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Abstract: In recent years, the importance of corporate environmental responsibility has gradually
become more prominent. This study combines the Slack-based Measurement (SBM) model with
the “Super-efficiency” model to construct an environmental performance evaluation based on Data
Envelopment Analysis (DEA), which is used to measure the environmental performance of China’s
large iron and steel enterprises from 2009 to 2017. Moreover, the impact of environmental performance
on enterprise economic performance is studied by regression analysis. The results show that that
environmental performance and economic performance of large iron and steel enterprises in China are
in an inverted U-shaped relationship. This encourages enterprises to be proactive in environmental
management to maintain and enhance their competitive edge. Therefore, this research suggests that
iron and steel enterprises should balance the relationship between environmental performance and
economic performance, and adopt environmental protection behaviors to carry out production and
operation, to maximize enterprise performance.

Keywords: environmental performance; economic performance; iron and steel enterprises

1. Introduction

At present, green development is a priority for all countries. Under the dual pressure
of economic growth and pollution control, it is vital to achieving a win-win situation of
“reducing pollution” and “increasing efficiency” at the same time. Therefore, enterprises
should bear environmental responsibilities while obtaining economic benefits to meet the
environmental protection needs of stakeholders. How to balance ecological environmental
protection and economic development is an important problem that urgently needs to
be solved.

Due to the lack of environmental protection facilities, outdated technology, lax emis-
sion standards, and inadequate supporting regulations, industrial enterprises that are very
important to China’s economic structure have become the largest source of pollution. Envi-
ronmental protection in industrial enterprises still has a long way to go. Due to the large
scale of China’s industrial economy and complicated production structure, it is impossible
to achieve the cleaner production encouraged by the government. Therefore, improving
the environmental and economic performance of industrial enterprises has become an
important goal for national environmental governance [1].

As the main force of economic development, enterprises are not only responsible
for market demand, but also for the protection of resources and the environment. In
recent years, governments and environmental organizations in various countries have
paid more and more attention to environmental protection, and enterprises are facing
increasing pressure on environmental protection [2–4]. At present, China’s share in world
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steel production and use has increased from less than 20% to more than 50%. The steel
industry has become a major contributor to China’s economic growth. However, this
rapid development is driven by an energy-intensive model, which has caused a series
of environmental problems. The production and operation process of many iron and
steel enterprises in China has a negative impact on the environment [5]. Facing increas-
ingly serious environmental problems and pressure from the government, public, and
other stakeholders, enterprises need to proactively assume environmental responsibili-
ties and conduct environmental management. However, whether environmental man-
agement can lead to economic performance is one of the most concerning problems for
enterprises. The impact of environmental responsibility on economic performance de-
termines the production and management decisions of enterprises. Based on data from
China’s large iron and steel enterprises from 2009 to 2017, this study links corporate en-
vironmental responsibility with economic goals and discusses the impact of corporate
environmental performance on economic performance. The main purpose of this study
is to provide a theoretical and practical reference for Chinese iron and steel enterprises
to achieve performance optimization and encourage enterprises to fulfill environmental
responsibility actively.

The structure of this paper is as follows: Section 2 presents an overview of related lit-
erature and formulates research hypotheses. Section 3 describes the data, sample selection,
variables, and our estimation approach. Section 4 presents and discusses the empirical
results to test and analyze the hypotheses. The robustness test is presented inj Section 5.
The final section summarizes the research results and provides policy recommendations,
in addition to outlining future areas of research.

2. Literature Review and Research Hypotheses

Enterprises inevitably have an impact on the environment in the course of operation.
The incorporation of environmental factors into enterprise management has stimulated
significant growth in research on enterprise environmental management in the past few
decades. Research on environmental management has established a number of branches
and carried out a large number of studies, proving that this issue is increasingly impor-
tant [6].

Environmental management has externalities, and enterprises usually regard environ-
mental investment as a cost without obvious benefits. If environmental investment only
brings extra cost, enterprises will not take the initiative to implement it. Aside from moral
constraints, only economic performance incentives can motivate enterprises to fulfill their
environmental responsibilities. Therefore, if environmental protection can bring economic
benefits and there is no conflict between them, then enterprises will voluntarily take action
and assume environmental responsibility.

2.1. Research on Corporate Environmental Responsibility

Corporate environmental responsibility is playing an increasingly important role in
environmental management. In recent years, research results on corporate environmental
responsibility have been abundant, mainly focusing on the following three aspects: First,
research on the interaction between corporate environmental responsibility (CER) and
economic and social results, such as the impact of CER on enterprise risk [7], operating
income [8] and export performance [9], the impact of CER investment on enterprise income
distribution [10], the impact of government scale and government supervision on CER [11],
etc. Secondly, research on the relationship between corporate environmental responsibility
and corporate organizational structure and behavior, such as the social relationship of the
board of directors [12], female directors [13], and employees’ organizational identity [14].
Finally, research on the driving factors of corporate environmental responsibility, including
information disclosure of corporate environmental responsibility [15], environmental NGO
certification [16], corporate culture [17], etc.
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More and more literature has focused on reasons for enterprises to participate in envi-
ronmental responsibility and its impact on economic performance. In many studies, there
is a consistent conclusion that corporate environmental responsibility is a source of compet-
itive advantage, which can promote innovation and increase stakeholder value [3,9]. How-
ever, we know little about the impact of environmental performance on the economic perfor-
mance of industrial enterprises when they perform environmental responsibility activities.

2.2. Research on the Relationship between Environmental Performance and Economic Performance

In 1989, the British economist David Pearce first proposed the term “Green Economy”
in the “Green Economy Blue Book”, arguing that the economy and the environment
influence each other and that the integration of the environment into capital and investment
can help solve the contradiction between economic growth and the environment [18].
Since the 21st century, in the theoretical and empirical literature, the relationship between
environmental performance and economic performance has aroused great interest. In
practice, including in developing countries, this is also one of the key issues that determine
whether enterprises can incorporate environmental protection into their core operations
and strategic management systems.

Traditional economic theory states that there is a negative correlation between en-
vironmental protection and economic performance; while complying with relevant en-
vironmental laws and regulations, the investment of an enterprise’s limited resources in
non-productive anti-pollution equipment and the reduction in investment in production
equipment will reduce productivity [19]. The transaction theory indicates that the en-
vironmental protection activities of enterprises will consume the financial resources of
enterprises, because the benefits of environmental protection activities cannot offset the
costs involved, thus, reducing the economic benefits of enterprises [20]. In addition, the
environmental activities of enterprises are in conflict with the main objective of maximizing
shareholders’ short-term wealth. Voluntary environmental management-related activities
are regarded as charitable, which contradicts the principle of profit maximization [21] and
increases the risk for enterprises [7]. Filbeck and Gorman found that there is a negative cor-
relation between the environmental performance of companies and the value of stocks [22].
This view challenges those who believe that there is a win-win situation between enterprise
interests and environmental protection [23].

At present, many opinions assert that good corporate environmental performance can
effectively reduce energy use and waste generation, and enable companies to save costs [3].
Studies have shown that although compliance with environmental regulations will incur
additional costs, it can also cut costs in other areas (such as waste treatment technology).
The “Porter hypothesis” contends that appropriate environmental regulation will encour-
age enterprises to adopt advanced technology to reduce environmental costs, improve
enterprise performance and market competitiveness, and, thus, establish a competitive
advantage for enterprises in the “green market” [23]. Some studies have also explored the
factors that promote enterprises’ participation in environmental responsibility and their
impact on enterprise performance [2,9,10]. Hart et al. proposed that the relevant efforts
of enterprises to improve environmental performance can create more valuable resources
and become a source of competitive advantage [2,9,10]. Miles and Covin pointed out that
good environmental initiatives can create new opportunities for gaining a better ecological
reputation and benefits from premium pricing and increased sales [24].

By adopting an environmentally responsible approach, enterprises can meet the
needs of stakeholders who provide resources, such as customers, shareholders, govern-
ments, consumers, and community residents, to obtain the resources needed for enterprise
development [9]. Hang Song et al. examined the relationship between environmental
management and the financial performance of listed companies in China from 2007 to 2011.
The results show that environmental management is significantly positively correlated
with the next year’s financial performance, indicating that environmental management can
significantly improve future profitability [25]. Malik Shahzad Shabbir and Okere Wisdom
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studied the relationship between corporate social responsibility, environmental invest-
ment, and the financial performance of Nigerian manufacturing enterprises. The results
show that enterprises with high environmental investment have higher profitability than
environmentally unconscious enterprises [26]. Yun Liu et al. studied the impact of environ-
mental performance on China’s financial performance based on the information of Chinese
listed companies disclosed in 2008–2017. The results show that fulfilling environmental
responsibility can significantly improve corporate financial performance [27].

Regarding empirical research on the relationship between environmental performance
and economic performance, some research results are uncertain [28], highlighting the com-
plex relationship between environmental performance and economic performance [29,30].
According to Telle’s research, the positive impact of environmental performance on eco-
nomic performance obtained by hybrid regression was insignificant in a panel econometric
study that controlled the data heterogeneity [31]. Li et al. used a sample of 475 listed
Chinese companies from 2013 to 2014 to analyze the relationship between environmental
performance, environmental information disclosure, and financial performance of Chinese
companies. The results show that there is a U-shaped nonlinear relationship between
corporate environmental performance and environmental disclosure, and the relationship
between environmental performance and financial performance is insignificant [32].

The results of previous studies on the relationship between enterprise environmental
performance and economic performance are often inconsistent or even contradictory. At
present, most scholars believe that there is a simple linear relationship between enterprise
environmental performance and economic performance either positive or negative [33,34],
which provides a richer theoretical basis for understanding and explaining the relationship
between them.

In general, China is currently in the initial stage of environmental governance. When
enterprises begin to actively fulfill their environmental responsibilities, their environmental
performance improves, which will have a positive impact on their economic performance.
Although the environmental performance of an enterprise will improve with a continu-
ous increase in its environmental input, loss of production and financial resources will
inevitably occur when resources are limited. The benefits generated by environmental per-
formance cannot make up for the cost consumed, thus, reducing the economic performance
of enterprises.

Based on the above analysis, we believe that the relationship between enterprise
environmental performance and economic performance is not a simple linear relationship.
With the continuous increase of enterprise environmental performance, the influence on
enterprise economic performance may present an inverted U-shaped relationship [35,36].
Therefore, we propose the following hypothesis:

Hypothesis (H1). The impact of environmental performance on economic performance presents
an inverted U-shaped relationship.

3. Data and Measurement of Environmental Performance
3.1. Data and Sample Selection

Enterprises from different industries operate under different degrees of environmental
pressure and government supervision, which makes it difficult to accurately compare the
environmental performance of enterprises in various industries. Taking a single industry as
the research object can effectively eliminate the noise interference of different industries [30].
As an important industry with high pollution, high energy consumption, and high emission
in China, iron and steel enterprises have been required to reduce pollution emission
and improve efficiency for a long time. Since the iron and steel industry has a great
impact on environmental pollution, stakeholders pay more attention to the impact of its
environmental performance on economic performance. Therefore, we take iron and steel
enterprises as research samples to make the research more realistic and targeted.
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Database and estimation methods are key factors of empirical research. Environmental
data used in early research is usually based on ratings or binary data. For example, in
order to evaluate the enterprise environmental performance, some scholars use the KLD
database, which only provides binary numbers. These databases are limited to calculations
using questionnaire survey and expert evaluation methods. The dataset used by Ismail
Sila and Kemal Cek relies on the information disclosed in corporate social responsibility
reports. This information may sometimes be biased. Enterprises exaggerate the level
of their social responsibility practices and create a more positive corporate image for
stakeholders [35–37]. Due to the over-reporting of participants and the uncontrollable
heterogeneity of enterprises, these studies are often biased. Therefore, based on statistical
data from the China Iron and Steel Association, a panel dataset of 54 large enterprises in
China’s iron and steel industry from 2009 to 2017 was collected. This dataset provides
the financial data of large-scale iron and steel enterprises in China, which can be used to
more accurately study the impact of enterprise environmental performance on economic
performance. These sample enterprises account for more than 50 percent of China’s crude
steel production.

3.2. Measuring Enterprise Environmental Performance
3.2.1. Measurement Methods

In this paper, enterprise environmental performance is defined as the degree of im-
pact of enterprise behavior on the environment, that is, the effectiveness of enterprise
environmental management. Accurately evaluating environmental performance plays an
important role in studying the relationship between environmental performance and eco-
nomic performance. According to research on quantifying environmental performance, the
difficulty in studying the relationship between environmental performance and economic
performance lies in the lack of a standard measurement of environmental performance.
Most existing studies use subjective content analysis [15] and questionnaire survey meth-
ods [38,39]. Incorporating resources and environmental factors in environmental perfor-
mance evaluation has always been a focus of the academic community. The DEA method
is an effective analysis measurement tool, which is widely used [40–42]. Wu et al. used
a two-stage DEA model to study China’s energy issues and environmental performance
evaluation [43]. When conducting enterprise-level environmental efficiency evaluation
research, the DEA method is better than the parameterized method. This is because the
production conditions of enterprises in various countries or regions vary greatly. In this
case, matching parameter relationships between the inputs and outputs of different enter-
prises may lead to deviations in practice. Therefore, the DEA method is more popular in
enterprise-level research [44]. To further improve the research mechanism of quantifying
environmental performance, we use the DEA method to measure the environmental per-
formance of enterprises, which is of great significance for establishing objective evaluation
standards and fully understanding the relationship between environmental performance
and economic performance.

Data Envelopment Analysis (DEA) is an evaluation method based on the concept of
relative efficiency, using convex analysis and linear programming as tools. This method
uses a mathematical programming model to calculate and compare the relative efficiency
between decision-making units and evaluate the evaluation objects. It can fully consider
the optimal input–output scheme for the decision-making unit itself, and can better reflect
the information and characteristics of the evaluation object. The original DEA model
measures the efficiency score of the decision-making unit (DMU) based on inputs and
desired outputs (such as income, profitability, and production). When it comes to pollution
such as greenhouse gas emissions, wastewater, and poorly produced solid waste, the
traditional method of only considering the expected output is no longer applicable. To
overcome the limitations of the original data envelopment analysis method, some scholars
have proposed a data envelopment analysis method that includes undesired output. Due
to the disadvantages and complexity of the traditional DEA model configuration, Slack-
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based measurement (SBM) has become the mainstream of current research [40]. The
maximum efficiency value obtained by the standard DEA model is 1, the effective DMU
efficiency value is the same, and the efficiency of these effective DMUs cannot be further
distinguished. In order to solve this problem, Andersen and Petersen proposed a method
to further distinguish the effective degree of effective DMU. This method is called the
“super-efficiency” model [45]. For further research, we combined the SBM model with
undesired outputs and the “super-efficiency” model to form an SBM super-efficiency model
with undesired outputs. The planning formula of the model is as follows:

minρ =

1 + 1
m

m
∑

i=1
A−i /xik

1− 1
q1+q2

(
q1

∑
r=1

A+
r /yrk+

q2

∑
t=1

Ab−
t /btk)

(1)

S. t.
n

∑
j=1,j 6=k

xijλj − A−i ≤ xik (2)

n

∑
j=1,j 6=k
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r ≥ yrk (3)

n

∑
j=1,j 6=k

btjλj − Ab−
t ≤ btk (4)

1− 1
q1 + q2

(
q1

∑
r=1

A+
r /yrk +

q2

∑
t=1

Ab−
t /btk) > 0 (5)

λj, A−i , A+
r ≥ 0 (6)

i = 1, 2, · · · , m; r = 1, 2, · · · , q; j = 1, 2, · · · , n(j 6= k) (7)

In Model (1), it is assumed that there are n decision-making units, and each decision-
making unit has an input vector, an expected output vector, and an undesired output
vector. Assuming that there are m types of inputs and q types of outputs, including q1
expected outputs and q2 undesired outputs, the input vector is x ∈ Rm, the expected output
vector is y∈ Rq1, and the undesired output vector is b∈ Rq2. Where S represents the slack
of input and output, A− represents the input redundancy, A+ represents the expected
output shortage, Ab− represents the undesired output excess, λ is the weight vector, and ρ
represents the efficiency score.

3.2.2. Description of Measurement Variables

According to the research purpose and the situation of China’s iron and steel industry,
the indicators listed in Table 1 were selected.

Variable selection and interpretation are shown in Table 1. The input variables include
new water consumption, fixed assets, number of employees, energy consumption, and
environmental protection investment. The output value of three wastes utilization is an
expected output variable, and the waste residue, waste gas, waste water, and pollutant
discharge fees are undesired output variables.

Among the input variables, assets and labor are traditional input variables for research
efficiency. On this basis, this paper focuses on the environmental performance of iron and
steel enterprises, so new water consumption, energy consumption, and environmental
protection investment variables are added to make the investment indicators more compre-
hensive. The undesired output variables include waste residue, waste gas, and waste water,
which are the main pollutants discharged by enterprises, while the discharge fee reflects
the degree of government supervision of enterprises and highlights the government’s
supervisory role. The desirable output variable selects the output value of the three wastes,
which indicates the degree of utilization of pollutants by the enterprise and fully reflects
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the degree of importance that the enterprise attaches to environmental management. The
descriptive statistics of variables are shown in Table 2.

Table 1. Variable selection and interpretation.

Variable Interpretation

Inputs New water consumption = total water consumption × (1 − water resource
reuse rate)

Fixed assets
= the original value of the fixed assets − the
accumulated depreciation − the provision for
impairment of fixed assets

Number of employees Average number of employees per year

Energy consumption A unified conversion of various energy consumption
into standard coal consumption

Environmental protection investment Amount of investment for environmental protection

Undesired outputs Waste residue Total amount of waste residue produced
by enterprises

Waste gas Total amount of waste gas produced by enterprises

Waste water Total amount of waste water produced
by enterprises

Pollutant discharge fees Fees paid to the government according to the type,
quantity and concentration of pollutants discharged

Expected output Output value of three wastes utilization
Refers to the value of products produced using the
“three wastes” (waste water, waste gas, and waste
residue) as the main raw materials

Table 2. Descriptive statistics of input and output variables for iron and steel enterprises (2009–2017).

Variable Units Mean Std. Dev. Min Max

New water consumption Ten thousand m3 2729.62 2198.23 228.56 11,495.04
Fixed assets Billion Yuan 208.11 204.07 7.93 1177.92

Number of employees Thousand people 20.49 19.20 1.90 140.00
Energy consumption Ten thousand tons 438.11 344.00 24.51 2062.20

Environmental protection investment Ten thousand Yuan 18,685.37 33,853.49 25.00 268,939.00
Waste residue Ten thousand tons 462.65 450.14 1.64 2682.52

Waste gas Hundred million m3 1585.38 1423.30 0.06 7976.02
Waste water Million m3 517.65 569.41 1.20 3760.80

Pollutant discharge fees Ten thousand Yuan 2504.16 2443.92 179.08 14,690.21
Output value of three wastes

utilization Ten thousand Yuan 58,957.63 84,670.18 275.00 595,652.00

3.2.3. Measurement Results

According to existing research and through careful analysis of the actual environmen-
tal management situation of the enterprises included in the sample, this study takes the
waste residue, waste gas, waste water, and pollutant discharge fees as the environmental
undesired output of iron and steel enterprises. Among them, the emission of three wastes
is the main output variable affecting the environmental performance of enterprises. In
addition, pollutant discharge fees are levied by regulators, which are also the variables
of most concern for regulators; pollutant discharge fees are another output variable that
affects the environmental performance of enterprises.

This study calculates the input and output data of iron and steel enterprises in the
environment through the SBM super-efficiency model including undesired outputs, and
uses the EP to express the results. It provides objective and effective data for examining
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the relationship between the environmental performance and economic performance of
enterprises. The calculation results are described in detail in Table 3. EP1–3 input variables
are the same, but output variables are different. Among them, EP1 indicates that the
undesired output variables include the three wastes (waste residue, waste gas, and waste
water) and pollutant discharge fees. EP2 indicates that the undesired output variables only
include the three wastes. EP3 indicates that the undesired output variables include only
the pollutant discharge fees.

Table 3. Summary statistics.

Variable Name Variable Symbol Obs Mean Std. Dev. Min Max

Return on assets ROA 486 1.487 4.247 −23.338 11.828
Environmental performance 1 EP1 486 0.534 0.311 0.006 1.250
Environmental performance 2 EP2 486 0.514 0.331 0.005 1.333
Environmental performance 3 EP3 486 0.417 0.365 0.002 1.739

Enterprise scale lnScale 486 15.080 0.948 11.956 17.006
Factor endowment structure Fes 486 11.091 8.104 0.410 49.560

Total operating cost lnTC 486 14.926 0.849 12.018 17.009
Main business income lnMBI 486 14.853 0.870 11.902 17.022

Asset liability ratio Leverage 486 68.735 13.562 32.200 120.660

As can be seen from Table 3, the results of EP1, EP2, and EP3 are significantly different.
Therefore, it is reasonable to separate the three wastes and pollutant discharge fees to
measure the environmental performance of iron and steel enterprises. This makes it
possible to explore the impact of environmental performance on economic performance in
more detail, which is also one of the main contributions of this paper.

4. Research Design
4.1. Model Building

This study focuses on the impact of environmental performance on economic per-
formance. In order to make an empirical analysis of the above hypothesis, we used the
environmental panel data of 54 large-scale enterprises in China’s iron and steel industry
from 2009 to 2017. On this basis, we constructed the Environmental Performance Index (EP)
to measure corporate environmental responsibility, and conducted an empirical test on the
relationship between environmental performance and economic performance. Referring to
the research of Cai et al. (2016), Liang et al. (2017), and Xu et al. (2018) [1,7,9], combined
with the research hypothesis proposed in this study, we propose the following econometric
equation model:

ROAi,t = α0 + α1EP1i,t−1 + α2(EP1i,t−1)
2 + α3 ln Scalei,t + α4Fesi,t + α5 ln TCi,t

+α6 ln MBIi,t + α7Leveragei,t + µi,t
(8)

ROAi,t = β0 + β1EP2i,t−1 + β2(EP2i,t−1)
2 + β3 ln Scalei,t + β4Fesi,t + β5 ln TCi,t

+β6 ln MBIi,t + β7Leveragei,t + θi,t
(9)

ROAi,t = δ0 + δ1EP3i,t−1 + δ2(EP3i,t−1)
2 + δ3 ln Scalei,t + δ4Fesi,t + δ5 ln TCi,t

+δ6 ln MBIi,t + δ7Leveragei,t + ηi,t
(10)

In the above model, i represents the enterprise and t represents the time (2009–2017).
α0~α7, β0~β7, and δ0~δ7 are parameters to be estimated. θi,t, ηi,t, and µi,t are the random
disturbance terms. Scale, Fes, TC, MBI, and Leverage are the set of control variables.

4.2. Variable Description

The dependent variable in this paper is the return on assets (ROA). ROA refers to the
ratio of after-tax net profit to total assets, which is used to measure the net profit created by
each unit of assets of an enterprise. The higher the index, the stronger the profitability of
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the enterprise. Return on assets is considered as the best measure of enterprise economic
performance and is widely used [12,15].

The independent variable is environmental performance (EP). In this study, the SBM
super-efficiency model including undesired outputs is used to evaluate the state of envi-
ronmental inputs and outputs of iron and steel enterprises, and the evaluation results are
expressed by environmental performance. Among them, EP1 indicates that the undesired
output variables include the measurement results of three wastes (waste residue, waste gas,
and waste water) and pollutant discharge fees, EP2 indicates that the undesired output
variables only include the measurement results of three wastes, and EP3 indicates that the
undesired output variables only include the measurement results of pollutant discharge
fees. Since the impact of corporate environmental behavior on corporate economic perfor-
mance often has a lag effect, we conducted an empirical test based on the lagging stage
of EP.

There were also some control variables. Scale of the enterprise (Scale) is measured
by the natural logarithm of total assets at the end of the year. The factor endowment
structure (Fes) is expressed by the ratio of the enterprise’s net fixed assets to the enterprise’s
annual average number of employees. The higher the Fes is, the more capital-intensive the
enterprise is, which is more conducive to the improvement of production technology and
the economic performance of an enterprise. Total operating cost (TC) refers to the total cost
of goods sold or services provided by an enterprise, which is used to control the impact of
the total investment of the enterprise on the economic performance of the enterprise. Main
business income (MBI) refers to the operating income obtained by the enterprise from the
production and operation activities of the industry. This paper also considers the impact
of financial leverage on the enterprise, using the enterprise’s year-end asset–liability ratio
(leverage) to measure the financial leverage [9]. Table 3 presents the summary statistics for
all variables.

In Table 3, the environmental performance (EP) represents the environmental perfor-
mance of Chinese iron and steel enterprises. Among them, the maximum value of EP1 is
1.25 and the average value is 0.534; the maximum value of EP2 is 1.333 and the average
value is 0.514; the maximum value of EP3 is 1.739 and the average value is only 0.417. This
means that the environmental performance of Chinese steel companies is quite varied, and
the overall environmental management level is low.

5. Empirical Analysis
5.1. Empirical Result Analysis

Based on the panel data, the three models, namely, the fixed-effects model, random-
effects model, and mixed-model were comprehensively considered in the model selection.
By comparing the regression results of the three models, the fixed effects model is deter-
mined as the optimal model. The regression results of the fixed effects model are shown in
Table 4.

Through controlling the fixed effects of enterprises, we essentially explore how the
economic performance of enterprises in the same industry changes with changes in envi-
ronmental performance. The specific regression results are shown in Table 4. The results
demonstrate that enterprise environmental performance (EPt−1) has a significant positive
correlation with ROA, but the estimated coefficient of the square term of enterprise envi-
ronmental performance (EPt−1

2) is significantly negative. Therefore, there is a significant
inverted U-shaped relationship between enterprise environmental performance and return
on assets. That is, in the initial stage, the continuous improvement of the environmental
performance of iron and steel enterprises will improve their economic performance, but
when the environmental performance exceeds the critical value, it will have a negative
impact on economic performance.
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Table 4. Regression analysis results.

Models
Variables

(1) (2) (3)
ROA ROA ROA

EP1t−1
7.68 ***
(2.77)

(EP1t−1)2 −4.43 **
(−2.43)

EP2t−1
6.65 ***
(2.79)

(EP2t−1)2 −4.31 ***
(−2.61)

EP3t−1
3.77 *
(1.93)

(EP3t−1)2 −2.65 *
(−1.94)

lnScale
−0.05 −0.09 −0.05

(−0.05) (−0.18) (−0.12)

Fes
0.00 0.00 0.00

(0.05) (0.05) (0.15)

lnTC
−3.71 *** −3.63 *** −3.73 ***
(−4.36) (−4.33) (−4.25)

lnMBI
4.52 *** 4.51 *** 4.39 ***
(5.22) (5.18) (5.13)

Leverage −0.21 *** −0.21 *** −0.21 ***
(−8.43) (−8.43) (−8.39)

Constant
4.11 4.92 5.48

(0.44) (0.51) (0.57)

N 432 432 432
R2 0.318 0.318 0.309

Notes: t statistics in parentheses. ***, **, and * denote the statistical significance at the 0.01, 0.05, and 0.10
levels, respectively.

Specifically, according to Model (1), the impact of enterprise environmental perfor-
mance (EP1t−1) on return on assets (ROA) is 7.68, which is significant at the level of 1%,
while the impact of the square term of enterprise environmental performance (EP1t−1

2) is
−4.43, which is significant at the level of 5%. This shows that there is a significant inverted
U-shaped relationship between enterprise environmental performance (EP1t−1) and return
on assets with undesired output variables (waste residue, waste gas, and waste water) and
pollutant discharge fees, which supports the theoretical hypothesis.

According to Model (2), the impact of enterprise environmental performance (EP2t−1)
on return on assets is 6.65, which is significant at the level of 1%, while the estimated
coefficient of the square term of enterprise environmental performance (EP2t−1

2) is −4.31,
which is significant at the level of 1%. This indicates that there is a significant inverted
U-shaped relationship between enterprise environmental performance (EP2t−1) and return
on assets when the undesired output variable is only three wastes. It also supports the
hypothesis proposed above.

According to Model (3), the impact of enterprise environmental performance (EP3t−1)
on the rate of return on assets is 3.77, which is significant at the level of 10%, while the
estimated coefficient of the square term of enterprise environmental performance (EP3t−1

2)
is −2.65, which is significant at the level of 10%. This indicates that there is a significant
inverted U-shaped relationship between enterprise environmental performance (EP3t−1)
only including pollution charges fees and return on assets, which also offer supporting
evidence for the hypothesis in this paper.
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By comparing EP1t−1, EP2t−1, and EP3t−1, it is found that considering different envi-
ronmental undesired output variables in the environmental performance of enterprises has
different effects on economic performance. Among them, considering the environmental
performance of three wastes (waste residue, waste gas, and waste water) has a greater
impact on the economic performance of enterprises than pollutant discharge fees.

The results of Models (1)–(3) show that the impact of the environmental performance of
Chinese iron and steel enterprises on economic performance presents an inverted U-shaped
relationship. This indicates that the impact of enterprise environmental performance on
economic performance can be divided into two stages. First, with the continuous im-
provement of enterprise environmental performance, the contribution of environmental
performance to economic benefits has gradually increased. This may be because the cur-
rent environmental problems in China are becoming increasingly serious. Government
policies and the demands of stakeholders, such as consumers, employees, and media, are
pressuring enterprises to improve environmental performance and assume environmental
responsibility. This will reduce the operating cost and risk for enterprises, improving their
legitimacy and reputation, creating competitive advantages [3,9], and improving their
economic performance. However, with further improvements in enterprise environmental
performance and increasing investment in the environment, more limited resources are
allocated to non-productive environmental protection, which erodes investment in pro-
ductive resources and leads to a decrease in enterprise economic performance. This is
because the capital, resources, and management capacity of enterprises are usually limited.
Therefore, increasing the investment in environmental protection will inevitably reduce the
investment in normal production management, thus reducing the financial performance.

The regression results of control variables show that there is a significant positive cor-
relation between main business income and return on assets. There is a significant negative
correlation between total operating cost, asset–liability ratio, and return on assets. There is
a small positive correlation between the factor endowment structure of an enterprise and
the return on assets, but the result is not significant. While there is a negative correlation
between enterprise size and return on assets, but the result is not significant. It shows that
the main business income has a significant promoting effect on the economic performance
of enterprises, while the total operating cost and the asset–liability ratio have a significant
inhibiting effect on the economic performance of enterprises. The factor endowment struc-
ture of the enterprise has no significant promotion effect on the economic performance,
and the scale of the enterprise has an inhibitory effect on the economic performance but is
not significant.

The above analysis shows that the performance of environmental responsibilities by
enterprises has a non-linear effect on economic performance, and it also shows that the
performance of environmental responsibilities by enterprises has a lagging effect. This
means that environmental management is a long-term investment process, and enterprises
must weigh environmental performance and economic performance at the same time, and
establish long-term environmental strategies and plans.

5.2. Robustness Checks

In order to test the robustness of the above regression results, we used the dynamic
system GMM model and the two-stage least squares method (2SLS) for a robustness test.

5.2.1. Dynamic System GMM Test

The GMM dynamic panel model is often used as a robustness test. In order to solve
the endogenous problems caused by reverse causality, simultaneity, and omitted variables,
we refer to the method of Cai et al. for the GMM test of the dynamic panel system [7]. The
results are shown in Table 5.
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Table 5. Dynamic system GMM regression results.

Models
Variables

(4) (5) (6)
ROA ROA ROA

EP1t−1
17.88 ***

(5.43)

(EP1t−1)2 −11.93 ***
(−4.28)

EP2t−1
16.13 ***

(5.63)

(EP2t−1)2 −10.58 ***
(−4.86)

EP3t−1
3.42 *
(1.72)

(EP3t−1)2 −2.56 *
(−1.77)

ROAt−1
0.01 −0.02 −0.03

(0.02) (−0.28) (−0.75)

ROAt−2
−0.09 * −0.09 * −0.12 **
(−1.81) (−1.88) (−2.38)

ROAt−3
0.16 *** 0.16 *** 0.08 **
(3.27) (3.31) (2.15)

lnScale
2.12 *** 2.08 *** 1.61 **
(3.07) (3.17) (2.44)

Fes
0.01 0.01 0.01

(1.03) (1.11) (1.45)

lnTC
−2.36 ** −2.41 ** −2.77 ***
(−2.02) (−2.12) (−2.77)

lnMBI
3.17 *** 3.21 *** 3.63 ***
(2.85) (2.93) (3.49)

Leverage −0.18 *** −0.18 *** −0.18 ***
(−5.80) (−5.95) (−4.86)

Constant
−35.22 *** −34.78 *** −26.36 **

(−3.25) (−3.22) (−2.28)

N 324 324 324

AR(1) test (p-value) 0.0003 0.0003 0.0001

AR(2) test (p-value) 0.632 0.378 0.265

Hansen test (p-value) 0.172 0.349 0.235
Notes: t statistics in parentheses. ***, **, and * denote the statistical significance at the 0.01, 0.05, and 0.10
levels, respectively.

Based on the estimation results of the GMM dynamic panel model, the p values
of the AR(2) test and the over-restricted Hansen test exceed the levels of 1%, 5%, and
10%, which cannot reject the original hypothesis that there is no second-order sequence
correlation and the original hypothesis that the tool is effective. This means that the
inverted U-shaped relationship between environmental performance and return on assets
is not driven by simultaneity bias. The results in Table 5 show that corporate environmental
performance (EP1t−1, EP2t−1, and EP3t−1) has a positive and significant relationship with
return on assets, but the square term of corporate environmental performance has a
negative and significant relationship with return on assets. This confirms the inverted
U-shaped relationship between environmental performance and economic performance
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of China’s iron and steel enterprises, thus providing strong support for the hypothesis
proposed in this paper.

5.2.2. Two-Stage Least Squares Test

Authors of previous studies concluded that enterprise environmental performance is
an endogenous variable, and the environmental performance (EP) variable is associated
with a disturbance term, which makes OLS estimation biased and inconsistent [9]. In order
to alleviate the endogenous concern driven by simultaneity and reverse causality, we use
the instrumental variable method to test the causal effect of environmental performance
(EP) on economic performance. Taking environmental performance (EP) with a lag of
2 years and a lag of 3 years as instrumental variables, the regression results of the two-stage
least squares method are shown in Table 6.

Table 6. Two-stage least squares regression results.

Models
Variables

(7) (8) (9)
ROA ROA ROA

EP1t−1
47.37 *
(1.71)

(EP1t−1)2 −30.23 *
(−1.66)

EP2t−1
36.12 *
(1.79)

(EP2t−1)2 −22.56 *
(−1.81)

EP3t−1
12.59 *
(1.67)

(EP3t−1)2 −7.82 *
(−1.66)

lnScale
1.55 1.32 0.61

(1.21) (1.09) (0.67)

Fes
0.02 0.02 0.02

(0.92) (0.96) (1.09)

lnTC
−3.42 ** −3.17 ** −2.60 **
(−2.38) (−2.33) (−1.99)

lnMBI
3.12 ** 3.08 ** 3.14 **
(2.28) (2.17) (2.39)

Leverage −0.27 *** −0.27 *** −0.24 ***
(−5.36) (−5.44) (−4.25)

N 324 324 324

First-stage F test 0.000 0.000 0.000

Hansen test (p-value) 0.682 0.901 0.245
Notes: t statistics in parentheses. ***, **, and * denote the statistical significance at the 0.01, 0.05, and 0.10
levels, respectively.

The ideal instrumental variable should be highly correlated with environmental
performance (EPt−1) and not directly correlated with the return on assets (ROA) of the
explained variable. The selection of instrumental variables was tested through the first stage
F test, and the test results are consistent with the hypothesis. The first stage F test results
are significant, indicating that the selected instrumental variables meet the correlation
hypothesis. Through the Hansen test, the tested p values also exceed the 1%, 5%, and 10%
levels, and the null hypothesis that the tool is valid cannot be rejected. Table 6 reports
the detailed test results. The results show that the impact of enterprise environmental
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performance (EP1t−1, EP2t−1, and EP3t−1) and return on assets is positive significantly,
while the influence of the square term of environmental performance and return on assets
is significantly negative. It is confirmed that the impact of environmental performance on
economic performance of Chinese iron and steel enterprises presents an inverted U-shaped
relationship, and the robustness of the results is further supported.

6. Conclusions and Suggestions

Enterprises are facing various forms of constraints in environmental management in
China. On the one hand, despite an increase in environmental regulation and related laws
in recent years, Chinese enterprises are still at an early stage of environmental protection
compared with Western developed countries. The senior managers of Chinese enterprises
did not show a positive attitude towards environmental management. On the other hand,
all stakeholders have conflicting expectations of the environmental management and
sustainability of enterprises. They not only agree that the sustainable development of
enterprises requires investment in environmental protection, but also worry about the
negative impact on the enterprises’ economic interests. Therefore, based on the samples of
large iron and steel enterprises in China from 2009 to 2017, this study explores the impact
of enterprise environmental performance on economic performance, and links enterprise
environmental responsibility with strategic and financial objectives. The results show
that there is an inverted U-shaped relationship between environmental performance and
economic performance.

The key contribution of this research to analyzing the internal process between envi-
ronmental performance and economic performance, and identifying incentive factors, so
that environmental performance evaluation can improve the competitiveness of enterprises.
This will continue to encourage enterprises to improve their environmental performance.
Enterprise environmental responsibility not only leads to efficient economic behavior but
also incorporates conservation and the protection of environmental resources. Therefore,
enterprises should balance the relationship between environmental performance and eco-
nomic performance in order to maximize their performance. Based on this, the following
policy recommendations are provided:

First, the government should be aware of the important role that enterprises play in
environmental governance by fulfilling environmental responsibilities and should ensure
that enterprises comply with environmental laws. This is an effective way to guide en-
terprises to carry out environmental governance. It has been proven that environmental
supervision can enhance the environmental performance of enterprises with a sense of
environmental responsibility.

Second, in terms of environmental responsibility, Chinese enterprises are still in a
passive state, either in concept or in practice. They are often under pressure from the
government, society, and partners in the industrial chain, and ignore the benefits and
competitiveness brought by environmental responsibility. It is vital for enterprises to
change their mindset and take environmental responsibility. On one hand, enterprises
should strengthen the concept of environmental responsibility and make it a part of the
corporate culture. Having a proactive corporate environmental responsibility culture
is rapidly becoming a source of competitive advantage for many enterprises. On the
other hand, establishing an environmental information disclosure system is necessary for
enterprises. In this way, enterprises can be put under the supervision of the public, to
protect the public’s right to know about environmental issues.

In this paper, we only use data from China and do not conduct a comparative study
with companies from developed economies. Therefore, in other economies with different
political and economic systems, the interpretation of the results should be cautious, and
further discussion may be needed. In addition, the reasons for the varying environmental
performance of enterprises in the same industry should also be explored. Future research
can explore the role of senior managers, especially their vision of environmental sustain-
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ability, and analyze the impact of management in encouraging enterprises to fulfill their
environmental responsibilities.
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