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The PPP model is a Public-Private Partnership and a pattern which provides product or service to the public; applying the PPP
model to the shale gas development project helps to solve the difficult problem that exists in the shale gas project. Through
extensive literature analysis and in-depth study of shale gas PPP projects, for performance evaluation of shale gas PPP project,
based on the five dimensions of macroenvironmental characteristics, economic benefits, the project internal processes, innovation
and environmental protection and sustainable development, and stakeholder satisfaction, an indicator system consisting of 22
secondary indicators was set up, and the weight of each index was determined by AHP, using the matter element analysis method
to build the comprehensive evaluation of the shale gas PPP project performance evaluation model and set indicator evaluation
standard of excellent, good, medium, general, and poor in five grades. We evaluate the performance of a shale gas PPP project and
conclude that the evaluation grades of the project are good, which is in line with the reality, indicating that the evaluation system

and the method are effective and credible.

1. Introduction

Shale gas is an unconventional natural gas contained in shale
formation. Shale gas extraction projects are characterized
by large extraction risks, large investment in exploitation,
involving many related enterprises, and long investment
recovery period [1]. As the world’s largest shale gas reserve,
China’s shale gas has become the strategic focus of national
energy development. The shale gas mining is bound to show
an accelerated development.

Although the country has more and more policy sup-
port in shale gas extraction, but the characteristics of the
large investment in shale gas project lead the three major
difficulties in shale gas project financing, they are [2] mainly
financing body single, lack of financing channels, and lack of
flexibility of capital exit mechanism effectively. The Public-
Private Partnership (PPP) model is a model of providing
products or services to the public based on the cooperation
between the government public sector and the private sector
[3]. By attracting social capital into the infrastructure con-
struction, the PPP model can realize the optimal allocation of

resources under the premise of fully mobilizing the resources
of all parties. The PPP model can realize the diversification
of investor and realize the limited recourse and flexible credit
structure, which can solve the three difficult problems in the
process of shale gas exploitation.

Based on the support of the country and the advantages
of the PPP model, the PPP model is widely used in the
construction of various infrastructures. Sun Jie [4] had
proposed that the effective evaluation of PPP is the key to the
success of the PPP project. Klijin [5] and Garvin [6] believe
that PPP shares costs, risks, and contributions to profits
across the parties around a win-win mindset and long-term
partnership. And performance evaluation refers to the use
of certain evaluation methods, quantitative indicators, and
evaluation standards, to achieve the project participants to
achieve their expected performance goals. The study of PPP
project performance evaluation system can provide accurate
information for the government and the private sector and
help them make scientific and reasonable decision but also
can be used for the project life cycle of all stages and all aspects
of the benefit evaluation. Article 43 of the “Administrative
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Measures on Infrastructure and Public Utilities Franchise” [7]
implemented by the State Council from June 1, 2015, provides
that the implementing agency shall regularly monitor and
analyze the construction and operation of the franchise
project according to the franchise agreement and conduct
performance evaluation with the relevant departments and
establish a mechanism to adjust the price or financial sub-
sidies according to the performance evaluation results and
in accordance with the franchise agreement to ensure the
quality and efficiency of the public goods or public services
provided. It can be seen that the government attaches great
importance to the performance evaluation of PPP projects,
but China’s PPP model is in the early stage of development.
There is no specific charter or document for performance
evaluation, and no independent normative evaluation system
has been formed. Therefore, in the performance evaluation
of PPP projects, how to choose evaluation indicators, how
to construct an evaluation system, and how to conduct
performance evaluation among the various participants are
a hot issue worth studying.

Due to the imperfect performance evaluation system,
many foreign PPP projects did not achieve optimal perfor-
mance after experiencing a long cycle and cost overruns [8].
As early as 2015, foreign scholars believe that the evaluation
based on the whole life cycle (process-based) is a promis-
ing, comprehensive, and effective performance evaluation
method for PPP projects. Whether it is in the organization
or the project level, the performance evaluation is crucial to
the success of the project [9-11].

Only by accurately evaluating the performance of the
project, understanding the current problems of the project
and improving it in time can ensure that the final operational
results of the project can be recognized by the public [12].
From the perspective of the government, it is necessary to
determine whether the use of financial funds can meet the
economic premise, whether the operation process complies
with laws and regulations, whether the products of the
project meet the requirements of the public, and whether
the environmental pollution level is up to standard. From
the perspective of social capital, it is mainly whether the
reasonable rate of return of the project is achieved under the
basic premise [13].

In terms of research methods, at home and abroad, many
scholars have studied the performance evaluation system of
PPP projects in a variety of ways. Through a plethora of
literature analysis, the author found that the methods of per-
formance evaluation of PPP projects mainly are the Balanced
Scorecard and Key Performance Indicator (KPI) and other
methods, combined with fuzzy comprehensive evaluation
method, AHP, and matter element analysis method to deter-
mine the weights and the quantization of the indicator.

The performance evaluation has a great positive role
in improving project performance and maximizing project
performance target. Scholars or institutions at home and
abroad have made relatively mature achievements in per-
formance evaluation of PPP projects, through reading a
large number of literature; it is found that each type of
project will have some performance evaluation indicators
combined with the characteristics of the project itself. The
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more targeted the evaluation system, the more accurate
the evaluation result. For example, in the sewage treatment
plant PPP project performance evaluation there has been
more mature and systematic index system at home and
abroad. But in the existing performance evaluation system,
the evaluation system of shale gas PPP project is still
scanty. At the same time, shale gas development in PPP
mode involves a large number of participants, including
government, private enterprises, project companies, loan
banks or other financial institutions, insurance companies,
guarantee trustee, storage and transportation infrastructure
operators, professional equipment suppliers, product users,
etc. [14]. In the previous evaluation of the performance
evaluation of PPP projects, the participants tended to focus
on the performance grade of their own parties and had
little consideration for the performance indicators of other
participants, resulting in the lack of connection between the
performance evaluation indexes of PPP project and even the
lack of systematic evaluation index system [15]. Shale gas
PPP project is a project with multiparticipation and long
development cycle. When evaluating its performance, under
the premise of such multiobjective evaluation, single index
is hard to evaluate the project comprehensively, so we need
to establish a comprehensive performance evaluation system
[16]. In a word, to evaluate the performance of shale gas
PPP project accurately, it is urgent to establish a performance
evaluation system for shale gas PPP project in order to achieve
the effect of performance evaluation and provide practical
methods for the current and future performance evaluation
of shale gas PPP projects.

2. Material and Theory Support

2.1. Theory Support. In the implementation process of PPP
projects, the public sector’s pursuit of public satisfaction and
social benefits of public goods or services may, to a certain
extent, ignore the interests of the private sector. The private
sector focuses on the profitability of the project, paying
attention to the cost and benefits of the project, and may
ignore the social benefits of the project. If the two sides
conduct performance evaluation separately, it will not reflect
the characteristics of the PPP project and its comprehen-
sive benefits. The balanced scorecard method breaks the
traditional performance evaluation model focusing only on
financial indicators and advocates that the performance eval-
uation of enterprises is carried out in four aspects: customer,
finance, internal process, learning, and growth. Among them,
the customer’s focus is on how the company creates value
for the customer; the financial focus is on the company’s
ability to control the cost; the internal process is based
on the customer’s needs and on the premise of effectively
controlling the cost and the company’s achievement of the
field beyond the evaluation. The focus of learning and growth
is on the improvement of the company and the sustainability
of value creation (Greatbanks et al., 2007; Harvey et al,
2018). Therefore, the balanced scorecard method is more
suitable for performance evaluation of PPP projects. Based on
the balanced scorecard theory, the performance evaluation
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FIGURE 1: Proposed framework of the performance evaluation of shale gas PPP project.

of shale gas PPP project can select indicators from the
macroenvironment dimension, economic benefit dimension,
and project internal process dimension.

As a public good, PPP projects should pursue the real-
ization of the common interests of the public sector and the
private sector. The public sector represents the interests of
the government and the general public. The private sector
represents the interests of social capital. Therefore, PPP
projects need to achieve a balanced state among the interests
of the government, the public, and social capital. The Admin-
istrative Measures on Infrastructure and Utilities Franchising
mentioned that the implementing agency should take public
opinions as an important part of monitoring analysis and per-
formance evaluation. This shows the government’s emphasis
on public opinion and public interest. If investors want to
realize the public interest of shale gas PPP projects, they need
to consider the sustainable development of the project. The
theory of sustainable development refers to the development
theory that meets the needs of the present and does not
constitute a harm to the ability of future generations to meet
their needs. The development theories of fairness, continuity,
and commonality are the three basic principles [29]. The
ultimate goal is to achieve common, coordinated, fair, effi-
cient, and multidimensional development. The sustainable
development system includes social sustainable development
system, economic sustainable development, and resource
and environment sustainable development system. Based
on the theory of sustainable development, the performance
evaluation of shale gas PPP projects needs to select evaluation
indicators from the dimensions of innovation, environmen-
tal protection, and sustainable development. Freeman [30]
proposed that stakeholders are individuals or groups that
affect the realization of organizational goals. While achieving
economic goals, enterprises must also achieve the interests of

stakeholders [30, 31]. Based on the stakeholder satisfaction
theory, the performance evaluation of shale gas PPP project
needs to select the evaluation index from the dimension of
stakeholder satisfaction.

The shale gas PPP project is different from the general
infrastructure construction project. It not only is extremely
sensitive to macroeconomic policies, but also has high techni-
cal requirements and has a great impact on the environment
during the mining process. In general, its resource condi-
tions, technological advancement, economic efficiency, and
environmental impact are closely related to the performance
evaluation of the project. This study is based on four aspects
of the balanced scorecard theory, combined with the require-
ments of the sustainable development theory for shale gas
projects, and the number of stakeholders considering PPP
projects, applying the stakeholder satisfaction theory to the
performance evaluation of shale gas PPP projects, mainly
from the macroenvironment, economic benefits, project
internal processes, stakeholder satisfaction and innovation,
environmental protection, and sustainable development to
evaluate the performance of shale gas PPP projects (Figure 1).

2.2. Macroenvironmental Characteristics. For the shale gas
PPP project, apart from the difficulties of extensive partic-
ipants, long project duration, and large project investment,
there are also some unique and difficult problems in shale
gas development projects currently under the conditions of
Chinas market economy: Chinas shale gas mining rights
access standards, mining sequence, exit system, circulation
conditions, and supervision and other problems, restricting
the development of shale gas industrialization and large-
scale development [32, 33]; according to the latest circular on
“Notice on the Financial Subsidy Policy for the Exploitation



and Utilization” of Shale Gas issued by the Ministry of
Finance of China and the National Energy Administration,
the central government continued to grant subsidies to
shale gas mining enterprises from 2016 to 2020: the subsidy
standard for 2016 to 2018 is 0.3 CNY/m’ and from 2019 to
2020 is 0.2 CNY/m’. It is shown that the fiscal support is
not strong enough, the fiscal support is not long enough,
the preferential tax treatment is not large enough, and the
unreasonableness of the relevant fiscal incentives is limited
to the development of the shale gas industry to a large extent
[34] (Lin 2013). Comparing with developed countries in
Europe and America, China’s pipeline network infrastructure
construction is not perfect. “China Natural Gas Development
Report 2017” shows that, as of the end of 2016, China’s per
thousand square kilometers of land area corresponding to
pipeline mileage is about 70 km, equivalent to only 12%
of the United States, the formation of underground gas
storage capacity of 6.4 billion cubic meters, accounting for
only 3.1% of consumption, far below the world average of
10%. In addition, the market construction is the key to the
development of shale gas industry, the “Shale Gas Revolution”
in North America benefits from the open and fair market
environment obtained after breaking the monopoly and
effective incentive mechanism, and the monopoly in our shale
gas market has seriously hindered the development of the
shale gas industry in China [35].

2.3. Economic Benefits. The economic evaluation of shale
gas PPP projects is mainly conducted from two aspects: the
economic benefit evaluation of shale gas project and the
economic benefit evaluation of PPP project. Evaluation of
the economic benefits of the shale gas project should be
evaluated in terms of macroeconomic benefits and industrial
development benefits, that is, the promotion of the regional
economy and possible added value of various links in the
industrial chain [17], and they are ultimately reflected in
the improvement of the residents’ income level. As the PPP
project, using or intending to use the PPP mode in our
country of the project shall be in accordance with the “The
Guidelines of Evaluation of PPP Value for Money (Try Out)”;
the relevant provisions of value evaluation and the quan-
titative evaluation are evaluated through two quantitative
results of the value for money and the value for money index.
The character of huge investment and long development
cycle of shale gas development projects requires that shale
gas development enterprises have a continuous good capital
structure, mainly reflected in the enterprise total asset-
liability ratio and shareholder equity ratio [17].

2.4. The Project Internal Processes. The success of a PPP
project and the large-scale production of shale gas require
that shale gas company has good financial ability and its
management ability is also an important factor for the success
of performance. In 2003, a natural gas blowout accident
occurred in Kaixian, Chongqing. After investigation, the
reason of the accident was that a technical manager of CNPC
issued instructions to the subordinate technician to replace
the damaged equipment, knowing that the removal of the
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back-pressure valve may cause blowout accident, but the
technician did not raise any objection to this obvious viola-
tion, which eventually led to the occurrence of the accident
(Yu 2014). From this case, we can see the importance of a well-
established Health Safety and Environment System (HSE) for
shale gas development projects [36]. In the previous domestic
PPP projects, such as Beijing Jingtong Road, Hangzhou Bay
Sea-Crossing Bridge, Shenyang No. 9 Water Plant, Beijing
No. 10 Water Plant, and other relatively unsuccessful cases,
are mostly due to the problem of the allocation of rights and
responsibilities in the management of the project contract
by the government or the partnership [37], showing the
importance of contract management on a PPP project. At the
same time, for shale gas development projects which have
multistakeholder, reasonable project company organization
structure and the good operation of the project company are
inseparable.

2.5. Innovation and Environmental Protection and Sustainable
Development. In the Shale Gas Revolution that began in
the United States since 1982, with the strong support of the
government, the United States launched the Eastern Shale
Gas Project (EGSP) for shale gas research and development,
aiming at enhancing the research of shale gas geochemistry,
geological conditions, and development technology [38].
First, the Michel Energy Company took the lead in making
breakthroughs in hydraulic fracturing technology; then the
Devon Energy Company achieved a major breakthrough
in the horizontal drilling technology; thus the innovation
and progress of shale gas exploration and mining tech-
nology prompted the US Shale Gas Revolution success
[34, 39, 40].

The main environmental problems in shale gas min-
ing process include [41-47] large consumption of water
resources, groundwater and soil pollution, methane leakage,
and geological risk. The greatest impact is on the water
environment and atmospheric environment [44]. Horizontal
wells have high production but large consumption of water
resources, with up to 7560 ~18900m’ of water consump-
tion per well, which is 60~100 times larger than that of
conventional hydraulic fracturing wells. For every million
cubic meters of shale gas produced, there will be produced
30~130m”’ effluent [48, 49]. The atmospheric pollutants in
the mining process are mainly methane and nitrogen oxides
[44], wherein the greenhouse effect of methane is 25 times
as CO, is an important greenhouse gas; Wigley teams’ [46]
research shows that only methane leakage is less than 2%;
the use of natural gas compared to traditional coal has the
advantage of reducing the greenhouse effect. According to
the British Geological Survey’s (BGS) report, high pressure
water injected into deep strata and causing rock fracture
both can induce seismicity [50]. Since the “Environmental
Protection Law of the People’s Republic of China ”came into
effect on January 1, 2015, China has attached great importance
to the land reclamation and the quality standards for land
reclamation have been promulgated for soil pollution such as
the “Land Reclamation Regulations” and “Land Reclamation
Quality Control Standards” (TD/T1036-2013) [51, 52].
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At present, the shale gas PPP project is in the initial
stage and lacks the experience of the industry. Therefore,
every project is required to have the sustainability of learning
and promoting. The sustainability of learning and promotion
of the project is demonstrated through human resources
(building and cultivating professional teams and profession-
als) and through the promotion of shale gas PPP projects
(reproducibility of shale gas PPP projects) [53].

2.6. Stakeholder Satisfaction. In 1963, researchers from the
Stanford University first proposed the concept of stakeholder;
Freeman [30] proposed that stakeholders are individuals
or groups that influence the realization of organizational
goals. While realizing economic goals, stakeholders also
need to achieve stakeholder interests. Participants involved
in the PPP project include government, social capital, the
public, banks and other financial institutions, consulting
firms, and other participating companies. Among them, the
social public is the social supervisory body for the shale gas
PPP project and the “Environmental Protection Law of the
People’s Republic of China” clearly stipulates the qualification
of public interest litigation. The study divides stakeholders
into three categories: government agencies, private sector,
and the general public.

2.7, Establishment of Performance Evaluation System for Shale
Gas PPP Project. In view of the impact of the above indi-
cators on the performance of shale gas PPP projects, the
relevant departments of various countries have taken a series
of measures [54-56], for example, from the government
point of view, improve the relevant legal system; from the
perspective of the project company, do a good job in the initial
shale gas resources exploration and environmental impact
assessment, promote technological innovation and techno-
logical progress, establish and improve the environmental
risk supervision mechanism and emergency mechanism of
shale gas mining, etc., so as to reduce the negative impact
on the environment. In terms of technology, the mining of
high-efliciency and low-pollution in China is in urgent need
of innovation and the corresponding shortage of professional
and technical personnel; in terms of environmental protec-
tion, there is a lack of corresponding mandatory policy and
lack of environmental awareness among enterprises.

To sum up, according to the collation and demonstration
of a large number of literatures and the actual situation,
based on the principle of scientific rationality, high-efficiency
evaluation, independence of relevant subjects, and the com-
bination of qualitative and quantitative indicators, the author
sets 22 secondary indicators from the five dimensions of
macroenvironmental characteristics, economic benefits, the
project internal processes, innovation and environmental
protection and sustainable development, and stakeholder
satisfaction. The evaluation of indicators is divided into
excellent, good, medium, general, and poor five grades.
The study makes a comprehensive evaluation of the project
management, production technology, environment, econ-
omy, society, and other factors in the shale gas development

process and builds a performance evaluation system of shale
gas PPP project (Table 2).

The macroenvironmental characteristics include the
degree of the perfection of national shale gas mining rights
management legal system, the degree of the reasonableness
of financial incentives, supporting infrastructure of storage
and transportation, and construction of shale gas market,
all of which are qualitative description indicators; according
to the above description of indicators, the classification is
determined by expert scoring.

The economic benefit indicators include the degree of the
improvement of residents’ income level, total asset-liability
ratio, shareholder equity ratio, and value for money index.
According to the requirements of “the 13th Five-Year Plan
for Economic and Social Development of the People’s Republic
of China (2016-2020)”, the performance of the evaluation
project is excellent when the residents’ income level is
increased by more than 5%. The total asset-liability ratio,
shareholder equity ratio, and value for money index are
quantitative indicators. According to their actual calculation
values and related literatures rating level [17, 57], see Table 2.

The project internal processes indicators include the
construction of HSE management system, validity of contract
management, and the organization structure of SPV. The
score of the index is based on the score, which is graded by
the relevant experts.

Innovation and environmental protection and sustain-
able development indicators include technical innovation
and progress of shale gas exploration and development,
reclamation of shale gas platform, the national set up shale gas
innovation award, and other eight indicators. The 13th Five-
Year Plan proposed the growth rate of the proportion that the
nonfossil energy accounts for primary energy consumption
from 12% in 2015 to 2020 to achieve the goal of 15% (a total
of 3 percentage points), so for the evaluation project to bring
nonfossil energy in primary energy consumption growth of
2.5and above, the index of performance is excellent. The score
of the index is based on the score, which is graded by the
relevant experts.

Stakeholder satisfaction indicators include government
agencies satisfaction, private sector satisfaction, and the gen-
eral public satisfaction. Through the form of questionnaire
to score the satisfaction of all parties, each questionnaire is
divided into 100 points, divided into five grades.

3. Method

3.1. Superiority of Method. The matter element model was
established by professor Cai Wen [58] in the 1980s; it is
mainly used to solve complex and incompatible problems
and is suitable for multi-index evaluation. The performance
evaluation of matter element analysis applied to PPP projects
has the following advantages [20]: The comprehensive impact
of various factors on performance can be fully considered;
using the correlation function to establish a mathematical
relationship between the evaluation target and the evaluation
criteria can fully reflect the degree of relevance between the
evaluation target and the evaluation criteria; not only can the



shale gas PPP project performance level be defined by which
rating level, but also the difference in the same level indicator
can be expressed by accurate values; the evaluation system is
flexible; by using the correlation function and the correlation
function belongs to (-00, +00), the research scope of the
method is expanded. The matter element analysis method can
conduct comprehensive performance evaluation research on
the project, making the performance evaluation result more
objective.

3.2. Operation Steps. The performance evaluation of the
shale gas PPP project can be regarded as an incompatible
problem, and the number of indicators involved is large.
The performance evaluation matter model of the shale gas
PPP project is constructed according to the matter element
analysis method. The steps are as follows [59-61].

Step 1 (determine the weight of each indicator). Use the
Analytic Hierarchy Process (AHP) to determine the weight
of each indicator.

Step 2 (determining the shale gas PPP project performance
evaluation matter element). The shale gas PPP project per-
formance evaluation N, the performance evaluation feature c,
and the feature magnitude V together constitute the shale gas
PPP project performance evaluation matter element, which is
expressed as

N ¢ v, R,
G R,
c, v R

n

In this matrix, R is n-dimension shale gas PPP project
performance evaluation matter element, recorded as R= (N,
C, V)

Step 3 (determining the classical domain matrix). The clas-
sical domain matter matrix of shale gas PPP project perfor-
mance evaluation can be expressed as

No' G (aojl’ bojl)

) (%jz’ bojz)
Ry = (Noj’ci’VO) = : : (2)

Cn (aojn’ bojn)

In this matrix, ROj is classical domain matter element;
N,; is the jth grade of shale gas PPP project performance
evaluation (j = 1,2,...,m); ¢ is the ith character of the
jth grade, the classical domain describing the corresponding
characteristics of each grade (a,;, by;).
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Step 4 (determining the joint domain matter element matrix).
The joint domain matter element matrix of the shale gas PPP
project performance evaluation is expressed as

N, ¢ (“pl’bpl)

G (“pz’ pr)
R,=(N,C,V,)= : : 3)

n (“pn’ bpn)

In this matrix, R, is joint domain matter element; Np isall
grades of shale gas PPP project performance evaluation; V, is
the quantity value of R, with respect to ¢;, joint domain (a
b,

p1

pi>

Step 5 (determining the object to be evaluated). Representing
the object element of the object to be evaluated N, as R,:

N, g

GV
Ro=| . @

Y

Step 6 (determining the correlation function and the degree
of association). The shale gas PPP project performance
evaluation index correlation function K(x) is defined as

—pP (X’Xo) XeX
X > o
K@= ik @

p(X.X,)-p(X.X,)

In this equation,

p(XX,) =[x -3 (a,+8)

- % (bo - ao) (6)

P(X’Xp) = lX - % (“p * bp)l - % (bp - “p) @)

In these equations, p(X, X)) is the distance of point X
and finite interval Xp:[ap, bp]; IXol = Iby—ayl, X, X, X,
are the value of the to be evaluated shale gas PPP project
performance evaluation matter element, the magnitude of
classical domain matter element, and the magnitude of joint
domain matter element.

Step 7 (calculate the comprehensive relevance and determine
the rating). The synthetically correlation degree K;(N,) can
be expressed as

K; (N,) = Zwin (X;) (8)
i=1
In this equation, K;(N,) is the synthetically relational
degree, Ki(X;) is the single correlation degree (j =
L,2,..., m;, and w; is the weight of each indicators. If

Kij=maX[Kj(X,-)], ji=1L2,...,n 9)
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then to be evaluated i indicator belongs to the jth grade of
shale gas PPP project performance evaluation.

K, =max [K; (N,)], j=12...,n (10)
Then to be evaluated N, indicator belongs to the jth grade
of shale gas PPP project performance evaluation.

Step 8 (analysis of the result performance evaluation level).
When 0 < K(N,) < 1, it indicates that the unit to be
evaluated meets the requirements of the standard object;
when -1< Kj(Nx) < 0, it indicates that the unit to be evaluated
does not meet the requirements of a certain evaluation
standard, but the unit to be evaluated has the conditions of
conversion to a standard object, and the smaller the value is,
the easier it is to convert; when Kj(NX) < -1, it indicates that
the unit to be evaluated does not meet the requirements of
a certain level of evaluation criteria and does not have the
conditions for conversion into an evaluation standard.

4. Case Analysis

4.1. Case Overview. A certain Southwest Shale Gas PPP
Project Platform Drilling Project is located in the central and
southern Sichuan Basin, Neijiang Weiyuan County territory.
The nature of the project is a new project, with a total
investment of 120 million yuan, of which 3.35 million yuan is
environmental protection investment, accounting for about
2.8% of the total investment. The project includes predrilling,
drilling, and completion engineering. The platform will drill
3 horizontal wells with a designed well depth of 4800 meters
(straight well section of 3000 meters + horizontal section of
1800 meters), and the target layer is the Silurian LongMaxi
Formation.

4.2. Evaluation Procedures

4.2.1. Determine the Weight. Based on the concept of perfor-
mance evaluation of shale gas PPP project defined in this
paper, the index system of Table 2 is established, and the
weight of each index is determined through the method of
expert consultation and Analytic Hierarchy Process (AHP).
Limited to the space, the specific calculation process is not
describing; the results are shown in Table 3.

4.2.2. Determine the Classical Domain and Joint Domain
Matter Element of the Shale Gas PPP Project Performance
Evaluation System. Classical domain, the specific value range
of evaluation grade, is the basis of matter element evalua-
tion. According to the extension of performance evaluation,
experts are asked to score according to the index of Table 1,
and their scores are divided into 5 grades, that is, Nj; — Ns;
qualitative description is excellent, good, medium, general,
and poor. The determination of classical domain mainly
refers to the relevant project index value, “the 13th Five-Year
Plan for Economic and Social Development of the People’s
Republic of China(2016-2020)” and other existing national or
industry norms and requirements then establish the classical

domain matter matrices R, Ry;, Ros» Ros» and R5, and a joint
domain matter element matrix R, was shown in Table 4.

4.2.3. The Matter to Be Evaluated of Case Performance Eval-
uation. For this project, five relevant experts were invited to
score according to the indicator description in Section 2.6 of
the indicator system, in which stakeholder satisfaction scores
were averaged by actual questionnaire scores. According to
the expert score and Section 3.2 of matter element method,
the shale gas PPP project to be evaluated element matrix R
for

N ¢, 78
c, 86

¢ 75

¢, 79

c; 84
R, = Cs 92 (11)
¢, 93

cg 91
g 92
Cip 89
¢ 92

N ¢, 86
c;3 88
Ciy 75
¢5 89
Cig 92

Ryp=| ¢y 93 (12)

cig 89

Cio 94

Cy 91

Cy; 96

Cy 93

4.2.4. Result of Case Performance Evaluation. The matter
element to be evaluated is input into the matter element
model, and the corresponding calculation result is obtained.
The results are shown in Table 5.

The correlation degree of each index will correspond to
the weight in Table 3 and figure out the correlation degree of
the primary dimension, as shown in Table 6.

The correlation degree of each index will correspond to
the weight in Table 3, and the input equation (8) is used to
find the synthetically correlation degree of all the indexes, as
shown in Table 7.

According to (10), it can be concluded that Kj:—0.0520(—
1 < K; < 0), indicating that the project performance
evaluation grade can be considered as good, but the standard



Mathematical Problems in Engineering

CIApo wa)sAs
(02] Y S ———— 2I0W 2I€ $)[NSAI UOTJEN[BAD 3} pue pajodie) AJySIy st uras4s uonenyead ayf, (1r) woen[EA® 2oUTLIONd
“pajonasuod sem 303f01d armonmseryur ap£d 11 192(01d a1) uo paseq foxd UIMOD
ura)sAs uonen[eAd souewroyrod e “@dpr uorjen[ead adueuriojrad [ Y3 uo paseq (1) 19010 ddd T 0D
SIop[oTaye)Is warsds
(s1] sisA[eue Juswap JoHE 103 UOTJRIDPISUOD JUSDLYNSUT PUE SIOJLIIPUI JO Joquinu a51e[ e d1e 219YT, (11) women[eAs sourLIOad
*s100(o1d [ewrIay30a8 Jo uonenyesd aduewrioyrad 10§ Pajod[as a1om foxd UIMOD
$J0JeDTPUT UoHeN(eAd doueurIojrad 9¢ 9oa(oxd oy Jo a10£o oj1] o)) woay JunTess (1) 19i0id ddd T Rl
*SI0JBJIPUT JO UOTJRILISSL]d ) Ul Assawr APYSIS (11) .
[61] poowr rydpq (UI2)SAS JUIWAINSBIA] DULULIONID]) SuLeawSun De om
SINJ uo paseq adoing ut s309(01d peox ggd €1 JO $$220NS Y} JO JUWAINSLIA] (1) ddd SUHESUISH prod
“JU2)x2 dwos 0} §)2(01d JJJ JO BT $59001S
(910T “T® potjour o) aaoxdwr ued (SSD) $I030B) $00NS [BONLID PaynuapI oy} Jey) pasodoxd sty (11) s120(o1d Jqd Ut s10)08]

9 uowoyos)

J10)2eJ §$2301S [edNLID

“PauTeIqO dIoM SI0)IR]
$5900ns £33 97 pue sdnoid 1op[oyayels AL 0} PAINLISIP dIoM SIITRUUONISINY) (1)

$5900MS £33 JO UOTJRIYTIUSP]

"Po3a51e) JOU SEM WID)SAS 10JBIIPUL

poyow a1} pue 929(o1d jo ad4) ureyrad e 10818y AreoyToads Jou PIp YoILISIT AT, (T1) I2)sAS WOT)ENTRAd
[81] J0jed1pUT douRULIOfIdd A9y "PAYSI[qeISd 2q [[IM WIAISAS UOTJENLAD Uk ToAOpULY pUe UoTjeId2do ‘UoroNIIsuod aouewrroyrad oafoxd g4q
querd uorssadu0d ‘Furppiq quawysiiqe)ss 3oafoxd JJqd jo sadeys x1s oY) worq (1)
*2]8INDOE JIOW $J[NSAT UOTIBN[BAD
soueIofIad a1) dpeU Sy SIOP[OYANEIS JO UOTIORJSTIes Pappe A[Mau oy, (TIT)
1 PI£221098 pasuT[eq .wm;um:ou a1 J0Je1pUT A1) JO sanred d[qIsuodsal pue sIop[oyaNels wa)sAs uonjen[eAd
2y} pue ‘uonjenead jo Apoq urewr a3 st L1red pary) Juspuadopur A[panepr ayf, (1) soueuriojrad 309(oxd g4d
IMOI3 pUE UOTJRAOUUT YUITIFLULT [OTJUOD [RUIUT

A)[Iqe [eIOURUT ‘UOT)ORISTIES JOP[OYEIS JUIWUOIIAUD 103(01d :suotsuawIp 2AL] (1)

S30UAIAJY POy (suoneyruury pue suonesrddy) sjutog utely wI2)sAg 101ed1pU]

'SI0JedIpur uorjenfeAs ouﬁwaho.wuva Jo uonezrrewruung T F1dV],



Mathematical Problems in Engineering

“pa1a8re) A[y3ry st was£s oy ‘s309(01d pajejp-Lemysiy 107 (11)

193(01g

stsA[eue uorssarSar reaur ddURUUTRIA ABMyST
[82] S : "1 ‘surerdord 10enu0d JJd JUAILPTP JO UosLIedwod 20URWIONd ] (1) ddd AABIN AEMUSTH
JO UOTjEN[BA] OURWLIONS
"aWIT) PUE $)S0D $30IN0s31 193(01d
. . . eISaUOpU]
stsA[eue juerpenb Jo JuduraSeurw pue A)[Iqeure)sns [BJUSWUOIIAUS PUE [BID0S OTUWOU0ID FIOMIUILI] 1 $155(01.1 TONAMIISTO
(2] [EUOISUSTUIP-OM], PU® [ewonmnsut :sdnoxd waAas 0JuT PapIAIp e s1030¢f Joeduut souewIorrad Fg YT, (1) 8198 m&:.wa MS %
stsA[eue 10100y A107€101dXT 's109(01d JJd UeIsauopu[ Jo UOTIeN[eAd IIISEIUL
JO UOTjEN[BA] OURWLIONS]
souewIofrad o) Ur paIapIsu0d aq PINOYS JeY) $10308f ) Sututurd( (1)
Yy
[TS ST SI0JBJTPUT JO JoquInu a1y ‘sourr) Auew pazrumdo waaq sey 1 ydnoyiyy (1)
*SI07edTpUT
poyjow a1y} ueamiaq drysuone[ar Ay} dUTULIIAP pue s10jed1pur Jue)rodur a10w 3y AJruapr soolord
[oz-¢7] JIojedTpUT 2oURTIIOfIAd 0} PaYSI[qe)sa ST ppowr uorjenba Tern)onI)s wonen[eAd aouewIojrad a1) Uy HOTINIISUO ohauswﬁﬁ Jur
A9 ‘(JNFS)[opow PUE ‘SI0JedIPUI 21} SUTULIDJAP O} PIsh ST POYIAUI J0JedIpul ddueurIojrad Ao ayy, (1r) ‘ :
. . JO UOTIEN[BAD dDUBULIOJIdJ
uonenbs [erjonng (sI072TPUT [01)U0 $59201d ‘S10BITPUT
UOI}OeJSTIES 1OP[OYaNe)S ‘SuonjezrueSio SuruIea] pue UOIBAOUUT JO SI0JEIIPUT
uoI}ONISU0D ‘s10jed1pul Judawdoaadp joxIew pue Supueuy [erueuly 9o2(oxd
3]} JO SONSLI2)OBIRYD [ed1SAYd) $109ds® 9AT] TWOI] WI2)SAS WOTIENRAS Ue YST[qeIsT (I)
"SI0)eTPUT UOT}ORJSTIES warsds
1) UO SI0JedIPUT UOTIEN[EAD UIMIDq UOTIOUTISIP OU ST I} PUL ‘SIOJeIIPUT ) UT
kd STSA[eUR JUIWA[D 12)JeIA ! JeoIpUL HORTl 19q UORIUNSIP O St 219} P Jeotpt ot i uorjen[eAd aoueurojrad
SI0JeDIPUI Paje[ol JUdwFeuew £)oJes PUL JUSWSSISSL [BJUITUUOIIAUD OU ST YT, (T1)
juerd Jusurjean) a8emag
"103(01d 217} Jo 9[2£d 371 Y} WrOIy TWOTIENTRAT (T)
*219]dwI05 210U UI2)SAS WOTIENTRAD ]} BT 0] SI0JEIIPUT UOT)IRJSTIes
I9p[oye)s SUIONPOIUT ‘SPILdII0IS PIdue[eq Jo A109Y) Y} UT 2ATjeAOUU] (TT) wo)sAs
[12] PIe221008 pasue[eq “uorsudWIp Y)moI3 pue SuruIes] pue UOISUIWIP $$2001d [BUIIUT “UOTSUIWIP uorjen[eAd aoueurojrad
UOT}ORJSTIES JOP[OTAY .S “UOISUSTIP [RIOURUTJ :SUOISUIWIP INOJ WO} 103(01d juerd Jusurjean) a8emag
jueld juourjearn) 98emas Jo wd)sAs uonenesd dduewoyrad oy Jurysiqelsy (1)
SIOUAIJY PO (suoneyruury pue suonedsrddy) syurog urejy w2)sAS 103ed1pU]

‘ponunjuo)) ;1 14V],



Mathematical Problems in Engineering

10

uonnaduwod ydnoiyy s3s0d 2onpar pue A3o[ourda) aaoxdur
cuonnadwod ur oyedonred 03 sestadiojus pazis-wnrpaw pue [fews a3ernoous ‘sastrdiajua agref yo Afodouowr
a3 Yeaiq ‘uondwnsuod sed aeys ageanoous 03 sarrjod ajenurio :9A1309ds1od $JUSWUIIA0S S} WOL]
suone)s SuIAIda1 HN'T pue sasnoyarem ‘souredid edorunw sed rerjeu sourjadid
sed pue [10 doue)sTp-3uo] Junsixs ay jo ssouuado jo 92130p a1y 28e103s sed punoidropun Jo WONONIISUOD
Ay, ‘ssaursnq J1odsuen) yiomjau oy ajerado 03 senred paryy Juspuadapur £q pue Sjromiau surdid ay) jo
a8er10400 a1p) puedxa Tejides [e100s Jo uOnONPOIIUT YT, "WONNQINSIP ITef Jo ymsind oY) Yromiau surjadid [ernau
*SIPeI3 JAIJ OJUT PIPIAIP ST 9I09$ I} ‘SUONIPUOD UoTRIUdWI[dWI 9 2A0qe 3]} 0] SUIPIOIDY JUNOISIP
[eIOURUY (3) ‘UoON)IR ) JudwS[dWI 0] SAIPISqNS JUIWIUIIAOS [BI0] 9FBINOOUS P[NOYS JUIUWIUIIAOS [BIJUD
a3 guawainooid Juswruroaod uoxs e juswe[dwi() Ao10d SATIULOUT XB) pUE [BISY J[qe)S PUE DIJEUIISAS
2(® uawdolaasp pue uonero[dxa sed s[eys Jo saIPISqNS Xe) [2)0) ) ISLAIIUI ‘SUOISSIIUOD XB) SUIOOUT PUE
xe) pappe-anea sed a[eys o) Juawa[dwr pue aaoxduwr xe) 30I1n0sa1 S o[eys 2Je[nULIO] ‘SIYSLI 0M] 31} 35N JO
$39J 21} [90UED :S€ YN ANSNPUT S A[RYS JO ANSUIIUT Xe) [e11U21J21d [} 9SBIIOUI(Z) ‘S[eAIUT UOTjeNn}on[y ao11d
JUSISYIP 10J S[OAS] JUSIDPIP [IIM SIIPISqNs Jno A11ed pue sarpisqns aa1ssa1301d e 3dope ‘s1eak Aprsqns oY) puajxo
‘SATPISqNS 9SBAIIUT PIOYSIY) ApIsqns donpai ‘wononisuod suradid pue yoreasar L3ojourda) ‘uonerordxs
03 pa1yn} 2q prnoys 3roddns feroueuy :se yons Lprsqns o) Sursordwr pue £orjod aanueour [edsy ) Suraoxdun(r)
"sopeId 2Al ojul
PAPIAIP ST JUSWIYSI[qe)sa pue Juatmasoldwr Jo 9215ap a1y 03 Surproooe 235 ‘fesodsip sjyStx Sururw Surdderrono
pue sjy3Lr Sururur Jo onenoI ‘woisks femerpyim pue Sururwr syySir Sururw ‘weysAs Ansnpur sed oreys jo
swa[qoid 2y 2A]0s 0) 19pIo Ul ‘W)sAs JuswaFeuew syydur Sururw seS oreys [euorssdjord [9AS[-HNW B YSI[qe)Isd
‘euTyD Ut JudtuaSeuewr Sututwa seS aeys Jo ura)sAs e39] pue UoIIe[sI3a] JUBAI[AI ) 2A0IdWUT [[eYS B1S AT,

(¥e) 1oIeWr
sed o[eys Jo UONONIISUO))

(ge) uoneriodsuer pue
53e101s JO aIN)ONISRIU]

(ze) saanuaour
[eIOURBUL JO SSOU[qRUOSEIT
a1} Jo 2213ap YT,

(V)sonstia)oereyd
[BIUSUWIUOIIAU-OIDRIA

(Te) waysAs [edo]
Juawadeuew syySLr Jururwa
seS o[eys [euorneu jo
uonoajrad oy Jo 22139p oy,

uondr1osa(g 103edTpu]

SI0JEDIPUT £I1ePU0IS UOTSUWIP ATeWLI]

100(01d Jdd seS oreys 10J Wd)SAS UOTIEN[EAD DUBULIONS ] 7 HT1AV],



11

Mathematical Problems in Engineering

"uoneZIUe3I0 MO[[IOM PUE JOQR] JO UOISIAIP [eUOTjeZIue3IO
[POW 2IN)ONIIS [BUOTILZIULBSIO Y UT PAIOIPAI ST A JS Y} JO 2INIONIIS [eUONZIULSIO 9} JO SSIUI[BUOSLIT AT,

"SOpeI3 9AT} OJUT PIPIAIP
ST 21028 31} ‘SUONIPU0d Uonejuawa[dw § aA0qe ) 03 JuIpI020Y "suone[ora 10y jusurysrund jo suorstaord
U} I AIDY)(F) OIIUO ) djeUTULId) pue dndstp AJrpour 0) sarnpadoid axe 219Y)(E) ‘Uonen[eAd dduewIo)Idd
JO J0JEDTPUI JBA]D © ST 2IA)(D) ‘PAUYAP A[T2[D 218 J0BIIU0D ) 0] sanTed o) Jo sanIIqIsuodsar pue sa[01 ) (D)
*SapeId AL OJUT PIPTAIP ST 21008 A} ‘SUONIPUOd Uonjejudw[dur g 2A0qe 3y} 0} SUIPI0IDY
“JuapIOIL £)aJes OU ST AIAYY(E) *(ATqpuotr 1o Apeam) A[rem3a pray a1e s3uroowr £1aJes ) JOYIOYM (D) STUSTURYDIIW
AouaBrowro pue ways£s yuswaSeuewr £1o5es 109J19d ST 219U} JOYIOYM(S) JUSIWUOIIAUS SUTUTU JO NSLI ) JO
WSTURYDIW UOTSIATIANS 31} YSI[qeISS 0] JOYIOYM(S) ‘TI)SAS UOTJEN[AD JUITUOIIAUD JUSWdO[2A3P ) YSI[qeISd
01 IYAYM(p) GuamdIyns are Juowrdinbs pue [puuosiod [eIpat Y} IOYIAYM(E) SINOY JUDIOM WNWIXEUW A[oom
10 ATpuowr saakordura axe 2191} JAYIOYM(D) Surures) uorjeonpa £1a5es pue yj[eay Jeys oIe 2I19y) JYIAYM(D)

(€2) (AdS)APIYPA
asodang rerads jo
21njoniys uoneziuedio Yy,

(7o) yuouwraSeuew

19B1U0D JO AYIpTeA (D)sassado1d

[euIdiur 30301 o}

(10) ways4s JuswaSeuewr
JSH JO UOTIONI)SUOD ],

‘0197 URT]) 1918313 UM LU0 10J dN[BA ST XopUT ASUOUT J0J aN[RA PUE ASUOUT J0J INJRA

% 001 * DSd/(ddd-OSd) = Xapul Asuow 10§ anea
(ddd) anea
Juasaxd 3502 Jou JuawIIdA0S 3]042-9J1] 199(01d Jdd-(DSd) T0eredwon) 103998 dT[qnJ = ASUOU 10J aN[eA JO INRA

"opeId 1) auTIIAp 0] s}1adxa Aq ‘UoTyeIASD AUR ST IS JT ‘% 09 ~ % OF JO 9SURI Y} UT JUS[[90XA ST O1LI AT,

"opeId a1y auTWIAP 0] s}1adxa £q ‘UonyeIAdD AUR ST IS JT % 09 ~ % OF JO 9SURI Y} UT JUS[[I0XA ST O1eI AT,

"SJUDPISAI JO [9A] dwoour a3 Suraoxduur sniyy Awouods reuorar uo joedwr sey juotrdofaaap sed oeys

(q)xopur Louowr 10J anfep

(€9)
onyerx £3ba 1opoyareys

(zq)
onerx b_:n_m:.umwmm [e01,
(19) [oA9] swodur
amuﬂovﬁmou mo uﬁwao\ro.ﬁmﬁ:

a3 Jo 2a13ap 2y,

(g) s1gauaq drrouody

uondr1osa(g 103edTpu]

SI0JeDIPUT £I1PU0IS UOTSUdWIP ATeWLI]

‘panunuo)) g 414V],



Mathematical Problems in Engineering

12

"G9 > ‘G/~G9 ‘G8~G/. ‘G6~G8 ‘G6< :SAPeIS 2AL} 0Jul PapIAIp ‘syutod (0T JO 9100s [30) darRUUONSIND Yord
UOT)OI[[0D 3} JO UOTIOeIsIIes o) 03 303(od oy ur paajoaur sanpred urewr a1y} wo £oaIns arreuuonsanb e ySnoryry,

(¢2) uonoejsnes
orqnd Terouad ayf,
(22)
UO1)O.JSTIES 101938 9JRALL]
(19)uonoeysnes
sarouade JusWUIdA0D)

() uonoeysnes IapjoyeIs

"300(o1d g4 seS areys jo souaiaja1 A 902(01d JJd sed oreys Jo uonewNIIL dULIAX AYI(D)

‘uonjdwnsuod A31oud Lrewrid jo
uontodoid urezao e 10y pajunoosse £310Ud [ISSOJ-UOU JO )MOIS © ST 2101} ‘pawIof A[[esrseq wajsAs uonduwmnsuod
£310u2 u0qIEd-MO] ‘vondwnsuod A319ud feuonel 210U @INIoNAS uondwinsuod £319ud Jo uoneziwmndo YT,

‘sopeid
SATJ OJUT PIPIAIP ST 2I09S A} ‘SUOTIIPUOD UOTFRIUIW[AWI § 2A0qe 33 03 SUIPIOIIY "SIPI[SPUL] IO SIPI[SPUE]
se [ons s1d)sesip [e5130[098 asnes jou prp() <100d ST OFS < [erdUS ST OFS = > PUR OIS < WNIPIW ST O[S = >
pue G/ < po0S ST G/F = > pue Of§ < parigjoid St OfF S (¢w/Sw) UOTJRIJUIOUOD UOISSIUD IPIXOIP InJns 1saySIy
aI(E <100d ST OTT < Terauad ST Q[ S pue (T < “WNIPAW ST )] S PUL ()6 < POO3 SI 06 > PUL (8 < JUI[[IIXD ST
08 S (gur/Swr) UOTIEIUIOUOD UOISSTUId DO A 35931y 213 @ 100d ST 0F7 < ‘Teraudl st 0z S pue H7g < ‘WNIPIW ST
$7T S pue 807 < ‘pooS ST 807 S pue 76 < YUS[[IXI ST Z6[ S (W /W) UOTJRIJUIOUOD UOISSTUID QN 39y 93 (D
"sapeIS 9AL 0JUT PIPIAIP ST 2I0S Y} ‘SUOHIPUOD Uonejuawa[dwr ¢ 2A0qe 3y 03 SurpI1020Y "orjer dgeroe
3} MOT2q OTJeI 3FELI] PUL MO[FIIAO I9JeMI)seM (oM SeS a[eys [013U0(E) dSeIoA. URY) TAMO] ST [[oM J[3Uls
30 uondwmnsuod 1a3em ay3 ‘enbruypay Jurinyoesy feyuoziioy Sursn(e) (uorydajoid sa01M0SI 19JeM JO £poq TR
a3 pue uonnyjod 133em Jo [013U0d pue uonuaAdid oy} AJrre[d> 03 sar10d JULAIDI 2ONPOIIUT JUIWUIIA0S UKD

‘Juata[dwod Juafe) pue ured) 193(01d o) UTYIIM UOTJRUIPIOOD PUL UOHEIIUNTITIOD
aAT)oay0 quataldut Ajaanoage pue ueld Surpeiddn s[rys pue wonONpoNUT JUS[R) [RUOIsSajoId ST a1y,

"SIpeI3 G OJUT PAPTATIP 9q UED JT ‘PajeIoUa]

J1IYOUdQ PUB PAYSI[QRIS? JO I2QUINU Y], 0) SUIPIOOIY "UOTIBAOUUT WSTULYDIW A10Je[NSaI pUue dpour 21n3oN1s
UONeZIULSIO “UOTJRAOUUT SPOT $SAUTSN] “UoTjeAOUUT £3oToutda) Sututia pue uorjero[dxs seS a[eys sapnyour I
“woTjewWeaI [euy oY) Jo Ayrenb oty pue uerd o) Jo wOTNOXa oY) ‘Ue[d UOT)BWE[IAT [} JO SSAUITILUII)SAS
a1} 0) SUIPIODIE PAUTULIAP ST 100 YT, *(£10Z-9EO0LL / (L) SPAVPUDIS [0431400 AJ1jpnb uoyvuwvP2L pUv,
pue_ suoypniay uoypwiv(ray puv, Jo syuataImbar a1} 199w 0) pue| wrepda1 pue sue[d uoneurear dofpadq
"opeI3 91055 A1)} dUTWLINAP 0] AS0[ourda) mau pue Juatrdinba mau Jo asn 3y} 0 FUTPIOIIY 239 “WIA)SAS PINY
Surtmoery 1owoSTo o[qe[Ad21 07T ‘PMY SUTLIp paseq-1ajem souewrrojrad-ysSrq WG MH-IJ ‘Pmy Surm)oery
IaeMYT[s U218 pue uead {(YQD-DS) SurLmoely aprxorp uoqred [esnrdradns jo asn oy ‘waysks uorjesrpaid
srureusp uononpoid £3ojoutyps) Jurroyruour STWSIASOITW JULINYIRI JO asN YY) SB YONS :SAIS0[OUTYD) MU JO
juatudofaaap pue yoreasar juapuadapur Jo asn a1y Jo Juatudinba pue ssad01d a1} Jo suorssTwa Juenyjod ssa pue
uonezInn 251nosa1 Y8y jo asn o) A310us ueapd Jo asn a1y 03 Ljrrorid aa18 A3ojourde) Sururwa pasueape Juisn

(8p)122ford ddd
sed areys Jo uonjowoid ayJ,

(£p)uondwnsuod
AS1ou0 Arewnid 10§
$JUn0dcoe 319U [1550J-UOU
a1 Jerpy uontodoxd
a1} Jo ayex YImoIs oy,

(9p) uonoajoiad [eo1307098
pue crraydsouny

(sp)

u0n}02301d 90IN0SAT I9JRA\

(¥P)3urpping wreay
‘Sururer) pue uonoONpoONUI
JU3Te) [BUOISSIJOI]

(¢p)preme uoneaouur sed
areys dn jas [euonEN 2}

(zp)wrogyerd
sed o[eys Jo UOBWRRY

(1p) yuawdoraaap
pue uonjerodxa
sed afeys Jo ssaxdoid
PUE UOTIBAOUUT [EITUYI],

(@) yuawrdofaaap
J[qeure)sns pue
u01159)01d [RJUSUIUOIIAUD
pue uonjeaouuy

uondrdsa(J 10jedrpuy

$10JeIIpUT ATBPU0IDS

UOTSUIWIp ATeWLI]

‘ponunuo)) g 41dV],



13

Mathematical Problems in Engineering

1€€0 .o omwm. 0 uonjoeysiyes orqnd [erouad oyy, ¢ . S—
6200°0 1180°0 UOTOBJSTIES 103038 AL 7 6960°0 TplogEeIS
6550°0 69L5°0 UONORJSTIES SAOUSTE JUIUIUIIAOD) T
7520°0 ¥SS0°0 100foxd g4 ses oreys jo uonowoid ay7, 8
) ) uonydwnsuod A31ous Lrewrrid 10y syunoooe A31oud
15900 8cvr0 [1ssoj-uou ay3 yeyy uonjzodoid ayj jo ayex YImoi3 ayT, £
FLET'O F10€°0 uonoajoad [eor3o70a8 pue sueydsouny 9 yuswdofoaap
ISET0 €967°0 uor359)01d 201M0SaI1 19)eM ST s[qeurejsns
Surpm . ue uonoajo1d
1€20°0 9050°0 wed) ‘Sururer) pue coﬁuus_uﬂbmﬂ JUS[R) [RUOISSIYoId T ossT0 WﬁcoEmo MMZS
99100 $9€0°0 preme uonesouur sed a[eys dn jas [eUOHEN 9 £ pue uoneAouuy
71€0°0 $890°0 urrojyerd sed s[eys jo uonewedaY 71
. . juawdoraAsp pue uorjero[dxa
fccoo o870°0 sed afeys Jo ssaxdoid pue uoneAouUr [EITUYIA]T, I(T
9€90°0 96£5°0 AdS JO 21n3on1s uoneziuesio ayT, €D $9559901d 193f01d 34q
05€0°0 0670 JuswadeueW 1901U0d JOo A)IpPIRA 7D 6L1T°0 [euIa)UT sed afeys ayy
€610°0 F€9T°0 wa)s4s JustaSeurur FSH JO UOIIONIISUOD YT, [D o9lo1g o) Jo 2oueurioprad
67800 6LTV0 xopur £ouour 10J anfeA F¢ UL
SI€0°0 97910 onex Lymba 1apoyareys ¢ —
SIE0°0 97910 onel baﬁw.mw% [e10L, zd 8€61°0 Souosy
6£70°0 04720 SWOOUT SJUIPISAT JO JudwdA0IdwWI oY) Jo 22139p YT, I
8€70°0 9S/T°0 oy rewr sed [eys JO UONONIISUOD) FV
1220°0 $€91°0 uonjeyrodsuer) pue 953e103s Jo aINIONISeU] ¢V SOTISLIO)ORIRYD
) ) SIATIUDOUT PSET0 [BIUSWUOITAUD
£1E00 0teT0 [BIOURUTJ JO SSOUD[QRUOSLAT ) JO 22139p oYT, TV -0I0BIA
. . wysAs [edoy juowafeuew syydur Sururw
8500 00¢7°0 sed oeys [euotnjeu jo uonody1ad oy Jo 22139p YT, TV
ySrom Jydrom
UOTSUaWIp
juapuadag xapujy $I10JeDIpUT AIePU0I3S ySropm Arermig 1o81ey,

Jydrom

"109(01d gJqd ses areys Jo 1ySrom pue wo)sAs UOTJEN[EAI 2OUBULIOJII] ¢ TTIAV],



Mathematical Problems in Engineering

14

001~0 09~0 0£~09 08~0L 06~08 001~06 yurod uonoeysnes drqnd [erousd oYL, 77D
001~0 09~0 0£~09 08~0Z 06~08 001~06 yurod UOTIOBJSTIES 101938 A1BALL] [7D)
001~0 09~0 0£~09 08~0L 06~08 001~06 yurod uonORISHES SAOUFE JUIWUISA0D) (07D
001~0 09~0 0£~09 08~0L 06~08 001~06 yutod 193{01d 44 se8 areys jo uonowoid ayf, 61D
001~0 09~0 0£~09 08~0L. 06~08 001~06 Jurod uondumsuos A31ous Arewrid 10§ syunosoe
: £S19u0 [1sso3-uou a1} Jey) worprodoxd oy Jo ayer yImoid oYY, §1D

001~0 09~0 0£~09 08~0L 06~08 001~06 yurod uons901d [ea180[0a8 pue susydsouny /1D
001~0 09~0 0£~09 08~0L 06~08 001~06 jutod u0152101d 2210521 191eM 91D
001~0 09~0 0£~09 08~0L 06~08 001~06 yurod Surp[ing wres) ‘ururer) pue UOTIINPOIIUT JUIE) [BUOTSSYOI] ST
001~0 09~0 0£~09 08~0L 06~08 001~06 yurod presme uoneaouus ses aeys dn 33s [euoneN oy $1D
001~0 09~0 0£~09 08~0L 06~08 001~06 yurod wropyerd ses a[eys jo wonewePIRY £1D
001~0 09~0 0.~09 08~0L 06~08 001~06 yurod yuowdopap
: pue uorjerofdxa seS ofeys jo ssoxdord pue uonEAOUUT [EITUYIAT, ZID

001~0 09~0 0£~09 08~0L 06~08 001~06 yurod AdS Jo a1mpnns uoneziuesio oy, 11D
001~0 09~0 0£~09 08~0L 06~08 001~06 yurod JuswoSeuew J00I3U0D JO AYPI[EA 01D
001~0 09~0 0£~09 08~0L 06~08 001~06 yurod wa)sAs Judwaeuru FSH JO UOHINIISUOD YL, 6D
001~0 09~0 0£~09 08~0L 06~08 00I~06 jutod Xapur £auowr 10§ anfeA 8D
001~0 09~0 04~09 08~0Z 06~08 001~06 yurod onex Aymbs 1apjoyareys Lo
001~0 09~0 0£~09 08~0L 06~08 001~06 yurod oneI AYIqeIl-19sse 10T, 90
001~0 09~0 0£~09 08~0Z 06~08 001~06 jurod 9A3[ SWODUT SJUSPISAT JO JUdWA0IdWI 91} JO 22189p YT, §D
001~0 09~0 0L~09 08~0L 06~08 001~06 jutod JodIEW SES 2[RYS JO UONINISUOD) 1)
001~0 09~0 0£~09 08~0L 06~08 001~06 yurod uoneysodsuey pue 38e103s Jo SINONISLIU] £
001~0 09~0 0£~09 08~0Z 06~08 001~06 jurod SOATJUSOUT [BIOUBUY JO SSIUI[RUOSBAI ) JO 22139p 3T, 7D
001~0 09~0 04~09 08~0L 06~08 001~06 yurod wsAs [edp juowoBeueus
: s3y3ur Sururur sed aeys jeuoneu Jo wonodfrad oy Jo 92139p YT, TD

R (**g)100d (")reseuLD (“Y)wmnipay (*g)pooo ("y)uapExy nun Toyedrpur Sunenfeay

*STSA[eUR JUSIAd J9)JeW U0 paseq 303(01d JJJ Ses o[eys Joj LLI2ILID UOTIeN[BAD DUBWIIONS ] F TTI4V],



15

JUR[[29X] 05780~ £99L°0- 0059°0- 000€°0- 000€°0 ANNNV,HM

JUR[[23xY] 0006°0- £998°0- 0008°0- 0009°0- 000%°0 ASVCRM

JUR[[23XY] 0S2L°0- 00040~ 00550~ 0001°0- 00010 (") RM

JUS[[2XY 0058°0- 0008°0- 00040~ 000¥°0- 000%°0 AENVRM

poodH 06490~ £99S°0- 00S€°0- 000€°0 0002°0- ASNVHM

Yud[RIXY 0SLL0- 000L°0- 0055°0- 00010 000€°0 (%5

JUR[[23XY] 0008°0- €€€L°0- 0009°0- 000C°0- 000T°0 AEVCRM

pPooH 05¢L0- €€€9°0- 00S¥°0- 0001°0 0002°0- Aﬁxvﬁvﬂ

wmipaN 064£°0- L99T°0- 000<°0 L991°0- 0000°¢- AENV,HM

pood 000£°0- 0009°0- 000¥°0- 00020 000¥°0- ASNV,HM

pPooH 0099°0- €€€S0- 0009°0- 000%°0 0008°0- ANJCRM

JUR[[e3XY] 0008°0- €€¢L°0- 0009°0- 000C°0- 000T°0 A:xvﬁvﬂ

poodH 0008°0- €€€9°0- 00S¥°0- 0001°0 0002°0- ASNV,HM

JUB[[OXY 0008°0- €€eL0- 0009°0- 000C°0- 000T°0 A@xv,ﬁvﬂ

JUR[[e3XY] 0S2L°0- 00040~ 00550 0001°0- 00010 (%) RM

JUR[[e3XY] 05¢8°0- £99L°0- 0059°0- 000¢°0- 000€°0 A&CRM

JUB[[OXY 0008°0- €€eL°0- 0009°0- 000C°0- 000T°0 onv,ﬁvﬂ

pood 0009°0- L99%°0- 000T°0- 000%°0 000C°T- Amxv,ﬁvﬂ

wmnipajy 08.¥°0- 000€°0- 0001°0 SS¥0°0- 000CC- AJCRM

wmipajy 0S¢0~ L9910~ 000<°0 L991°0- 0000°¢- Amxvﬁvﬂ

pood 0099°0- €EE5°0- 000¢°0- 000%°0 0008°0- ANMCRM

g _wnpsy 00570 £99T°0- 00020 £€80°0- 000¥Z- (9

m opeIn BN oy €0y N 0y 92139p uonE[R1I0)
=}

Mathematical Problems in Eng

“I0YedTpUT UoneN[eAd dduewIofrad 109(o1d JdJ ses s[eys ure11o o) Jo 90139p UONL[PII0D oY, :G ATAV],



16

Mathematical Problems in Engineering

TABLE 6: The correlation degree of the primary dimension.

Correlation degree Ry, Ry, Rys Ry, Rys Grade
Kj (A) -2.0932 0.0214 0.1159 -0.3178 -0.4883 Good
Kj (B) -0.1724 -0.0253 -0.4879 -0.6586 -0.7440 Good
Kj (©) 0.0812 -0.1109 -0.5555 -0.7036 -0.8000 Excellent
Kj(D) -0.0423 -0.0366 -0.4934 -0.6586 -0.7440 Good
Kj (E) 0.1927 -0.2089 -0.6045 -0.7363 -0.8022 Excellent
TaBLE 7: The synthetically correlation degree of the matter element to be evaluated.
synthetically correlation degree Excellent(R,,;) Good(Ry,) Medium(Ry;) General(Ry,) Poor(Rys) Grade
Kj (Np) -0.3080 -0.0520 -0.4279 -0.6253 -0.7216 Good

which is not fully conformed, Ry,, has the condition of
transformation, and the grade of good is unstable.

4.3. Result Analysis

(1) Macroenvironmental Characteristics. The performance
level of the macroenvironment dimension is general. It shows
that the current political and economic policies related to
shale gas industry in China still need to be improved, mainly
in the excessive concentration of upstream mining rights,
the monopoly of the midstream pipeline network is still
serious, and the construction of the downstream market
system is not perfect. Therefore, the state should start from
the current regulations and management system, focus on
promoting the construction of the market system, promote
the diversification of investment entities and market entities,
encourage fair and effective competition, and build a stable
and powerful macroenvironment for the development of
shale gas industry.

(2) Economic Benefits. The performance level of the economic
benefit dimension is good, although it does not fully meet
the “good” standard, but it has the transformation conditions.
According to the secondary indicators of this dimension,
the project contributes less to the improvement of residents’
income level. The company’s internal financial status and
value for money index are good. Therefore, the next stage
of shale gas companies should take corresponding actions to
raise the income level of residents.

(3) The Project Internal Processes. The internal process dimen-
sion of the project has a performance rating of excellent.
It shows that the HSE management system of the project
is well constructed and implemented properly, and the
organizational structure and staffing of the project company
are also reasonable. However, due to the large number of
participants, the performance in contract management is not
very good. Therefore, the next stage of shale gas companies
should continue to maintain good internal operations and
management, while paying more attention to contract man-
agement.

(4) Innovation and Environmental Protection and Sustain-
able Development. The performance level of innovation and

environmental protection is good. According to the degree
of relevance, it can be judged that the project has performed
well in four aspects: exploration and mining technology
innovation and progress, shale gas platform reclamation,
professional talent introduction and team building, and
nonfossil energy consumption growth. The performance in
water resources, atmosphere, and geological protection is
excellent, but the performance of the national shale gas inno-
vation award is general. It shows that the encouragement of
technological innovation at the national level is not enough,
and the innovation capability of the industry should also be
enhanced.

(5) Stakeholder Satisfaction. The stakeholder satisfaction
dimension performance rating is excellent. Among them, the
satisfaction performance of government departments and the
public and the private sector is all excellent.

(6) Comprehensive Performance Level Result Analysis. In sum-
mary, the performance level of the project is good, indicating
that, in order to improve the performance of shale gas PPP
projects, in the macroenvironment, it is necessary to increase
technological innovation and encouragement at the national
level to improve shale gas related policies and mining rights
management systems; as for enterprise, we should strive for
greater breakthroughs in technological innovation and pay
more attention to the training of professional personnel and
the protection of the environment.

5. Conclusion

(1) The performance evaluation system of shale gas PPP
project is constructed from the five dimensions of macroen-
vironmental characteristics, economic benefits, the project
internal processes, innovation and environmental protection
and sustainable development, and stakeholder satisfaction
which was set up, consisting of 22 secondary indicators with
five grades of indicators include excellent, good, medium,
general, and poor. Using the Analytic Hierarchy Process
(AHP) to determine the weight of each indicator, a matter
element model for the performance evaluation of shale
gas PPP project is established. The establishment of this
evaluation model fills in the blank of shale gas PPP project
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performance evaluation and provides a practical system for
it.

(2) Evaluating the performance of a certain Southwest
Shale Gas PPP Project Platform Drilling Project in Southwest
China shows that its performance grade is good and in line
with the actual situation. Among them, the performance
grade of the three dimensions of the economic benefits and
the project internal processes and stakeholder satisfaction
is excellent; the performance grade of the two dimensions
of macroenvironmental characteristics and innovation and
environmental protection and sustainable development is
good. It shows that, on the macroenvironment, China’s shale
gas related policies and the management system of mining
rights remain to be improved. In terms of innovation and
environmental protection, sustainable development state and
enterprise related technology departments should increase
investment in technology research and pay more attention to
professional training and environmental protection.

(3) This study provides a complete and feasible evaluation
system for the future performance evaluation of shale gas PPP
projects. The system is evaluated from the perspective of a
relatively independent third party, considers the performance
evaluation of stakeholders of all participating parties, and can
reflect the idea of “win-win”; it is helpful for the government
and the private sector to make decisions on future projects.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.
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