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1. Introduction
Coal resources play the fundamental role of social 

and economic development; however, mining activi-
ties can also cause lots of environmental damages all 
over the world [1-2]. In general, development pat-
terns of mining areas have experienced three periods, 
including the traditional mining pattern, the end-of-
pipe treatment pattern and the ecological mining pat-
tern. Mining enterprises which adopt the traditional 
development pattern actually only take the economic 
efficiency of enterprises into account, yet unaware-
ness of the ecological and social benefits [3]. The end-
of-pipe treatment pattern originated in the European 
countries after World War II, and it was generally ac-
cepted and popularized in the 1960s and early 1970s. 
As an important stage in the development of environ-
mental management, the end-of-pipe treatment was 
helpful to eliminate pollution incidents, which could 

also relieve trends of environmental pollution by pro-
duction activities to some extent at that time [4-5]. 
Based on the concept of cleaner production, ecologi-
cal mining leads to increases in resource efficiency 
and deceases in waste generation and it can reduce 
the environmental burdens of industrial production to 
a certain extent. In terms of mining enterprises, eco-
logical mining pattern demand they take the green 
mining technology in the initial stage of coal mining 
[6]. Additionally, comprehensive prevention of envi-
ronmental strategy is applied throughout the whole 
course of coal processing so as to realize the utiliza-
tion of high efficiency of coal resource and reduce 
the risk of ecological environment in the process of 
coal resources exploitation and processing [7]. The 
practice has proved that different development pat-
terns of mining areas inevitable make a big difference 
to the way the industrial production have impact on 
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the environment. However, there is limited literature 
that focuses on the comparative analysis of develop-
ment patterns of mining areas from the perspective of 
environmental economics.

A primary definition of entropy is stated in clas-
sical thermodynamics and statistical mechanics. The 
second law of thermodynamics states that, in any 
physical or chemical process, the quality of the en-
ergy in a system degrades, thus proving the existence 
of irreversibility in nature [8-9]. From the second law 
descends the existence of the extensive state func-
tion, namely ‘entropy’, which measures the disorder 
degree of a system, and it is also an evidence of the 
unidirectional flow of time. It is nowadays possible 
to use the concept of entropy as a powerful instru-
ment to deal with ecology, management, economics 
and even some humanities and social science prob-
lems. Entropy runs through the natural environment 
and human activity, accompanied by the destruction 
and downgrading of the ecological environment in 
the process of exploitation and utilization of mineral 
resources [10]. Meanwhile, to accurately predict the 
increasing entropy of three development patterns of 
mining areas, this paper can use sophisticated com-
puter simulation technology to apply theory to this 
research [11-12]. A scientific computer simulation is 
the imitation of a behavior of a system, entity, phe-
nomenon or process in the physical universe using 
limited mathematical concepts, symbols, and rela-
tions through the exercise or use of a scientific com-
puter model. The objective of every scientific com-
puter simulation is the same: to accurately predict 
some behavior of the physical universe. The objective 
of every scientific computer simulation is the same: 
to accurately predict some behavior of the physical 
universe. The traditional simulation method is an it-
erative process, which provides an abstract model to 
experimenters, and then the test results are interpreted 
and the model is tested by experimenters under the 
related parameters. [13-16]. Computer simulation 
technology all over the world is widely used in many 
high-tech fields, such as aerospace, nuclear industry 
and the military, meanwhile, it has greatly extended 
from the natural sciences to the social sciences in the 
past years.

2. Methodology
2.1. Analysis of entropy change in coal produc-

tion process
It is theoretically possible that all the exploitation 

and utilization of resources is the process of making 
use of its dispersal ability, which is also a typical en-
tropy increasing process, so as to realize the potential 
entropy transfer ability reserved in recourses. So the 

entropy change caused by resource exploitation can 
be considered to be the ability for entropy increas-
ing of resources in the whole economic system and 
the capacity of entropy change is proportional to the 
resources diffusion capacity. Therefore, entropy is ir-
reversible transferred to the ecological environment 
in the course of mineral resources development and 
utilization. It can break the original state of nature, 
thereby forming a state of chaos. There’s a risk of the 
entire environmental system crash in case of the en-
tropy accumulated to a certain extent and the mining 
ecosystem will be degraded or completely destructed 
in that case.

According to the thermodynamic entropy theory, 
the whole process including coal mining and coal 
washing is actually a process of entropy increasing 
(PEI) [17]. First, we may consider the process of coal 
mining as a system with spontaneous thermodynamic 
processes. Assume the entropy change of the whole 
system is ∆S , and entropy change produced by the 
internal system irreversible process is ∆ iS , entropy 
change produced by energy and material exchange 
between external environment and the coal mining 
areas production system is ∆ oS .The formula can be 
expressed as:

∆ = ∆ + ∆i oS S S   (1)

Given that the whole system is completely open, 
the principle of entropy of coal mining system can 
be deduced from the second law of thermodynamics:

0∆ ≥S  (2)

With 0∆ >S , the system is in an unstable state; 
only if 0∆ =S , the state of thermodynamic system 
will be in dynamic equilibrium. As shown in formula 
(1), when the system is in dynamic equilibrium, the 
formula is expressed as:

−∆ = ∆i oS S   (3)

Therefore, when the open thermodynamics sys-
tem is in dynamic equilibrium, the increasing entropy 
internal is equal to the external entropy change in 
number, but contrary to the sign each other. Mean-
while, under no circumstances will exist 0∆ ≥iS , so 
the open thermodynamic system in a static state can 
be described as:

0∆ ≤oS   (4)

Systems theory is the interdisciplinary study of 
systems in general, with the goal of elucidating prin-
ciples that can be applied to all types of systems at all 
nesting levels in all fields of research. In this respect, 
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a system must exchange entropy with the outside so 
as to maintain a dynamic equilibrium state. It’s neces-
sary to absorb or emit the negative or positive entropy 
which is equal to the increasing entropy produced by 
internal system [18]. As for a coal mining system, 
original state of dynamic equilibrium system is broke 
due to the coal mining and initial processing. It is pos-
sible to restore stable and orderly internal organiza-
tional structure of the original system, only if the sys-
tem emits positive entropy to the outside. It mainly 
reflects in emitting various forms of industrial wastes 
including coal gangue, gas and mine waste water to 
the outside. So the total entropy change is 0=dS . As 
shown in Figure 1, entropy flow of production process 
of coal mining can be briefly described as follows. 

2.2. Construction of the entropy model for coal 
mining areas

Assume the total entropy change of the coal min-
ing system is ( )∆ IS t ; the internal entropy change pro-
duced by coal production activities is ( )∆ iS t . The 
equation is expressed as:

( ) ( ) / ( )∆ = ∆iS t Q t T t   (5)

Where ( )∆Q t is the heat value of coal production 
activities; and ( )T t is thermodynamic temperature of 
the process of coal mining; we also assume ( )∆ oS t is 
the amount of the entropy change caused by material 
and energy flow in and out of the system. Because to-
tal entropy change of coal production process for coal 
mining areas is the sum of exchange entropy change 
between internal and the external entropy changes, 
the total entropy change of coal production activities 
can be expressed as:

Figure 1. Entropy flow of the coal mining

1 1 1 1 1( ) ( ) 1( ) ( 1) ( ) [ ( ) ( ) ]
+ + + + ++ ∆ ∆

∆ = + − = ∆ + ∆ = + = + +∫ ∫ ∫ ∫ ∫
t t t t t

p u o o
I i o p u

t t t t t

Q Q S S
S t S t S t S S d d Q d Q d d

T d T d
λ λ

λ λ λ λ λ λ λ
λ λ

 (6)

Where ( )pQ λ is the total value of heat released by 
coal production; ( )uQ λ is the value of heat released 
by industrial wastes (coal gangue, gas, etc.) Based on 
the integral mean value theorem, it can be computed 
as:
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Where ( )I t  is annual total input of resources for 
coal production; ( )R t is annual net output of the coal 
industry; ( )G t is the amount of total annual waste; 
αϕ is the equivalent energy coefficient of the kind 

of α resource(kj/t); βϕ  is the equivalent energy co-
efficient of the β kind of clean coal(kj/t); γϕ is the 
equivalent energy coefficient of the γ kind of industri-
al waste(kj/t); t is the time interval, usually one year. 

The formula of annual total entropy change of coal 
mining can be written as below:

( ) ( ) ( )

( ) ( )

⋅ − ⋅ + ⋅

∆ = + ∆
∑ ∑
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I t R t G t

S t S t
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When the production system of mining areas is 
in stable state, therefore ( ) ( )∆ = −∆oI iIS t S t .When

( ) 0∆ =IS t , we can use Formula (6) to build the for-
mula of annual total entropy change in the coal min-
ing system as follows:

( ) ( ) ( ) ( )

( )

⋅ − ⋅ + ⋅

∆ = −
∑ ∑

oI

I t t R t G t

S t
T

α α β β γ γ
α β
ϕ ϕ ϕ

   (10)

Generally speaking, modern industrial production 
process includes product produce process and waste 
treatment process, and there is no exception for coal 
mining. Moreover, what needs to be explained is that 
this study assumed that the coal enterprise only pro-
duces one kind of coal product, and so only discharges 
one kind of waste in order to simplify the calculation. 
Under this assumption, annual total input of resources 
for coal production and annual net output of the coal 
industry together with annual waste all can be deter-
mined, and then the total entropy of coal mining can 
be calculated by using the entropy model.

2.3. Application of the entropy model for coal 
mining areas

Based on the theory of Environmental Economics, 
production process can use financial and labor inputs 
to translate renewable resources and non-renewable 
resources into the final goods or services [19-20]. We 
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assume that the state of labor is in unlimited sup-
ply in this paper. The outputs measured by physical 
units I are in direct proportion to investment K ; and 
the capital-output coefficient isδ ; so the formula of 
outputs measured by physical units can be expressed 
as:

( ) ( )= pI t K tδ   (11)

The formula of amount of total annual waste, as 
given in the following:

1 2( ) ( ) ( 1)= ⋅ + ⋅ −G t I t K tτ τ η   (12)

Where 1τ is generation coefficient of waste for 
coal mining; 2τ is generation coefficient of waste in 
waste disposal process (secondary wastes generation 
coefficient); η is waste conversion ratio.

Since a part of the production funds can convert 
into new wastes, the formula of net output in the pro-
duction process can be expressed as:

1 2( ) (1 )= − −R t I τ τ   (13)

Using Formulas (10)-(13), we can express the for-
mula of annual total entropy change in the coal min-
ing system as:

   1 1 2( )(1 )[ (1 ) ] ( 1)
( )

+ − − + + −
∆ = − p p

o
K t r K t

S t
T

α β γ γδ ϕ ϕ τ ϕ τ ϕ τ η                (14)

In formula (14) r is annual growth rate of funds, 
and its formula is written as below:

1(1 ) ( )= − − g
p

I
r rr K tτ δ   (15)

rr is rate, gI is investment in pollution treatment.
3. Results and Discussion
3.1. Results
Firstly, there is no investment in end-of-pipe treat-

ment and ecological mining construction if the mining 
areas adopt traditional mining pattern, and so 0=gI ,

0=η . Secondly, If the mining areas adopt end-of-
pipe treatment pattern, there’s no need for the min-
ing enterprises to improve the original coal mining 
technology and processing, but specialized environ-
mental treatment funds is required to increase waste 
treatment processes based on the original traditional 
mining pattern. In this paper we assume the funds of 
waste treatment accounts for 5 percent of the pro-
duction funds, and thus seventy percent of the waste 
can be treated and recycled. so 0.05=g PI K , 0.7=η . 
Thirdly, As for the mining areas adopting ecological 
mining pattern, they take full consideration of envi-
ronmental impacts and made a concerted effort to im-
prove environmental performance, and The discharge 
of waste must decrease year by year in theory. In this 
paper we assume 0.06=g pI K , 0.8=η and we also as-
sume that the waste produced by mining activities has 
a decrease in the ratio of ρ , generation coefficient of 
waste for coal mining 1τ will become 1(1 )− tτ ρ and we 
assume 0.03=ρ .

Base on the formulas (14) and related parameters 
above, we used matlab9.0 to make simulation calcu-
lation to forecast the increasing entropy of three de-
velopment patterns for mining areas. In order to carry 
out the simulation of the simulation, we needed to 
assign the initial value of the variables. Therefore, re-
ferring to other available literatures about simulation 

calculation, this paper made the necessary assump-
tions as follows: 1 10=pK , 0.05=rr , 1 2 0.15= =τ τ , 

0.6=δ  and the simulation time span was set to twen-
ty years. The result of simulation calculation is shown 
in Figure 2.

Figure 2. Growth trends of entropy in different develop-
ment patterns of mining areas

3.2. Discussion
Figure 2 shows that the growth trend of entropy 

for different development patterns of mining areas 
was not uniform, especially from the beginning of 
the fifth year, growth trends began to have obvious 
difference. Specifically, the entropy increasing curve 
of traditional mining pattern was the steepest, and it 
indicated that the rate of entropy growth was the fast-
est; therefore it could easily threaten to the ecologi-
cal environment. The curve of entropy increasing for 
end-of-pipe treatment was flatter, and it demonstrated 
that the situation of environmental damage improved 
to some extent, but the total value of entropy was still 
relatively large. So the development of end-of-pipe 
treatment for mining areas was not accord with the 
concept of mining sustainable development. As for 
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the development of ecological mining pattern, its 
curve of entropy increasing was the flattest. There-
fore it proved that the speed of entropy increasing 
was relatively slow, and the impact on the ecological 
environment was quite slight.

Conclusions
In this study, the environmental effects of three 

development patterns of mining areas were inves-
tigated. Based on the results of simulation calcula-
tion, we can conclude that traditional mining pattern 
prompt the mining enterprises to seek economic in-
terests, regardless of environmental responsibility, 
and it can create negative externalities from the point 
of view of environmental economics, and so it should 
be abandoned according to the concept of sustainable 
development; As for the end-of-pipe treatment pat-
tern ,although it takes measures to prevent and con-
trol industrial pollution, it also consumes resources 
and produces wastes and its treatment of pollution 
itself is a thermodynamic process according to Ther-
modynamics Theory, so it perhaps produces second-
ary pollution problems; under the concept of clean 
production and green mining, the ecological mining 
pattern takes necessary measures to reduce or even 
eliminate the waste generation , depending on the full 
implementation of pollution control in the produc-
tion process. Therefore, the empirical results of this 
paper demonstrate that ecological mining pattern is 
undoubtedly the best of development pattern of min-
ing areas at present.
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1. Introduction
At present, there are many new social and ecologi-

cal problems in cities, along with rapid development 

of economy and promotion of urbanization. However, 
the intervention effect of traditional urban planning 
is not significant, sustainable urban development is a 
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Abstract
The lack of eco-environmental and social benefits in old city reconstruction has always been a problem restrict-
ing sustainable urban regeneration. In order to obtain interactive transmission mechanism of ecological and social 
benefits in old city reconstruction, the work analyzed Tanhualin reconstruction by Amos path analysis with ques-
tionnaires. The results showed that: firstly, there was significant positive correlation between eco-environmental 
evaluation and social evaluation, with path coefficient of 0.98; secondly, the most important factor influencing 
eco-environmental benefits evaluation was history culture, followed by tourism development and environment 
greening; thirdly, public service facility was the most important factor influencing social benefits evaluation, fol-
lowed by traffic and living conditions. Therefore, traditional evaluation system of reconstruction effect should be 
changed to focus on the dominance of eco-environmental environment and detailed sustainable development, thus 
promoting sustainable urban regeneration. 
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