, S (2018) strategically promotes
the support for comprehensive financial evaluation services such as the investment and
financing, project operation, and risk management of low-carbon enterprises, and points out
that reducing corporate debt costs, developing green products, and business optimization
and innovation have a positive impact on the sustainability and stability of low-carbon
enterprises [14]. Judging from the existing research literature, most scholars have realized
that the low-carbon evaluation index in financial evaluation has become an important basis
for enterprise management decision-making. Although different scholars have mentioned
the financial performance evaluation indicators of the low-carbon economic development
of enterprises, most of them are fragmented and partial evaluations, and a more systematic
and comprehensive evaluation index system has not been formed. Energy enterprises are
highly concerned about carbon reduction and emission reduction in all countries of the
world, and their development in low-carbon life has attracted universal attention from all
mankind. However, the research results of the financial evaluation of energy enterprises
from the perspective of low-carbon development in the existing literature are very rare, and
the research results of integrating traditional financial evaluation indicators with financial
evaluation indicators under a low-carbon background to provide guidance for energy
enterprises to explore the development path of low-carbon life through a systematic and
scientific financial evaluation index system have not yet been found.
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Based on this, on the basis of summarizing the existing research results of scholars,
this paper puts forward that energy industry enterprises should add low-carbon life de-
velopment level evaluation indicators in addition to the traditional financial performance
evaluation indicators, so as to build a system based on a set of financial evaluation indi-
cators for energy industry enterprises under the background of a low-carbon economy,
and measure the contribution and importance of the newly added financial performance
evaluation indicators with the AHP, aiming to provide scientific financial management
decisions for energy enterprises to reduce costs and increase efficiency and low-carbon
operations under the background of a low-carbon economy, guiding energy enterprises
to reduce costs and increase efficiency in actual production and operation activities, and
realizing the development of low-carbon life.

2. Low-Carbon Strategy on the Financial Management Mechanism of Energy
Industry Enterprises

The development stage of the low-carbon strategy includes three stages: energy saving
and emission reduction, using new energy, and carbon capture technology [15]. In the
first stage, energy conservation and emission reduction, energy efficiency is continuously
improved, carbon emissions are reduced, and carbon trading means are used to promote
energy conservation and emission reduction. In the second stage, the use of new energy is
to control the source, reduce the use of fossil energy, and replace it with new and cleaner en-
ergy. In the third stage, carbon capture technology pays attention to terminal treatment and
captures the emitted carbon dioxide into storage or solidification through advanced technol-
ogy, which makes zero carbon emission a reality [16]. Under the guidance of this strategy,
the financial management mode of enterprises and the indicators to measure the economic
and ecological benefits of enterprises have also changed, which has a significant impact on
the overall work of the financial management of energy industry enterprises [17,18]. It is
summarized in Figure 1.

Traditional financial Financial management mode
management mode in low-carbon economy
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distribution ratio financial distribution mode is changing
and innovating.

Figure 1. Mechanism of low-carbon strategy’s influence on financial management of energy
industry enterprises.
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(1) It has a great impact on the traditional financial management concept of energy
industry enterprises. For enterprises, the core value concept is the most critical factor in
enterprise decision-making. In the conventional sense, the financial management goal of
energy industry enterprises is to pursue the maximization of economic benefits, that is, to
maximize profits, and less consideration is given to the social responsibility that enterprises
should bear and the protection of the ecological environment [19,20]. However, under the
background of a low-carbon strategy and developing a low-carbon economy, the financial
management concept of energy industry enterprises should change significantly, and the
new financial management operation mode and financial management indicators should
be transformed into the financial management content under the concept of a low-carbon
production operation [21,22]. The goal of enterprise financial management should be to
realize the common development of economic, social, and ecological benefits.

(2) It has a significant impact on the financial management subjects of energy indus-
try enterprises. From the traditional enterprise financial management mode, enterprise
accounting, tax payment, capital flow management, etc. are usually based on a single
and completely independent legal person, and there are relatively few contacts between
enterprises except accounting and capital flow [23,24]. However, with the development of
science and technology and the proposal of a low-carbon strategy, enterprises have common
resources, goals, and responsibilities. For example, when an energy industry enterprise
develops a large-scale project, it is necessary to evaluate the ecological environment shared
by other enterprises, whether it pollutes or destroys the ecological environment shared by
different enterprises, such as air, vegetation, water, etc. Thus, the financial management and
financial activities of enterprises also involve many enterprises [25]. Therefore, under the
background of a low-carbon economy, the financial management subject of energy industry
enterprises has surpassed a single legal person and developed towards diversified issues.

(3) It has a significant impact on the financial management content of energy in-
dustry enterprises. Firstly, it shows the influence on the decision-making management of
enterprise financial investment [26]. The traditional financial resource management and
enterprise investment generally focus on fixed assets. That is, the proportion of fixed assets
in the total assets of enterprises is an important indicator used to measure the financial
profitability and production scale of energy industry enterprises. Under the low-carbon
strategy, some non-financial factors, including ecological environment protection and im-
provement, have also become essential factors affecting enterprise financial investment
decisions, increasing the potential cost of enterprises and bringing the potential benefits
of “green mountains and green waters are Jinshan Yinshan” [27]. Secondly, it has a sig-
nificant influence on the financial financing management of energy industry enterprises.
Traditional monetary financing mainly refers to fundraising, but, under the development
of a low-carbon economy, the financing scope of energy industry enterprises is broader,
so we should consider not only resource and environmental issues but also raising funds
to deal with the potential cost increase of enterprises caused by changes in the ecological
environment; Thirdly, it has an impact on the working capital management of energy
industry enterprises. In traditional financial management, working capital management
plans and uses funds reasonably to maximize the use of funds and benefits. Under the
situation of a low-carbon economy, energy industry enterprises should also consider indi-
cators such as a low-carbon asset yield, low-carbon asset ratio, and low-carbon cash debt
ratio to reduce air pollution, reduce carbon dioxide emissions, and protect the ecological
environment. Finally, it has a significant influence on the financial income distribution
of enterprises. The traditional financial income distribution is mainly determined by the
contribution of production factors in economic growth, and the proportion of the tangible
assets of enterprises restricts the income distribution ratio. In a low-carbon economy, more
stakeholders, including ecological environment resources, should be considered, and the
financial distribution mode is changing and innovating.



Energies 2024, 17, 2311

50f 15

3. Financial Management Objectives of Energy Industry Enterprises under the
Background of a Low-Carbon Economy

A low-carbon economy has become the trend of economic development all over the
world. Under this background, the goal and orientation of the financial management
of energy industry enterprises have also significantly changed. In addition to pursuing
economic profits, it emphasizes the synergy of economic benefits, social benefits, the
ecological environment, and green environmental protection [28].

(1) Co-ordinated development of comprehensive benefits

Under the background of low-carbon economic development, the strategic goal of
energy industry enterprises should not be limited to maximizing economic benefits. Nev-
ertheless, it should make new explorations and adjustments to development strategies
and development models to maximize comprehensive benefits such as economic benefits,
social benefits, and ecological values. Energy industry enterprises should adjust their fi-
nancial operation to support the low-carbon development path. Enterprise managers need
to understand the financial benefits and cost expenditures of implementing low-carbon
development and predict the added value of actual economic profits and ecological benefits
brought by the low-carbon operation to enterprises to reasonably divide the proportional
relationship between comprehensive benefits and various costs and expenditures so as to
maximize the total benefits of enterprises and minimize the cost expenditures.

(2) Realize the optimization of low-carbon benefits

The realization of the optimal low-carbon benefits of energy industry enterprises is
mainly manifested in two aspects: the minimization of production and operation processes
and the sustainability of low-carbon upgrading. From the perspective of financial manage-
ment, it is necessary to guide energy industry enterprises to invest funds and resources in
low-carbon development areas, reduce energy consumption in production and operation,
and realize the optimization of low-carbon interests and economic interests of enterprises.
At the same time, in order to ensure that the financial management indicators of energy
industry enterprises match the low-carbon upgrading, enterprises should dynamically
evaluate the impact of financial management in the process of low-carbon upgrading so
as to dynamically adjust and improve the financial management model and assessment
indicators, and provide strong support for enterprises’ low-carbon operation.

(3) Maximize social benefits

The energy industry enterprise is an enterprise with high energy consumption and
high pollution. The proposal of a low-carbon economy strategy is a great challenge and
requirement for energy industry enterprises. A low-carbon economy requires energy
industry enterprises to transform to low-carbon environmental protection, not only to
maximize economic benefits but also to maximize social benefits. Therefore, its financial
indicators can be divided into a low-carbon asset yield, asset low-carbon debt ratio, sales
ratio of innovative products, low-carbon environmental protection investment growth rate,
low-carbon product sales growth rate, and low-carbon technology R&D investment rate.

(4) Maximize the ecological and environmental benefits

From the traditional mode, energy industry enterprises have a significant impact
on the ecological environment in the actual production and operation process and even
bring irreparable and irreversible damage to the ecological environment to a certain extent.
However, with the progress of science and technology and the improvement of the human
concept of protecting the ecological environment, the production equipment of energy
industry enterprises is constantly updated. More attention is paid to the protection of the
ecological environment so as to achieve energy conservation and emission reduction as
much as possible, reduce air pollution, and reduce the damage to vegetation. In addition,
we would want to reduce carbon dioxide emissions, reduce the wear and impact on
the ecological environment, find a balance between maximizing economic benefits and
optimizing the protection of the ecological environment, and achieve a win-win goal of
economic benefits and environmental benefits.
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4. Selection and Analysis of Research Methods

In the study of the financial management performance evaluation index of energy
enterprises under the background of a low-carbon economy, three methods are adopted:

First we have, a literature review, which mainly summarizes the research results of
traditional financial evaluation indicators and the content of enterprise financial evaluation
under the background of a low-carbon economy, laying the foundation for the construction
of a comprehensive measurement index system; the second is an expert interview, in which
five experts and scholars who have been engaged in financial management research and
teaching for a long time in colleges and universities and five department leaders and
business personnel who have been engaged in enterprise financial management practice
for a long time are invited to hold an expert forum to discuss the financial management in-
dicators of energy enterprises under the background of a low-carbon economy, and further
improve the optimization evaluation index system; and the third is the analytic hierarchy
process (AHP), which measures the comprehensive contribution of financial indicators of
low-carbon production and operation and analyzes the contribution of different indicators.

The analytic hierarchy process (AHP) is a method combining qualitative and quan-
titative analysis [29]. The principle is to decompose a target to be decided into several
subsystems, and then quantify several subsystems into measurable indicators (Figure 2).
Specifically, it can be divided into three steps: (1) According to the evaluation object, the
structural relationship between elements is constructed, and the hierarchical structure is
established. (2) According to the evaluation criteria, the importance of each element relative
to the upper-level target is compared to form an evaluation matrix (usually by means of
expert scoring). (3) Judge the weights of the comparative elements, and then calculate the
weights of the elements of each layer relative to the total evaluation target, and sort the
importance of the elements.

Target layer(A)

‘ Criterion layer(B1) ‘ ‘ Criterion layer(B2) ‘ ‘ Criterion layer(B3) ‘

‘ Scheme layer(C1) ‘ ‘ Scheme layer(C2) ‘ ‘ Scheme layer(C3) ‘ ‘ Scheme layer(C4) ‘

Figure 2. Hierarchical structure diagram of analytic hierarchy process.

Firstly, the collected data are normalized by Formula (1); then, the maximum feature

n
root AMAX = % Y. A;is found, and the calculated weights are checked for consistency by
i=1
Formula (2). Finally, the consequences of comparative elements are judged, and then the

consequences of the elements of each layer relative to the overall evaluation target are
calculated, and the importance of elements is sorted [30,31].

N

Wi = ([ Tay) 1)
_ Amax—N
C.L = SMAX—— )

The scale for judging the importance of two elements can be set as follows: if the two
indicators are equally important, the scale can be set to 1; if the former indicator is slightly
more important than the latter indicator, it can be set to 3; obviously important, 5; strongly
important, 7; extremely important, 9; and 2, 4, 6, and 8 are the middle values of importance
of the former neighbors, and the reciprocal indicates that the latter is more important than
the former. When calculating the contribution degree of the scheme layer to the target
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layer, multiply the weight of the scheme layer to the corresponding criterion layer by the
contribution degree of the corresponding criterion layer to the target layer, and rank the
indices of the scheme layer according to their respective contribution degrees.

5. Energy Industry Enterprise Financial Performance Evaluation Index Construction

Under the background of a low-carbon economy;, to realize the green transformation
of the social economy, it is necessary to adjust and optimize the tax policy of enterprises,
add low-carbon economic development guidance indicators to the financial management
evaluation indicators, especially for energy industry enterprises, and set performance
evaluation indicators to guide enterprises to a low-carbon transformation in the traditional
financial evaluation index system. In 2021, the Standard Value of Enterprise Performance
Evaluation published by SASAC took profitability, asset quality, debt risk, and business
growth as the basis of enterprise financial evaluation indicators. Based on this, this paper
adds the financial management evaluation index of energy industry enterprises under the
background of a low-carbon economy on the basis of the traditional financial evaluation
index of enterprises. Yun H. et al. (2018) believe that the evaluation of enterprise financial
management under the background of a low-carbon economy should include the growth
rate of low-carbon assets, the effectiveness of low-carbon investment, and other indica-
tors [32]. Xu E et al. (2022) pointed out that it is very important to measure the green and
low-carbon transformation of enterprise financial management under the background of a
low-carbon economy, and to set profitability indicators such as the low-carbon asset return
rate [33]. The financial performance evaluation index system of energy industry enterprises
under the background of a low-carbon economy is comprehensively constructed, as shown
in Table 1.

(1) In the dimension of the profitability of enterprises in the energy industry, traditional
evaluation indicators mainly reflect the input-output level, asset quality, and cash guarantee
of enterprises through indicators such as the total return on assets, return on net assets,
sales profit rate, return on capital, multiple of surplus cash guarantee, and cost profit
rate. Under the background of a low-carbon strategy and economy, three indicators are
added to evaluate the low-carbon operation of the financial management of energy industry
enterprises, such as a low-carbon asset return rate, low-carbon product operating cost profit
rate, and net asset economic added value rate.

(2) In the dimension of the asset quality evaluation of enterprises in the energy industry,
traditional financial management mainly reflects the utilization efficiency and management
ability of enterprises in terms of the total assets turnover rate, accounts receivable turnover
rate, non-performing assets ratio, current assets turnover rate, and asset cash recovery
rate. Under the background of a low-carbon strategy and economy, two indicators, the
low-carbon asset ratio and low-carbon asset income ratio, are added to evaluate the quality
management level of low-carbon assets in energy industry enterprises.

(3) In the dimension of the debt risk assessment of energy industry enterprises, the
traditional financial management model mainly reflects the debt repayment ability and
management level of energy industry enterprises from indicators such as the asset-liability
ratio, quick ratio, multiple of earned interest, interest-bearing debt ratio, cash flow debt
ratio, and or related debt ratio. Under the background of a low-carbon strategy and
economy, the indicators of a low-carbon debt ratio of assets and advanced low-carbon debt
ratio are added to evaluate the debt risk and resolving ability of energy industry enterprises
under a low-carbon operation mode.
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Table 1. Financial performance evaluation index system of energy industry enterprises under the

background of low-carbon economy:.

New Financial

Relationship with

Primary Secondary Three-Level Traditional . Calculation Formula of New Evaluation = Low-Carbon Production and
. Performance Evaluation
Index Index Evaluation Index . Index Management of Energy
Indicators i
Enterprises
Rate of return on total .
Earnings from sales of low-carbon
assets P
Return on low-carbon products and low-carbon services in a
Rate of return on assets certain period/average occupancy of
common stockholders’ low-carbon assets in the same period.
equity
. . . . Operating profit of enterprises operating ~ Evaluate the low-carbon
Profitability Operating margin Operating cost profit low-carbon products in a certain operation of financial
- rate of low-carbon period/operating cost of low-carbon management in energy industry
Return on capital products products in the same period. enterprises.
Surplus cash guarantees Economic added value realized by the
multiple . L . X
Economic value-added enterprise in a certain period/average
The ratio of profits to rate of net assets balance of shareholders’ equity in the
cost and expense same period.
Turnover of total assets
Receivable turnover . Total low-carbon assets/total assets of
ratio Low-carbon asset ratio :
enterprises. .
- Evaluate the quality
Asset Non-performing assets management level of
uality ratio low-carbon assets of energy
4 I ¢ les of 1 b industry enterprises.
Current assets turnover ncome Irom sales of Jow-carbon
Income rate of products and low-carbon services in a
Evaluation Cash recovery rate of low-carbon assets 1certam Eenod / atvgraig; occupancy (::f
index of assets ow-carbon assets in the same period.
enterprise Asset-liability ratio
financial
performance Quick ratio
Earned interest multiple Lowt—carbon debt ratio of Total assets/total low-carbon liabilities Evaluate the debt risks faced by
Debt risk - assets energy industry enterprises
eotns Interest-bearing debt under the low-carbon operation
ratio mode and their resolving
. ability.
Cash flow debt ratio Cash low-carbon debt Net cash flow/average balance of Y
Related debt ratio ratio low-carbon liabilities in the same period
. . . Enterprise’s new product sales in a
Sales ratio of innovative . . .
Sales growth rate certain period/total product sales in the
products X
same period.
Growth rate of Growth amount of low-carbon
low-carbon investment of enterprises in a certain
Total assets growth rate . . .
environmental period /low-carbon investment of Comprehensively evaluate the
protection investment enterprises in the previous period. growth and improvement of
Business N
growth Sales revenue growth of low-carbon low-carbon production,

Technology input ratio

Sales growth rate of
low-carbon products

products in a certain period/sales
revenue of low-carbon products in the
previous period.

Capital preservation and
appreciation rate

Sales profit growth rate

Sales growth rate of
low-carbon products

Investment in research and development
of new products and low-carbon
technologies in a certain
period/operating income of enterprises
in the same period.

operation, management, and
sales benefits of energy
industry enterprises.

(4) In the dimension of the business growth of enterprises in the energy industry, the
traditional financial management mainly reflects the evolution of the business performance
of enterprises through the sales growth rate, total assets growth rate, technology invest-
ment rate, capital preservation and appreciation rate, and sales profit appreciation rate.
Under the background of a low-carbon strategy and low-carbon economy, the sales rate of
innovative products, low-carbon environmental protection investment growth rate, low-
carbon product sales growth rate, and low-carbon technology research and development
investment rate have been increased. The growth and improvement of production, opera-
tion, management, and sales of energy industry enterprises have been comprehensively

evaluated.
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In the financial performance evaluation index system of energy industry enterprises
under the background of a low-carbon economy, there are not only traditional mature fi-
nancial management and evaluation indicators but also new financial evaluation indicators
under the background of a low-carbon strategy and economic development. However, the
newly added financial evaluation indicators of the low-carbon economy are different in im-
portance or contribution to the improvement of the financial management ability of energy
industry enterprises. This paper uses the AHP to measure and rank their contribution so
that enterprise leaders can pay more attention to more critical evaluation indicators.

6. Construction and Measurement of New Financial Evaluation Index Model of Energy
Industry Enterprises under Low-Carbon Economy

(1) Model construction

In order to effectively measure the contribution of new financial management perfor-
mance evaluation indicators of energy industry enterprises to the overall goal under the
background of a low-carbon economy, according to the principle of the analytic hierarchy
process, the financial evaluation dimensions and new low-carbon financial evaluation
indicators of energy enterprises under the background of a low-carbon economy are built
into an analytic hierarchy process model, as shown in Figure 3. The model intuitively repre-
sents the low-carbon financial evaluation indicators covered by different dimensions of the
financial management of energy industry enterprises under the low-carbon background,
and ranks the evaluation indicators according to the measured contribution, pointing
out that energy enterprises should pay more attention to the indicators with a greater
comprehensive contribution in low-carbon operation, thus providing scientific financial
management decisions for energy enterprises to reduce costs and increase efficiency and
operate in a low-carbon background.

Target layer Criterion layer Scheme layer

+< Return on low-carbon assetsX11

.~ Operating cost profit rate of low-carbo
productsX12

Profitability
X1

]
m Economic value-added rate of net
assetsX13

Low carbon asset ratioX21

Asset
qualityX2

Financial
performance
evaluation

N
N
o
foden ot ~
e
e
,C
L

Income rate of low-carbon assetsX22

Low carbon debt ratio of assetsX31

energy
industry
enterprises
X

Cash low-carbon debt ratioX32

Sales ratio of innovative productsX41

Growth rate of low-carbon environment:
protection investmentX42

o

NIPANIVANE- ANV AN ANV ANV ANV ANV AN AN

Business
growthX4

Sales growth rate of low-carbon
productsX43

N

Sales growth rate of low-carbon
productsX44

Figure 3. Analytic hierarchy process of new financial evaluation indicators for energy industry

enterprises under the background of low-carbon economy.

(2) Data collection of new financial evaluation indicators

When determining the weight of new financial performance evaluation indicators of
energy industry enterprises under the background of a low-carbon economy, the first-hand
data are mainly collected by means of survey questionnaires and field interviews.

(@ Design and revision of the survey questionnaire
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It is analyzed that the new financial performance evaluation indicators of energy
industry enterprises are objective quantitative indicators that can be directly observed or di-
rectly counted under the background of a low-carbon economy. Therefore, when designing
the questionnaire, the financial evaluation indicators are transformed into question items.
The questionnaire design structure is as follows: the first part is to fill in the basic informa-
tion of people; the second part is the main body of the questionnaire, which transforms
11 specific indicators at the scheme level into questions to evaluate the importance of the
financial management ability of energy industry enterprises under the background of a
low-carbon economy; and the third part is an open questionnaire, which mainly collects the
respondents’ suggestions on adding new financial evaluation indicators to energy industry
enterprises under the background of a low-carbon economy.

(@ Questionnaire distribution and recovery

In order to further ensure the matching between the questionnaire structure and the
research questions, the initial questionnaire was pre-investigated, and the questionnaire
was slightly revised according to the survey results. The formal investigation and inter-
view took two months to complete. The subjects of the investigation included 25 senior
title teachers and 20 doctoral teachers who have been engaged in financial management
research and teaching for a long time in Canadian Laurel University, Australian Melbourne
University, China Xi’an Jiaotong University, China Northwest University, China Anhui
University of Finance, and other universities. We investigated and interviewed 20 senior
managers, 30 middle managers, 30 financial department personnel, and 80 business per-
sonnel of energy enterprises such as China Petroleum, China Electric Power, Yulin New
Energy Enterprise, Longji Green Energy Group, and POET LLC. A total of 205 question-
naires were distributed, and 198 questionnaires were collected. After excluding the invalid
questionnaires, 188 were valid, with an effective recovery rate of 91.7%. These question-
naires were used as sample data for measuring the new financial evaluation indicators of
energy industry enterprises under the background of a low-carbon economy. According to
the results of the statistical analysis, it is considered that the new financial management
evaluation indicators can better reflect and measure the low-carbon operation efficiency of
energy industry enterprises under the background of a low-carbon strategy.

(3 New financial evaluation index measurement

Under the background of a low-carbon economy, energy industry enterprises have
added a new link to empower financial evaluation indicators. Three experts and scholars
who have both doctoral degrees and senior titles and have been engaged in financial
management teaching and research for a long time were selected from universities such
as Laurel University and Xi’an Jiaotong University in China, and five senior leaders in
charge of financial management, middle-level leaders of financial departments and front-
line business personnel from energy industry enterprises such as China Petroleum, China
Electric Power, and Yulin New Energy Enterprise. A total of eight experts were formed to
assign the index weights. According to the calculation process of the AHP, the importance
matrix of the criterion layer relative to the target layer is first constructed, as shown in
Table 2.

Table 2. Importance matrix of criterion layer relative to the target layer.

Index X1 Xz X3 X4 Wi Wi/ /\MAX
X1 1 1/3 1/4 1/2 0.4518 0.0897
Xa 3 1 1/6 1/5 0.5623 0.1117
X3 4 6 1 1/3 1.6817 0.3339 4.8798
Xy 2 5 3 1 2.3403 0.4647

Among them, A is the vector feature heel, W; is the normalized index importance
vector, and Apax = 4.8798. According to the consistency test reference scale, the matrix
passed the consistency test, which shows that the experts’ judgment on the importance of



Energies 2024, 17, 2311

11 of 15

the criterion layer relative to the target layer has a good consistency. Therefore, the weight
vector of the criterion layer is as follows:

The profitability weight is 0.0897, the asset quality weight is 0.1117, the debt risk
weight is 0.3339, and the business growth weight is 0.4647.

Secondly, the importance matrix of the scheme layer relative to the criterion layer is
constructed. Because there are only two scheme layer indicators in the asset quality and
debt risk dimensions, they can be directly given weights according to the analytic hierarchy
process principle. Based on comprehensive expert opinions, the weight of the low-carbon
asset ratio in the asset quality dimension is 0.4, and the weight of the low-carbon asset
income rate is 0.6. In the debt risk dimension, the asset low-carbon debt ratio weight is 0.45,
and the cash low-carbon debt ratio weight is 0.55. The importance matrix of the profitability
dimension construction is shown in Table 3.

Table 3. Judgment matrix of importance of profitability dimension.

Index Xll X12 X13 Wi Wi/ AMAX
X11 1 2 5 2.154 0.601
X12 1/2 1 1/4 0.500 0.140 3.531
X13 1/5 4 1 0.928 0.259

According to the calculation results, it is determined that the weight vector of the
financial management evaluation index of the profitability dimension is as follows:

The weight of the low-carbon assets’ return rate is 0.601, the weight of the low-carbon
products’ operating cost profit rate is 0.14, and the weight of the net assets” economic value
added rate is 0.259. The weight of the low-carbon assets’ return rate is 0.601, the weight of
the low-carbon products” operating cost profit rate is 0.14, and the weight of the net assets’
economic value added rate is 0.259.

The importance matrix of the business growth dimension construction is shown in
Table 4. The importance matrix of the business growth dimension construction is shown in
Table 4.

Table 4. Judgment matrix of importance of business growth dimensions.

Index Xa1 X2 Xa3 Xaq W; wy/ Amax
Xa1 1 2 1/2 3 111 0.28
Xgp 1/2 1 1/3 2 0.64 0.16 4,015
X3 2 3 1 4 1.86 0.46
Xygq 1/3 1/2 1/4 1 0.39 0.10

According to the calculation results, it is determined that the weight vector of the
financial management evaluation index of the business growth dimension is as follows:

The weight of the sales ratio of innovative products is 0.28, the weight of the low-
carbon environmental protection investment growth rate is 0.16, the weight of the low-
carbon product sales growth rate is 0.46, and the weight of the low-carbon technology R&D
investment rate is 0.1.

(3) Comprehensive contribution and ranking

According to the measurement results of the new financial evaluation indicators of en-
ergy industry enterprises under the background of a low-carbon economy, the contribution
of each indicator to the total target is calculated as shown in Table 5.
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Table 5. Contribution matrix of comprehensive indicators.
Index X1 Xz X3 Xq Combination

(0.0897) (0.1117) (0.3339)  (0.4647) Weight

Return on low-carbon assets 0.601 0 0 0 0.0539

Operating cost profit rate of 0.140 0 0 0 0.0126

low-carbon products

Economic value-added rate of 0.259 0 0 0 0.0232

net assets

Low-carbon asset ratio 0 0.4 0 0 0.0447

Income rate of low-carbon assets 0 0.6 0 0 0.067

Low-carbon debt ratio of assets 0 0 0.45 0 0.1503

Cash low-carbon debt ratio 0 0 0.55 0 0.1836

Sales ratio of innovative products 0 0 0 0.28 0.1301

Growth rate of low-carbon

environmental 0 0 0 0.16 0.0744
protection investment
Sales growth rate of
low-carbon products
Sales growth rate of
low-carbon products

0 0 0 0.46 0.2138

0 0 0 0.10 0.0465

Table 5 defines the comprehensive contribution value of the new financial evaluation
indicators for energy industry enterprises under the background of a low-carbon economy.
According to the measurement and analysis results, the importance of 11 new financial
evaluation indicators for low-carbon operation in descending order is the low-carbon prod-
uct sales growth rate, cash low-carbon debt ratio, asset low-carbon debt ratio, innovative
product sales ratio, low-carbon environmental protection investment growth rate, low-
carbon asset income rate, low-carbon technology R&D investment rate, low-carbon asset
ratio, net asset economic added rate, and low-carbon product operating cost profit rate.
According to the comprehensive measurement value, the newly added financial evaluation
indicators can be divided into three gradients (Table 6):

Table 6. Gradient division of new financial evaluation indicators for low-carbon economic operation
of energy enterprises.

Gradient Indicator Category

First gradient (combined weight Sales growth rate of low-carbon products

greater than 0.2)
Second gradient (combined weightis = Low-carbon debt ratio of assets, low-carbon debt ratio of
between 0.1 and 0.2) cash, and sales ratio of innovative products

Low-carbon environmental protection investment
growth rate, low-carbon asset income rate, low-carbon
Third gradient (combined weight less  asset return rate, low-carbon technology research and
than 0.1) development investment rate, low-carbon asset ratio, net
asset economic added value rate, and low-carbon
product operating cost profit rate

From the above comprehensive contribution ranking, it can be seen that, under the
background of a low-carbon economy, energy industry enterprises pay more attention
to their investment in ecological environment protection. Compared with the traditional
production and operation mode, they not only pursue the maximum profit but also pay
more attention to the co-ordinated development of economic, social, and ecological benefits
and pay more attention to low-carbon environmental protection.
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7. Concluding Remarks

With the development of human society and the progress of science and technology,
the global temperature is rising. In order to curb global warming effectively, the “low-
carbon revolution” with the theme of high energy efficiency, low emissions, and low
pollution is in full swing, and the low-carbon economy has become the new direction of
world economic development. For energy industry enterprises, under the background of
a low-carbon economy, it is necessary to change the original production and operation
mode with high pollution, high consumption, and low output into a new mode with high
efficiency and low pollution and promote the co-ordinated development of economic,
social, and ecological benefits. In this situation, the financial management evaluation index
has become an essential basis for the decision-making of senior leaders of enterprises,
and the investment and use efficiency of funds have also become the key to affecting the
development and growth of enterprise production. The research shows that, under the
background of a low-carbon strategy and low-carbon economy, energy industry enterprises
should not only follow the traditional financial management model and financial evaluation
indicators, but also optimize and give new financial evaluation indicators under the low-
carbon operation model, and, among the newly added financial evaluation indicators, more
attention should be paid to the indicators with a high comprehensive contribution, for
example, the sales growth rate of low-carbon products, the cash low-carbon debt ratio,
the asset low-carbon debt ratio, and the sales ratio of innovative products, so that senior
leaders of energy industry enterprises can optimize and improve the top-level design. The
research results of this paper have important practical guiding value for energy enterprises
to scientifically formulate their development goals, plan their development direction, make
scientific financial management decisions, and realize energy enterprises’ cost reduction and
efficiency improvement and low-carbon operation. Due to the limited sample data collected
and the different political, economic, and ecological environments in different countries,
the research results of this paper have some limitations. Although the comprehensive
measurement value of financial evaluation indicators of energy enterprises can roughly
reflect the low-carbon operation path of enterprises in the context of a low-carbon economy,
different countries should make appropriate adjustments according to their own specific
actual conditions. Therefore, in future research, the author will focus on a specific country
for analysis, collect the data of the country, conduct research in combination with the
actual national conditions, and put forward more targeted financial indicators that should
be paid attention to in the low-carbon operation of energy enterprises in this country, so
that enterprise managers can make more scientific financial management and enterprise
operation decisions in time.
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