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Abstract: To avoid the risk of single and homogeneous development, China’s coal enterprises have
explored a diversified development model and are actively developing coal-based industries such
as electric power, coal chemical, coal equipment manufacturing, logistics, and building materials.
In previous studies of the diversification strategy, the focus has been placed on the motivation for
diversification, the measurement of diversification, and the relationship between diversification and
enterprise performance. From an enterprise strategic decision, we predicted the optimal size of each
industry by considering the limited enterprise capital, human resources, the synergetic relationship
among industrial clusters (mainly the scale coordination), and policy factors. The optimal decision
model for diversified industrial management was constructed using linear programming methods.
The decision target was to maximize the enterprise’s profit, but to also consider the social and
environmental benefits. One of the largest listed coal enterprises in China, China Coal Energy
(also a typical diversified enterprise), was selected as a case for analysis. Data were collected
from surveys and annual reports from 2010 to 2014. The optimal scales of coal, electric power,
chemical, and equipment manufacturing were predicted, and could be used as a reference for future
enterprise production decisions. Furthermore, this decision model can be used as a reference for
other diversified enterprises.

Keywords: diversified management; optimal industrial scale; maximization of enterprise profit;
coordination of industrial scale

1. Introduction

As China’s most important energy source, coal supports the development of the national
economy and is of critical significance for national energy security. The Project Group of China’s
Medium-to-Long-Term Energy Development Strategy Research [1] pointed out that a major energy
structure adjustment would occur from 2030 to 2050, yet coal was expected to remain as the foundation
of the energy system and believe that coal consumption will account for 50% of the whole primary
energy consumption in 2030. According to the Action Plans for Energy Development Strategy
(2014–2020) [2], this proportion is planned to be 62% at the government and policy level. Therefore,
coal will still be the primary energy in China for an extended period. The healthy development of
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coal enterprise is significant in maintaining the sustainable development of the national industry and
national economy.

Since 2012, the operating performance of China’s coal enterprises has fluctuated significantly [3].
Impacted by excess capacity, imported coal, the stress of environmental protection, and weak
downstream demand [4], China’s coal enterprises have suffered significant loss. According to the
latest data from the National Bureau of Statistics of China, revenue from coal mining and washing
industries from January–June 2016 decreased by 13% and total profit fell by 38.5% [5]. Overreliance on
the coal industry may cause business risk to coal enterprises, as its performance is constrained by the
finite nature of coal resources and fluctuations of downstream industries such as steel and building
materials [6].

However, according to the regulations in the Action Plans for Energy Development Strategy
(2014–2020) [2], the overall national coal consumption by 2020 was planned to be limited to around
4.2 billion tons. The “policy ceiling” of coal consumption forces coal enterprises to change their
development model, as they can no longer focus solely on the coal industry.

With the struggling coal industry and policy constraint, China’s coal enterprises have actively
developed many non-coal industries and have explored a diversified development model by fully
playing the advantage of the coal industry itself to avoid the risk of forming a single homogeneous
type of development. Currently, coal enterprises have managed to form a coal-based diversified
development pattern [7], and the industry’s economic benefits and comprehensive development have
seen a certain degree of improvement. The common feature is that while maintaining the development
of the coal industry to ensure its capacity’s continued growth, the industry chain has continuously
expanded upstream and downstream to processing and manufacturing, including coal chemicals,
coal coking, electrolytic aluminum, coal-based building materials, coal and electricity integration, and
other industrial chains, such as real estate, tourism, and new energy industries [6]. According to data
from the China Coal Industry Yearbook 2013 [8], the coal industry accounted for 56.87% of its total
revenue, and non-coal industries accounted for 43.13% of their total revenue in 2013. The output value
of non-coal industries already occupies a large proportion of the total output value of coal enterprises,
and coal enterprises have entered a stage of diversified development [9].

By analyzing the characteristics of the listed coal enterprises’ diversified development model,
we found that most enterprises are devoted to coal-based industries, such as electric power,
coal chemicals, coal equipment manufacturing, logistics, and building materials [6,9]. Experiencing a
certain period of diversified development, business decision makers want to know the optimal scale of
each industry, so that the enterprise can strive to maximize profits.

To provide a reference to business decision makers at the enterprise level and to the government
industrial policy makers, we built a decision model concerning the diversified coal enterprises’
operating conditions. In this model, the optimal size of each industry was predicted by considering
the limited enterprise capital and human resources, the synergetic relationship between industrial
clusters (mainly the scale coordination) and policy factors. The decision target was to maximize the
enterprise’s profit, but to also consider the social and environmental benefits. A typical diversified
coal enterprise—China Coal Energy—was selected as a case study, and the optimal scales of coal,
electric power, chemical, and equipment manufacturing industries were predicted using the decision
model. The calculated results are a reference to the decision makers, from which the recommended
development tendency of each industry can be found.

2. Literature Review

The motivation for diversification includes lowering risk dispersion, expanding the economy
of scope, exploiting synergistic effects, and saving transaction cost benefits [10–14]. Ansoff [10] first
suggested the concept of diversified management from the perspective of an enterprise growth strategy.
He defined “diversification” from the angle of the quantity of the products. He believed that there
are four stages of business growth in different directions: growth within the existing market growth,
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sales of new products within the existing market, sales of existing products to new markets, and the
sales of new products to new markets; the fourth stage is the so-called diversified management. For
the convenience of study, Penrose [15] defined “diversification”—from the perspective of diversified
behavior and the growth of enterprise—as the growth of the final product categories, the enhancement
of vertical integration, and the increase of industry covered by the products made by the enterprise.
This final part is the most important measure of diversity. Generally, diversified business refers to the
diversification of products manufactured by a specific enterprise [16–19]. To summarize, according to
these definitions, the diversification of enterprise is generally considered to be the operation of a variety
of products or businesses. From an industrial angle, it is considered to be a business covering several
industries, or from a marketing perspective, as management facing multiple markets. The difference
in the definition lies in the perspectives and differences in the definition of product, business, industry,
and market.

Few studies have been conducted in the area of the diversification development of coal enterprises.
Some research has focused on the restructuring or reorganization of coal enterprises [20–22]. Nawrocki
and Jonek-Kowalska [21] investigated coal mining enterprises in Central and Eastern Europe, and
believe that a high number of operation segments could lower operational risk. In the restructuring
process, some coal-related industries or businesses have been raised. Hu [22] examined the
path-creation mechanism of the coal-chemical industry and its relatedness to the old path of the coal
mining industry, and revealed that the rise of the new path benefits from the old, to a limited extent.

Since 2012, China’s coal industry has experienced four years of recession, causing most coal
enterprises to suffer remarkable losses [4,23]. Currently affected by long-term low coal prices and
forecasts that the current recession may continue for longer than anticipated, a number of coal
enterprises have developed new profit increasing points through industry transition by developing
coal-associated industries and avoiding the risk of homogenization within their operation model.
In general, new industries usually evolve out of the existing business [24]. Through research and
investigation during the process of developing coal enterprise diversification, downstream industries
such as electric power, building materials, and the coal chemical industry have been developed
with the coal industry at the center, and are promoted by industrially-related superiority (primarily
cost competitiveness). These coal enterprises must determine how—under fixed capital and human
resource input—they can define the boundaries of respective industries, or the optimal size of each
industry, by considering enterprise capital and human resources and the industrial synergy effect to
maximize enterprise profit. At present, no studies have been made regarding the definition of the
optimal size of various industries in the development of coal enterprises.

The ultimate goal is the pursuit of profit. Profit maximization is usually regarded as the
target of enterprise economic behavior. In previous studies, focus was placed on the motivation for
diversification, the measurement of diversification, and the relationship between diversification and
enterprise performance [18,19,25–27]. This study proposes a solution for an optimal decision regarding
the enterprise production plan with available capital and human resources by fully considering the
industrial synergy effect and the profit ratios of industries.

3. Method: Optimal Decision Model

3.1. Model Hypothesis

During the process of production and management, enterprises are affected by uncontrollable
factors such as market environment and production stability. To ensure the study’s validity,
the following hypotheses were made:

1. That production technology level remained unchanged during the planned period.
2. That raw materials arrived at the beginning of each period without delays or shortages.
3. That a total of n industries was covered by the enterprise, with the unit product price, sales

volume, as well as the capital investment and labor input for each industry expressed as
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Pi,Qi,Ki,Li,i = 1, 2 . . . n. The planned period lasted one year, and decisions were to be made
at each quarter. t is the time serial number during the planned period, t = 1, 2 . . . T. Kit represents
the capital input for each unit of production during the time period t. Lit represents the labor
input for each unit of production during time period t.

4. In the statistics of product sales, the sales volume was divided into internal trading volume and
market trading volume (as regards the synergy among various coal-related industries, the internal
trading volume refers to the condition when certain a product is used as a raw material for other
products made by the enterprise; otherwise, the trading volume is classified as market trading

volume). The trading volume is expressed as Qi =
2
∑

j=1
Qij, j = 1 and j = 2 refer to internal and

market trading volume, respectively. Accordingly, the prices for internal and market transactions
are expressed as Pi1 and Pi2. Pi1t represents the internal transaction price of a unit product during
time period t, and Pi2t represents the market transaction price of a unit product during time
period t. Qi1t represents the internal trading volume of a unit product during time period t,
and Qi2t represents the market trading volume of the unit product during time period t. Qit
represents the total industrial production generated during t.

5. That production costs included capital investments, labor input, and other fixed investments.
Capital investments, labor input, and fixed investments are represented by K, L, and FC,
respectively. Accordingly, the unit price of capital and labor are represented by PK and PL. PKt
represents the unit price of capital input during time period t, and PLt represents the unit price
of labor input during the t time period. The capital and labor input during the ttime period are
expressed with Kt and Lt. Therefore, the total variable cost during the t time period is expressed
with TVCt = KtPKt + LtPLt. The fixed input during the t time period is TFCt. Therefore, the total
input for production can be expressed using TCt = TVCt + TFCt = KtPKt + LtPLt + TFCt.

3.2. Model Construction

3.2.1. Selection of Decision Variable

Determining correct decision variables was important in constructing the correct model.
The current study aims to solve the optimal decision for production plans; i.e., the optimal combination
of inputs and outputs. The output was selected as the decision variable when there was cross-use of
fixed inputs (e.g., equipment) during the diversification process, making it difficult to correspond to
an individual industry.

3.2.2. Determination of Objective Function

On the basis of choosing the output as the decision variable, the enterprise’s profit depended
on the price and the cost of the product. In this paper, the product profit was set as the optimization
objective, Z as the total profit; the objective function can then be described as MaxZ.

MaxZ =
n

∑
i=1

(Pi1tQi1t + Pi2tQi2t)− (KtPKt + LtPLt + TFCt) (1)

In the objective function, Pi1t,Pi2t,Kt,Pkt,Lt,PLt,TFCt are the parameters and the prediction was
made in accordance with the principle of year-on-year growth compared with the last studied period.

3.2.3. Statement of Constraint

The constraints reflect the relationship that must be followed by the decision variables and
parameters. In this study, the production plan was limited by capital investment, labor input, and
industrial scale.
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Constraint of labor:
n

∑
i=1

Lit(Qi1 + Qi2) ≤ Lt (2)

Constraint of capital:
n

∑
i=1

Kit(Qi1 + Qi2) ≤ Kt (3)

Here we should consider one fact relating to the practice of Chinese coal enterprises:
the development of coal-related industries (usually the downstream industries of coal) and the
synergistic effect among such industries are common, which means that there exist transformation
and utilization between products and raw materials between industries X and Y. When industry X
expands, the raw material (Y) for the production of X increases. However, for industry Y, the volume
meeting the production requirements is the internal transaction volume, and the volume supplied to
the external market is the market transaction volume. The sum of the two parts should be less than the
expected output of the existing production technology (here we considered the synergistic effect faced
by the coal enterprise, with the coal industry as its center, without considering the synergistic effects of
the electric power industry, the chemical industry, or equipment manufacturing).

To express this as a mathematical relationship: Qi1 + Qi2 ≤ Qit(i = 1, 2 . . . n).
Nonnegative constraint: Qijt ≥ 0.
In the constraint conditions above, Qit,Kit,Lit are parameters, and the prediction was made in

accordance with the principle of year-on-year growth compared with the last studied period.

3.2.4. Theoretical Model of Profit Decision

MaxZ =
n

∑
i=1

(Pi1tQi1t + Pi2tQi2t)− (KtPKt + LtPLt + TFCt)

s.t.



n
∑

i=1
Lit(Qi1 + Qi2) ≤ Lt

n
∑

i=1
Kit(Qi1 + Qi2) ≤ Kt

Qi1 + Q12 ≤ Qit(i = 1, 2 . . . n)
Qijt ≥ 0

(4)

In the model for profit decision, Kt,Lt,PKt,PLt,TFCt,Pi1t,Pi2t,Lit,Kit,Qit are the parameters, and
determining the parameter values was required to research the basic data of relevant enterprises.
The principle of year-on-year growth was followed to predict the values of studied time period.

3.3. Solution for the Model: Case of China Coal Energy

3.3.1. Data Collection and Determination of Parameter Values

China Coal Energy is one of the China’s largest coal enterprises and a typical Chinese coal
enterprise with diversified business. The Group has 21 wholly-owned or hold coal mines, located
in eight mining areas in Shanxi, Jiangsu, Heilongjiang, and Shaanxi Provinces. In 2015, China Coal
Energy produced approximately 166 million tons, and its business income was 82.5 billion yuan.
Its development covers four industries, including coal, electric power, and the chemical and equipment
manufacturing industries. China Coal Energy was selected as our case study, and its data were
acquired from an annual report which defined and predicted the optimal scale of each industry.

The average rate per annum for each parameter was calculated using the data from annual reports
and investigation spanning 2010–2014. Parameter values for the studied time period (2016) were
predicted using the principle of year-on-year increases. The results are shown in Table 1.
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Table 1. Four major industry related parameters for China Coal Enterprise.

Industry Name Pilt (yuan/ton
or kWh)

Pi2t (yuan/ton
or kWh)

Lit (Labor/ton
or kWh)

Kit (yuan/ton
or kWh)

Qit (ton or
kWh)

Coal industry 88.487 315.991 0.000258 50.8632 168,383,373.3
Electric power industry 0.343 0.343 2.558 × 10−7 0.07215 5,130,480,998

Chemical industry 2076.117 2076.117 0.001878 2017.471 16,156,261.36
Equipment manufacturing industry 20,401.54 20,401.54 0.04678 1211.775 181,375.5781

Lt 73,748.993
Kt 25,272,465,088

TFCt 78,22,610,567

3.3.2. Solution of Optimal Value

Substituting the parameter values into the model, the linear programming equation of profit
decision model can be expressed as:

MaxZ = 88.49Q11t + 315.99Q12t + 0.34
2

∑
i=1

Q2it + 2076.12
2

∑
i=1

Q3it + 20401.54
2

∑
i=1

Q4it − 37, 961, 808, 349

s.t.



0.000258(Q11 + Q12) + 2.558 × 10−7(Q21 + Q22) + 0.001878(Q31 + Q32) + 0.04678(Q41 + Q42) ≤ 73748.993
50.8632(Q11 + Q12) + 0.07215(Q21 + Q22) + 2017.471(Q31 + Q32) + 1211.775(Q41 + Q42) ≤ 25272465088
Q11 + Q12 ≤ 168, 383, 373.3
Q21 + Q22 ≤ 5, 130, 480, 998
Q31 + Q32 ≤ 16, 156, 261.36
Q41 + Q42 ≤ 181, 375.5781
Q11, Q12, Q21, Q22, Q31, Q32, Q41, Q42 ≥ 0

The formula was solved using Excel’s data analysis function. The optimal solution value for the
model was: 168,383,400, 513,048.1, 7,989,478, and 181,375.6. The maximum value of the corresponding
objective function was 3.729 × 1010. Therefore, the optimal scale for coal, electric power, the chemical
industry, and equipment manufacturing during the diversified development of China Coal Energy are,
0.168 billion tons, 5.13 billion kilowatt-hours, 7.989 million tons, and 181,375 tons. This is expected to
reach a total profit of 37.29 billion yuan.

3.4. Sensitivity and Reliability Analysis

The objective coefficient and right-hand side values in the model were estimated based on the
last five years of industry data and the enterprise’s operating data, which were all collected from the
enterprise’s annual reports and enterprise survey. Limited by the available data and information,
the objective coefficient and right-hand side values may change in certain ranges. Additionally,
the objective coefficient and right-hand side values that represented the product price, enterprise
capital, human resources, and the synergetic relationship can also be affected by integrated factors.
That means that if the objective coefficient and right-hand side values change, could the optimal
solution still be reliable? Thus, a sensitivity and reliability analysis was conducted using Microsoft
Excel’s data analysis function. The internal transaction price was set as the same as the market
transaction price of electric power, chemical, and equipment manufacturing industries to ensure that
the sensitivity analysis was clear and straightforward, and we simplified the variable price. A, B, C, D,
E represent Q11, Q12, Q2, Q3, Q4, respectively.

The analysis results are shown in Tables 2 and 3.
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Table 2. Objective coefficient ranges.

Variable Current Coefficient Allowable Increase Allowable Decrease

A 88.48699951 227.5039978 infinity
B 315.9909973 infinity 227.5039978
C 3430 infinity 2687.526298
D 2076.117004 7514.904617 2076.117004
E 20,401.54 infinity 19,154.51348

Table 3. Right-hand side ranges.

Row Current RHS Allowable Increase Allowable Decrease

2 73,748.993 infinity 5504.716969
3 2,527,246.509 591,352.5742 1,611,853.159
4 168,383,373.3 26,131,307.51 168,383,373.3
5 513,048.0998 2,918,140.811 513,048.0998
6 16,156,261.36 infinity 8,166,783.652
7 181,375.5781 120,580.0449 181,375.5781

As shown in Table 2, the price of each industry’s product has a relatively great range that
cannot change the optimal solution or optimal basis. In other words, the predicted scale of each
industry would not change when the price of each industry’s product changed in the allowable range.
Generally, a product’s price is influenced by many factors, especially given the fluctuating price of
coal in recent years. As the basis of the constraint conditions (i.e., capital investment, labor input,
other fixed investments, the unit price of labor input, and the total industrial production) remain
constant, the optimal solution (i.e., the predicted scale of each industry) is of significance. However,
the more specific the constraint conditions, the more reliable the predicted results. Furthermore,
when the right-hand side changed, the optimal solution could change, but the optimal basis
remained unchanged.

4. Results

As shown in Table 4, a statistical analysis of the scale of various industries from 2010 to 2014
for China Coal Energy showed that in order to realize profit maximization, the scale of the chemical
industry increased from 6.4437 million tons in 2014 to 7.9895 million tons; the scale of the equipment
industry down-regulated significantly from 273.153 thousand tons in 2014 to 181.376 thousand tons;
and the scale of the coal and electric power industry decreased or increased slightly compared with
the current scale.

Table 4. Industrial scale changes for China Coal Enterprise during 2010–2014.

Industry Name Parameters 2013 2014 2016

Coal Total output (10 thousand tons) 19,084 18,304 16,838.34
Electric power Total output (10 thousand kWh) 471,708 485,104 513,048.1

Chemical Total output (10 thousand tons) 172.163 644.371 798.9478
Equipment manufacturing Total output (10 thousand tons) 33.5212 27.3153 18.1376

In order to reasonably analyze the changes in the industrial scale and to verify the rationality of
the results from the models, we analyzed the profit ratio of industry operating costs related to coal
energy over the past five years. These results are shown in Table 5 and Figure 1.
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Table 5. Operating profit ratio for China Coal Energy over the last five years.

Operating Profit Ratio 2010 2011 2012 2013 2014

Coal 17.7 18.1 18.5 9.0 3.6
Electric power −0.09 −1.7 −1.8 −3.2 4.5

Chemical −12.3 −1.7 −9.6 −1.8 −0.5
Equipment manufacturing 5.7 5.8 6.6 3.4 −0.1
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The rationality of the optimal scale of industry was discussed by considering the profit change rate
of related industries covered by China Coal Energy, the effects of political factors, and the synergetic
relationship between coal and non-coal industries:

1. Based on the program results, one recommendation is to develop the chemical industry and
expand the scale of production after comprehensively considering the profit ratio, industrial
cooperation, and the political environment.

(1) The profit rate of the chemical industry is on the rise, especially since 2012 when the profit
rate increased with a scale expansion of a larger rising degree.

(2) The coal industry and coal chemical industry are closely linked. The raw materials
of chemical products such as synthetic gas, liquefied petroleum, coke, and other such
products are dependent on the supply of the coal industry, which greatly affects the
chemical industry. As coal prices continue to decline, the cost of the coal chemical industry
will decrease, raising the profit ratios.

(3) Implementation of the clean coal utilization strategy in China supports the development
of the coal chemical industry, which is then supported by a favorable policy environment.

2. As the profit ratio of the coal industry keeps decreasing due to the macro economy and
overcapacity problems, we propose compressing the production scale of coal block.

(1) Since 2012, the coal industry has been affected by the macro economy, overcapacity, and
oversupply, causing a significant decrease in the coal industry’s profit ratio.

(2) In the profit decision model, the scale of each industry is limited by the enterprise’s total
capital investment, which explains the relationship in which the scale of chemical industry
production has greatly improved while other industries are downregulated.
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(3) Considering the political factors, China promotes the development of new energy and
limits coal consumption, which leads coal enterprises to actively adjust their industrial
layout, reducing coal production.

3. The production scale of the equipment manufacturing industry is influenced by the coal
industry. With the decline in production scale and the decreasing profit ratio of the coal industry,
we recommend compressing the production scale of the equipment manufacturing industry.

(1) The equipment manufacturing industry’s profit ratio continued to decline, and the decline
range was fairly large, whereas the equipment manufacturing industry fell below the
break-even point in 2014 with negative annual growth.

(2) The equipment manufacturing industry is closely linked to the development of the
coal industry. The primary product of the coal equipment manufacturing industry
developed by China Coal Energy is coal machine equipment, where the customers are
the coal production enterprises, or for the manufacturing industry’s own use. The coal
industry influences the equipment manufacturing industry’s production scale, and the
changing profit trends of these two are consistent. As the coal industry shrinks, the
equipment-manufacturing industry should correspondingly reduce its expected output.

(3) As the products of the equipment manufacturing industry—conducted by coal
enterprises—are supplied to coal production enterprises or to the coal sector of the
enterprise, political factors also affect the equipment manufacturing industry.

4. Since the total investment of these enterprises is fixed and we have already proposed to greatly
expand the production scale of the chemical industry, with the addition of considerations
regarding profit rate and political factors, we suggest maintaining or appropriately expanding
the scale of the power industry.

(1) The electric power industry’s profit ratio continued to decline from 2010 to 2013, but
increased substantially from 2013–2014, changing from a negative to a positive number.
By analyzing China Coal Energy’s annual data, we see that the operating revenue of the
power industry was relatively stable during 2013 and 2014, while business costs decreased
significantly. Therefore, we see a remarkable increase in the operating margin. Based on
changes to the profit rate, should the profit ratio keep increasing for an extended period,
the enterprise’s decision makers could consider expanding the scale of the power industry.

(2) With consideration to the financing ability of coal enterprises due to the limited total
capital invested by the enterprise, and because the industrial scale is limited by the total
capital of the enterprise, blind expansion of the electric power industry should be avoided
while greatly improving the scale of the chemical industry.

(3) Under the background of a national call for the development of clean electricity,
coal enterprises should make appropriate decisions to increase or cut back production
during the diversification process by integrating multiple factors, including policy,
industry profit ratios, and business risks.

5. Conclusions and Prospects

In this study, we built a decision model to predict the optimal size of each industry for diversified
coal enterprises. The basic idea was to consider enterprise capital, human input constraints, and
industrial cooperation (primarily the scale cooperation), as well as the political impact based on the
principle of profit maximization to build an optimal industrial size model using the linear programming
method. We selected a typical diversified coal enterprise—China Coal Energy—as a case study to
provide a reference for the decision makers of coal enterprises or industrial policy makers. Based on
the available data and information, we put forward corresponding suggestions regarding the optimal
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scale of each industry. However, this could not act as the final decision for enterprise decision makers.
It is our recommendation that various factors need to be taken into consideration, such as economic,
social environmental, and policy factors. Furthermore, the higher the accuracy of the operating data
used in the model, the more significant and reliable the prediction results. Nevertheless, the following
points need to be further studied or improved:

(1) We have calculated and predicted the development tendency of each industry in the case study.
However, the results are based only on the decision model and the limited data. Decision makers
in both coal enterprises and government should consider other factors, such as the human cost
change, inflation or deflation, and technical progress. Additionally, given that the industries that
the coal enterprises develop are more or less connected with core mining business, there still
exists some future risk;

(2) The optimal scale model of industries should concern different policy scenarios, such as the
policies of the different industries made by the government—especially energy and coal industry
plans issued by the government—which could affect the product output;

(3) Although we have mentioned several policy factors, including the social and environmental
benefits, when we offer proposals in the case study, the decision target is still the profit
maximization in the decision model. The next step will be quantifying the social and
environmental impacts with objective functions.

(4) It is recommended that more data are collected and calculated in the model to improve the
reliability of the results.
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