
Vol.:(0123456789)1 3

International Journal of Coal Science & Technology           (2023) 10:22  
https://doi.org/10.1007/s40789-023-00582-9

RESEARCH

Characteristics of coal resources in China and statistical analysis 
and preventive measures for coal mine accidents

Chaolin Zhang1,2   · Peizhong Wang1 · Enyuan Wang1,2 · Dapeng Chen1 · Chao Li3

Received: 8 August 2022 / Revised: 25 December 2022 / Accepted: 6 March 2023 
© The Author(s) 2023

Abstract
In the process of green and smart mine construction under the context of carbon neutrality, China's coal safety situation 
has been continuously improved in recent years. In order to recognize the development of coal production in China and 
prepare for future monitoring and prevention of safety incidents, this study mainly elaborated on the basic situation of coal 
resources and national mining accidents over the past five years  (2017–2021), from four dimensions (accident level, type, 
region, and time), and then proposed the preventive measures based on accident statistical laws. The results show that the 
storage of coal resources has obvious geographic characteristics, mainly concentrated in the Midwest, with coal resources 
in Shanxi and Shaanxi accounting for about 49.4%. The proportion of coal consumption has dropped from 70.2% to 56% 
between 2011 and 2021, but still accounts for more than half of the all. Meanwhile, the accident-prone areas are positively 
correlated with the amount of coal production. Among different levels of coal mine accidents, general accidents had the 
highest number of accidents and deaths, with 692 accidents and 783 deaths, accounting for 87.6% and 54.64% respectively. 
The frequency of roof, gas, and transportation accidents is relatively high, and the number of single fatalities caused by gas 
accidents is the largest, about 4.18. In terms of geographical distribution of accidents, the safety situation in Shanxi Province 
is the most severe. From the time distribution of coal mine accidents, the accidents mainly occurred in July and August, 
and rarely occurred in February and December. Finally, the "4 + 4" safety management model is proposed, combining the 
statistical results with coal production in China. Based on the existing health and safety management systems, the manage-
ments are divided into four sub-categories, and more specific measures are suggested.

Keywords  Resource characteristics · Coal mine accidents · Security situation · Safety 4 + 4 model · Preventive measures

1  Introduction

Mining has been considered an inherently high-risk industry 
worldwide, and China is the world's largest producer and 
consumer of coal (Zhang et al. 2021a, b; Liu et al. 2022; 
Wang et al. 2020). According to the National Bureau of 

Statistics in 2021, the raw coal production of China was 
4.13 billion tons, which has an increase of 5.7% over the 
previous year. The total annual energy consumption in China 
was 5.24 billion tons of standard coal, which has an increase 
of 5.2% over the previous year, of which coal consump-
tion accounted for 56.0% of the total energy consumption 
(National Bureau of Statistics 2022). The "14th Five-Year 
Plan" released by the China government emphasizes the 
need to continue to strengthen the construction of green 
and intelligent mines and promote the energy consumption 
revolution (National Mine Safety Administration 2021). In 
this context, the coal safety situation in China showed a sta-
ble improvement and there is a continuous downward trend 
accidental deaths in coal mines. The overall safety situation 
in China's coal industry is expected to be further improved. 
There were altogether 790 coal accidents with 1433 fatali-
ties over the past five years  (2017–2021), and the coal mine 
death rate per million tons decreased by 58% from 0.106 in 
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2017 to 0.044 in 2021. However, the coal mine accidents 
and related fatalities remain high across all industries due 
to many factors (Linghu et al. 2021; Qiu et al. 2022; Kong 
et al. 2022). Therefore, it is especially important to clarify 
the development trend of coal mine safety accidents, find the 
law of accident evolution, and make effective suggestions 
for the next step of accident prevention, precise prevention 
and control.

In recent years, many scholars have carried out a lot of 
research on coal mine safety accidents. Chen studied the 
development trend of coal mine accidents and analyzed the 
causes of accidents in terms of human factors (Chen et al. 
2012). Mahdevari used the fuzzy TOPSIS model to evaluate 
downhole safety risk in underground coal mines (Mahde-
vari et al. 2014). Wang conducted statistical analysis on gas 
accidents in Chinese coal mines (Wang et al. 2014). Zheng 
investigated the coal dust explosion accidents and put for-
ward the preventive countermeasures (Zheng et al. 2009). Yi 
expounded the unsafe behaviors and distribution characteris-
tics of gas explosion accidents (Yi et al. 2017). Saleh made 
a claim for defense in depth as a guiding principle for safety 
in the mining industry, and pointed out the possible benefits 
to mining safety of adopting this hazard-centric structured 
systems approach (Saleh and Cummings 2011). Duzgun 
proposed a risk and decision analysis method for roof acci-
dents (Duzgun and Einstein 2004). Wang conducted risk 
assessment of accident factors based on FAHP and devel-
oped a new safety management model (Wang et al. 2016). 
Liu established the China Mine Human Factors Analysis and 
Classification System (HFACS-CM) based on the statisti-
cal results of coal mine accidents, and combined with the 
Analytic Hierarchy Process (AHP) to systematically study 
the poor safety of coal miners and their related influenc-
ing factors (Liu et al. 2018). Sun conducted an investigation 
and research on coal mine water inrush accidents (Sun et al. 
2016). Zhang conducted statistical analysis on particularly 
major accidents and put forward preventive countermeasures 
(Zhang et al. 2020). However, most of the work done by 
previous scholars mainly focused on a certain region or a 
certain type of coal accidents for statistical analysis, with a 
single angle of analysis and lack of unified regularity.

In order to summarize the occurrence rules of coal 
mine accidents in China from multiple perspectives, the 
coal mine accidents over the past 5 years (2017–2021) 
were studied through the steps of theoretical analysis, data 
collection, generalization, summarizing the regularities 
and making suggestions. Specific research methods are 
as follows: (1) Status of coal resource storage and min-
ing. China's coal mine resources information is mainly 
obtained through the National Bureau of Statistics. Then, 
combined with the environment of coal mines in the new 
era, the safety production situation of China's coal mines 
is analyzed. (2) Coal mine accident data collection and 

analysis. The data from 2017 to 2021 is collected through 
the public information of the national and local coal safety 
bureaus, various government reports, relevant literatures 
and unpublished data of enterprises. Then, the data are 
classified from four aspects: accident level, accident type, 
accident area, and accident time. Finally, the accident sta-
tistics law is extracted from these data. (3) Make recom-
mendations. Based on the results after statistical analysis, 
a new safety prevention model is established to suggest 
targeted prevention and control for coal safety in China.

2 � The basic situation of coal resources 
in China

2.1 � Coal resource storage characteristics

Coal is the most abundant fossil energy source in the 
world, and about 80 countries in the world have coal 
resources (Zhang et al. 2021c). China is not only the larg-
est coal producer in the world, but also the largest coal 
consumer and importer (Jia et al. 2021). However, the coal 
reserves suitable for surface mining in China are relatively 
small. According to statistics, China ranks fourth in the 
world in terms of coal reserves, with national coal reserves 
of about 162,288 million tons by the end of 2020 (Ministry 
of Natural Resources 2021). The general pattern of the 
geographical distribution of coal resources is more in the 
west and less in the east, rich in the north and poor in the 
south. The coal resources are mainly concentrated in Xin-
jiang, Inner Mongolia, Shanxi, Shaanxi, Guizhou, Ningxia 
and other regions, and are inversely distributed with the 
economic development of the region (Cao et al. 2020; 
Tang et al. 2020; Shao et al. 2020). As shown in Fig. 1, 
Shanxi Province has as much as 50.725 billion tons of coal 
reserves, accounting for 31.26% of the national reserves, 
ranking first in China; followed by Shaanxi and Inner 
Mongolia, with coal reserves of 29.390 billion tons and 
19.447 billion tons respectively. Guangdong Province has 
the least amount of coal reserves, with only 0.01 billion 
tons. The western region is relatively rich in coal resources 
and generally of high quality, compared to the economi-
cally developed regions of China, which have a higher 
industrial output but a relative lack of coal resources. The 
coal resources in the developed eastern regions not only 
account for a smaller proportion, but also are more difficult 
to develop, having a more complex mining environment, 
higher mining costs and relatively poorer quality (Zhang 
et al. 2021a, b). Therefore, the limited economic invest-
ment in the development of resources in the west and the 
complex mining environment in the east are important 
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Fig. 1   Distribution of coal reserves by province and city

reasons for the continuous occurrence of safety accidents 
during coal production.

2.2 � Coal resources mining characteristics

With the active promotion of China's carbon peaking and 
carbon neutralization work, China's energy supply has 
achieved remarkable results and production has grown 
steadily (Zhang et al 2022; Li 2021). As shown in Fig. 2, 
the raw coal production of China was 4.13 billion tons in 
2021, up 5.7% year-on-year, and coal consumption was 
2.96 billion tons, up 4.6% from the previous year (National 
Bureau of Statistics 2022). From the graph, we can also 
see that, with 2016 as the cut-off point, coal production 
decreases year by year in 2011–2015. While in 2016–2021, 
production gradually increases. This situation may be 
due to the tight supply of coal and the sharp increase in 
prices after 2016. Coal companies have made effort to 
increase production and supply and raw coal production 
has continued to grow. However, from the perspective of 
coal consumption, it has been in a stable state. Under the 
goal of "Dual Carbon", the growth of coal consumption is 
strictly controlled. By the end of 2021, coal consumption 
accounted for 56.0% of total energy consumption, with a 
decrease of 0.9 percentage points from the previous year. 
From 2011 to 2021, the proportion of coal in China's pri-
mary energy consumption structure decreases from 70.2% 

to 56.0%, but is still more than half. Coal-rich, oil-poor, 
and gas-poor resource characteristics in China determine 
that coal is the mainstay of China's energy consumption 
(Ning et al. 2014). With the long-term advancement of 
China's industrialization and urbanization, coal consump-
tion will maintain a steady growth, but the transforma-
tion of economic growth mode and the implementation of 
energy conservation and emission reduction policies will 
slow down the growth rate of energy consumption.

In recent years, the social demand for coal resources has 
shown an obvious rising trend (Zhang et al. 2021a, b ), and 
the shallow coal resources cannot meet the needs of social 
development, so the depth of mining must be increased. 
According to statistics, the mining depth in China is 
increasing year by year, and the increase rate reaches about 
10–25 m per year. As shown in Fig. 3, there are 47 mines 
with mining depth above 1000 m and the maximum min-
ing depth reaches 1500 m (Zhao et al. 2020). At the same 
time, deep mining is becoming more and more difficult, 
and a lot of protective measures have been taken in mining 
safety every year, but the casualties are still very serious.

2.3 � Safety production situation in China's coal mine

In recent years, with the continuous improvement of coal 
mine safety laws and regulations, the level of safety tech-
nology and equipment has significantly upgraded, and the 
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investment in safety production has increased significantly. 
In general, the safety production situation in China's coal 
mine has gradually improved, and the number of accidental 
coal mine deaths has continued to decline (Zeng and Ren 
2019; Zheng et al. 2009; Chen 2020).

The last 20 years belong to the period of rapid improve-
ment in the level of safety production. As can be seen from 

Fig. 4, the history of coal mine safety development is divided 
into two periods with 2017 as the node. Before 2017, the 
number of coal accidents in China peaked at 4143 in 2003 
and then dropped significantly to 219 in 2017. As the gov-
ernment has paid close attention to coal safety in recent 
years and taken a series of safety measures, the death toll in 
coal mines dropped from 6995 in 2002 to 375 in 2017, with 

Fig. 2   Changes in China's coal resources from 2011 to 2021

Fig. 3   Coal resource storage and mining situation at different depths



Characteristics of coal resources in China and statistical analysis and preventive measures…

1 3

Page 5 of 13     22 

a decrease of 94.6%. At the same time, the death rate per 
million tons of coal mine declined in a more obvious trend, 
from 5.07 in 2001 to 0.106 in 2017, and coal mine safety has 
been effectively guaranteed.

After 2017, the pattern of coal mine safety showed a con-
tinuous and stable improvement. The death rate per million 
tons of coal mine exceeded the mark of 0.1 and has dropped 
to 0.044 by 2021, 58.5% lower compared to 2017. The num-
ber of accidents and deaths during 2017–2021 also showed a 
steady downward trend, reducing 128 cases and 197 people 
respectively. China is in the "13th Five-Year Plan" period 
over the past 5 years, it is an important opportunity period 
for the coal industry to accelerate the transformation and 
development and achieve the historical leap from big to 
strong. In the face of the complex macro environment, the 
difficult and heavy task of reform and development, espe-
cially the serious impact of the COVID-19, the whole indus-
try implements to carry out the new national security energy 
strategy. Focus on intelligent mining and efficient intensive 
use of coal, focus on promoting scientific and technological 
innovation, focus on promoting industrial transformation and 
upgrading, China is entering a new chapter of high-quality 
coal development (Wang et al. 2018a, b). During the new 
"14th Five-Year Plan" period, it will be the most critical 
5 years for the transformation and development of the coal 
industry. Therefore, the author starts from the accident sta-
tistics of 2017–2021, and analyzes the change of accident 
development law, which is of great significance to the pre-
vention and control of coal mine accidents in China and 
even in the world.

3 � Statistical law of coal mine accidents 
in China

3.1 � Coal mine accidents level analysis

According to the Chinese Regulations on the Reporting and 
Investigation of Coal Mine Production Safety Accidents, 
coal mine accidents are classified into four classes based 
on the number of fatalities: general accidents (less than 3 
people), major accidents (more than 3 and less than 10 peo-
ple), catastrophic accidents (more than 10 and less than 30 
people), and heavy catastrophic accidents (more than 30 
people) (National Mine Safety Administration 2008).As 
shown in Table 1, the number of accidents and deaths of 
general accidents is the largest in different levels of coal 
mine accidents from 2017 to 2021, namely 692 and 783, 
accounting for 87.6% and 54.64% respectively. The number 
of major accidents and catastrophic accidents is 80 and 18 

Fig. 4   Statistics of coal mine accidents from 2001 to 2021

Table 1   Number of accidents in different levels from 2017 to 2021

Year General 
accidents

Major 
accidents

Catastrophic 
accidents

Heavy 
catastrophic 
accidents

2017 196 17 6 0
2018 205 17 2 0
2019 105 24 5 0
2020 109 10 3 0
2021 77 12 2 0
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respectively, which is relatively small. No heavy catastrophic 
accidents have occurred from 2017 to 2021 and no deaths 
have resulted from this accident level.

As can be seen from Table 1, the number of accidents at 
all levels showed an overall decreasing trend, and the num-
ber of major and catastrophic accidents was much smaller 
than that of general accidents. As can be seen from Fig. 5, 
the number of deaths in general accidents decreases year by 
year, while major and catastrophic accidents show a fluctuat-
ing decline. In particular, the number of fatalities in general 
accidents jumped down during 2018–2020, but the number 
of fatalities in the other two classes of accidents increased 
and then decreased. It may be that the number of deaths in 
major and catastrophic accidents rose during this period due 
to inadequate safety control of major disaster risks. When 
the government noticed the phenomenon and took a series 
of measures, the number of deaths returned to normal levels. 
However, for catastrophic accidents, the fatalities per acci-
dent showed an overall increasing trend during 2017–2021, 
which shows that the emergency response to major disaster 
risks needs to be further improved.

3.2 � Coal mine accidents type analysis

There are various types of coal mine accidents, and statisti-
cal analysis of different types of coal mine accidents can pro-
vide a basis for taking targeted prevention and control meas-
ures. According to the eight types of accidents in coal mines 
from 2017 to 2021, including gas accidents, roof accidents, 
flood accidents, fire accidents, electromechanics accidents, 

transportation accidents, blast accidents, and other accidents 
(Deng et al. 2014). As shown in Fig. 6, the number of roof, 
gas and transportation accidents have gradually decreased 
in 5 years. However, the decline in electromechanics and 
blast accidents is not obvious, and there is even a rising 
trend during 2017–2021. The above situation means that 
safety prevention and control in electromechanics and blast 
accidents need to be further improved. It is important to note 
flood and fire accidents, both with fluctuating development 
trends. This situation indicates that the relevant safety work 
is not in place and there is an urgent need to strengthen con-
trol, otherwise there will be devastating blows to coal mine 
safety in the future.

Figure 7 shows the proportion of the total number of acci-
dents and fatalities in each category. As shown in Fig. 7a, 
the number of roof accidents is the largest, accounting 
for 29.4%, followed by gas and transportation accidents, 
accounting for 19.7% and 19% respectively. The number of 
fire accidents occurs the least, only accounting for 1.3%. 
As shown in Fig. 7b, the number of deaths in gas accidents 
is the most, up to 28.1%, followed by roof and transporta-
tion accidents, accounting for 22.3% and 16.8%. However, 
blast accidents had the lowest number of deaths, only 1.6%. 
From the above analysis, it can be seen that the proportion 
of gas accidents during 2017–2021 is small, only 12.2%, 
while the proportion of death tolls in gas accidents is large. 
The main reason is that the mortality rate and damage of gas 
accidents is the most serious among all accident types. The 
risks posed by the gas accident mainly include gas outburst, 
gas explosion and associated dust hazards, etc. The risks 

Fig. 5   Number of deaths in different accidents level and fatalities per accident in catastrophic accidents
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associated with gas accidents mainly include gas deflagra-
tion, gas explosion and related dust hazards, which are more 
difficult to control.

3.3 � Coal mine accidents area analysis

China has complex topographic conditions and unstable coal 
seam inclination. At the same time, the distribution of coal 
mine accidents varies geographically due to the number of 
coal mines, production, geological conditions, mining status 
and other factors. Based on the distribution of coal mine 
accidents and deaths in different provinces, the data of coal 

mine accidents in each region are visualized, as shown in 
Figs. 8 and 9.

In terms of the number of accidents, Shanxi had the high-
est number of accidents, with a total of 102 coal mine acci-
dents from 2017 to 2021, accounting for 12.9%. Followed by 
Sichuan and Guizhou, with 93 and 86 accidents respectively, 
accounting for 11.7% and 10.8%. The northern region of 
Inner Mongolia and Shaanxi also had more accidents, with 
54 and 58 respectively. In terms of the number of deaths, 
Shanxi Province is still the most serious region, with 202 
deaths, accounting for 14.1%, followed by Guizhou, Sichuan 
and Shaanxi. Although Shanxi Province ranks first in terms 

Fig. 6   Number of accidents and death tolls based on different types

Fig. 7   Proportion of quantity and death based on different types
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of the number of production safety accidents and the number 
of deaths, its average number of fatalities per accident is 
not high, only 1.98. Although only 24 coal mine accidents 
occurred in Chongqing during 2017–2021, the average num-
ber of fatalities was as high as 2.87.

Overall, China’s coal mine accidents in the geographical 
distribution have the law of "wide and more concentrated 
distribution, more in inland and less coastal, more in north 
and south and less in east and west". Most coal accidents are 
concentrated in Shanxi, Guizhou, Sichuan, Shaanxi, etc. The 

Fig. 8   Distribution of the number of coal mine accidents in China

Fig. 9   Distribution of the death tolls in coal mine accidents in China
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reason for this pattern is that coal production are larger and 
geological conditions are very complex in accident-prone 
provinces. Especially for Shanxi, the region is a large coal 
province, the number of coal mines and coal storage are 
among the top of China. The number of accidents and deaths 
in the province under the same circumstances is relatively 
more. At the same time, the accident-prone provinces do not 
pay enough attention to production safety, the government's 

supervision is weak and safety management policies are not 
comprehensive.

3.4 � Coal mine accidents time analysis

Through research and analysis, the frequency of coal mine 
safety accidents usually shows the concentration of time 
periods (Zhang et al. 2021a). Therefore, this study used the 
month as the time unit to form a period series and find the 
time point of accident frequency. Figures 10 and 11 show 
the statistics of the number of accidents and the number of 
fatalities in each month from 2017 to 2021.

In terms of the number of accidents, the high incidence 
of coal mine accidents is concentrated in July and August, 
with 86 and 81 accidents occurring respectively. Due to 
the hot weather in July and August, the surface air tem-
perature and the humidity underground are high. Workers 
are prone to inattentiveness, fatigue, sleepiness and other 
physiological phenomena, resulting in slower reactions 
and less accurate movements. In addition, psychological 
phenomena such as emotional irritability and laziness are 
likely to occur because of the poor climatic environment, 
leading to violations. The number of accidents in February 
and December was relatively small, with only 53 coal mine 
accidents. The mines just started production and safety 
management was strengthened after the Spring Festival 
holiday in February. While the mines usually complete the 
final work in December and require the audit and inspect, 
so safety supervision is enhanced compared to the daily 
work period.

Fig. 10   Number of accidents in different months from 2017 to 2021

Fig. 11   Death tolls in different months from 2017 to 2021
Fig. 12   The average number of deaths in different months from 2017 
to 2021
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We can see from Fig. 11, the deaths in months showed 
a trend of "bipolar" distribution. There were fewer deaths 
in the first half of the year and more deaths in the second 
half. Specifically, the death tolls in June, August, November 
and December were more than other months. The number 
of deaths was the highest in June, up to 142 people, while 
the number of deaths in February and March were less, 89 
and 82. This pattern is strongly related to weather changes 
throughout the year. The temperature is suitable in the spring 
and autumn, and the underground work environment is more 
comfortable. It’s easy to concentrate on the spirit and safety 
accidents can be well controlled. However, the weather is 
hot and dry in summer and is cold and wet in winter. If 
employees work for a long time in this environment, they 
will be exhausted in mind and body. Combined with regula-
tory negligence, many accidents will be happened frequently 
in the end.

In order to more accurately describe the relationship 
between the number of accidents and deaths, we counted 
the average number of deaths per accident for different 
months from 2017 to 2021, as shown in Fig. 12. The aver-
age number of deaths was the highest in December with 
2.55 per case. Compare with Figs. 10 and 11, it can be seen 
that although there were fewer accidents in December, the 
number of deaths was higher. This indicates that accidents 
in this month are generally more dangerous and deadly. The 
average number of deaths per accident in June and Novem-
ber was higher, namely 2.18 and 2.55 per case. However, 
the average number of deaths was the lowest in July, with 
1.24 per case. The overall trend throughout the year shows 
a "wave" development in the average number of deaths. 

From the overall trend of the year, we can see that the aver-
age number of deaths shows a "wave-like" development, 
gradually decreasing from January to March, and gradually 
increasing from April to June, in a cyclical progression. This 
shows that the security prevention and control is not devel-
oped in a balanced way in time, and the management should 
not be relaxed in every month.

4 � Prevention measures

There are many safety management systems in the world 
today, such as the ISO 45001 (Occupational Health and 
Safety Management Systems) (Liu et al. 2016). However, 
they are more complicated and are not targeted in mining 
industry (Soltanzadeh et al. 2022; Aryan et al. 2022; Siabi 
et al. 2022). In order to effectively prevent coal accidents and 
reduce casualties, the “4 + 4” safety management model is 
proposed based on accident statistics and situation of coal 
resources in China, as shown in Fig. 13. The model can 
effectively avoid accidents as well as casualties and system-
atically illustrate the management of safety behavior in coal 
mines, which can be targeted to prevent the development of 
coal mine accidents in four areas: “level”, “type”, “area” and 
“time”. The model covers a wide range of protection groups, 
from management leaders to junior employees. Besides, the 
model is not only applicable to coal mining enterprises, but 
also can be used by other companies with safety hazards. 
However, the “4 + 4” safety management model focuses on 
the influence of human behavior, ignoring the unsafe state of 
the machine and its influence. Further consideration will be 

Fig. 13   Classification system for behaviors in “4 + 4” model
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given on how to incorporate the unsafe state of the machine 
into the model.

Firstly, safety behavior is divided into two categories: 
organizational behavior and individual behavior according 
to the accident process. On this basis, individual behavior 
is divided into two categories, namely safety capability and 
safety action, and organizational behavior is divided into 
two categories, namely safety culture and safety manage-
ment. Finally, safety management is subdivided into four 
subcategories: level prevention, classification control, area 
management, and time management, by combining the latest 
statistical laws of coal accidents in China. In this way, the 
safety behavior is divided into “4 + 4” elements, i.e. "4 + 4" 
safety management model. Each of these elements is inter-
related and works together to facilitate the completion of 
the safety behavior. Therefore, the authors propose specific 
countermeasures for safety prevention and control based on 
"4 + 4" safety model.

4.1 � Safety culture

Safety culture plays a guiding role in accident prevention, 
purely at the ideological level. However, safety culture is 
essential in accident prevention and control, especially in 
organizational factors (Wang et al. 2018a, b). In the past 
golden decade of coal mine development (2002–2011), 
excessive focus on economic benefits at the expense of 
employee life and health safety has led to frequent coal mine 
safety accidents. Since then, the government and various 
enterprises have introduced relevant policies and changed 
their management philosophy, gradually shifting from high 
economic income to low personnel fatalities, and the num-
ber of coal mine fatalities has rapidly decreased as a result. 
When there is a conflict between safety production and 
economic benefits, safety production must be placed before 
maximizing benefits. The next step is to change the tradi-
tional safety culture thinking. The content of the core con-
cept of safety should evolve, which changes from the core 
concept of safety first and prevention-oriented safety to the 
development concept of life safety over everything. Relevant 
companies should also highlight the human-centered value 
and concern for life and health (Bu et al. 2021).

4.2 � Safety management

By reviewing the investigation reports of coal mine acci-
dents, management defects are the main factors leading 
to the occurrence of safety accidents. Therefore, it is nec-
essary to carry out in-depth publicity and education on 
coal mine production safety guidelines, policies, laws and 
regulations and lessons learned, and to urge and guide 
local governments and coal mine enterprises to strengthen 
safety management. We should improve the governmental 

supervision department, formulate flexible policies and 
regulations and increase the investment of resources. 
Combined with the previous accident statistics law, the 
safety management is subdivided into four subcategories 
of level prevention, classification control, area manage-
ment, and time management, with the following specific 
recommendations.

(1)	 Level prevention. The next step should focus on the 
safety prevention and control in general accidents. The 
government should increase investment in science and 
technology to promote intelligent mining. Enterprises 
need to further strengthen the safety responsibility sys-
tem of enterprises and reduce the number of employ-
ees at dangerous work surfaces. In practice, employees 
should strictly abide by the operating specifications and 
prohibit single-person operations.

(2)	 Classification control. Roof, gas, and transportation 
accidents have higher safety risks, so the government 
should invest more safety efforts in these types of acci-
dents. For the roof accident, companies should adopt 
suitable mining methods and strictly require the tech-
nology of mining personnel and the design of the whole 
mining construction. Coal mining enterprises should 
also minimize the time of each mining and improve 
the speed of stratified mining as a way to protect the 
roof from damage. Employees should conduct frequent 
monitoring and inspection of roof safety. For gas acci-
dents, government should establish a sound safety 
management system and pre-develop emergency plans 
for gas accidents. Small and medium-sized coal min-
ing enterprises need to further improve the ventilation 
system to ensure that the ventilation capacity meets the 
needs of mine dilution and gas emission. Companies 
were advised to set up special gas accident teams to 
regularly analyze and forecast the disaster situation in 
the region, etc. For transportation accidents, each type 
of transportation equipment must be equipped with 
safety guards and be regularly inspected and main-
tained. Employees must be licensed to work and need 
to complete relevant transportation work under supervi-
sion, etc.

(3)	 Area management. Coal mine safety investment should 
be increased in accident-prone provinces, especially in 
coal-producing regions such as Shanxi, Guizhou, and 
Shaanxi. Special coal mine safety investigation teams 
should be set up in each region to investigate and ana-
lyze the frequent occurrence of safety accidents in the 
region and update preventive measures in a timely man-
ner. The supervision and management of small coal 
mines should be strengthened, and coal mines that do 
not comply with relevant regulations should be recti-
fied and closed in a timely manner. Centralized control 
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should be implemented to avoid management fragmen-
tation. Government should also strengthen the supervi-
sion and management of small-scale coal mines, and 
promptly rectify and close those that do not comply 
with relevant regulations.

(4)	 Time management. The number of underground staff 
should be reduced in summer and autumn. Companies 
should set reasonable working hours to avoid overwork-
ing employees. Safety managers are rotated on a regular 
basis to avoid accidental deaths due to management 
negligence during low accident periods. Relevant enter-
prises should develop a mining plan for each phase, 
and the work intensity should be averaged over time to 
avoid a sudden increase in workload during a certain 
period of time, etc.

4.3 � Safety capability

Government should increase investment in science and 
technology innovation and focus on building green and 
intelligent mines. The number of underground staff should 
be gradually reduced to promote the full mechanization of 
coal mines. The outdated production process and related 
equipment should be eliminated in time to improve the 
reliability of the equipment. Enterprises should strengthen 
the safety skills training of employees and regularly carry 
out safety education to improve the level of safety aware-
ness of employees. Spiritual protection and material pro-
tection go hand in hand, allowing employees to participate 
in the supervision and management of safety.

4.4 � Safety action

Enterprises are advised to optimize task arrangements and 
eliminate fatigue operations. Companies should also treat 
employees fairly in terms of task allocation and bonuses to 
enhance employee trust. Operational specifications or work 
experience should be corrected in a timely manner to ensure 
that every operation of employees is safe and feasible. Coal 
mining companies need to conduct regular skills training 
and emergency drills to avoid accidents caused by improper 
operation.

5 � Conclusions

(1)	 China's coal resources are geographically distributed in 
a pattern of more in the west and less in the east, rich 
in the north and poor in the south, and the distribution 
is inverse to the economic development. At the same 
time, the areas with large coal storage, such as Shanxi, 
Shaanxi, Inner Mongolia, etc., are prone to coal safety 

accidents. Raw coal production fluctuated upward after 
2016, and the growth rate of coal consumption slowed 
down under the influence of Dual Carbon target. Deep 
coal mining will be the future development trend, 
which also increases the difficulty of safety accident 
control. The situation of coal mine safety production 
has gradually improved in the past 20 years, and the 
number of accidental deaths in coal mines has contin-
ued to decline. Safety prevention and control work still 
faces serious challenges in the context of COVID-19.

(2)	 By analyzing the national coal mine accidents from 
2017 to 2021, it can be seen that: the number of gen-
eral accidents and deaths are the highest, and there 
is no heavy catastrophic accident during 2017–2021. 
Roof, gas and transportation accidents occur more fre-
quently, and gas accidents cause the highest death tolls. 
In terms of geographical distribution, there are "wide 
distribution, more concentrated distribution, more 
inland, less coastal, more in north and south, less in 
east and west". Most coal accidents are concentrated 
in Shanxi, Guizhou, Sichuan, Shaanxi and safety situ-
ation in Shanxi Province is the most serious. Coal mine 
accidents are mainly concentrated in July and August, 
with fewer accidents in February and December.

(3)	 The "4 + 4" safety management model is proposed. It 
divides safety behaviors into four categories: safety cul-
ture, safety management, safety capability, and safety 
action. At the same time, safety management is divided 
into four parts: level prevention, classification control, 
area management, and time management. Based on the 
statistical laws and the current situation of mining, the 
prevention countermeasures for coal accidents from 
these eight perspectives are proposed. It’s applicable to 
all coal mine enterprises in China as well as the world 
coal mine safety prevention and control.
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