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Abstract: The silicon crystal industry is an emerging industry that uses silicon ore to obtain crystalline
silicon and silicon micropower through processing. The China silicon crystal industry generally
suffers from poor market supervision and low added-value products, which decreases the industry’s
competitiveness and affects overall economic development. This study used the SWOT–PEST model
to analyze the internal and external factors, constructed the county competitiveness evaluation index
system with four dimensions and 20 variables, and used the gray correlation evaluation model to
conduct empirical research on data on the competitiveness of the silicon crystal industry in Suichuan
and in another three counties. Compared with the industrial competitiveness in the other three
counties, the competitiveness in Suichuan County is still relatively low, but it has been increasing
rapidly in recent years. The silicon crystal industry in Suichuan County has great advantages, such as
resource endowment, energy, and policy support. The main factors affecting the competitiveness of the
silicon crystal industry in Suichuan County are the number of brands, the situation of foreign exports,
and the output of silicon products. Therefore, Suichuan County should adjust the silicon crystal
industry based on these evaluation results to promote the sustainable development of this industry.

Keywords: silicon crystal; industrial competitiveness; SWOT–PEST model; grey relational model;
Suichuan County; China

1. Introduction

The continued growth of energy production and consumption has led to an increasingly prominent
environmental problem [1]. In this context, the new energy industry with silicon ore as an important
raw material has gradually matured, mainly in the form of product diversification and industrial chain
integration. To support this development, governments around the world have formulated relevant
policies [2,3]. As the new energy and carbon-based alternative material, silicon contributes to alleviate
the shortage of fossil resources and develop semiconductors and high-tech industries [4–6]. It was
developed earlier in the United States and has formed a mature industry chain. Thus, the silicon
crystal industry in China developed later than that in the United States, and it is currently in a period
of vigorous development [1,2]. However, at the same time, many problems of the silicon industry in
China have been exposed, such as backward technology, vague management concepts, and unclear
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market positioning [7–9]. These problems deeply reflect that the internal structure of the domestic
silicon industry needs to be adjusted and that the industry urgently needs to be upgraded. Product
competitiveness analysis is required before industry adjustments and upgrades [9,10]. Competition
evaluation can not only make the industry better self-positioned but also help the industry to better
analyze its internal and external environment, thus promoting the emergence of new technologies and
new products, such as semiconductor manufacturing, fiber optics, communications, and computer
technology [11–13]. In recent years, with the continuous development of technology, silicon resources
have become a reserve resource for national security strategy and a focused industry for national
defense industry competition [14,15]. The competitiveness of the silicon crystal industry in the academic
world has been extensively studied, but an in-depth discussion on the correlation between various
influencing factors in the county on the silicon crystal industry has not yet been reported [16,17].

Before the 21st century, most academic research on the silicon crystal industry was performed from
a national and provincial perspective [18–20]. Regarding this perspective, Yonghua Shou et al. studied
the development of the world silicon crystal industry, introduced information on the production
of polysilicon in developed countries, such as Japan and the United States, introduced the defects
in the production technology of silicon crystals in detail, and predicted the development trend of
silicon materials [21]. Muller’s research on the technical treatment of polysilicon materials, with the
breakthrough of technical barriers, aided the rapid development of the solar industry [18]. The above
researchers conducted empirical research on the silicon crystal industry, but they neglected to study
those relevant to county-level regions. The county is the smallest unit of industrial economic activity
and has important practical significance. With the development of technology and the improvement
of scientific research, researchers have begun conducting research on the county-level silicon crystal
industry [22,23]. Baolian Tang and Wenyi Jia introduced, in detail, the production status and existing
problems of silicon deep processing products in Donghai County and analyzed their industrial
competitiveness. They found that this county’s silicon crystal industry is already in the industrial
agglomeration stage, recognizing that industrial clusters are an important way to upgrade the county’s
silicon crystal industry [22,24]. Yang Yu studied the silicon crystal industry in Fengyang County,
Anhui Province, and analyzed the development of the silicon crystal industry in the county from
two different perspectives: supply chain and government management [25]. Although there is some
research on the county silicon crystal industry, it is mainly limited to problem discovery, a single
qualitative status analysis, or based on a single county analysis, without discussing the correlation
between various factors in different counties. Limited studies are available regarding the silicon
crystal industry in Suichuan County. Therefore, comprehensive studies regarding these are required.
This study was performed to address the research gaps and to better evaluate the county silicon
crystal industry competitiveness and the degree of association between different influencing factors.
Innovatively, we combined the grey correlation and SWOT-PEST models to systematically analyze the
level of competitiveness of the county silicon crystal industry. The grey correlation model has not been
previously used for a competitive evaluation of the county silicon crystal industry.

As one of the important areas for the revitalization of the former Central Soviet Area (Southern
Jiangxi Province, South China), Suichuan was supported by the state’s policies for the Red Revolution.
Silicon is one of the four dominant minerals in Suichuan County. The current output value of the silicon
crystal industry is relatively small in the county, but it has abundant resources, rapid development,
and increasing industry contribution value. How to effectively utilize the advantages of resource
endowment, seize the opportunity, and rationally layout the silicon crystal industry is an urgent
problem. Based on this situation, the Suichuan County Government has proposed its industrial
development goals: “Developing new material industries such as increasing processing of silicon ore
and to build a 10 billion industrial cluster by 2020.” To achieve this goal, it is inevitable to explore the
competitiveness of the silicon crystal industry [10]. This study compares the competitiveness of the
silicon crystal industry in the eastern regions of China and four counties in the central region to fully
understand the environmental advantages of the silicon crystal industry in Suichuan County, thereby
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promoting the sustainable development of the county and providing certain guiding significance for
the industrial development planning of the region.

2. Materials and Methods

2.1. Study Area

Suichuan County is located in the southwest Ji’an City of Jiangxi Province, South China
(113◦56′51” E–114◦45′45” E, 25◦28′32” N–26◦42′55” N; Figure 1). The total area of the county is
3414.17 km2, the natural conditions in the territory are superior and the resources are abundant.
The study area is a structurally eroded landform with a maximum relative height difference of
727 m. The terrain in the area is generally high in the west and low in the east. The direction of
the mountain is like a “W” and it is distributed from north to south. The area has a subtropical
climate—mild and abundant rainfall. Silicon is one of the four dominant minerals in the county,
mainly distributed in the western townships of the county. A map was generated using ArcGIS 10.2
(http://www.esri.com/software/arcgis, ESRI, Redlands, California, CA, USA). The data are mainly
derived from the distribution map of the Suichuan Silicon Mine.
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2.2. Data Sources

The data were obtained from statistical yearbooks, county-level government departments, China
Nonferrous Metals Industry Association, and silicon crystal enterprises in various counties. The data
for 2017, 2013, and 2009 are relatively complete and representative. Therefore, the data on these three
years are selected for this research.
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2.3. Methods

2.3.1. SWOT–PEST Model

The SWOT analysis method is applicable to the fields of enterprise management and strategic
decision making [26,27]. The principle is to compare and analyze the internal and external factors of
the enterprise, identify its advantages, seize opportunities, improve the disadvantages, and eliminate
threats, thus providing a theoretical reference for strategy formulation and planning development.
The PEST model is a strategic analysis method to improve the enterprise’s adaptability to the internal
and external environments [28]. The PEST analysis method not only evaluates the external environment
of the development of the silicon crystal industry, it can also reveal its shortcomings and provide
theoretical support for optimizing resources and other configurations [29].

SWOT–PEST is a new strategic analysis model [30]. Through the SWOT analysis of the political,
economic, social, and technological factors in PEST, the key factors affecting the development of the
silicon crystal industry are selected and developed. Through qualitative analysis, the silicon crystal
industry development potential evaluation system is established, and relevant models are used for
quantitative research.

2.3.2. Grey Relational Model

The grey correlation model helps analyze the degree of correlation between factors [31,32].
It overcomes the mathematical analysis methods such as regression and factor analyses and it also
requires the linear relationship between sequences and the lack of sequence correlation between them.
It also overcomes the shortcomings of the quantitative analysis and observes regional competitiveness.

In this study, the analysis method of local relevance in gray correlation degree is adopted. A specific
sequence is taken as a reference sequence. Since the original data size is different, the method of analysis
of the degree of local relevance can help select the optimal data on each factor as the reference sequence,
and then perform the correlation function with the comparison sequence to avoid the difference of
data standardization.

(1) Parameter and comparison sequence

The maximum value of each impact factor is used to form the parameter sequence. Donghai
County in the Jiangsu Province, Fengyang County in the Anhui Province, Yongxiu County in the
Jiangxi Province and Suichuan County in the Jiangxi Province are selected for comparative analysis; 20
indicator data for 2017, 2013, and 2009 are also selected to form a valid evaluation sequence [33,34].

Let the reference sequence be x0 and the comparison sequence be xi. According to the
following formula,

x0 = (x0(k)|k = 1, 2, 3, . . . , 20 ) = (x0(1), x0(2), x0(3), . . . , x0(20)) (1)

xi = (xi(k)|k = 1, 2, 3, . . . , 20 ) = (xi(1), xi(2), xi(3), . . . , xi(20)) (2)

(2) Data processing

Since the measurement of each impact factor in the evaluation system is different, the data cannot
be compared and calculated before it is processed. Therefore, the original data need to be standardized
before the quantitative analysis of the data. This study uses SPSS 17.0 (SPSS Inc., Chicago, IL, USA)
software to perform standardization.

(3) Generate the difference list

The value of the normalized influence factor is calculated as a difference. The absolute value
of each, the maximum difference of each column and the minimum difference of each column are
included in the corresponding difference list, and then the maximum difference and the minimum
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difference are calculated. The maximum difference is max
i

max
k
|x 0(k) − xi(k)

∣∣∣∣∣. The minimum difference

is min
i

min
k
|x 0(k) − xi(k)|. ∆max = 1.2753, ∆min = 2.9758 [35].

(4) Calculate the correlation coefficient

To calculate the correlation coefficient, we use the correlation formula proposed by Deng Julong [36].

ξ(K) =
min

i
min

k
|x0(k) − xi(k)|+ξmax

i
max

k
|x0(k) − xi(k)|

|x0(k) − xi(k)|+ ξmax
i

max
k
|x0(k) − xi(k)|

(3)

The process of the quantitative analysis of the resolution coefficient is as follows:

∆i(k)=|x0(k) − xi(k)|

∆ =


∆1(1) ∆1(2) . . .
∆2(1) ∆2(2) . . .
. . . . . . . . .

∆1(k)
∆2(k)
. . .

∆m(1) ∆m(2) . . . ∆m(k)


∆i(k) = 1

m
∑m

i=1 ∆i(k), k = 1, 2, . . . , n

(4)

Then, this can be converted to obtain Equation (5).

ξ(k) =
min

i
min

k
∆i(k)+µ max

i
max

k
∆i(k)

∆i(k)+µ max
i

max
k

∆i(k)
(5)

The µ ∈ (0,∞) is the resolution coefficient, and 0 < µ < 1. The smaller the value of µ, the greater
the resolution. In general, µ = 0.5 is set, mainly to make the value calculated by the correlation
coefficient less than 1 [37]. In the early days, most researchers set µ = 0.5, but in real life, the resolution
coefficient is dynamic, not a fixed value, and the value of the resolution coefficient has a greater
influence on the order of gray correlation. Therefore, the reference sequence and the comparison
sequence should be comprehensively analyzed. If the reference sequence and the comparison sequence
have abnormal values, the correlation coefficient can reduce the influence of the resolution coefficient
on the correlation degree. In order to eliminate the influence of the absolute difference on the integrity
of the degree of association, the system residual sequence is grouped and the mean value of each group
of residuals is calculated. Finally, the maximum value is calculated to avoid the correlation coefficient,
thereby increasing the distribution interval of the degree of association. According to Equation (5), the
resolution coefficient of the influence factor can be calculated, and the average value of the resolution
coefficient of the influence factor is 0.3770 as the resolution coefficient of this study.

(5) Calculate the overall relevance

Since the amount of comparison sequence and reference sequence data is large and the degree
of association is different, the value of the correlation coefficient is different. To prevent the data
information from being too scattered, it is more conducive to the comparison of the degree of
association. It is necessary to assign the correlation coefficient of each factor to the weight and calculate
the totality [38]. In this study, all variables are given the same weight, and this is used as a reflection of
the degree of association between the comparison sequence and the reference sequence (Equation (6)).

ri =
1
n

∑n

k=1
ξi(k), k = 1, 2, . . . , n (6)

(6) Ranking of relevance
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After calculating the overall degree of correlation between the manipulation sequence and the
comparison sequence, the values are sorted according to the size of the value; the greater the degree of
correlation ri, the greater the impact of this factor on the local industry competitiveness. The correlation
degree of each period and each region is also different; the greater the degree of relevance, the stronger
the competitiveness of the region during the period, and the weaker the opposite [39].

3. Results and Discussion

3.1. Qualitative Analysis Based on the SWOT–PEST Model

The SWOT–PEST model [30] is used to qualitatively analyze the development environment
of the silicon crystal industry in Suichuan County. The analysis results are shown in Figure 2.
Suichuan County has good mineral and water resources, strong government policy support, increasing
investment, policy dividends in the Central Soviet Area, and a consolidated industrial base. However,
there are certain disadvantages. For example, the silicon crystal industry in Suichuan County has a
high-purity piezoelectric crystal and silicon micro-powder industrial chain, mainly based on primary
processing; with low added-value products and mineral rights and management, there are problems
such as poor implementation; the introduction of leading enterprises is difficult; production linkages
between enterprises are not close; the external environment of the industry needs to be improved, and
there is a lack of technical talents since the county is not attractive to talents.
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Figure 2. Analysis of the SWOT–PEST model of silicon crystal industry in Suichuan County.

In recent years, studies on the silicon crystal industry have been performed in other counties
in China. It has been found that the environment, advantages, and opportunities related to the
development of the silicon crystal industry in different counties are different. The counties in the
eastern coastal areas have the advantages of talents, scientific research, and a strong industrial base,
and the silicon crystal industry has developed better in these areas [12,22]. The counties located in the
central region have formed industrial clusters by creating characteristic industries, and the momentum
of industrial development is strong [25]. In Suichuan County, because of the strong investment of the
government, the entry of relevant silicon crystal enterprises has enabled the development of the county
silicon crystal industry.
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Qualitative analysis will inevitably have certain subjectivity. In order to evaluate the
competitiveness of the county silicon crystal industry more systematically and objectively, we have
adopted a quantitative method.

3.2. Quantitative Analysis Based on the Grey Correlation Model

3.2.1. Establishing an Indicator System

This study focused on the evaluation methods and systems developed by Jin Bei [40] and Jia
Ruoxiang [41] to evaluate the competitiveness of different industries. Considering the availability
of data, four-level indicators are designed, namely industrial agglomeration (X1–X6), industrial
competition (X7–X12), industrial innovation capability (X13–X16) and industrial sustainability (X17–X20),
and the description of each indicator by level as shown in Table 1.

Table 1. Silicon crystal industry competitiveness evaluation index system.

Primary Indicator Indicator Codes Secondary Indicators Interpretation of Secondary
Indicators Units

Industrial
agglomeration

X1
Number of enterprises above

designated size (X1)
Number of silicon crystal

enterprises (X1) -

X2
Silicon crystal industry annual

output value (X2)
Annual output value of silicon

crystal industry (X2) (100 million yuan)

X3
Number of employees in the
silicon crystal industry (X3)

Personnel engaged in the silicon
crystal industry (X3)

(ten thousand
people)

X4
Silicon crystal industry added

value (X4)

The annual output value of the
silicon crystal industry this year −

the annual output value of the
silicon crystal industry (X4)

(100 million yuan)

X5
Number of supporting

companies (X5)

Number of companies providing
services to the upstream and

downstream of the silicon
industry chain (X5)

-

X6
Total output value of

supporting enterprises (X6)

Annual output value of
enterprises providing services in
the upstream and downstream of
the silicon crystal industry chain

(X6)

(100 million yuan)

Industrial competition

X7 Market share (X7)
The county’s silicon crystal

products occupy the domestic
market (X7)

(%)

X8
Scale enterprise growth rate

(X8)

X8: The number of large-scale
enterprises this year—the number
of large-scale enterprises last year
/ the number of enterprises last

year (X8)

(%)

X9 Number of brands (X9) Number of corporate brands in
the industry (X9) -

X10 County export value (X10) Foreign trade exports (X10) (100 million US
dollars)

X11
Annual output of silicon

crystal products (X11)
The finished product of silicon

crystal products (X11) (cubic meters)

X12
Foreign investment situation

(X12) Foreign investment amount (X12) (100 million yuan)

Industrial innovation
capability

X13

Science and technology annual
research and development

costs (X13)

Technology research and
development investment costs

(X13)
(100 million yuan)

X14

Number of scientific and
technological innovation

talents (X14)

Science and technology talents
engaged in research and

development in the county (X14)
-

X15
Number of scientific research

institutions (X15)

The number of institutions
including enterprise R&D centers
and cooperation platforms with

universities (X15)

-

X16 Number of patents (X16) The number of patents applied by
the county during the year (X16) -
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Table 1. Cont.

Primary Indicator Indicator Codes Secondary Indicators Interpretation of Secondary
Indicators Units

Industrial
sustainability

X17 Government funding (X17)
silicon crystal industry and
infrastructure construction

(X17)
(100 million yuan)

X18
Annual mining of silicon

resources (X18) Provided silicon ore (X18) (ten thousand tons)

X19
Average annual salary of

employees (X19)
Average annual salary of

employees (X19)
(ten thousand

yuan)

X20
Years of exploitation of silicon

resources (X20)

The amount of silicon ore
resources mined in the year

(X20)
(years)

3.2.2. Correlation Calculation

We selected Suichuan County in the Jiangxi Province as the object of study and compared the
competitiveness of its silicon crystal industry with the competitiveness in Yongxiu, Donghai, and
Fengyang Counties. Donghai County is located in the northern part of the Jiangsu Province. It is
the latest county in China to develop the silicon crystal industry, and its industrial chain is perfect.
Fengyang County is in the northeastern part of the Anhui Province with good traffic conditions and
good industrial development foundation. Yongxiu County is located in the Jiangxi Province, closer to
the provincial capital Nanchang, with a good water supply and land transportation. Suichuan County
is located in the southwestern part of the Jiangxi Province and is closer to the Beijing-Kowloon Railway
Taihe Station (Figure 3). The data were mainly derived from the distribution map of China’s counties. 

 
Figure 3. Location of Donghai, Fengyang, and Yongxiu Counties. 

The maximum value of each index after standardization is selected as the reference sequence, X0 
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2.9974, 1.2780, 1.9905, 2.4088, 2.0462, 0.7982, 2.6150). The standardized data were imported into the 
MATLAB function calculation, and the correlation coefficient table of Suichuan and the other three 
counties is obtained respectively, as shown in Table 2. These raw data are mainly reports from the 
county-level government and silicon crystal enterprises in various counties (“Development research 
report of China silicon industry”, “Che Yuan’ao Quartzite Mine,” “Playing the advantages of silicon 
resources, promoting the development of the silicon industry,” and “Huayun census geology” 
detailed reports). 

By combing the relevant references, it was found that Donghai County has been vigorously 
developing its silicon crystal industry since the 1980s and 1990s. There are many enterprises, and the 
silicon crystal industry has a reasonable layout. It was one of the earliest counties in the domestic 
silicon crystal industry [23–25]. Fengyang County is a county that developed a strong silicon crystal 
industry in the central region in the middle of this century [26]. Based on abundant silicon ore 
resources, the county built a complete industrial chain of silicon crystal glass to create a characteristic 
industry on a large production scale. Yongxiu County is a county within Jiangxi Province that relied 
on its good geographical location and nearby research institutes to vigorously develop its organic 
silicon crystal industry and form industrial activities. Its development path is also worth studying. 
Compared with the other three counties, Suichuan County has a relatively remote geographical 
location and. However, with the strong support and guidance of the local government, large-scale 
enterprises have settled in Suichuan County, which will allow the development and perfection of the 
county’s silicon crystal industry. 
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The maximum value of each index after standardization is selected as the reference sequence,
X0 = (1.6467, 2.7398, 2.8258, 1.7709, 1.9818, 2.6848, 1.2398, 2.2158, 1.7414, 1.4537, 2.5156, 2.4926, 2.8250,
2.9974, 1.2780, 1.9905, 2.4088, 2.0462, 0.7982, 2.6150). The standardized data were imported into the
MATLAB function calculation, and the correlation coefficient table of Suichuan and the other three
counties is obtained respectively, as shown in Table 2. These raw data are mainly reports from the
county-level government and silicon crystal enterprises in various counties (“Development research
report of China silicon industry”, “Che Yuan’ao Quartzite Mine,” “Playing the advantages of silicon
resources, promoting the development of the silicon industry,” and “Huayun census geology” detailed
reports).

By combing the relevant references, it was found that Donghai County has been vigorously
developing its silicon crystal industry since the 1980s and 1990s. There are many enterprises, and the
silicon crystal industry has a reasonable layout. It was one of the earliest counties in the domestic
silicon crystal industry [23–25]. Fengyang County is a county that developed a strong silicon crystal
industry in the central region in the middle of this century [26]. Based on abundant silicon ore resources,
the county built a complete industrial chain of silicon crystal glass to create a characteristic industry
on a large production scale. Yongxiu County is a county within Jiangxi Province that relied on its
good geographical location and nearby research institutes to vigorously develop its organic silicon
crystal industry and form industrial activities. Its development path is also worth studying. Compared
with the other three counties, Suichuan County has a relatively remote geographical location and.
However, with the strong support and guidance of the local government, large-scale enterprises have
settled in Suichuan County, which will allow the development and perfection of the county’s silicon
crystal industry.

This study will assign the same weight value to the influence factor correlation coefficient of the
above table since it is difficult to objectively assign the factors of regional industrial competitiveness.
Even the expert scoring method is subjective and affects relevance. Therefore, the result and order
of the coefficients are assigned the same weight value. According to the average of the correlation
coefficients of each factor, the comprehensive correlation coefficient (the degree of correlation of each
factor to the regional industrial competitiveness) is obtained; the greater the value, the greater the
impact on industrial competitiveness. Table 3, which is based on Table 2, shows that in the evaluation
of regional industrial competitiveness, the degree of industrial competition has the greatest impact on
the improvement of industrial competitiveness, followed by the ability of industrial innovation.

According to the function formula, the correlation coefficient for the years of 2017, 2013, and 2009
for the four counties can be calculated, as shown in Table 4. According to Table 4, the correlation
coefficient of Suichuan County is relatively low. However, in the past ten years, the speed of industrial
competitiveness has increased each year. The development is rapid, and the industrial base is becoming
continuously stronger.
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Table 2. Correlation coefficient table for Suichuan, Donghai, Fengyang, and Yongxiu Counties in 2017, 2013, and 2009.

Impact
Factors

2017 2013 2009 Comprehensive
Correlation

Coefficient of
Suichuan

Comprehensive
Correlation

Coefficient of
Others

Suichuan
County

Donghai
County

Fengyang
County

Yongxiu
County

Suichuan
County

Donghai
County

Fengyang
County

Yongxiu
County

Suichuan
County

Donghai
County

Fengyang
County

Yongxiu
County

X1 0.4519 0.9068 0.5363 0.3911 0.3767 0.5364 0.7584 0.4169 0.4504 0.5390 0.4892 0.6798 0.4263 0.5838
X2 0.5526 0.9207 0.6575 0.4368 0.5858 0.6908 0.5436 0.4650 0.5308 0.5729 0.4849 0.4729 0.5564 0.5828
X3 0.3747 0.3439 0.2999 0.7185 0.2972 0.9184 0.3541 0.6519 0.6641 0.4547 0.2942 0.5808 0.4453 0.5129
X4 0.6845 0.3861 0.4978 0.6778 0.7175 0.9715 0.8821 0.5927 0.6127 0.3137 0.5776 0.4381 0.6716 0.5930
X5 0.4748 0.5802 0.8466 0.6959 0.4215 0.4244 0.9086 0.5319 0.4572 0.6390 0.4230 0.5774 0.4512 0.6252
X6 0.5420 0.7161 0.3785 0.6985 0.4680 0.4710 0.4714 0.8521 0.2195 0.4106 0.2998 0.6299 0.4098 0.5475
X7 0.3242 0.4852 0.5310 0.6699 0.4429 0.5114 0.5980 0.6424 0.2969 0.6402 0.5567 0.6318 0.3547 0.5852
X8 0.5351 0.9986 0.6828 0.5947 0.9824 0.8332 0.8268 0.7453 0.4824 0.8789 0.9696 0.5046 0.6666 0.7816
X9 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
X10 0.9873 0.3497 0.8127 0.9057 0.6740 0.8744 0.9849 0.9654 0.6734 0.8619 0.8207 0.8229 0.7782 0.8220
X11 0.6406 0.9899 0.9482 0.7391 0.6779 0.8134 0.7805 0.6911 0.6815 0.8114 0.7552 0.7882 0.6667 0.8130
X12 0.9371 0.7713 0.4273 0.7841 0.6099 0.9007 0.6378 0.6770 0.4597 0.7519 0.9833 0.5163 0.6689 0.7166
X13 0.7616 0.9807 0.4724 0.6226 0.6179 0.8669 0.9232 0.6681 0.4516 0.8033 0.8875 0.5033 0.6104 0.7476
X14 0.7515 0.4911 0.9381 0.6206 0.2746 0.5327 0.2751 0.5565 0.3360 0.4167 0.9334 0.6478 0.4540 0.6013
X15 0.6678 0.9599 0.7316 0.4044 0.3441 0.7111 0.5660 0.3985 0.6454 0.9667 0.6725 0.7911 0.5524 0.6891
X16 0.6354 0.5750 0.9871 0.3317 0.2074 0.4633 0.6569 0.3170 0.6240 0.8069 0.8235 0.9161 0.4889 0.6531
X17 0.5303 0.3529 0.7876 0.5799 0.4328 0.7104 0.9416 0.6146 0.2972 0.8400 0.4283 0.3552 0.4201 0.6234
X18 0.3773 0.9406 0.3969 0.5999 0.3719 0.4491 0.4561 0.6679 0.3181 0.4872 0.3434 0.8025 0.3558 0.5715
X19 0.6018 0.9389 0.5085 0.7579 0.6286 0.4879 0.5865 0.5003 0.3765 0.4636 0.5591 0.4886 0.5356 0.5879
X20 0.2956 0.3865 0.6625 0.9924 0.3765 0.4234 0.5174 0.8107 0.5778 0.2920 0.5710 0.7678 0.4166 0.6026
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Table 3. Correlation degree coefficient values for each indicator level and their ranking.

Primary Indicator Comprehensive Correlation Coefficient Relevance Ranking

Industrial agglomeration 0.5540 4
Industrial competition 0.7621 1

Industrial innovation capability 0.6362 2
Industrial sustainability 0.5553 3

Table 4. Correlation coefficient for each county in 2017, 2013, and 2009.

Years Suichuan County Donghai County Fengyang County Yongxiu County

2017 0.6063 0.7037 0.6552 0.6611
2013 0.5454 0.6795 0.6834 0.6383
2009 0.5078 0.6475 0.6436 0.6457

3.3. Qualitative and Quantitative Comprehensive Empirical Analysis

3.3.1. Overall Analysis

Suichuan County is X4, X9, X10, X11, and X12. The main reason for the low level of competitiveness
is that there are no leading enterprises and well-known brands. The production volume of products
and the scale of export are small. The foreign investment in the silicon crystal industry is not large,
resulting in a low added value of the industry. The contribution of economic development is also
low. In the other three counties, X8, X9, X10, X11, and X13 are highly correlated. It is difficult for the
silicon crystal industry to grow by relying only on the primary processing of silicon products. X3

and X18 have the lowest correlation with the competitiveness of the regional silicon crystal industry
compared to other factors. This is due mainly to the following factors. Currently, many production
processes can be performed by machines and workers play a supervisory role; core technical talent
affects competitiveness rather than ordinary workers; resources are only one of the external factors, not
the internal reason enterprises enhance their core competitiveness.

Based on the comprehensive correlation coefficient of the four first-level indicators, the existing
competitiveness of the local industry (the scale of enterprises in the region, the market shares of products,
and the investment of foreign investors in the region) can reflect the level of industrial development in
the region and outside. The degree of industrial competitiveness, innovation, sustainable development,
and degree of agglomeration are relevant to the regional industrial competitiveness. Although the
correlation coefficient of industrial agglomeration degree is low, it does not indicate that its impact on
industrial competitiveness is small. Nonetheless, in some areas, the agglomeration benefits also have
critical value. If the threshold value is exceeded, it will have negative benefits.

3.3.2. Stage Analysis

In 2017, Table 4 illustrates that the correlation coefficient of Donghai County is the highest,
followed by Yongxiu County. This indicates that the competitiveness of the silicon crystal industry in
Donghai County is relatively high. These results are in agreement with the findings of Jia et al. [25],
who used the diamond model from Porter to analyze the silicon industry in Donghai County and
concluded that Donghai County has certain competitive advantages for the development of the silicon
industry. Donghai County developed as a result of high-quality crystal resources. The initial size
of the company is different, the silicon crystal products are mixed, the quality is uneven, and the
market management is chaotic. With an annual output value of hundreds of billions, its method of
enhancing the competition is worthy of reference in Suichuan County. Yongxiu County is the only
county that developed organic silicon earlier. It aims to enlarge and strengthen organic silicon and
introduce upstream and downstream related enterprises. The Silicone Park, the Chengnan Industrial
Park, and the Yinhe Industrial Park have good infrastructure, and strong research and government
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support. Therefore, these parks make the development of the silicon crystal industry in Yongxiu
County among the best. The competitiveness of the silicon crystal industry in Fengyang County
is smaller than in Yongxiu County. In recent years, Qinghai, Gansu, Xinjiang, Yunnan, and other
places have produced high-quality float glass by relying on abundant mineral resources and low-cost
energy resources. This, as well as the glass varieties required by other industries, has greatly reduced
the market of the traditional glass industry in Fengyang. In recent years, the government has given
great importance to the development of the silicon crystal industry. The county’s industrial base is
relatively weak. However, in order to introduce large-scale enterprises to settle in and develop the
local economy, the county government has planned an industrial park, improved infrastructure, and
opened the transportation routes in the surrounding cities, and implemented active taxation and talent
introduction policies. Therefore, in recent years, the industry has developed at a faster pace and its
competitiveness has also increased fast.

In 2013, the competitiveness of the silicon crystal industry in Fengyang and Donghai Counties
was higher than in Yongxiu and Suichuan Counties. According to Yu et al. [26], Fengyang County
formulated a detailed silicon (glass) industry plan in 2008 and implemented active resource support.
Strategic measures, such as policy guidance, talent pooling, technology leadership, park construction,
industrial clusters, market development, and industrial support, formulate the short-, medium-,
and long-term development goals, clearly indicate the development of industry, and comprehensive
planning have considerably promoted the silicon crystal industry in Fengyang County. The level of
industry competitiveness was the highest in 2013.

In 2009, only one large-scale enterprise was introduced in Suichuan County. Silicon crystal is
mainly processed by primary processing. The main product is quartz sand. The mining volume is small,
and the output and product prices are low; therefore, it offers little contribution to the regional economy.
Donghai County is the earliest development of silicon crystal industry. Yongxiu and Fengyang Counties
developed in the early 21st century. Each region chooses to develop different industrial chains, but
they have been created based on domestic and international markets. The development model and
experience of these three counties can inspire the improvement of the competitiveness of the silicon
crystal industry in Suichuan County.

3.3.3. Analysis of Industrial Competitiveness in Suichuan County

The correlation coefficient of the competitiveness of the silicon crystal industry in Suichuan County
increased from 0.5078 in 2009 to 0.6063 in 2017. Although the industry competitiveness in Suichuan
County is lower than in other counties, its development level is continuously improving. The gap
in the development of the crystal industry is shrinking. As can be seen in Table 4, brand quantity,
export status, the production of silicon products, the added value of silicon crystal industry and foreign
investment affect the competitiveness of the industry in Suichuan County. Based on the field research,
there is no well-known brand in Sichuan County. The output of the products, the added value of
the silicon crystal industry and the number of foreign exports are increasing each year. Additionally,
the increasing development of the industry has led foreign companies to invest and build factories
in China.

We found that 2009 was the initial stage of the development of the silicon crystal industry in
Suichuan County. The enterprises introduced during this period were vigorously building production
lines, plant equipment, and obtaining exploration rights. Therefore, there was no large-scale production
activity. Nonetheless, in the past few years, the primary processing type of industry output has increased,
and the industry has absorbed more rural surplus labor. This has greatly increased the per capita
income level. The two large-scale enterprises introduced in 2013 have already started production.
Therefore, there are three large-scale enterprises in the county. The main productions of quartz plates
and silicon micro-powders are sold at home and abroad. In 2017, the Suichuan County Government
invested a large amount of funds to hold business meetings, improve industrial parks, and actively
exchange with foreign countries. It has introduced nearly 10 supporting enterprises in the silicon
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crystal industry. With the completion and commissioning of foreign companies, the scale and output of
the silicon crystal industry have greatly improved. Therefore, the competitiveness of the silicon crystal
industry from 2013 to 2017 is faster than from 2009 to 2013, and the industry is more competitive.

3.4. Suggestions

The development and efficient use of silicon resources are due to the local economic development
and industrial structure transformation and upgrading process. The improvement of industry
competitiveness not only needs to take advantage of the current favorable policy environment, it
also needs to adapt to local conditions, thereby breaking through the problems that restricts the
development of the silicon crystal industry at the county level. In order to shorten the gap with the
industrial competitiveness of other regions, the development of the industry should achieve four points:
(1) guiding the integration of resources and creating distinctive brands; (2) consolidating the industry
base and improving the industry layout; (3) strengthening supervision management, and creating an
investment environment; (4) encouraging technological innovation and introducing new talents.

4. Conclusions

In this study, we learned about the internal and external environment of the silicon crystal
industry in Suichuan County by establishing the SWOT–PEST model. Moreover, we compared the
competitiveness of the silicon crystal industry in the eastern regions of China and the four counties in
the central region. The 20 specific indicators can generally reflect the industrial competitiveness of the
region, and the correlation degree of each factor is calculated according to the gray correlation model.
Research indicates that the main factors affecting the competitiveness of the silicon crystal industry in
Suichuan County are five factors (X4, X9, X10, X11 and X12). The closer the value is to 1, the closer the
impact factor is to the industrial competitiveness, and the result is more consistent with the actual
situation. We believe that the research results from the study are of great importance for expanding
the application scope of “the grey relational” model, improving the overall value-added ability of
the silicon crystal industry value chain, and promoting the sustainable development of the industry.
Meanwhile, they also provide certain guidelines for the industrial development planning of the region.
The industrial competitiveness of Suichuan County can be improved by creating high-quality brands,
actively breaking through technical problems, improving product quality and output, and increasing
export volume.

Assuredly, there are still some limitations of this study. When the gray correlation model is
used for data analysis, the resolution coefficient is not analyzed. Only the average of the resolution
coefficients of 20 influence factors is selected, which means that 0.3770 is used as the resolution
coefficient in this study. The accuracy of the resolution coefficient is higher than 0.5, but it has an
effect on the subsequent correlation coefficient. In terms of weight assignment, there is no analysis of
the different assignment methods since the scoring method and other assignment methods have the
disadvantage of subjectivity. Therefore, the weight values of the four first-level indicators are assigned
the same coefficient. If different weight coefficients are used, there may be some discrepancies with the
current results. The accuracy of the results is different for different methods. However, in general, the
assignments are the same and the results are not very different from other methods. In future research,
these variables need to be introduced into the model for further verification. We will continue to pay
attention to disclosures of latest data and further research on related issues in the future.
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