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Abstract

Sustainability

The idea of green mining was proposed as a practical approach to make the mining industry more sustainable
than before. Green mining is a contemporary mining model centered on the sustainability of resources,
environment, and socio-economic benefits. Its purpose is to develop and apply technologies and processes that
increase environmental performance while maintaining competitiveness throughout the entire mining cycle from
exploration to post-closure. Although the green mining strategy has achieved considerable significance, there is still
a considerable gap between its research and practice. This study evaluates the situation of green mine construction
in China and suggests a future framework. First, based on the Driver—Pressure-State—Impact-Response model, an
evaluation index system composed of 20 indicators was established. The principal component analysis was used to
analyze the data collected from mines situated in Yongcheng, China. The results show that the construction of
green mines has improved significantly over the years. Energy consumption and pollutant emissions were
minimized, the protection of the ecological environment was realized, and secondary processing of mining waste
was practiced. However, there are still some unresolved problems, such as the utilization of solid waste, the
recovery ratio from ore processing, and the reuse ratio of coal washing water. Thus, the strategic framework has
been proposed for improving green mine construction and the sustainability of the mining industry.
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Introduction

The mining industry plays a significant role in accelerat-
ing industrialization and urbanization, as it provides raw
materials to meet the growing resource demand. It also
contributes to increasing foreign capital investment, ex-
ports, and employment, which are critical factors for
socio-economic development [1, 2]. In China, the de-
mand for mineral resources has increased in the past
few decades [3, 4]. It is expected that China will con-
tinue to be the largest coal market in the world by 2035
[5]. However, the mining industry is facing severe
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challenges related to environmental pollution and eco-
logical damage that restrict its sustainable development
[6, 7]. Due to constraints in national environmental pol-
icy, coal production declined for the first time in 2014
after 14 consecutive years of growth [8, 9]. Therefore, at-
tention needs to be paid in adopting more sustainable
methods due to the poor environmental image of the in-
dustry [10].

Sustainability has become a key issue in the modern
world due to its importance in economic growth, social
development, and poverty alleviation [2]. Since
industrialization has posed an influence on the quality of
human life and damage to the natural environment,
Awan et al. [11] highlighted that issues of environmental
sustainability are widely recognized. Sustainability

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.


http://crossmark.crossref.org/dialog/?doi=10.1186/s42834-020-00054-8&domain=pdf
https://orcid.org/0000-0002-3220-8880
http://creativecommons.org/licenses/by/4.0/
mailto:imjiskani@hotmail.com

Chen et al. Sustainable Environment Research (2020) 30:13

performance at the enterprise level relies on social sup-
ply chain practices, safety practices, and green manufac-
turing practices. It provides valuable insights to experts
on how enterprises can use such practices to supervise
and strengthen the implementation of social manageabil-
ity [12]. The global mining community has begun to as-
sign a new strategic significance to the term
sustainability. Sustainability in mining is not only limited
to the economic realm. It incorporates a broad spectrum
of organizational characteristics related to social and en-
vironmental responsibility [13].

In view of the increasingly adverse impacts of min-
ing on the environment and communities, how to
achieve sustainable mining has become a major issue.
Since traditional mining has the characteristics of
high resource consumption, high pollution, and low
efficiency, many researchers are concerned about how
to provide scientific solutions. It has been believed
that in order to achieve sustainable mining, other
measures must be taken to compensate for traditional
mining [14]. Therefore, in recent years, mining enter-
prises have devoted greater attention to the imple-
mentation of green innovation [15]. In this regard,
Qian et al. [16] put forward the concept of green
mining, clarified its technical system, and defined the
directions for environment-friendly technology in
mining. The purpose of green mining is to reform
traditional mining practices to achieve sustainable de-
velopment of resources, environment, economy, and
social benefits [17]. To be more specific, green min-
ing is an advanced mining mode that increases the ef-
ficlency of mining activities, decreases the
environmental footprint, and allows valuable minerals
to be extracted with minimal mining waste at all
stages of operations. In addition, it manages mine op-
erations in a way that is safe and harmless for miners,
local communities, and the environment. Once a
mine has been closed, green mining helps regenerate
the mining area to make it safe, and preferably allow
other types of land use [18]. The term “ecological
mining” also applies to green mining. The construc-
tion of new green mines or the transformation of
established mines into green mines is regarded as the
priority development direction. A number of green
mining projects have been initiated to obtain the
maximum economic and environmental benefits. Ac-
cording to the “National Program of Mineral Re-
sources: Developing the Green Mining and
Constructing the Green Mine”, China to have 661
green mines constructed in four phases [19].

Although green mining has received widespread recog-
nition, how to ensure that the mine conforms to princi-
ples of green mining remains a problem [20]. One
possible way to solve this problem is to develop an
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evaluation index that can assess the actual situation of
the mine. The evaluation index system facilitates the sci-
entific assessment of any specific action, plan, or strat-
egy. In mining, the index system evaluates the strengths
and weaknesses of the mining system, which can provide
the basis for decision-makers to improve or redesign the
current strategic plan of action. The literature empha-
sizes the value of evaluation models for green mining
due to difficulties in assessing mines by direct observa-
tions. Therefore, the evaluation index system is consid-
ered valuable for ensuring that existing or converted
mines are as green as possible [21, 22].

An evaluation index was developed by Ma and Wang
[23] for the Shengli opencast mine that includes air pol-
lution, heavy metal concentration, soil fertility, landscape
ecology, and the parameters related to stripping and
dumping. Song et al. [24] studied several green mining
techniques and established an evaluation index based on
the concept of green degree (greenness). Li et al. [25]
also proposed an index according to basic conditions
and the situation of green mine construction. However,
there are some limitations associated with those index
systems. Some studies either focus on the concept of
green mining or only propose simple indicators, without
quantification and evaluation methods. On the other
hand, due to the limited applicability and unavailability
of comprehensive criteria and indicators, some index
systems may lead to unsound decisions. From this per-
spective, it is clear that the awareness of green mining is
being promoted worldwide, but its practice is still in the
exploratory stage [26—29]. It implies that a huge research
gap exists for an in-depth study on the evaluation and
the future framework of green mining development.

Therefore, this study attempts to construct an evalu-
ation index system in accordance with the core princi-
ples of green mining. The evaluation index system is
based on  Driver—Pressure—State—Impact—Response
(DPSIR) model. The choice of evaluation criteria and in-
dicators is based on extant literature and expert consult-
ation approach. As a case study, the Yongcheng mining
area was evaluated using the principal component ana-
lysis (PCA). Finally, countermeasures to promote the
construction of green mines in the future are put for-
ward. This study is a step forward in green mining re-
search, aiming to demonstrate the basis for
environmentally sustainable mining.

The rest of the article proceeds as follows, where the
Methodology section describes the research methods, in-
cluding the framework of the DPSIR model, the develop-
ment of the evaluation index, and data analysis. The
main results are presented in the Results section. The
discussion on achieved results and the future framework
are provided in the Discussion section. Finally, a brief
conclusion is provided in the last section.
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Methodology

The DPSIR model framework

The DPSIR model is a common hierarchical theoretical
framework applied to scientific planning and evaluation
of an environment, a system, or an industry. The DPSIR
model is mostly used in the research of the index system
because its practical application over the years has dem-
onstrated its advantages of comprehensiveness, operabil-
ity, and integrity [30]. Therefore, the DPSIR model was
adopted in the present study to develop an evaluation
index system for green mining, which provides the sci-
entific basis for industry experts, researchers, and other
stakeholders. The overall framework of the index system
based on the DPSIR is shown in Fig. 1.

In the context of mining, the DPSIR model covers im-
portant elements related to socio-economic growth
(driver), environmental pollution and ecological damage
(pressure), the resources and environmental conditions
(state), effects on environment and society (impact), and
solutions (response) to improve the efficiency, prevent
the pressure, recover the state, and reduce the impacts.
Accordingly, the model was successfully implemented
and integrated with the concepts of green mining and
the principles of green mine construction, which pro-
vided the basis for the evaluation framework. After the-
orizing the model, the critical step was to select the
primary indicators. It is necessary to consider that too
many or a limited number of criteria can lead to a lack
of thorough evaluation. Therefore, the choice of indica-
tors was screened out scientifically [17]. In the selection
of indicators, aspects of resource and environment were
taken into account to analyze cause-effect association
more broadly and objectively [31]. The five parameters
in the DPSIR model have close causality, which can de-
scribe the causal relationships in the system [32]. In this
way, a framework of the evaluation index was finally
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developed to reflect the actual situation of the mines
more accurately.

Formulation of the evaluation index

For the formulation of the evaluation index, both the
qualitative and quantitative indicators were included.
The evaluation index (shown in Fig. 2) is constituted of
three layers, including the target layers, the criterion
layer, and the index layer. The target layer outlines the
goal, which is the evaluation of green mine construction.
The criterion layers consist of five criteria to be evalu-
ated, are described below:

Driver generally refers to human needs, which repre-
sent major social, demographic, and economic develop-
ments in society, as well as the corresponding changes
in lifestyles. In this study, economic growth was listed as
a driver.

Pressure indicates the fundamental influencing factors
that are directly or indirectly triggered by drivers. Pres-
sures are both specific human activities and natural pro-
cesses. Unwanted changes, including pollutant emission
and high resource consumption, were structured within
this criterion.

State is the condition of the environment as a result
of pressure. Situations or circumstances, such as the eco-
logical environment and production technology, were in-
cluded in this criterion.

Impact indicates the results of the interaction of the
above three parameters. It is a way in which changes in
state influence human well-being. This criterion covers
social impact.

Response refers to the institutional measures taken to
address changes in state, as prioritized by impacts. Re-
sponses have to do with decision making, which seeks to
control drivers (prevention or mitigation) to maintain or
restore the state and help accommodate impacts
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Fig. 1 The framework of the DPSIR model
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(adaption). Enterprise investment, environmental gov-
ernance, and standardized management were chosen as
the components of this criterion.

The index layer, being the last unit in the framework,
includes a total of 20 evaluation indicators (described in
Fig. 2) according to the contents of the criterion layer.

Data analysis

The data used in this study were obtained from the re-
cords held in the mines and experts working in the
green mines. Despite a wide range of analytic options
available, PCA has been applied because it allows high
dimensional data to be represented in a more tractable
form without losing too much information. Further-
more, under certain circumstances, either some data are
missing or recorded in different properties or units.
Therefore, it is necessary to standardize the data to
make the indicators dimensionless [33], because most of
the qualitative and quantitative indicators have specific
properties and units. It has been widely recognized that
PCA can reduce the information processing workload
and avoid repeated information analysis. Therefore, PCA
has strong applicability in index selection, evaluation,
and prediction [34].

PCA has shown to be an effective method to transform
multiple variables into principal components. The
process of compressing a large number of input variables
into lower dimensions is called dimensionality reduction.
The transformed principal components contain most of
the information from the original data, which does not
overlap with each other. The number of principal com-
ponents must be determined according to the variance
contribution ratio greater than 85%. The next step after

dimensionality reduction is to calculate the principal
component loading and then carry out the quantitative
evaluation. The main steps of PCA, as used in the litera-
ture of evaluation index [34, 35], are:

1) In the first step, data were standardized to improve
the accuracy of data analysis and eliminate the
influence of the data dimension. Eq. (1) was used to
standardize the original data.

Xii—X
zj=——" (1)

Sj

In the above equation, z; is the normalized value of x;
(initial value). This is to say that it is standardized data
of the j* index value of the i index layer. The element
X; is the average value of the selected sample, calculated
using Eq. (2), whereas §; is the standard deviation of i
indicator obtained using Eq. (3).

1 m
S ®

=1/ S (o)’ (3)

2) After the data were standardized, it was evaluated
for applicability to examine the correlation among
variables of initial data to determine whether
selected samples were suitable for PCA.
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Bartlett’s sphericity test and Kaiser-Meyer-Olkin
(KMO) test are usually used to examine the suitability of
data for PCA [36, 37]. Here, the KMO test was adopted,
which is mainly used to measure sampling adequacy.
The value interval of KMO is [0, 1], indicating the cor-
relation among indicators. When the value of KMO is
close to 1, it shows that the correlation among all vari-
ables is very strong, and the selected sample is appropri-
ate for PCA. Whereas, if the KMO value is close 0, the
selected sample is considered unsuitable for PCA. The
measurement standards of KMO are shown in Table 1.

3) In the third step, the correlation coefficient matrix
R was calculated using Egs. (4) and (5).

z'z
R = (ry),xp = 1 (4)
Y ZyjZyj .,
= 1 b :1:27'”7 5
Tij P ELY p (5)
where, Z” is the transpose of Z, which is the

standardization matrix.

4) The fourth step was to calculate the eigenvalue 4,
of the R value and to determine the number of
principal components m according to the principle
of variance contribution ratio greater than 85% (
Z;;A/’/Zl;:l)l/ 285%).

5) The last step was to calculate the principal
component loading and determine the
comprehensive evaluation score F for each principal
component (Y,) using Eq. (6).

a(p)Y, (6)

p=1

Results

Status of green mining

The mining area in Yongcheng City (Fig. 3) belongs to
the late Paleozoic era of the coal-bearing region in

Table 1 Measurement standards of the KMO value

KMO Value Applicability
0.90-1.00 Extremely suitable
0.80-0.89 Very suitable
0.70-0.79 Average
0.60-0.69 Suitable

0.50-0.59 Unsuitable
0.00-049 Quite
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northern China. So far, 25 layers of coal seams have
been discovered, including seven layers of minable seams
and some partially minable seams. The average thickness
of the main minable seams is 1.36—2.84 m and the burial
depth of the coal seams is about 225—-1000 m. According
to the data from 2012 to 2015, the green mine construc-
tion in the Yongcheng mining area has made consider-
able progress. As shown in Table 2, the ratio of
environmental protection, land rehabilitation, and com-
prehensive utilization of resources has linearly increased.
From the perspective of community harmony and enter-
prise culture, working injuries have been decreased with
the increase in the ratio of safety training.

Evaluation of green mine construction

The results of four-year data compiled through data
standardization processing are presented in Table 3. Ac-
cording to the KMO test results in measuring the sam-
pling adequacy for each variable in the model, a value of
0.687 was obtained, which is suitable for analysis. Based
on the R value, the principal components of each indica-
tor extracted during PCA were analyzed, and the results
are shown in Table 4. It can be seen that the total vari-
ance and the cumulative percentage of variance calcu-
lated from the initial data are higher than 90%. The
variance percentage of the three components, namely
Y1, Yy, and Y3 was 84.5, 11.4, and 4.1%, respectively.
Among the three components, Y3 with a value of 4.1%,
showed a weak explanatory capability for green mine
construction. However, the cumulative variance ratio
reached 95.9% for the first two components. Therefore,
according to the principle that the variance contribution
ratio should be higher than 85%, thus, Y; and Y, were
extracted.

Values in the principal component load matrix repre-
sent the correlation coefficients of indicators of the prin-
cipal components. The loadings can be understood as
the weights for each original variable when calculating
the principal component. The results presented in
Table 5 show that, on average, per capita income of staff
(D,) has strong positive loadings, and staff morbidity (I,)
has strong negative loadings. Large (either positive or
negative) loadings indicate that a variable has a strong
effect on that particular principal component. In
addition, index loads of P,, Py, S3, R3, R4 and Rs in Yy
were significant with the values of 0.908, 0.911, 0.971,
0.975, 0.934 and 0.821, respectively, indicating that Y;
could comprehensively reflect the pollutant emission, re-
source consumption, ecological environment, environ-
mental governance, etc. In Y,, index loads for Ry, P, and
Ss in Y, were high with the values of 0.912, 0.455, and
0.282, respectively. It implies that Y, comprehensively
reflects enterprise investment, resource consumption,
and production technology.
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The PCA score of the comprehensive evaluation value
of green mine construction was calculated as F=
0.8454Y; + 0.1138Y,. The results of the PCA factors pre-
sented in Table 6 reflect a progressive increase in the
construction of green mines. Multiple indicators show a
good development trend of green mining. Among these,
ore dressing recovery (Sg) has been improved over the
years, and SO, emission (P,) and energy consumption
(P3) slightly decreased. Meanwhile, the green coverage
ratio in the mining area (R3) and the restoration of mine
environment (Rs) significantly increased. It implies that
the construction level of mine has mostly improved in
terms of resource utilization, environmental governance,
and management capacity. However, it should also be
noted that the values of Y, are lower than that of Y;.
The main influencing factors of Y, were the proportion
of scientific and technological innovation fund (R,),
water consumption (P,), and the recovery ratio of min-
ing (Ss). However, it is necessary to point out that Y, is
higher than 0 after 2014. It implies that the scientific

Table 2 Percentage (%) of green mining implementation

and technological innovation fund, mine production
value, water resource consumption, and the recovery ra-
tio of mining also improved. The analytical ability of Y3
to initial index information was weak. Therefore, it was
not analyzed.

Discussion

In this study, a multi-level evaluation index consisting of
critical indicators for assessing the level of green mine
construction was established based on the DPSIR model.
The weight values at all levels in the evaluating system
were calculated using PCA. The results show that the
status of green mine construction has improved signifi-
cantly over the years. The main findings indicate that
the development mode of the circular economy was fur-
ther expanded, and energy consumption and pollutant
emissions were minimized. It is worth noting that the
harmony of economic development and the protection
of the ecological environment was realized. Secondary
processing and utilization of waste produced during the

Index 2012 2013 2014 2015
Environmental protection and land rehabilitation Green coverage ratio 20 24 34 46
Land rehabilitation ratio 26 31 46 48
Restoration and control ratio of mine environment 31 42 48 79
Comprehensive utilization Utilization ratio of solid wastes 48 61 71 91
Reuse ratio of mine wastewater 78 82 83 91
Recovery ratio of working face 92 93 95 97
Rate of comprehensive utilization of mineral resources 34 46 51 58
Community harmony and enterprise culture Injury ratio per million working hours 202 1.22 0.96 0.23
Number of safety training per person per month* 1 2 3 4

*The unit is dimensionless
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Table 3 Standardized data of each indicator
Influencing factor Indicator 2012 2013 2014 2015
Economic growth D1 Output per man-shift (tyr ' person™ ") —0.091 0.531 0.665 0.947
D2 Per capita income development of staff —0.105 1.245 1.294 1.963
Pollutant emission P1 Emission load of smoke 0.113 -0.107 -0.776 —-0.987
P2 Emission load of SO, 0612 0.077 -0.812 -1.431
Resource consumption P3 Energy consumption of unit mine production 0.698 —-0.066 -0.923 —0.99%4
P4 Water consumption of unit mine production 1278 -0.362 —0.868 -0.883
Ecological environment S1 Use ratio of coal gangue —-0.160 —-0.158 0913 0913
S2 Reuse ratio of coal-washing wastewater -0.191 0.285 0.774 0.770
S3 Use ratio of mine water -0.727 —-0.343 0.302 1.606
S4 Comprehensive use ratio of solid wastes 0.090 0.553 0.556 0.551
Production technology S5 Recovery ratio of mining 0.172 —0.351 0937 0.782
S6 Ore dressing recovery percentage 0.055 0.254 0.384 0.986
Social impact n Public satisfaction -0457 —0.303 0.655 1.335
12 Staff morbidity 1.258 0.009 -1.271 —-1723
Enterprise investment R1 Proportion of scientific and technological innovation fund in 1.130 —-0.582 0.235 1.608
mine production value
R2 Proportion of environmental protection input in mine -0.836 0.392 0.041 0937
production value
Environmental governance R3 Green coverage ratio in mining area -0.726 0.009 0.839 1.514
R4 Land rehabilitation ratio in mining area —-0.735 —0.295 0.757 131
RS Restoration and control ratio of mine environment —0425 0.084 0.684 1513
Standardized management R6 Implementation of laws and regulations —0443 —0448 1.045 1.042

mining process were practiced to maintain the state of the
environment. However, some early problems left over by
history, such as environmental pollution, gangue accumu-
lation, and land subsidence, etc., were not entirely re-
solved, which hinders the further development of green
mine construction. More improvements are needed to re-
duce water consumption, land rehabilitation, implementa-
tion of laws and regulations, and public satisfaction.

In view of the obtained research results, it can be pro-
jected that socio-economic development, technological
innovation, and change of social concept put pressure
on the environment. These pressures lead to changes in
the state of resources, production, and economic bene-

negative impacts depending on the factor. An intelligent
response to this can improve positive driving forces, re-
duce pressures, eliminate the adverse impacts, and main-
tain the original state of the environment. In view of
such compelling circumstances, Fig. 4 highlights some
requirements and solutions for promoting green mine
construction, which are discussed below.

In general, technological innovation and progress will
accelerate the adoption of green mining in the long run.
Environmental protection through land reclamation
plays a leading role in environmentally sustainable min-
ing operations. Energy conservation and comprehensive
utilization of resources are the main pillars of green

fits, which can promote positive impacts or cause mining, which require immediate and continuous
Table 4 Total contribution ratio of variance
Values Description Component
Y1 Y2 Y3

Initial eigenvalue Total 11.2 1.5 0.5

Percentage of variance 84.5 114 4.1

Cumulative percentage 84.5 959 100
Loaded values of extracted quadratic sum Total 11.2 1.5

Percentage of variance 84.5 14

Cumulative percentage 84.5 959
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Table 5 Principal component load matrix of green mine
construction

Influencing Principal components

factors Vi V2

D1 0416 -0.123
D2 0.795 0.284*
P1 -0.519 —0.051
P2 —0.908* —-0.060
P3 -0.779 0.127
P4 —0911* 0.455*%
ST 0571 0.123
S2 0444 -0.094
S3 0.971* 0218
S4 0.179 —0.147
S5 0426 0.282%
S6 0.367 0.074
1n 0.819* 0.200
12 —1.332% 0.154
R1 0.275 0.912%
R2 0618 —0.246
R3 0.975% 0.001
R4 0.934* 0.095
R5 0.821* 0.077
R6 0.792 0.173

*Strong loading weight

attention. A standardized enterprise management system
pursuing green innovation strategies is of great signifi-
cance for establishing a green enterprise culture and
communal harmony, which in turn can play a positive
role in promoting the development of green mines. Law
enforcement, effective policies, and government regula-
tions tend to be the most effective means to control ad-
verse environmental impacts and speed up the transition
from existing mines to green mines. The recommenda-
tions to provide scientific support for the future frame-
work of green mining development are discussed below.

Scientific planning of green mine construction
The development of green mining requires a transition
of existing strategies towards more scientific approaches

Table 6 Scores of PCA factors of green mine construction

Year Y1 Y2 F

2012 -9.022 —6428 —-8359
2013 -0.521 -1377 -0.597
2014 5234 0.315 4.46
2015 9.178 1.393 7917
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focusing on future needs. The goal-oriented scientific
planning with the major focus on key issues of mineral
development and utilization, economic development and
environment protection should be carried out in compli-
ance with national policies and practical conditions of
the mining area [38]. Scientific planning should also
consider the specific directions for ecological reconstruc-
tion and environmental governance with effective man-
agement mechanisms and measures to ensure the
comprehensive utilization of resources.

Promotion of digitalization and informatization in mining
areas

The key to green mine construction is technology
driven. In order to reduce energy and resource con-
sumption, digitalization and informatization techniques
must be adopted to improve the level of equipment
automation. In the future, technology development will
be intensified, and the upgrade cycle will be continu-
ously shortened, so the potential of technological
innovation and comprehensive research needs to be im-
proved. In addition, advances in intelligent mining have
to be vigorously made on the basis of artificial
intelligence to fully transform the current mining pat-
tern into a more reliable and smarter mining system [5].

Implementation of responsibility system and
management

Each mining area should form a unique management
mechanism system based on the experience of advanced
enterprises in China and abroad. At the same time, a
comprehensive management network system must be
established with a clear division of unequivocal account-
ability as an approach to improve the standardization
level of enterprise management.

Transition from a linear economy to the circular economy
mode

The circular economy is an alternative to the traditional
linear economy developed in the area of environmental
economics. In a linear economy, raw materials are first
mined, then processed into products, and discarded after
use. However, in the circular economy mode, resources
are used as long as possible to get the maximum value
and finally recycled to reuse the waste. Hence, the trad-
itional economy “resource — production — pollution —
emission” should be transformed into the circular econ-
omy “resource — production — renewable resources”, in
which resources can be extracted to the maximum ex-
tent, used for a long time, and regenerated for reuse
[39]. In order to build and accelerate the transition to
the circular economy, the fundamental principle of green
mining that focuses on balancing economic growth, re-
source sustainability, and environmental protection must
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be applied to achieve optimal production, optimal con-
sumption, and minimum waste.

Conclusions

The idea of green mining was developed as a key ap-
proach to pursue sustainable development. Conse-
quently, the construction of greens has received
considerable attention in China to balance resource de-
velopment and ecological protection. This study at-
tempts to develop an evaluation index system based on
the DPSIR model to assess the current status of green
mine construction in China. First, several influencing
criteria and indicators were chosen under the core prin-
ciples of green mining. Then, the PCA was used to
evaluate them. Finally, a future framework for the devel-
opment of green mines was proposed.

The results show that the status of green mine con-
struction has significantly improved over the years. The
level of mine safety, the ratios of environmental protec-
tion, land rehabilitation, and comprehensive utilization
of resources have increased. However, some concerns
have yet to be addressed, such as the utilization of solid
waste, the percentage of recovery from ore processing,
and the reuse ratio of the water used for coal washing.
Arguably, the practice of green mining can be a long-
term sustainable solution, and its implementation can
ultimately lead to gain a competitive edge. However,
some various hurdles and barriers hinder the implemen-
tation of green mining, which needs to be appropriately
analyzed. For this purpose, the corresponding counter-
measures and suggestions have been proposed to pro-
mote the development of green mines.

Particular attention and the highest priority should be
given to energy and resource management. A clear and
consistent policy, as well as an updated regulatory

framework, must be in place to amplify the potential of
green innovations. In addition, there has to be a con-
tinuous focus on strengthening standardized manage-
ment, improving enterprise culture, and promoting
community harmony. In order to achieve this goal, inter-
disciplinary collaboration can offer a broad prospect for
green mining. The quick and successful implementation
of green mining technology can be accomplished
through holistic strategies based on scientific planning,
promoting digitization and informalization, implement-
ing a responsibility management system, and expanding
the circular economy to the individual enterprise level.

The findings of this study have to be seen in the light
of some limitations that could be addressed in future re-
search. First, the network of evaluation index is built ac-
cording to the conditions and situation of the
Yongcheng mining area, which can be different from
other regions. Second, only two-level indicators have
been used, which limits the reliability of the results to a
certain extent. Therefore, indicators used in the index
should be optimized in future research. Finally, subsidy
policies related to green mining need to be carefully in-
vestigated on the basis of profits brought by improving
the technological level of mining enterprises.
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