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Abstract: Currently, the Chinese government is promoting the transformation of clean energy in
rural areas to reduce the consumption of coal to cope with the smog. It is mainly based on “coal to
gas”. The development of biomass resources in agricultural areas is an alternative means of energy
supply. In order to improve rural energy structure, we propose to upgrade “coal to gas” to “coal
to biomass” derived from centralized biogas production (CBP) and straw-briquetting fuel (SBF).
This study deals with the question of financing such projects. The public–private partnership (PPP)
model is seen as a response that can mobilize social capital to finance investments in these new modes
of production and energy supply in rural areas. Based on an analysis of the strengths, weaknesses,
opportunities and threats (SWOT) of the two projects considered above, an analytic hierarchy process
(AHP) was carried out with the assistance of experts in order to clarify the strategic choices which
are more suitable for investors. First, we built a PPP strategic-decision model. The decision model
was divided into four strategies (pioneering strategy, struggling strategy, conservative strategy and
striving strategy) and two development intensities (conservative and proactive). We used this method
to construct a SWOT–AHP model of the PPP strategy for CBP and SBF based on the investigation from
the experts. The strategic-decision model identified that a pioneering strategy based on opportunity
type is promised for SBF, while a more aggressive type strategy in struggling strategy is essential for
the CBP. In order to encourage investors to adopt a positive and optimistic attitude towards the two
projects, the public authorities have a role of guidance to ensure the mobilization of the social capital
necessary for the construction of the projects.

Keywords: public–private partnership (PPP); strengths, weaknesses, opportunities, threats (SWOT);
analytic hierarchy process (AHP); centralized biogas production (CBP); straw-briquetting fuel (SBF)

1. Introduction

In order to cope with smog in northern China, the Chinese government is actively promoting the
transformation of clean energy such as “coal to gas” and “coal to electricity” [1]. During the winter,
a sudden large-scale increase in gas consumption has led to “gas shortages” in many regions [2].
Various governance measures require huge investments [3,4]. Biomass energy utilization is an effective
supplementary method. This method is developing towards clean utilization—bringing with it a
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large number of new technologies and new models [5,6]. The development of clean energy utilization
in rural areas—especially the energy utilization of straw—is an essential indicator of sustainable
development in rural areas [7,8]. According to the third national agricultural census data, in 2016,
49.3% of the households mainly used gas as cooking and heating energy [9]. Of the country’s farmers,
44% and 24% use firewood and coal as the primary cooking and heating fuels, respectively, and that
regional differences are significant [10]. In northern China, close to 200 million tons of standard coal is
used for rural heating. Most farmers use fire beds, wood stoves, coal stoves and other heating methods:
the clean-heating level is less than 15% [11–13]. The development of clean energy is an important task
to improve the energy structure, ensure energy security and promote the construction of an ecological
civilization [14]. China aims to use about 30 million tons of biomass-forming fuel annually by the end
of 2020. Today, the annual utilization of biomass gas (biogas, bio-natural gas, biomass gasification, etc.)
is about 10 billion cubic meters. By 2035, the annual utilization of biomass-forming fuel is planned to
be about 50 million tons, with an annual utilization of biomass gas of about 25 billion cubic meters [15].

Currently—to make full use of rural biomass resources in rural areas of China to improve rural
energy structure—the government is vigorously promoting centralized biogas production (CBP) project
and straw-briquetting fuel (SBF) projects. Therefore, we propose “coal to biomass” to replace “coal
to gas” to build an energy structure improvement model based on CBP and SBF in rural areas [16].
However, in the biomass resource energy utilization project, there are problems, such as insufficient
financial input and unreasonable capital investment structure. Through the investigation of large and
medium-sized biogas projects in the Hebei Province from June to July 2018, we found that in the large
and medium-sized biogas projects in rural areas, although the market demand is relatively large, there
are still great difficulties with financing [17]. The government should guide social capital to invest in
agricultural infrastructure construction to effectively meet the funding needs [18]. In December 2016,
the first agricultural sector public–private partnership (PPP) guidance document was proposed to
vigorously promote PPP in the agricultural sector [19]. With the increasing support of the government,
the agricultural sector is becoming a hot-spot for PPP investment [20].

The PPP model refers to various partnerships established between the public and private sectors
to provide public goods [21]. It builds partnerships between the public and private sectors to leverage
their strengths and achieve win–win cooperation [22]. Therefore, the PPP model is favored and widely
used in the field of public infrastructure construction [23–25]. It originated in the UK and quickly
gained widespread application and promotion in the global public goods sector [26].

The social capital referred to in this article is different from the definition of the sociological
category. It is the definition of economics category, and it has distinctive Chinese characteristics.
The Chinese government official documents describe it as cooperation between the government and
social capital, but the English expression is PPP. This may seems contradictory, but it is actually a
description that fits the characteristics of China. It is clearly defined in the official documents of the
Chinese government as: “social capital refers to domestic and foreign corporate legal persons that
have established a modern enterprise system, but excluding government-owned financing platform
companies and other controlling state-owned enterprises [27]“. In the UK, analysts usually divide
economic activities into the public sector and the private sector [28]. The adoption of the public and
private sector cooperation model is to use market forces, give play to the professional advantages of the
private sector, improve the quality and efficiency of public products and public services and maximize
public interests. The situation in China is obviously different from the UK; its important feature is that
the state-owned economy is dominant. State-owned enterprises obviously do not belong to the private
sector as understood by the UK. However, they cannot be completely equivalent to the public sector
because state-owned enterprises still must follow the requirements of the modern enterprise system
to engage in production and business activities in accordance with market rules and have their own
profit requirements. In this case, China cannot strictly divide investment activities into public and
private sectors in accordance with the same logic of the UK, but into government investment activities
and corporate investment activities [29]. The enterprises mentioned here include private enterprises,
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state-owned enterprises and foreign-funded enterprises. Therefore, China’s “government-social
capital cooperation” emphasizes cooperation between the government and various types of social
capital entities. The social capital mentioned herein refers to various types of enterprises—including
state-owned enterprises. This means that the PPP model promoted by China has similarities in basic
concepts, framework mechanisms and evaluation standards with that of the cooperation between the
public and private sectors emphasized in the UK, but with obvious Chinese characteristics. With the
deepening of China’s investment system reform, the proportion of non-state-owned enterprises as the
main body of social capital investment in the PPP model should gradually increase, so that the concrete
practice of promoting the government-social capital cooperation in China is gradually approaching
internationally. However, this transition is likely a very long process.

PPP investment faces a series of opportunities and challenges in rural regions and the field of
agricultural resource utilization [30–33]. Our investigation in the North China Plain found that there
were many successful cases in the vast rural areas of using biogas and straw briquetting to improve
the rural energy structure and control rural-related air pollution. However, because “coal to natural
gas” can achieve significant effects in the short term, “coal to biomass” is often overlooked. Wang et al.
did research from the perspectives of model selection [16] and residents’ willingness [17], but none
have studied the social capital’s willingness for the “coal to biomass” project. How we can attract
social capital to solve the funding problem is an intricate problem that the public sector needs to solve.
Therefore, it is necessary to understand the strategic choice of social capital and to specify policies in a
targeted manner.

Therefore, this study analyzes the strategic choices of social capital for CBP projects and SBF
projects. We collect data through two rounds of surveys. We use the SWOT analysis method to
qualitatively evaluate the strengths, weaknesses, opportunities and threats of PPP investment for
two types of projects [34]. We use the AHP analysis method to quantitatively evaluate the weight
of each factor [35]. We clarify the type of PPP strategy and matching the PPP strategy that is most
suitable for project development. We hope to provide a basis for decision-making by government and
social capital.

2. Materials and Methods

2.1. Methods

The main functional activities of strategic selection are divided into three phases [36]. The first phase
is the information input. In this phase, we incorporate, organize and classify information—including
information collected or considered—as well as information on the strengths, weaknesses, opportunities
and threats of organizations that directly influence the strategy. The second is the match. This phase
relies on the information obtained during the information input phase to match external opportunities
and threats with internal strengths and weaknesses. In order to effectively build an alternative strategy,
matching external and internal important factors is critical. The third phase is decision-making. In this
phase, matching techniques define alternative strategies, while analysis and intuition provide the basis
for strategic decision-making. At this point, the strategic management team needs to reexamine the
organization’s ultimate purpose, evaluate the context in which the organization operates and evaluate
the organization’s alternative strategy.

As one of the strategic planning methods, SWOT analysis is widely used to define organizations
and company development strategies. However, it is also used to assess people or investment
projects [37]. The SWOT method is universally used in strategic research because of its intuitive
analysis and simple use [38]. The reliability and scientific of the SWOT analysis depends mainly on the
capabilities and expertise of the participants [36]. Tzelepi et al. studied the challenges in the scenario
of lignite substitution with biomass using a SWOT analysis in order to achieve the coal phase-out EU
goal [39]. Kordana et al. laid the foundation for the development of a strategy to develop drain water
heat recovery systems by the SWOT/TOWS method [40].
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As a decision-making method, AHP was firstly proposed by Professor T. L. Saaty of the University
of Pittsburgh. It is a process of layering and structuring multiple influencing factors [41]. The biggest
feature of AHP is that the qualitative description is transformed into a quantitative way to express the
subjective judgment of the evaluator [42], it offers a reliable basis for the development of scientific
and rational decision-making goals [43]. Numata et al. used AHP to conduct barrier analyses for
the deployment of renewable-based minigrids in Myanmar [44]; Iva and Mateo also used the AHP
approach to choose optimal solar power plant locations in Croatia [45]. However, AHP has its
limitations. In fact, it is difficult to ask the respondents to repeat evaluations, as their judgments are
not consistent.

Combining the SWOT analysis method with the AHP analysis method—and based on the
SWOT qualitative descriptive analysis method—the quantitative analysis method AHP is introduced
to quantify the more complicated strategic decision problems in reality, and the elements in the
decision-making process can be systematically evaluated. The priority of this enhances the ability of
SWOT analysis in strategic decision-making [46].

Kurttila et al. applied AHP–SWOT analysis to the strategic decision of Finnish forestry for
the first time [47]. In recent years, many scholars have adopted the AHP–SWOT analysis method
in decision-making processes in different fields. Shrestha et al. applied AHP–SWOT analysis to
the strategic decision-making of forestry and animal husbandry complex systems in central and
southern Florida [46]; Oliver Gottfried et al. applied SWOT–AHP–TOWS analyses to provide a
reference for strategic decision-making of private investment in biogas [48]. Other areas of application
include the biomass energy industry [49,50], water resources [51,52], new energy transportation [53],
solar energy [54], cultural tourism [55–57], aquaculture [58], electronic consumption [59], etc.

2.2. Data Collection

2.2.1. SWOT Analysis

First, by consulting the literature and field research methods, we identified a database, then
organized experts to screen, and finally determine the key factors of the strategy, the strengths (S)
and weaknesses (W) of the internal environment and opportunities (O) and threats (T) of the external
environment. From June to July 2018, we investigated in Hebei Province and Shandong Province,
constructing a list of key factors for the PPP strategy of the CBP and SBF projects. The main reasons
for choosing these two provinces as the investigation objects were mainly based on: (1) Both of the
provinces are located in areas with relatively serious air pollution; (2) both have promoted the “coal to
gas”; (3) straw resources are relatively abundant; (4) both are vigorously carrying out the PPP model in
various fields.

In January–February 2019, 50 people were invited to screen key factors through questionnaires
and interviews. All of these 50 people were professionals in the biomass energy industry. Among them,
32 were employed in a biomass energy enterprise (mainly worked as the investment managers, senior
executives, etc., 19 of them had PPP project investment experience, and 13 had received PPP investment
training.); 7 scientific researchers lacked PPP investment experience, but they had academic research
on PPP investment; 2 administrative staffs worked in the government, they had PPP investment
management experience in the public sector; 4 administrative staffs worked in industry associations,
they participated the preparation of research reports on PPP investment projects; 5 doctoral candidates,
who focused on the subject of biomass resource utilization and had studied PPP investment expertise
at a deeper level. In the questionnaire design, we listed 6–10 factors for each SWOT group and asked
the respondents to rank the importance of the factors in each group of the lists based on their own
understanding of the project. According to the order of importance, we calculated the score for each
factor—and based on the score for each group—filtered out 4 key factors.



Energies 2020, 13, 4171 5 of 22

2.2.2. AHP Analysis

On the basis of determining the key factors of SWOT, in April 2019, 20 experts who were focused
on the utilization of biomass resources were invited to evaluate quantitatively by the Delphi method.
The 20 experts were all from biomass energy enterprise, mainly served as investment managers, senior
executives, etc. The experts were also very professional in the SWOT survey. Among the experts, more
than 70% had worked for more than 5 years in the biomass energy industry. All of them had a bachelor’s
degree or above. Nineteen experts had PPP project investment experience, and 1 had received PPP
investment training. The evaluation used the 1–9 scale method (Table 1) [41]. The methods mainly
included questionnaires, interviews and comparing the S, W, 0, T groups and the elements in each
group. Then, we scored them to obtain their relative important values. After two rounds of scoring
and communication, the expert pair-wise comparison scores were weighted proportionately to find the
final numeric rating in rounding. Finally, we obtained the judgment matrix of SWOT groups and the
judgment matrix of each subfactor [42].

Table 1. Saaty’s preferences in the pair-wise comparison process.

Numeric Rating Judgments of Preferences between Criterion i (Ci) and Criterion j (Cj)

1 Ci and Cj is equally important
3 Ci is slightly more important than Cj
5 Ci is strongly more important than Cj
7 Ci is very strongly more important than Cj
9 Ci is extremely more important than Cj

2, 4, 6, 8 Intermediate values

When all the indicators are compared, a comparison judgment matrix can be obtained:

B = (bi j)n×n =



b11 b12 · · · b1i · · · b1n

b21
. . .

...
...

. . .
...

bi1 bii
...

...
. . .

...
bn1 · · · · · · · · · · · · bnn


bi j is expressed under the criterion layer B, the importance of Bi is relative to B j.
Calculating the weighting factor. According to the judgment matrix, finding the largest eigenvalue.
The feature vector w corresponding to λmax is normalized, that is, the order of importance of each

evaluation factor is sorted. The formula for calculating λmax is as follows:

Bw = λmaxw (1)

Then calculating the geometric mean of each row element of the judgment matrix B:

wi = n

√√√ n∏
j=1

bi j(i = 1, 2, 3, . . . . . . , n) (2)

where n is the order of the judgment matrix B.
Then normalizing the vector:

W = (W1, W2, W3, . . . . . . , Wn, )
T

(3)
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wi =
wi

n∑
j=1

w j

(i = 1, 2, 3, . . . . . . , n) (4)

where wi is the weight coefficient value of each index sought, and the last weight coefficient values
constitute the weight vector:

w = (w1, w2, w3 . . .wn)
T. (5)

We also conducted a consistency check. The purpose of the consistency check was to confirm
whether the weight distribution obtained above is reasonable. If the matrix failed the consistency
check, it was necessary to provide feedback to the scorer to make appropriate modifications to the
indicator score. The evaluation indicators were calculated as follows:

CR = CI/RI. (6)

In the judgment matrix, CR is the random consistency ratio. CI is an indicator for measuring the
deviation of the judgment matrix from consistency:

CI =
λmax − n

n− 1
(7)

RI is the average random consistency index of the judgment matrix. The values of the specific 1–9
order RI are as follows (Table 2) [41].

Table 2. RI value table of scale method.

1 2 3 4 5 6 7 8 9

0.00 0.00 0.58 0.90 1.12 1.24 1.32 1.41 1.45

When CR ≤ 0.1, judgment matrix B is generally considered to have satisfactory consistency.
Otherwise, the judgment value should be adjusted until the consistency check is passed.

The process of determining the key factors was as follows: Since the criterion layer was divided
into four categories of S/W/O/T in the process of analytic selection of key factors, only the weight of
factors under a single criterion is calculated and the calculation of combined weights can be omitted.
In principle, factors with a weight coefficient greater than 1/n (n is the number of factors under each
criterion) are key factors.

2.3. Calculation

This process of calculating the collected data, include strategy quadrilateral, strategy azimuth and
strategy intensity coefficient. The specific calculation process is as follows [43,55].

The calculation process of the strategy quadrilateral is:
First, by calculating the weights within each group, we can get the local priority:

Si/Wi/Oi/Ti, i = 1, 2...a (8)

Second, by calculating the weights between groups, we get Sw, Ww, Ow, Tw.
Third, we calculate the global priority GSi/GWi/GOi/GTi

GSi = Sw × Si, i = 1, 2...a (9)

GWi = Ww ×Wi, i = 1, 2...a (10)

GOi = Ow × Oi, i = 1, 2...a (11)

GTi = Tw × Ti, i = 1, 2...a (12)
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Forth, according to the weight of each factor, we calculate the total strengths, total weaknesses,
total opportunities and total threats. The formula is as follows:

Total strengths: S = ∑
GSi/a, i = 1, 2, . . ., a (13)

Total weaknesses: W =

−

∑
GWi/a, i = 1, 2, . . ., a (14)

Total opportunities: O = ∑
GOi/a, i = 1, 2, . . ., a (15)

Total threats: T =

−

∑
GTi/a, i = 1, 2, . . ., a (16)

The four variables of S/W/O/T are each a semi-axis to form a coordinate system. The four-point
connection is obtained in turn to obtain the development strategy quadrilateral, and the center of gravity
of the quadrilateral reflects the combined effect of the four factors. That is to say, the corresponding
development strategy of the interval where the center of gravity coordinates is taken.

The center of gravity coordinates of the strategic quadrilateral is P(X, Y)

P(X, Y) = (
∑

xi/4,
∑

yi/4) (17)

Respectively,
∑

xi = S + W and
∑

yi = O + T.
The calculation process of the strategy azimuth is:
The strategic azimuth angle θ (0 ≤ θ ≤ 2π) = arctan (Y/X). In particular, when X = 0 and Y > 0,

θ = π/2, when X = 0 and Y < 0, θ = 3π/2. The strategy type is determined according to the θ size.
The calculation process of the strategy intensity coefficient is:
For the same type of strategy, we can adopt a positive development attitude or conservative

attitude. The specific strategic positive intensity and strategic negative intensity need to be considered
comprehensively [43,55]. Therefore, it can be judged by calculating the strategic intensity coefficient %.

The strategic positive intensity is U = O × S, where O and S, respectively represent opportunities
and strengths, that is, the strategic positive intensity is the result of the interaction of external
opportunities and internal strengths;

The strategic negative intensity is V = T ×W, where T and W, respectively represent threats and
weaknesses, that is, the strategic negative intensity is the result of the interaction of external threats
and internal weaknesses.

What kind of intensity should be taken requires a combination of the strategic positive intensity
and the strategic negative intensity. It can be judged by calculating the strategic intensity coefficient.
The strategic intensity coefficient % is defined as % = U/(U + V), % ∈ [0, 1], and the magnitude of % reflects
the intensity of implementation of the strategic type. As the value of U increasing, the strategic intensity
coefficient increases, indicating that the strategic intensity is enhanced. As the V value increasing,
the strategic intensity coefficient decreases, indicating that the strategic intensity is weakened. Generally,
0.5 is used as a critical point. When % > 0.5, a positive strategy is adopted; when % < 0.5, a conservative
strategy should be adopted.

2.4. Modeling and Judgment

A generally accepted judgment criterion for vector (θ, %) is as Figure 1.
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Figure 1. Coordinate of strategic types.

Pioneering strategy (S–O strategy): In this region, opportunities and advantages dominate.
This means that the opportunities and advantages of the project are great. Efforts should be made to get
the maximum utilization of these opportunities and advantages and to take measures to accelerate the
implementation of the project. According to the value of θ, it is divided into two types. The group 0 < θ

< π/4 is named “strength type”. In this region, the advantage of the project itself is more obvious, and
the capital investment should be increased. The group π/4 < θ < π/2 is named “opportunity type”. In
this region, the opportunities of the project are more obvious, and the project opportunities should be
seized to speed up the project implementation progress. As the value of % increasing, the opportunities
and advantages of pioneering strategies will be more significant.

Struggling strategy (W–O strategy): Opportunities and weaknesses coexist in this region. This
means that while seizing the opportunity, we should fully recognize the weaknesses of the project,
reduce the negative impact of the weakness and even turn the weakness into an advantage through
various means. According to the value of θ, it is divided into two types. The group π/2 < θ < 3π/4 is
named “aggressive type”. In this region, the opportunity has obvious advantages, and the opportunity
should be grasped cautiously. As the value of % increasing, a more positive attitude should be adopted.
The group 3π/4 < θ < π is named “adjustable type”. In this region, weakness is greater than the
opportunity, the weakness of the project itself should be fully recognized, the weaknesses should
be reduced through various means, and the opportunity should be considered on the basis of fully
adjusting the weaknesses. As the value of % increasing, a more positive attitude should be taken.

Conservative strategy (W–T strategy): In this region, internal weaknesses and external threats
coexist, which means that the risk of this project is large, a conservative strategy should be adopted.
It should take waiting and avoiding strategy for this type of project. According to the value of θ,
it is divided into two types. The group π < θ < 5π/4 is named “retreat type”. In this region, the
disadvantage is greater than the threat. The group 5π/4 < θ < 3π/2 is named “avoidance type”. In this
region, the threat is greater than the disadvantage. Under these two strategies, it should stay on the
sidelines of the project and do not get involved easily. As the value of % increasing, it can try to evaluate
the project with a more positive attitude.

Striving strategy (S–T strategy): In this region, internal strengths coexist with external threats.
This means that while making full use of the project’s advantages, it is essential to fully understand
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the external threats, reduce the adverse impact of external threats and even turn external threats
into opportunities through various means. According to the value of θ, it is divided into two types.
The group 3π/2 < θ < 7π/4 is named “adjustable type”. In this region, the external threat is greater than
the advantage, the external threat should be fully recognized, the threat should be reduced through
various conversion strategies. As the value of % increasing, a more positive attitude should be taken.
The group 7π/4 < θ < 2π is named “aggressive type”. In this region, the advantage is greater than the
threat. The advantage of the project itself should be fully utilized. On the basis of fully understanding
and striving to transform external threats, it should give full play to its own advantages and be prudent
to invest. As the value of % increasing, a more positive attitude should be taken.

2.5. Results Evaluation

After results were obtained from the SWOT–AHP analysis, the results and strategies were
submitted to all the 50 experts. The experts were invited to assess the rationality and appropriateness
of the results, evaluate whether the results meet their expectations and consult their willingness to
provide additional comments in the interview. Expert interviews were conducted by way of real-time
communication face-to-face, over the telephone or over the internet. The experts were asked to rate
each part (factors, AHP priority and strategies) in three ranks: disagree, acceptable, agree.

3. Centralized Biogas Production Project

3.1. Data Collection

3.1.1. SWOT Analysis

Large and medium-sized CBP projects in rural areas usually use agricultural waste as the primary
anaerobic fermentation raw material to produce biogas. It also provides a unified biogas supply in
communities like villages and towns. According to the national standard “Technical specification for
large and medium-sized biogas projects (GB/T51063-2014)” issued by the Ministry of housing and
urban-rural development, the output of civil biogas projects should not be less than 500 m3/d [60].
In practical applications, the pool capacity parameter of a single fermenter is 500 m3 to 2000 m3 [61].
According to the survey, most of the government-funded demonstration projects are from 2 × 1000 m3

to 2 × 2000 m3. The project mainly adopts a mesophilic fermentation process. The CBP project is an
essential way for the utilization of new energy of straw resources in China. The technology is relatively
mature and is moving towards the stage of industrialization. Based on the biogas engineering design
data, which obtained from Chengdu Energy and Environmental Engineering Design Institute of the
Ministry of Agriculture and Rural Affairs, the cost of 200-m3 to 1000-m3 medium-sized CBP stations,
the biogas production cost from $0.60/m3 to $0.39/m3. The project has the characteristics of high
ecological benefits and strong government support.

Through the investigation, the SWOT analysis matrix of the PPP strategy was established (Table 3).

Table 3. Strengths, weaknesses, opportunities and threats (SWOT) analysis of the public–private
partnership (PPP) strategy for centralized biogas production project.

SWOT Solution Layer Description

S

S1 Improve supply
efficiency

Social capital can strictly control costs, which is conducive for
reducing the total operating costs and improving project

supply efficiency.

S2 Mitigation of financing
constraints

PPP mode is conducive for attracting social capital investment
and alleviating the problem of insufficient investment.

S3 Broaden financing
methods

From traditional methods such as build–transfer (BT) and
build–operate–transfer (BOT), it has expanded to the private
sector and financial assets such as banks and fund securities.
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Table 3. Cont.

SWOT Solution Layer Description

S4 Exploit potential
investment market

This type of project is a feasibility gap subsidy project, which
is consistent with long-term stable income from

capital requirements.

W

W1 Market-based
profitability is weak

Project attributes determined market-based profitability is
weak and depends on policy support.

W2 High construction and
production costs

Project construction investment is high, and the production
cost is high, but the product output is low, and the price is low.

W3 Lack of project appeal
This type of project has a long investment cycle, high

coordination requirements for the government, relatively low
economic benefits and low project attractiveness.

W4 Return period
uncertainty

The return of the project depends on the number of resources
in the location, the price of the product, etc. and the return

period is uncertain.

O

O1 Policy efforts continue to
increase

Both the country and the locality attach great importance to it
and the policy support for such projects is very strong.

O2 Environmental
pressure–demand

The environmental protection supervision is becoming
increasingly strict and the “no coal-burning”, “no firewood

burning” and “gas shortage” problem is serious.

O3 Rural revitalization
needs

Under the background of rural revitalization, the objective
needs of ecological civilization construction.

O4 New technology new
model rapidly updated

Biogas production technology and efficiency, high
value-added products are constantly improving.

T

T1 Competition in other
rural new energy models

There is competition from straw briquettes, wind power,
hydropower, photovoltaic power generation, etc.

T2 Macro investment
environment uncertainty

The economic and industrial structure is being continuously
transformed and upgraded, and the market environment

changes rapidly.

T3 Incomplete system and
mechanism

Economic, industrial, financial and other policies, project
operations, exits and other mechanisms are all explored.

T4 Highly dependent on
government support

The market relies on government prohibition of coal bans; the
amount of resources depends on agricultural planning.

3.1.2. AHP Analysis

The results show that CR = 0.0983 < 0.1, λmax = 4.265, the consistency test of the matrix is qualified,
and the analysis result is desirable (Table 4). The influence of opportunity on strategic choice is much
higher than the other three groups, which is 0.5542; The intensity of the inferior influence is second,
which is 0.1883; The intensity of the advantage is similar to the disadvantage, which is 0.1675; The
impact of threat is the smallest, which is 0.0900.

Table 4. Intergroup judgment matrix of centralized biogas production project.

Item S W O T Weights (Sw)

S 1 1/2 1/3 3 0.1675
W 2 1 1/5 2 0.1883
O 3 5 1 4 0.5542
T 1/3 1/2 1/4 1 0.0900

λmax = 4.2650, CR = 0.0983 < 0.1, accepted consistency

According to the results of the SWOT–AHP analysis within each group (Table 5), the main strength
is “S3: Broaden financing methods”, the score is 0.5563, which ultimately making it easy to expand
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from traditional methods such as BT and BOT to the private sector and financial assets such as banks
and fund securities.

Table 5. Internal judgment matrix of centralized biogas production project.

Item S1 S2 S3 S4 Weights (Si) Item O1 O2 O3 O4 Weights (Oi)

S1 1 1/3 1/5 1/2 0.0808 O1 1 2 3 3 0.4424
S2 3 1 1/3 3 0.2488 O2 1/2 1 3 2 0.2827
S3 5 3 1 5 0.5563 O3 1/3 1/3 1 1/3 0.0942
S4 2 1/3 1/5 1 0.1142 O4 1/3 1/2 3 1 0.1806

λmax = 4.1041, CR = 0.0386 < 0.1, accepted consistency λmax = 4.1425, CR = 0.0528 < 0.1, accepted consistency

Item W1 W2 W3 W4 Weights (Wi) Item T1 T2 T3 T4 Weights (Ti)

W1 1 1 3 3 0.3574 T1 1 3 1/2 1/3 0.1612
W2 1 1 5 3 0.4061 T2 1/3 1 1/3 1/5 0.0740
W3 1/3 1/5 1 1/3 0.0797 T3 2 3 1 1/5 0.2006
W4 1/3 1/3 3 1 0.1568 T4 3 5 5 1 0.5641

λmax = 4.1147, CR = 0.0425 < 0.1, accepted consistency λmax = 4.2219, CR = 0.0822 < 0.1, accepted consistency

“W2: Low input–output ratio” is regarded as the main weakness, the score is 0.3574. The project
construction investment is high, and the production cost is high, but the product output is low, and the
price is low.

In the opportunity group, the highest score is “O1: Policy efforts continue to increase”, the score
is 0.4424.

The main threat is considered to be “T4: Highly dependent on government support”, the score
is 0.5641.

Then, we calculated the global priority and order. It was found that the influence of various
factors in the SWOT group on the strategic choice of PPP investment (Table 6). Obviously, the top four
factors were O1, O2, O4, S3; the last four factors with least importance were T2, S1, T1, W3.

Table 6. Results of the SWOT–analytic hierarchy process (AHP) study for centralized biogas
production project.

SWOT Group Priority Factors Si: Local Priority (Order) GSi: Global Priority (Order)

S 0.1675

S1 0.0808 (4) 0.0135 (15)
S2 0.2488 (2) 0.0417 (9)
S3 0.5563 (1) 0.0932 (4)
S4 0.1142 (3) 0.0191 (11)

W 0.1883

W1 0.3574 (2) 0.0673 (6)
W2 0.4061 (1) 0.0765 (5)
W3 0.0797 (4) 0.0150 (13)
W4 0.1568 (3) 0.0295 (10)

O 0.5542

O1 0.4424 (1) 0.2452 (1)
O2 0.2827 (2) 0.1567 (2)
O3 0.0942 (4) 0.0522 (7)
O4 0.1806 (3) 0.1001 (3)

T 0.0900

T1 0.1612 (3) 0.0145 (14)
T2 0.0740 (4) 0.0067 (16)
T3 0.2006 (2) 0.0181 (12)
T4 0.5641 (1) 0.0508 (8)

3.2. Calculation

Strategy quadrilateral was calculated as:
S = 0.0419, W = −0.0471, O = 0.1385, T = −0.0225
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By connecting 4 points in turn, we determined the development strategy quadrilateral (Figure 2).
The center of gravity is P(X, Y) = P(

∑
Xi/4,

∑
Yi/4) = (−0.0013, 0.029), the strategic coordinates are in the

second quadrant of the strategic quadrilateral.
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According to P(X, Y) = (−0.0013, 0.029), strategy azimuth was calculated as:
θ = arctan(0.029/(−0.0013)) ≈ 92.6◦, and the strategic azimuth is in the second quadrant, which

belongs to the competitive strategy area.
Strategy intensity coefficient was calculated as:
U = 0.0058; V = 0.0011
It can be seen from the above calculation that the implementation strength of the CBP project by

PPP investment is % = U/(U + V) = 0.84. P > 0.5, the CBP project PPP strategy should adopt positive
aggressive strategy.

3.3. Strategy Judgment

The coordinates (θ, %) = (92.6◦, 0.84) (Figure 3) show that in the PPP strategy environment of the
CBP project, the external development opportunities are large, but the weaknesses still obvious and an
aggressive strategy in struggling strategic area should be adopted.

3.4. Results Evaluation

The SWOT factor, AHP priority and finalized strategy were submitted to all the 50 experts.
They rated the results. The score from experts did not show a significant difference. Of the experts, 86%
expressed their agreement with the results of this research. Six percent of the experts disagree with
the results. Eight percent of the experts think that the result was acceptable. This indicated that the
results from the questionnaire were well reproducible and that the research method was convincing.
After further investigation, we found that few experts disagreed with the results based on differences
in their perceptions and expectations of the project.
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3.5. Discussion

The PPP strategy of Chinese CBP projects should focus on adopting aggressive type strategy
in struggling strategic area (W–O strategy), that is, social capital should take the initiative to seize
opportunities and overcome weaknesses. To date, under the opportunity of a series of favorable policy
guarantees such as accelerating the rural revitalization strategy, the government of all levels have paid
more attention to this kind of projects and introduced a large number of support policies [62,63]. It also
superimposes the unprecedented attention to the PPP financing method [64], and the multiple benefits
are superimposed, which brings huge opportunities to the social capital. In view of the project’s own
weaknesses [65,66], high construction and production costs, weak market-based profitability, uncertain
return period, and lack of project attractiveness, it can take fully tapping new technologies and new
models, coupled with the government’s support policies, fully resolve and hedge the disadvantages
of the project, improve project profitability, increase project input and output rate, return on capital
investment and achieve stable return of capital. It can continuously promote the PPP investment
process of CBP projects.

While adopting the W–O strategy, we should also actively use strength to reduce the adverse
effects of external threats. The introduction of the PPP mode has broadened the financing method
and expanded from traditional methods such as BT and BOT to financial assets such as the private
sector and banks and fund securities [67,68]. It can alleviate project financing constraints and ease
the problem of insufficient investment by attracting social capital investment. For social capital,
it has opened up potential investment markets. It has increased the efficiency of project supply [69].
These strengths brought from the PPP mode, combined with the external opportunities of the project,
can further amplify the strengths. Moreover, it must gradually get rid of excessive dependence on the
government [30], through specialized operations, as well as various compliance provisions. Through
the operation of the project, the parties will gradually help each other to improve the supporting
systems and mechanisms to ensure the safety of capital [70]. Through the new technology and new
model, the project’s market competitiveness will be gradually improved, and the uncertain external
environment will be used to internalize the strengths and competitiveness of the project.
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4. Straw-Briquetting Fuel Project

4.1. Data Collection

4.1.1. SWOT Analysis

Straw-briquetting fuel refers to the utilization of biomass materials such as straw to produce solid
fuels such as rods, granules or lumps under a certain pressure. According to the industry standards of
the Ministry of Agriculture “Technical conditions for biomass solid briquette fuel (NY/T 1878–2010)”
issued by the Ministry of Agriculture of China, regarding the density of briquette fuel, pellet fuel
should be ≥1000 kg/m3 and rod (block) fuel should be ≥800 kg/m3; Regarding the low calorific value,
if the main raw material is herbaceous, it should be ≥13.4 MJ/kg and if the main raw material is woody,
it should be ≥16.9 MJ/kg [71]. The development of such fuels can enrich the basic energy supply of
rural life and save farmers’ living costs. As an important development direction of future renewable
energy technology, the market demand and profit space are inestimable. In 2018, the utilization of
SBF reached 18 million tons [72], which was mainly used as farmers’ cooking and heating energy,
industrial boilers and fuel for power plants. Against the background of continuous growth in energy
demand and rising energy prices, China is actively developing new and renewable energy sources.
The development prospects of SBF are very broad. In the last several years, a series of policies to
support industrial development were introduced [73,74].

Through the investigation, the SWOT analysis matrix of the PPP strategy of the CBP project was
established (Table 7).

Table 7. SWOT analysis of PPP strategy for straw-briquetting fuel project.

SWOT Solution Layer Description

S

S1 Mitigation of financing
constraints

PPP mode is conducive for attracting social capital investment
and alleviating the problem of insufficient investment.

S2 Extended project
investor

Diversified investment entities can cover private enterprises,
financial institutions and rural collective economic organizations.

S3 Broaden financing
methods

From traditional methods such as BT and BOT, it has expanded to
the private sector and financial assets such as banks and

fund securities.

S4 Market development and
innovation capabilities

The professionalism of social capital can make projects more
flexible and adapt to market changes.

W

W1 Market-based
profitability is weak

The project attributes determine the market-based profitability of
such projects is weak and depends on policy support.

W2 Relatively insufficient
attraction

Long investment cycle, high coordination requirements for the
government, relatively low economic benefits and low

project attractiveness

W3 Higher production costs The production cost of SBF is relatively high and there is no direct
competitive advantage compared with coal and fuelwood.

W4 Return period
uncertainty

The return of the project depends on the number of resources in
the location, the price of the product, etc. and the return period

is uncertain.
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Table 7. Cont.

SWOT Solution Layer Description

O

O1 Policy efforts continue
to increase

Both the country and the locality attach great importance to it and
the policy support for such projects is very strong.

O2 Environmental
pressure–demand

The environmental protection supervision is becoming increasing
strict and the “no coal-burning”, “no firewood burning” and “gas

shortage” problem is serious.

O3 Rural revitalization
needs

Under the background of rural revitalization, the objective needs
of ecological civilization construction.

O4
More experience in

agricultural PPP
similar projects

The state has vigorously promoted the PPP mode and the
agricultural field has accumulated many experience for reference.

T

T1 Macro investment
environment uncertainty

The economic and industrial structure was continuously
transformed and upgraded and the market environment has

changed rapidly.

T2 Competition in other
rural new energy models

Competition from biogas, wind power, hydropower, photovoltaic
power generation, etc.

T3 Incomplete system
and mechanism

Economic, industrial, financial and other policies, project
operations, exits and other mechanisms are all explored.

T4 Highly dependent on
government support

The market relies on the government’s prohibition of coal bans
and the amount of resources depends on agricultural planning.

4.1.2. AHP Analysis

The results show that CR = 0.0568 < 0.1, λmax = 4.1533, the consistency test of the matrix is
qualified and the analysis result is desirable (Table 8). The impact intensity of the strengths and the
opportunities is 0.4140; The intensity of the weaknesses is 0.1090; The threats are the smallest, 0.0629.

Table 8. Inter-group judgment matrix of straw-briquetting fuel project.

Item S W O T Weights (Sw)

S 1 5 1 5 0.4140
W 1/5 1 1/5 3 0.1090
O 1 5 1 5 0.4140
T 1/5 1/3 1/5 1 0.0629

λmax = 4.1533, CR = 0.0568 < 0.1, accepted consistency

According to the results of the SWOT–AHP analysis within each group (Table 9), the main strength
is “S3: Broaden financing methods”, the score is 0.4659, which ultimately makes it easy to expand from
traditional methods such as BT and BOT to the private sector and financial assets such as banks and
fund securities.

“W3: Higher production costs” is regarded as the main weakness, the score is 0.4224.
The production cost is high, but the product output is low, and the price is low.

In the opportunity group, the highest score is “O1: Policy efforts continue to increase”, the score
is 0.5431.

The main threat is considered to be “T4: Highly dependent on government support”, the score
is 0.5538.

Then, calculating the global priority and order. It can be found that the influence of various factors
in the SWOT group on the strategic choice of PPP investment (Table 10): Obviously, the top four factors
are O1, S3, S1, O2; the last four factors with least importance are T2, T1, W4, W2.
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Table 9. Internal judgment matrix of straw-briquetting fuel project.

Item S1 S2 S3 S4 Weights (Si) Item O1 O2 O3 O4 Weights (Oi)

S1 1 3 1/2 2 0.2770 O1 1 3 5 5 0.5431
S2 1/3 1 1/3 1/3 0.0923 O2 1/3 1 3 5 0.2760
S3 2 3 1 4 0.4659 O3 1/5 1/3 1 2 0.1115
S4 1/2 3 1/4 1 0.1647 O4 1/5 1/5 1/2 1 0.0694

λmax = 4.1836, CR = 0.0680 < 0.1, accepted consistency λmax = 4.1308, CR = 0.0484 < 0.1, accepted consistency

Item W1 W2 W3 W4 Weights (Wi) Item T1 T2 T3 T4 Weights (Ti)

W1 1 4 1 3 0.3718 T1 1 3 1/3 1/5 0.1259
W2 1/4 1 1/5 3 0.1243 T2 1/3 1 1/3 1/5 0.0727
W3 1 5 1 4 0.4224 T3 3 3 1 1/3 0.2477
W4 1/3 1/3 1/4 1 0.0815 T4 5 5 3 1 0.5538

λmax = 4.2434, CR = 0.0901 < 0.1, accepted consistency λmax = 4.1975, CR = 0.0731 < 0.1, accepted consistency

Table 10. Results of the SWOT–AHP study for straw-briquetting fuel project.

Group Priority Factors Si: Local Priority (Order) GSi: Global Priority (Order)

S 0.4140

S1 0.2770 (2) 0.1147 (3)
S2 0.0923 (4) 0.0382 (9)
S3 0.4659 (1) 0.1929 (2)
S4 0.1647 (3) 0.0682 (5)

W 0.1090

W1 0.3718 (2) 0.0405 (8)
W2 0.1243 (3) 0.0135 (13)
W3 0.4224 (1) 0.0460 (7)
W4 0.0815 (4) 0.0089 (14)

O 0.4140

O1 0.5431 (1) 0.2248 (1)
O2 0.276 (2) 0.1143 (4)
O3 0.1115 (3) 0.0462 (6)
O4 0.0694 (4) 0.0287 (11)

T 0.0629

T1 0.1259 (3) 0.0079 (15)
T2 0.0727 (4) 0.0046 (16)
T3 0.2477 (2) 0.0156 (12)
T4 0.5538 (1) 0.0348 (10)

4.2. Calculation

Strategy quadrilateral was calculated as:
S = 0.1035, W = −0.0273, O = 0.1035, T = −0.0157.
By connecting 4 points in turn to, we get the development strategy quadrilateral (Figure 4).

The center of gravity is P(X, Y) = P(
∑

Xi/4,
∑

Yi/4) = (0.0191, 0.0219), the strategic coordinates are in the
first quadrant of the strategic quadrilateral.

According to P(X, Y) = (0.0191, 0.0219), strategy azimuth was calculated as:
θ = arctan(0.0219/0.0191) ≈ 49◦, and the strategic azimuth is in the first quadrant, which belongs

to the opportunity strategy area.
Strategy intensity coefficient was calculated as:
U = 0.0107; V = 0.0004
It can be seen from the above calculation that the implementation strength of the SBF project by

PPP investment is % = U/(U + V) = 0.96. P > 0.5, the SBF project PPP strategy should adopt a positive
opportunity strategy.



Energies 2020, 13, 4171 17 of 22

Energies 2020, 13, x FOR PEER REVIEW 17 of 22 

 

 

Figure 4. Straw-briquetting fuel project PPP strategy quadrilateral. 

According to P(X, Y) = (0.0191, 0.0219), strategy azimuth was calculated as: 

θ = arctan(0.0219/0.0191) ≈ 49°, and the strategic azimuth is in the first quadrant, which belongs 

to the opportunity strategy area. 

Strategy intensity coefficient was calculated as: 

U = 0.0107; V = 0.0004 

It can be seen from the above calculation that the implementation strength of the SBF project by 

PPP investment is ρ = U/(U + V) = 0.96. Ρ > 0.5, the SBF project PPP strategy should adopt a positive 

opportunity strategy. 

4.3. Strategy Judgment 

The coordinates (θ, ρ) = (49°, 0.96) (Figure 5) show that in the PPP strategy environment of the 

SBF project, strengths and opportunities coexist, an opportunity type strategy in the pioneering 

strategic area (S–O strategy) should be adopted. 

 

Figure 5. PPP strategy type and strategic intensity of straw-briquetting fuel project. 

4.4. Results Evaluation 

Figure 4. Straw-briquetting fuel project PPP strategy quadrilateral.

4.3. Strategy Judgment

The coordinates (θ, %) = (49◦, 0.96) (Figure 5) show that in the PPP strategy environment of the SBF
project, strengths and opportunities coexist, an opportunity type strategy in the pioneering strategic
area (S–O strategy) should be adopted.
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4.4. Results Evaluation

The SWOT factor, AHP priority and finalized strategy were resubmitted to the experts. They rated
the results. The score from experts did not show a significant difference. Eighty-two percent of the
experts expressed agreement with the results. Eight percent of experts disagreed with the results of
this study. Ten percent of experts thought the result was acceptable. This indicates that the results from
the questionnaire were well reproducible and that the research method was convincing. After further
investigation, we found that because of the differences in their perceptions and expectations of the
project, few experts disagreed with the results.
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4.5. Discussion

The PPP strategy of a SBF project should focus on an opportunity-type of strategy in pioneering
strategic area (S–O strategy)—that is, the social capital should take the initiative to actively seize
the opportunity and give full play to its strengths. To date—under the opportunity of a series of
favorable policy guarantees such as accelerating rural revitalization strategy and ecological civilization
construction [75]—the government has paid more attention to this kind of project. A large number of
support policies have been introduced. This model also superimposes an unprecedented attention to
PPP financing methods and the rich experience of domestic PPP investment in agriculture. The multiple
benefits of superposition have brought considerable opportunities to the capital side. In addition,
it should give full play to the advantages brought by the PPP mode. We must broaden financing
methods through PPP mode to alleviate project financing constraints. By attracting social capital
investment, the problem of insufficient investment total is alleviated. By fostering the professionalism
of social capital, it can make the project more flexible and adapt to market changes [76]. With good
external opportunities and these advantages, the capital side can fully attack and develop in this field.

While adopting the S–O strategy, social capital must always guard against external threats. Social
capital should actively resolve the inferior disadvantages of the project itself, remove obstacles and
hidden dangers, by the motivated opportunity-oriented strategy. In response to the projects’ own
disadvantages, we will actively develop new technologies and new modes, do a good job of internal
control through specialized teams and operational personnel and gradually overcome weaknesses
such as high production costs and weak market-based profitability [77]. Social capital can fully resolve
and hedge the weaknesses and threats of the project by coupled with the advantages and opportunities
of the project to improve project profitability, reduce production costs and increase capital return on
investment [78]. The uncertain external environment will be transformed into the external environment
and the competitiveness of the project will achieve a stable return on capital. It can continuously
promote the PPP investment process of SBF projects.

5. Conclusions and Recommendations

From the strategic choice of social capital to the two projects of CBP and SBF, it is clear that social
capital maintains a positive and optimistic investment attitude towards the projects. Therefore, we hold
the views that by promoting the two models in rural areas, the public sector policy focus on fostering
its advantages of the PPP model and attract the social fund to participate in the construction and
operation, thus to realize the marketization of the projects. By analyzing the PPP investment strategies
of the two projects, it is found that in the process of promoting the energy utilization of straw resources
in rural areas, the social capital should formulate corresponding investment strategies according to the
different characteristics of the projects. The CBP project should focus on the negotiation with the public
sector to get maximum policy support. In fact, it is precisely. For the reason that the government is
facing intense pressure on the issue of environmental protection. In particular, local governments are
facing administrative pressure on air pollution control from the higher-level governments. Therefore,
to promote the CBP projects, the government has adopted preferential policies, such as investment
promotion, site selection and product promotion, even the supporting policies during the operation
stage are all very active. The SBF project can adopt a more flexible support method. In addition to
being able to benefit policy dividends which similar to the CBP project that due to the government’s
environmental governance pressure, SBF project has a good market adaptability and it is more attractive
to social capital. To promote the SBF project, the government can return from a “nanny” to a “waiter”
and fully endow social capital autonomously.

Although many factors involved in the SWOT analysis of the two projects are the same. With the
AHP analysis, the importance of each factor is quite different. SWOT–AHP analysis applied to straw
utilization PPP strategy research, which solved a series of problems such as reliability and scientific
deficiency that rely solely on SWOT qualitative analysis. In particular—after applying the AHP to
give weights to various factors—the method provides a clear strategic choice for decision-makers
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by constructing a strategic quadrilateral and determining the center of gravity to map the strategic
orientation to the coordinate points. This is especially important for CBP projects and SBF projects
that require introducing capital from all parties. Government decision-making departments can
choose whether to introduce the corresponding financial and policy support according to the judgment
result of the method, select the corresponding social capital, make scientific decision-making and
effectively avoid launching projects blindly. Social capital can also choose the corresponding strategic
countermeasures when making investment decisions. The decision-making result of the method can be
used to determine the investment in project construction and to implement the policy. The shortcoming
of the SWOT–AHP analysis method is that the method is limited to solving the problem of strategic
choice and has not yet solved the specific strategic measures and countermeasures. We expect that in
the future, through further exploration, a systematic analysis method that takes into account strategic
measures will be established.
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