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With the diversified development of coal enterprises in China, the industries related to coal, including coal chemical, electric
power, transportation, and building materials, have witnessed rapid development. There is a collaboration relation between the
coal industries and most of the aforementioned industries. Based on the synergy theory and the theory of industrial cooperation,
the collaboration among coal industries is assessed in this research. Examining China Coal Energy Company as an example, this
research divides the compound enterprise system into subsystems such as coal-electric, coal-chemical, and coal-equipment. Next,
collaboration indices, including market, scale, and management, are created for each subsystem. Then, the overall collaboration
degree of theChinaCoal EnergyCompany since it was listedwas calculated by standardizing data and estimating the order degree of
order parameters and subsystems.Thus, amodelmeasuring the industrial collaboration degree of coal enterprises was established to
quantitatively reflect the collaboration degree between various industries. At the same time, the factors influencing the collaboration
effect between various industries were analyzed so as to improve this effect, which then can provide a decision basis for enterprises.

1. Introduction

Since 2012, coal enterprises in China have witnessed great
fluctuation in terms of their management performance due
to influences of the macroeconomy. At the same time,
affected by surplus production, the impact of imported coal,
increased environmental protection pressure, and weakened
downstream demands, China’s coal enterprises have suffered
extensive losses [1, 2]. The excessive dependence of the coal
enterprises on the leading coal industries has led to the
further development of such enterprises being restricted by
the limitation of coal resources and the fluctuation of coal
markets.

Under this new circumstance, large-scale coal enterprises
in China have adjusted their development according to their
own development state. As a result, a development pattern
dominated by coal has formed accompanied by the develop-
ment of other products. This has enhanced the economic
benefit and comprehensive development capacities of other
industries to some extent. According to a survey of the indus-
tries involved in the main coal enterprises in China, along
with the diversification of coal enterprises, the industries

related to coal industries, including coal chemical, electric
power, transportation, and building materials industries,
have experienced rapid development. At the same time, coal
industries present a collaborative relation with most of the
aforementioned industries.

Based on the theory of industrial collaboration, the col-
laboration of coal industries is examined in this research.The
established model for measuring the industrial collaboration
degree of coal enterprises can quantitatively reflect the collab-
oration degree between various industries. In addition, the
factors influencing the collaboration effect between various
industries are analyzed, so as to enhance the collaboration
effect, which can then provide a decision basis for enterprises.

2. Literature Review

Ansoff [3, 4] described the combined effect available to a
diversified firm as synergy. He suggested that synergy can
produce a return on combined resources that is greater than
the sum of the individual parts. According to Haken [5,
6], synergy means working together. As transferred from
the microscopic to the macroscopic level, synergy describes
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a generality where various systems with special properties
transform from a disordered to an ordered state.

Hu [7] indicates that industrial collaboration refers to the
high degree of consistency or harmoniousness from mutual
interactions and cooperation in the production, marketing,
purchase, management, and technology of the enterprises
within the cluster.

Theoretical studies regarding industrial collaboration
were first performed on industrial collaboration between
regions. For example, such research studied the influences of
the driving effects of industrial collaboration, collaboration
of industrial clusters and technology industries, and industry
transfer through the collaborative development of industries.
Generally speaking, many scholars held that realizing the
industrial collaboration effect by improving the degree of
industrial collaboration would be beneficial in enhancing
the benefits to the enterprises [8–11]. The goals of industrial
collaboration include acquiring collaborative benefits, reduc-
ing production costs, enhancing production efficiency, and
improving levels of specialization and scale of enterprises.

While describing the behaviors near the critical point,
Haken [5, 6] introduced order parameters. As representative
of collective collaborative behavior affecting the transforma-
tion of various system elements from one phase to another,
order parameters refer to the change newly appearing during
the evolution process of a system and can indicate the param-
eters formed by new structures. Therefore, order parameters
are considered the key factors leading to change in the degree
of industrial collaboration in this research, and their exis-
tence and change result in the variation of the collaboration
degree.

With the proposal of the concept of collaboration and its
deepening investigation,modelsmeasuring the degree of col-
laboration have been established and improved on by scholars
[12–16]. Although these models target different problems,
they all lay an academic foundation for the research here.
The frequently used method for measuring the industrial
collaboration degree is the efficacy function method of order
parameters. However, theoretical and empirical research still
lacks a common understanding of industrial collaboration
degree measurement in the coal industry.

When it comes to measuring the industrial collaboration
degree for coal enterprises, first, the enterprises are divided
into several industrial subsystems. Then, the order parame-
ters and indices are established for each industry. Examining
China Coal Energy Company as an example, this research
obtains the specific parameters of each index through its
investigation. Meanwhile, the expert weighting method is
employed to weigh each subsystem and the order parameters
of different hierarchies. Subsequently, the degree of industrial
collaboration among coal enterprises is measured by estab-
lishing a measurement system from top to bottom.

3. The Establishment of the Model for
Measuring the Collaboration Degree

3.1. The Efficacy Function Method of Order Parameters [16–
18]. Large-scale coal enterprises are comprised of several
internally connected industrial subsystems, the integration

of which constitutes a compound system with a higher hier-
archy, namely, the multi-industry compound system of coal
enterprises. The whole system is labeled as 𝑠 = (𝑠1, 𝑠2, . . . , 𝑠𝑛),
where 𝑠𝑛 represents the 𝑛th industrial subsystem. During
the evolution process of the system, the order parameter is
represented by 𝑔𝑗 = (𝑔𝑗1, 𝑔𝑗2, . . . , 𝑔𝑗𝑛), where 𝑛 ≥ 1, 𝑆𝑗 (𝑗 ∈[1, 𝑘]) 𝛼𝑗𝑖 ≤ 𝑔𝑗𝑖 ≤ 𝛽𝑗𝑖, and 𝑖 ∈ [1, 𝑛],. Here, 𝛼𝑗𝑖 and 𝛽𝑗𝑖
represent the upper and lower limits of the order parameter,
respectively.The value of the order parameter is related to the
numerical values of different indices. As a general rule, the
order degree of a system is divided into two categories: in the
first category, the order degree is positively correlatedwith the
value of 𝑔𝑗1, 𝑔𝑗2, . . . , 𝑔𝑗𝑘1 ; in the second one, the order degree
is in negative correlation with the value of 𝑔𝑗𝑘1+1, . . . , 𝑔𝑗𝑛.
Based on the aforementioned analysis, formula (1) is defined
as the order degree of the component 𝑔𝑗𝑖 of the order para-
meter for the industrial subsystem 𝑠𝑗:

𝑢𝑗 (𝑔𝑗𝑖) =
{{{{{{{{{

𝑔𝑗𝑖 − 𝛼𝑗𝑖𝛽𝑗𝑖 − 𝛼𝑗𝑖 , 𝑖 ∈ [1, 𝑘1] ,𝛽𝑗𝑖 − 𝑔𝑗𝑖𝛽𝑗𝑖 − 𝛼𝑗𝑖 , 𝑖 ∈ [𝑘1 + 1, 𝑛] .
(1)

According to the definition mentioned above, we obtain𝑢𝑗(𝑔𝑗𝑖) ∈ [0, 1], whose value reflects the contribution degree
of𝑔𝑗𝑖 to the order degree of the system: the greater the value of𝑢𝑗(𝑔𝑗𝑖), the greater the contribution degree of 𝑔𝑗𝑖. Generally
speaking, the total contribution of the order parameter 𝑔𝑗 can
be obtained through the integration of 𝑢𝑗(𝑔𝑗𝑖).

Integration methods can be utilized to calculate the total
contribution of the index variables to the coordination degree
of the subsystems. The commonly used integration methods
include the geometric mean, as seen in formula (2), and the
linear weighted summation, as demonstrated in formula (3).

𝑢𝑗 (𝑔𝑗) = 𝑛√ 𝑛∏
𝑖=1

𝑢𝑗 (𝑔𝑗𝑖), (2)

𝑢𝑗 (𝑔𝑗) = 𝑛∑
𝑖=1

𝜇𝑖𝑢𝑗 (𝑔𝑗𝑖) , 𝜇𝑖 ≥ 0, 𝑛∑
𝑖=1

𝜇𝑖 = 1. (3)

The aforementioned 𝑢𝑗(𝑔𝑗) is considered the order degree
of the order parameter 𝑔𝑗 of the subsystems. It can be
seen that 𝑢𝑗(𝑔𝑗) ∈ [0, 1], the value of which reflects the
contribution degree of the order parameter 𝑔𝑗 to the order
degree of the industrial subsystem 𝑠𝑗. The value of 𝑢𝑗(𝑔𝑗) is
positively correlated with the order degree of the industrial
subsystem 𝑠𝑗. That is, the order degree of this subsystem
increases with the value of 𝑢𝑗(𝑔𝑗) and vice versa.

After calculating the order degrees of each subsystem, the
overall collaboration degree (D) of the enterprise requires
calculation. In order to calculate the collaboration degree
of the enterprise in the current year, the linear weighted
summation is performed on the weights of each subsystem,
as follows:

𝐷 = 𝑛∑
𝑗=1

𝜆𝑗𝑑𝑗, (4)
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where 𝜆𝑗 represents the contribution degree of each subsys-
tem to the compound system, namely, the weight of each
subsystem, while 𝑑𝑗 represents the order degree of subsystem
and 𝜆𝑗 ≥ 0, ∑𝑛𝑗=1 𝜆𝑗 = 1. The greater the value of 𝐷, the
better the overall collaboration degree of the enterprise and
the more sufficient utilization of the industrial collaboration
effect for each enterprise.

In order to better understand the measure model of
collaboration degree, descriptions are given to some items
requiring further definition in the model.

(1) While calculating the order degree of order param-
eters and the overall collaboration degree of enter-
prises, the weight of each factor needs to be set
according to its importance degree. In doing so, the
overall contribution degree of each factor to the enter-
prise is expected to be differentiated since each factor
has a different degree of influence on the overall col-
laboration degree of the enterprise. Therefore, setting
weights for indices according to their influence can
ensure the accuracy of calculations.

(2) The order degrees of each order parameter and sub-
system need to be calculated while calculating the
overall collaboration degree of the enterprise. In phys-
ics, order degree represents the order degree of the
distribution of the various particles contained in a
crystal structure in similar structures. However, as
applied in the management field, order degree is con-
sidered a factor characterizing the collaboration
degree of the enterprise. It can be seen from formula
(4) that the overall collaboration degree of a system is
composed of the order degrees of each subsystem.The
collaboration degree between industry sectors can be
obtained by analyzing the order degree of the sub-
systems: the greater the order degree of a subsystem,
the greater the collaboration degree between industry
sectors. This also suggests that the subsystem is
expected to develop into a more ordered direction.

3.2. The Selection of Order Parameters

3.2.1. The Principles for Selecting Order Parameters. The
principles for selecting order parameters include scientificity,
comprehensiveness, accessibility, and the combination of
qualitative and quantitative analysis.

3.2.2. Order Parameters. Based on the purpose of this
research, the order parameters such as scale, market, and
management collaboration are comprehensively considered
to favorably analyze the collaborative relationship between
industries. Meanwhile, certain indices are selected from the
aforementioned order parameters as important references to
measure the collaboration degree.

(1) Scale Consistency. Scale consistency refers to the coordina-
tion degree of the scale of the industries or the amount of the
products of enterprises. It mainly includes the agglomeration
effect, the matching degree of capacity, the joint risk resistant
ability, and the effect of enterprise cost reductions.

(2) Market Cooperation. Market cooperation indicates that
the competitiveness of several industries is enhanced after
cooperating with each other, leading to higher performance
in the cooperative industries than the sumof the independent
industries. The increased performance is mainly induced by
saving costs, improving income, and saving capital expendi-
tures. Hereafter, cost savings include the saving of taxes and
input materials. Income improvement means an increase in
the additional value of the products after industrial coopera-
tion to achieve a greater benefit for the enterprises.The saving
of capital expenditures is determined by the type and the
degree of repetition of the capital accounts of an enterprise,
which is hard to realize.

(3)Management Collaboration.Thismainly refers to a change
in the efficiency of management activities caused by indus-
trial cooperation and the benefit brought about by improved
efficiency. The most active factor—human resources—is
involved in this order parameter. This order parameter is
mainly influenced by two factors including organizational
experience and knowledge capital. Organizational experience
refers to improving the skill and ability of the staff through
shared learning experiences within enterprises. As for orga-
nizational capital, this refers to particular knowledge assets
that an enterprise has, mainly assets such as culture, core
competencies, specialized staff, and proprietary informa-
tion.

3.3. The Establishment of the Index System of the Order
Parameters for Industries. The index of order parameters
refers to the factors that can reflect the characteristics of
the selected order parameters. To comprehensively reflect
the industrial collaboration, the scale consistency, market
cooperation, and management collaboration are applied as
the order parameters in this research. Subsequently, based
on a survey of coal enterprises, preliminary indices of order
parameters are established according to the characteristics
of each subsystem. Next, consulting experts modified and
improved the index system of the order parameters. In this
way, the index system of the order parameters is created to
establish the model of the degree of industrial collaboration
for coal enterprises, as shown in Table 1.

Table 1 shows three kinds of collaborative factors contain-
ing both qualitative and quantitative indices of order param-
eters. For the convenience of data statistics, the calculation
formulas of the aforementioned quantitative indices are given
in Table 2.

Apart from the quantitative indices illustrated in Table 2,
many qualitative indices are also involved in the selection of
the indices of order parameters, which cannot be assigned
using existing data. In order to ensure the consistency of the
qualitative indices, a five-grade marking system is adopted
in the research to divide the value of the indices into six
grades ranging from 0 to 5. The six grades represent the six
hierarchies of the indices of order parameters. Hereafter, 0
and 5 indicate the worst and best conditions, respectively,
that the order parameters of an industry can achieve under
extreme conditions.
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Table 1: The indices of order parameters.

System Subsystem Order parameter The indices of order parameters

The overall
collaboration degree
of coal enterprises

Coal-electric
subsystem

Scale consistency

The proportion of coal consumption in electric power industries
(self-produced coals)
The proportion of electric power consumption in coal industries
(self-produced electric power)
The matching degree of the development scale of coal-electric industries
The joint risk resistant ability of coal-electric industries

Management
collaboration

The cultural similarity of coal-electric industries
The shared degree of the staff in coal-electric industries

Market cooperation
The market influence of enterprises
The cost saved in the internal transactions of coal-electric industries
The similarity of the marketing mode of coal-electric industries

Coal-
chemical
subsystem

Scale consistency

The proportion of coal consumption in chemical industries (self-produced
coals)
The matching degree of the development scale of coal-electric industries
The joint risk resistant ability of coal-chemical industries

Management
collaboration

The cultural similarity of coal-chemical industries
The shared degree of the staff of coal-chemical industries

Market cooperation

The degree of market identification of the chemical products of enterprises
The similarity of the marketing mode of coal-chemical industries
The cost saved by the use of the self-produced coals (self-produced coals)
The market influence of enterprises

Coal-
equipment
subsystem

Scale consistency

The proportion of coal utilized in equipment industries (self-produced coals)
The proportion of the value of the equipment used in coal industries
(self-produced equipment)
The matching degree of the development scale of coal-equipment industries
The joint risk resistant ability of coal-equipment industries

Management
collaboration

The cultural similarity of coal-equipment industries
The shared degree of the staff of coal-equipment industries

Market cooperation

The degree of the market identification of the equipment produced by
industries
The cost saved in the internal transactions of coal-equipment industries
The similarity of the marketing mode of coal-equipment industries
The market influence of enterprises

4. The Measurement of
the Industrial Collaboration Degree of
Coal Enterprises: Examining China Coal
Energy Company as an Example

An appropriate statistical data table is established based on
the index system of order parameters shown in Table 1. At
the same time, the data regarding the indices related to China
Coal Energy Company are obtained through an investiga-
tion of this enterprise. The main industries China Coal
Energy Company is involved in include coal, electric power,
chemical, and equipment manufacturing. Therefore, these
industries are divided into three subsystems, namely, coal-
electric, coal-chemical, and coal-equipment subsystems,
according to the model of industrial collaboration.

4.1. The Determination of Order Parameters and the Weights
of Their Indices. After obtaining the calculation formulas of
order parameters, the analytic hierarchy process (AHP) is
utilized to determine the weights of the indices contained
in the index system [19–21]. After the relative importance
of the indices is evaluated by experts, the relative weights of
each order parameter and its index are calculated. To modify
and improve the index system of the order parameters, we
invited and selected seven experts familiar with large-scale
coal enterprise management strategy in China, including two
financial department supervisors in coal enterprises, and five
experts from research institutions and universities in relevant
fields. Table 3 illustrates the distribution of the weights.

4.2. The Measurement of the Industrial Collaboration.
According to the introduction on the methods for measuring
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Table 2: The calculation formulas of the quantitative indices.

Serial
number Calculation formula

1 The proportion of coal consumption = coal consumption of industries/coal production

2 The proportion of the electric power consumption of coal industries = electric power consumption of coal industries/the electric
power generated by electric power industries

3
The cost saved in the internal transactions of coal-electric industries = the price difference of electric power in the internal and
external transactions of enterprises × power consumption of coal industries + the price difference of coal in the internal and
external transactions of enterprises × coal consumption of electric power industries

4 The cost saved through the use of self-produced coal = the price difference of coal in internal and external transactions × coal
consumption of chemical industries

5 The proportion of the value of the building materials utilized in coal industries = the value of the building materials used in coal
industries/the total output value of the building material industries

6
The cost saved in the internal transactions of coal-building materials industries = the price difference of coal in the internal and
external transactions of enterprises × coal consumption of building material industries + the price difference of building
materials in the internal and external transactions of enterprises × the amount of the building materials utilized in coal industries

7 The proportion of the self-transported coals = the amount of self-transported coal/the total transport volume of enterprises

8
The cost saved in the internal transactions of coal-transportation industries = the price difference of coal in the internal and
external transactions of enterprises × coal consumption of transportation industries + the price difference of the transported
coal per ton in the internal and external transactions of enterprises × the transport volume of coal industries

9 The proportion of the value of the steel utilized in coal industries = the value of the steel utilized in coal industries/the total
output value of steel industries

10
The cost saved in the internal transactions of coal-steel industries = the price difference of coal in the internal and external
transactions of enterprises × coal consumption of steel industries + the price difference of steel products in the internal and
external transactions of enterprises × steel consumption of coal industries

11 The proportion of the value of the equipment utilized in coal industries = the value of the equipment utilized in coal
industries/the total output value of equipment manufacturing industries

12
The cost saved in the internal transactions of coal-equipment industries = the price difference of coal in the internal and external
transactions of enterprises × coal consumption of equipment industries + the price difference of equipment products in the
internal and external transactions of enterprises × the amount of the equipment utilized in coal industries

the industrial collaboration degree, the process to measure
the overall collaboration degree of the enterprise can be
obtained. This includes data standardization, the calculation
of the order degrees of order parameters and subsystems,
and the measurement of the overall collaboration degree
of the enterprise. The process for measuring the industrial
collaboration degree of China Coal Energy Company is
described specifically as follows.

4.2.1. Data Standardization. First, data are standardized
(namely, the nondimensional process) and then calculated
according to formula (1).

4.2.2.The Calculation of the Order Degree of Order Parameters
for Each Subsystem. According to the size of each index
weight shown in Table 3 and formula (3), the order degree
of the order parameters are calculated for each subsystem, as
shown in Table 4.

4.2.3. The Calculation of the Order Degrees of Each Subsystem.
After calculating the order degrees of the order parameters for
each subsystem, a similar method can be utilized to calculate
the order degree of each subsystem.That is, the order degrees
of the coal-electric, coal-chemical, and coal-equipment sub-
systems are calculated according to the weights of the order
parameters and formula (3), as seen in Table 5.

4.2.4. The Calculation of the Industrial Collaboration Degree.
While calculating the order degree of each subsystem, the
variation trends of the order degree can be discovered. In
order to describe the development of the overall collaboration
degree of the enterprise, the overall collaboration degree
needs to be calculated. Formula (4) is utilized to calculate the
industrial collaboration degree of China Coal Energy Com-
pany in the time period of 2007 to 2014, as demonstrated in
Table 6.

5. Result Analyses

The variation trend of the collaboration degree of China Coal
Energy Company and its subsystems, including coal-electric,
coal-chemical, and coal-equipment industries, in the period
of 2007 to 2014, is shown according to the above calculated
industrial collaboration degrees. The trend is utilized to
visually analyze the variation in the collaboration degree of
each subsystem and the overall collaboration degree of this
enterprise.

Figure 1 displays that although the industrial collabora-
tion degree fluctuates up anddown, it shows little variation on
the whole, along with a declining tendency. From analyzing
the annual reports of the enterprise, we found that the devel-
opment of the primary businesses of the enterprise began to
slow after experiencing a “Golden Age” for coal. Meanwhile,
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Table 3: The weights of the order parameters and their indices.

Subsystem Order
parameter

The weight of
the order
parameter

The indices of order parameters Index weight

Coal-electric
subsystem

Scale
consistency 0.38

The proportion of coal consumption in electric power industries
(self-produced coals) 0.32

The proportion of electric power consumption in coal industries
(self-produced electric power) 0.15

The matching degree of the development scale of coal-electric industries 0.30
The joint risk resistant ability of coal-electric industries 0.23

Management
collaboration 0.26 The cultural similarity of coal-electric industries 0.50

The shared degree of the staff in coal-electric industries 0.50

Market
cooperation 0.36

The market influence of enterprises 0.20
The cost saved in the internal transactions of coal-electric industries 0.52
The similarity of the marketing mode of coal-electric industries 0.28

Coal-chemical
subsystem

Scale
consistency 0.38

The proportion of coal consumption in chemical industries (self-produced
coals) 0.42

The matching degree of the development scale of coal-electric industries 0.32
The joint risk resistant ability of coal-chemical industries 0.26

Management
collaboration 0.26 The cultural similarity of coal-chemical industries 0.50

The shared degree of the staff of coal-chemical industries 0.50

Market
cooperation 0.36

The degree of market identification of the chemical products of enterprises 0.11
The similarity of the marketing mode of coal-chemical industries 0.31
The cost saved by the use of the self-produced coals (self-produced coals) 0.46
The market influence of enterprises 0.12

Coal-equipment
subsystem

Scale
consistency 0.38

The proportion of coal utilized in equipment industries (self-produced
coals) 0.26

The proportion of the value of the equipment used in coal industries
(self-produced equipment) 0.35

The matching degree of the development scale of coal-equipment industries 0.32
The joint risk resistant ability of coal-equipment industries 0.07

Management
collaboration 0.26 The cultural similarity of coal-equipment industries 0.50

The shared degree of the staff of coal-equipment industries 0.50

Market
cooperation 0.36

The degree of the market identification of the equipment produced by
industries 0.09

The cost saved in the internal transactions of coal-equipment industries 0.45
The similarity of the marketing mode of coal-equipment industries 0.26
The market influence of enterprises 0.20

Table 4: The order degree of the order parameters for each subsystem.

Subsystem Order parameter Weight 2007 2008 2009 2010 2011 2012 2013 2014

Coal-electric system
Scale consistency 0.38 0.6328 0.486 0.3184 0.6111 0.4434 0.3353 0.1706 0.4752

Management collaboration 0.26 0.2 0.2 0.2 0.3 0.2 0.2 0.3 0.3
Market cooperation 0.36 0.216 0.4670 0.3567 0.6505 0.736 0.6148 0.3726 0.4234

Coal-chemical subsystem
Scale consistency 0.38 0.652 0.6074 0.4625 0.2535 0.2349 0.1271 0.116 0.22

Management collaboration 0.26 0.3 0.2 0.2 0.2 0.2 0.2 0.4 0.3
Market cooperation 0.36 0.18 0.4814 0.3711 0.4706 0.64 0.4582 0.5043 0.4365

Coal-equipment subsystem
Scale consistency 0.38 0.6382 0.662 0.6473 0.3591 0.5195 0.3464 0.1704 0.17

Management collaboration 0.26 0.6 0.7 0.6 0.6 0.6 0.6 0.7 0.6
Market cooperation 0.36 0.458 0.44 0.458 0.388 0.388 0.388 0.348 0.348
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Table 5: The order degree of each subsystem.

Subsystem 2007 2008 2009 2010 2011 2012 2013 2014
Coal-electric subsystem 0.3702 0.4048 0.3014 0.5444 0.4854 0.4008 0.2510 0.411
Coal-chemical subsystem 0.3905 0.4561 0.3614 0.3177 0.3717 0.2653 0.3296 0.3188
Coal-equipment subsystem 0.5634 0.5920 0.5669 0.4321 0.4931 0.4273 0.3720 0.3459

Table 6: The industrial collaboration degree by year.

2007 2008 2009 2010 2011 2012 2013 2014
The overall collaboration degree of the enterprise 0.4413 0.4843 0.4099 0.4314 0.4501 0.3645 0.3175 0.3586

2007 2008 2009 2010 2011 2012 2013 2014
0

0.1

0.2

0.3

0.4

0.5

0.6

Figure 1: The variation trend of the collaboration degree of China
Coal Energy Company in the period of 2007 to 2014.

affected by external factors such as the market, both the costs
saved in the internal transactions between industries and
the degree of interavailability among the products of differ-
ent industries declined. This resulted in a reduced level of
collaborative development of each subsystem, which has a
great influence on the development of the enterprise and its
industries.

In 2008, the order degree of each subsystem was well
developed, and the collaborative relationships between var-
ious industries and the coal industry were strong. As a result,
the overall collaboration degree of the enterprise increased. In
contrast, in 2009, all subsystems exhibited unsatisfactory col-
laboration degrees with a declining tendency, leading to the
obviously reduced overall collaboration degree of the enter-
prise. During the period from 2009 to 2011, each subsystem
presented unsteady variation, and the collaboration factors
within industries also changed unsteadily, all of which
resulted in ups and downs. As a consequence, the overall col-
laboration degree of the enterprise grew slowly. After the
end of 2011, the overall collaboration degree of the enterprise
failed to reach the previous levels, and the costs saved in
the internal transactions of industries dropped significantly.
Consequently, the collaboration degree within industries
decreased, which exerted significant influence on the overall
collaboration degree of the enterprise; the overall collabora-
tion degree had difficulty in bouncing back to its previous
level.

In 2014, the collaboration degree within coal-electric
industries exhibited a significant increase, which had a large
influence on the overall collaboration degree; it promoted the

increase in the overall collaboration degree of the enterprise.
However, in 2014, the coal-electric integration experienced
rapid development, and the various collaborative factors
among industries all showed a rising tendency. At the same
time, the costs saved in the internal transactions increased,
accompanied by an overall enhanced degree of collaboration
of the enterprise.

6. Policy Suggestions

In order to sufficiently verify the collaboration degrees
between the coal industry and the electric power, chemical,
and equipment industries, the average order degrees of the
three subsystems in the period of 2007 to 2014were calculated
as 0.3961, 0.3514, and 0.4741, respectively. By comparing the
three data points, the collaboration degree of the coal-equip-
ment industry is shown as the highest, followed by the coal-
electric industry, and the coal-chemical industry as the lowest
degree of collaboration.

Through data analysis, we discovered that the collabora-
tion degree was mainly related to the value of the internal
transactions of the industries. The total expenditures of the
internal transactions of the coal-equipment, coal-electric,
and coal-chemical industries were 961,536 yuan, 313,521 yuan,
and 246,684 yuan, respectively. Therefore, the collaboration
degree presents a positive correlation with the total expend-
iture of internal transactions of the industries. Thus, the
expenditures on transactions affect the collaborative devel-
opment of the subsystems to some extent. Moreover, the
collaboration degree is also related to the degree of the joint
development between industries and the collaboration of
intangible assets, among others.Theweights of the aforemen-
tioned influential indices in the coal-equipment industry are
obviously higher than those in other industries, leading to the
fact that the order degree of the coal-equipment industry is
significantly higher than that of other subsystems.

Therefore, merely from the perspective of industrial col-
laboration, this research suggests that this enterprise should
vigorously develop the existing coal-equipment industry and
carry out further expansion based on existing development
advantages. At the same time, to improve the collaborative
relationship in the coal-electric and coal-chemical industries,
factors such as market, management, and scale should be
taken into account. By doing so, the joint development
between industries is expected to be enhanced to achieve
the coordinated development of the coal-equipment industry
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and thus improve the overall collaboration degree of the
enterprise.

At the same time, during the diversified development of
enterprises, the scale consistency,management collaboration,
and market cooperation between industries need to be fully
considered to ensure that each industry can achieve favorable
collaborative development in various fields. Favorable collab-
orative developmentwill not appear in the overallmechanism
of the enterprise unless the relationships among various fields
are well coordinated. Simultaneously, the enterprise should
consult, simulate, and assimilate the advantageous collab-
orative factors of other industries, to carry out secondary
innovation. Notably, collaboration factors between industries
have to be adjusted continuously to be effective for industrial
development.
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