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Abstract: The risk level of the NIMBY (Not In My Back Yard) phenomenon is crucial for the safety
and economy of transmission and transformation projects which is rarely studied, especially for site
selection and the construction of transmission lines and substations. In order to effectively evaluate
the risk level to solve the dilemma caused by the NIMBY phenomenon, an evaluation method for
quantifying the level of the NIMBY phenomenon is proposed. In this paper, thirty-one evaluation
criteria and a risk model are put forward according to relevant laws and regulations that should be
followed in the transmission and transformation project in China, then the scores corresponding to
these criteria are obtained by a questionnaire survey. The radar chart method and minimum area
method are applied to determine the weights of the element and unit layers. Furthermore, the overall
risk level is evaluated by the fuzzy comprehensive evaluation method. In addition, a transmission
and transformation project in Xi’an City, China, is used as an example to verify the correction of the
risk model and its evaluation method. The results show that the weaknesses in the transmission and
transformation project are analyzed, and suggestions for decreasing the risk level are put forward to
minimize losses due to the NIMBY phenomenon.

Keywords: transmission and transformation project; NIMBY; risk-level comprehensive evaluation;
fuzzy analytic hierarchy process (FAHP); radar chart

1. Introduction

Risk evaluation is critical to the development of various industries, particularly the
electric power industry. The electric power industry is an important basic energy industry
in the development of national economy. A safe and reliable power network promotes
the development of the country’s economy and the well-being of its people. At present,
countries all over the world are in a phase of such rapid development that the number and
scale of power constructions required are increasing, and likewise, the capital and labor
costs consumed are enormous. Therefore, reducing risk-assessment levels for the electric
power industry helps to reduce construction costs, thereby contributing to the long-term
growth and reliability of the business [1]. The risk evaluation of the electric power industry
is, thus, of vital importance to people, power grid corporations, society, the economy and
national security. A safe, reliable and sustainable electrical power system can provide
people with a more convenient and comfortable life.

However, in order to ensure the reliability and quality of the power supply, the substa-
tion construction of the electrical power system must be deep in the load center, which is
densely populated, and its land must be highly developed. In addition, the visual intrusion,
noise and potential health risks of the electromagnetic fields emitted by electromagnetic
devices are burdens [2]. There are two main sources of noise: one is the corona discharge of
transmission lines, and the other is the vibration of transformer cores and windings due to
the electromagnetic force generated by alternating magnetic fields [3]. Meanwhile, electric-
power equipment generates electromagnetic radiation, which interferes with nearby radio
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equipment, televisions, telephones, etc., causing image distortion, sound noise or commu-
nication interruption. Therefore, the siting of power lines and substations has often been
met with public opposition, leading to significant planning delays and financial losses. The
construction of transmission and transformation projects in the large-scale urban core area
has become a common problem plagued by the power-grid corporations. Such opposition
due to the public’s misunderstanding of the effects of electric-power facilities is commonly
labeled NIMBY, meaning the public exhibit a not-in-my-backyard behavior. It is defined
interpreted by Dear in 1992 as “the protectionist attitudes and oppositional tactics of com-
munity groups in the face of unwelcome development in their neighborhoods [4]”. Initially,
the NIMBY behavior is generally viewed as a negative, showing that people prioritize
their personal interests over the interests of society [5]. As more and more siting events
occur as a result of the NIMBY phenomenon, some academics have critiqued the NIMBY
explanation as shortsighted, pointing out that canned explanations mask the real reasons
why people support or oppose wind-farm development [6-8]. In addition, some scholars
provide a detailed review of the work of their predecessors. Based on the thirty years
of North American wind-energy acceptance research, Rand et al. [9] conclude that the
socioeconomic impacts of wind development are strongly tied to acceptance and issues of
fairness, participation and trust during the development process influence acceptance. In
order to lay the necessary groundwork of the NIMBY phenomenon for synthesis attempts,
Borell et al. [10] critically scrutinize and analyze the first wave of research, which is a series
of attitudinal data, and contrast later approaches which reflect the real-life protests against
the establishment of human services.

The NIMBY phenomenon refers to the fear of residents or local units that construction
projects, such as transmission and transformation projects, waste-disposal plants, nuclear-
power plants and funeral parlors, will bring about a number of negative impacts on
physical health, environmental quality and asset value, thus stimulating people’s dislike
of the complex and fostering the mentality of ‘do not build it in my backyard’, which
means they will take a strongly collective opposition and even demonstrate resistance
behavior [11-13].

Research on the NIMBY phenomenon in the world focuses on the construction of
waste-disposal plants, nuclear power plants and funeral parlors, and seldom deals with
the aspects of transmission and transformation projects. Moreover, the planning and
construction of transmission and transformation projects are highly different from those
mentioned above, which are mainly reflected in the planning of power grids, construction
periods, line direction, substation-layout locations and social-demand levels. In addition,
the little research on the NIMBY phenomenon of transmission and transformation projects
are mostly approached from the aspects of project management, technological innovation
and economic compensation, and seldom explores it from the direction of analyzing
the existing cases, researching the relationship between the relevant stakeholders and
establishing a risk model to solve the problem [14-17]. For example, Devine [18] discusses
the factors affecting the siting problem of the 80 km 400 kV Lackenby—Picton-Shipton
line in the northeast of England through questionnaires and hierarchical linear regression
analysis. Bidwell [19] theoretically explored the impact of general values and beliefs on
wind energy. Song et al. [20] proposed the genetic algorithms to minimize the total degree
of NIMBY sentiments.

For the risk assessment of transmission and transformation projects, the impact vari-
ables are qualitative, not quantitative. Therefore, the use of fuzzy comprehensive evaluation
is extremely appropriate. Meanwhile, the fuzzy comprehensive evaluation refers to the
use of fuzzy mathematics methods to assess the possibility of evaluating fuzzy objects
influenced by multiple factors based on certain evaluation criteria [21-23]. The method has
been widely used in comprehensive evaluation in various fields and has achieved good
results [24-26].

A risk assessment is carried out with reference to a number of evaluation indicators,
which are assigned different weights depending on their level of importance. The weight
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calculation is generally divided into subjective and objective weights, because the evalu-
ation indicators of the risk assessment are qualitative, so the subjective weights like the
analytic hierarchy process (AHP) method is commonly used as a useful multiple-criteria
decision-making tool or a weight-estimation technique in various areas of human needs
and interests [27]. The conventional AHP is a simple and explicit method to acquire a
judgement matrix by exact ratios or numbers. However, due to the complexity, vagueness
and uncertainty involved in real-world decision-making problems, decision makers discuss
how the fuzzy judgement is more practical than explicit comparisons [28]. Nowadays,
the combination of the conventional AHP and fuzzy methods to form a fuzzy AHP has
been widely used. The method, called the fuzzy analytic hierarchy process (FAHP), first
introduced by Van Laarhoven and Pedrycz, is a powerful tool to treat uncertainty in the
case of incomplete or vague information [29]. Patil et al. [30] proposed a fuzzy AHP-TOPSIS
framework for ranking the solutions of knowledge-management adoption. Mosadeghi
et al. [31] compared the fuzzy AHP and AHP in an urban land-use planning decision and
proposed to choose different methods depending on the complexity of the planning. Jiang
et al. [32] used the fuzzy comprehensive evaluation method to solve the problem of the
resource evaluation of a port shoreline.

However, the above method can not enable visualization to reflect certain charac-
teristics of high-dimensional data or the overall relationship between data. The radar
chart method is a multi-variable analytical method for comprehensive evaluation that can
visually reflect the relative strengths and weaknesses of the evaluation system on the trend
of each indicator [33]. Wang et al. [34] combined the AHP and entropy weight method
based on the radar chart method to solve the comprehensive evaluation problem of power
transmission and transformation projects. Wang et al. [35] used the fuzzy analytic hierarchy
process and improved radar method to comprehensively evaluate and rank the braking
performance of three types of hydrodynamic retarders.

Therefore, in order to solve the dilemma caused by the NIMBY phenomenon of
transmission and transformation projects, a fuzzy analytic hierarchy process method based
on improved an radar chart is suggested. For this aim, six units and thirty-one elements
are proposed for constructing a hierarchical structure of performance evaluation. Then,
the expert evaluation method, the radar chart method and the minimum area method are
used to determine the weights of the element and unit layers. Finally, a transmission and
transformation project in Xi’an City, China, is used as an example to verify the correction of
the risk model and its evaluation method. The detailed contributions and novelty of this
paper are as follows:

(1) Based on the laws and regulations that should be followed in the transmission and
transformation project in China, a risk-evaluation index system of the NIMBY phe-
nomenon that can accurately assess the risk model of transmission and transformation
project is derived;

(2) The fuzzy analytic hierarchy and radar chart methods are applied to calculate the
weights of the evaluation criteria. The imprecise decision maker’s judgments are
represented as fuzzy numbers rather than exact numerical values;

(8) The proposed method is feasible and effective, which has been verified by the trans-
mission and transformation project in Xi'an City. It further provides suggestions
based on the research results for risk evaluation and serves as a reference for future
research in this field.

2. Risk Evaluation System of NIMBY Phenomenon
2.1. Evaluation Process

The selection of evaluation indicators is a crucial step in the risk evaluation of the
NIMBY phenomenon, as it directly affects the evaluation results. The risk evaluation
indicators should follow the principles of systematicity, scientific quality, comparability
and practicability [36-38]. In addition, each of these principles needs to be reflected in the
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evaluation results through a combination of qualitative and quantitative principles which
allow for more specific and accurate evaluation results.

The risk model of the NIMBY phenomenon of transmission and transformation
projects and the evaluation method are mainly carried out in the following steps:
(1) Firstly, analyze and determine the major elements affecting the NIMBY phenomenon of
transmission and transformation projects, and construct a three-level evaluation index sys-
tem including the target layer, unit layer and element layer. Secondly, define the evaluation
grade characteristics and evaluation value ranges. Finally, estimate the risk model of the
NIMBY phenomenon of transmission and transformation projects. (2) Secondly, use the
expert evaluation method and radar chart method to evaluate different elements of every
layer. Then, use the minimum area method to calculate the risk level. Finally, use the fuzzy
comprehensive evaluation method to calculate the overall risk level. The construction of
the risk model and the flow of the evaluation method are shown in Figure 1.

Fuzzy comprehensive evaluation method

v

Risk model

Y

* Evaluate the risk of the elements
(Expert evaluation method)

Determined the evaluation index system i
(Factor analysis)

Map the radar chart of the units

(Radar chart method)
\ 4
Define the evaluation grade characteristics and ¢
evaluatl.on value ranges Evaluate the risk of the units
(Likert scale)

(Minimum area method)

v

Calculate the weight of the units
(Analytic hierarchy process)

A 4

Calculate the risk of the project
(Fuzzy comprehensive evaluation method)

A 4

Put forward the suggestions

Figure 1. Risk model and the flow of the risk evaluation method.

A combination of multiple evaluation methods is adopted to evaluate the risk of
the NIMBY phenomenon of transmission and transformation projects, making the results
more accurate and reasonable. Meanwhile, a factor-analysis method is an objective and
scientific mathematical method which can be used to select the main evaluation indexes of
the NIMBY phenomenon and quantify the evaluation indexes through the Likert scale [39].
In addition, the expert evaluation method is scored with the help of experts, which is more
professional and authoritative.
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participation

2.2. Evaluation Index System

The most important step of the risk model lies in the selection of evaluation indexes
whose accuracy and comprehensiveness directly affect the reliability and scientificity of the
evaluation results. By analyzing, extracting and summarizing the cases of transmission and
transformation projects with the NIMBY phenomenon in Zhejiang Province, Chongqing
Municipality, and Xi’an City, and following the laws on transmission and transformation
projects formulated by China, the risk model of the NIMBY phenomenon is constructed
as shown in Figure 2. Meanwhile, the risk-evaluation indexes include the power-grid
corporation, the local residents, the ambiguity of relevant scientific standards and changes
in national laws.

Al:Low income
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B3:Difficult to access
information

B4:Low level of

D6:Inconvenient
transportation

scientific awareness
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Figure 2. Risk model of NIMBY phenomenon.

The risk model of the NIMBY phenomenon consists of six units and thirty-one ele-
ments, as shown Figure 2. In more detail, the six units identify the main risk of the NIMBY
phenomenon, and thirty-one elements point to specific influences. The subject and impact
aspects of each unit are listed below [40-42]. In this figure, U1 to U6 are the abbreviations of
the units. Al to A5, B1 to B6, C1 to C7, D1 to D6, E1 to E5 and F1 to Fé are the abbreviations
of the elements.

Ul: Anti-risk ability of the citizen. The units focus on the resident’s family situation,
family income, children’s status, parental status and residential property, and these factors
reflect the acceptability of financial compensation to residents.
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U2: Residents’ understanding of transmission and transformation projects and whether
they accept the construction of transmission and transformation projects.

U3: The impact of transmission and transformation projects on the lives and liveli-
hoods of neighboring residents.

U4: Whether the location of transmission and transformation projects can reduce the
probability of the NIMBY phenomenon.

U5: Whether the power-grid corporation’s promotion and communication are in
place to facilitate public acceptance of the construction of transmission and transforma-
tion projects.

U6: Measuring the acceptance of local residents and the power-grid corporation in
economic terms.

The above units and elements are not isolated from each other, but are closely related.
In the specific practice process, the elements can be adjusted appropriately according to
the actual transmission and transformation project. The thirty-one elements in these units
can be used as the risk-evaluation indexes of the NIMBY phenomenon in transmission and
transformation projects.

2.3. Evaluation Grade Characteristics and Evaluation Value Ranges

Combining the cases and the laws that should be followed in the transmission and
transformation projects in China, the qualitative indicator system has been obtained. How-
ever, in order to quantitatively and comprehensively evaluate the risk of the NIMBY
phenomenon in transmission and transformation projects, it is necessary to clearly define
the evaluation criteria for each index.

According to the research of experts and the strict laws on noise and electromagnetic
environment in China, each unit and element are divided into five levels (level 1 to level 5).
In more detail, the five risk levels and the range of evaluation values are uniformly corre-
sponded to each other one by one, in which 1 and 5 points correspond to the lowest and
the highest evaluation values, respectively. The risk levels and their ranges of assessed
values are, in descending order, essentially no risk (0.0, 2.0], low risk (2.0, 3.2], medium risk
(3.2, 4.0], high risk (4.0, 4.6] and severe risk (4.6, 5.0], as shown in Table 1.

Table 1. Definition of risk level.

Risk Level

Level Definition Range of Assessed Values/Points

Essentially no risk

Low risk
Medium risk
High risk

Severe risk

Projects have little impact on residents and are of greater benefit (0.0,2.0]
Projects have a small impact on residents and are acceptable to

(2.0,3.2]
most people
Some aspects of projects are unreasonable and cause resistance (32, 4.0]
from a small number of residents -

Most aspects of projects are unreasonable and cause resistance from

. (4.0,4.6]
most residents

There is a fundamental problem with the development of projects (4.6,5.0]

and it needs to be planned

The key to the application of the risk-assessment results lies in the feedback on the
implementation of project decisions. In the actual process of risk assessment, for projects
with a medium-risk rating or higher, risk-prevention and -mitigation measures should be
proposed for key risk elements, and the responsible parties and cooperation units for the
measures should be clearly defined. Only after the risk of the measures has been reassessed
and confirmed to be low risk can the project continue to be implemented.

3. Evaluation Method of the Risk Model
3.1. Risk Evaluation of the Unit and Element Layer

When the risk model of the NIMBY phenomenon is determined, it is crucial to conduct
the risk assessment. By analyzing the flow of the risk-evaluation method, as shown in
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Figure 1, it was found that the relative weights among the elements are difficult to determine
because their number is large and to some extent they are interconnected and influenced
by each other. Therefore, the radar charts based on the minimum-area method are used
to clearly and intuitively show the risk level of each element under each unit and their
relationships with each other.

3.1.1. Evaluation of the Risk of the Element Layer

In order to obtain statistics, relevant personnel involved in the construction of trans-
mission and transformation projects are invited to conduct a questionnaire survey on each
element based on the definition of the five risk levels and their corresponding range of
evaluation values. The evaluation value can be jointly assessed by the local government,
the power-grid corporation and local residents, and then the linear weighting method is
used to calculate the comprehensive evaluation results. For example, the Al is scored,
and after the comprehensive calculation of the three-party evaluation, the final evaluation
results are shown in Table 2. Similarly, a comprehensive evaluation of the risk model can
be obtained in the end.

Table 2. Comprehensive evaluation results of Al.

Investigator Range of Assessed Values/Points Weight
Local government 44 04
Power-grid 46 0.3
corporation
Local residents 4.0 0.3

Weighted average =4.4 x 04 +4.6 x 0.3 +4.0 x 0.3=4.34

3.1.2. Map the Radar Charts of the Units
By connecting the evaluation values calculated above by units in an N-sided shape,

that N is the number of elements corresponding to the unit layer, and a radar map for each
unit can be obtained [43].

3.1.3. Evaluate the Risk of the Units

According to the completed radar charts, the risk of the units can be written as
follows [44]:

r=4/=—x5 @)

where 7 is the risk of the units, S; is the area of the shaded area, which is the area of the
graph where the elements of the same unit are connected end to end, and S, is the area of
the N-sided shape.

Since the different order of the evaluation values in the radar chart may result in
different shaded areas, the risk level can be evaluated by the minimum-area-ranking
method [44].

n—

1
{ler x (c2n +can-1) + X ci X (con—i + Cont2-i) +cn X (Cnp1 + Cn+2)]/2n}1/2,N =2n

r =

i=2 (2)

n
{[c1 % (can+ Conr1) + ¥ €5 % (Cons1i+ Conrari) +n X (Cny1 + Cns2)]/2(n +1)}/2, N =2n+1

=2
where c1, ¢, ¢3, ..., Con, Cops1 are in ascending order by assessed value, i refers to the
number of elements within the unit, n represents an integer and N means the total number
of elements, which is divided into odd and even cases.

3.2. Overall Risk Evaluation

Based on the weights of each unit relative to the overall calculated above, the fuzzy
comprehensive evaluation method is used to obtain the overall risk evaluation of the project.
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3.2.1. Evaluation the Risk of the Element Layer

Through the questionnaire from the local government, the power-grid corporation
and local residents, the qualitative results can be obtained. Therefore, the analytic hi-
erarchy process is used to obtain more intuitively and accurately the risk level of the
NIMBY phenomenon.

(1) Modeling the hierarchy

The hierarchy model for assessing the risk level of the NIMBY phenomenon is divided
into three layers including the goal layer, the unit layer and the element layer from inside
to outside.

(2) Building the judgment matrices

Starting at the second level of the hierarchy model, the weights of all elements in this
layer against an element in the previous layer are calculated, and this calculation process is
obtained by a two-by-two comparison denoted as matrix A. Meanwhile, the scale of matrix
elements is obtained as shown in Table 3.

(8) Calculating the weight vectors

Through the eigen decomposition of the judgment matrix A, the maximum eigenvalue
Amax and its corresponding eigenvector W can be obtained. In addition, the weights of
these elements are acquired by normalizing W.

(4) Checking the consistency

As the weighted values are obtained through scoring by different experts, there is a
possibility of self-contradiction. Therefore, it is necessary to test the consistency of these
scores. The test number Cg of the consistency check can be described as follows [45]:

Amax — M

Cr = (m—1) x R;

3)
where m is the number of units in the unit layer, which in this paper is 6, R; is the average
stochastic consistency index corresponding to m, which in this paper is 1.24.

When the order is 1 and 2, the judgment matrix is always completely consistent. When
the order is greater than 2, if Cr < 0.1, the consistency of the judgment matrix is considered
acceptable; otherwise, it is necessary to adjust the judgment matrix to cause it to have
satisfactory consistency [46].

Table 3. Saaty’s scale for pairwise comparison [47].

Saaty’s Scale The Relative Importance of the Two Sub-Elements
1 Equally important
3 Moderately important with one over another
5 Strongly important
7 Very strongly important
9 Extremely important
2,4,6,8 Intermediate values

3.2.2. Comprehensive Evaluation Values of the Risk Model

Fuzzy comprehensive evaluation models are proposed by different synthetic opera-
tions between the weight vector A and the single-factor evaluation matrix R. Table 4 shows
four basic methods of common fuzzy relation synthesis operations.
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Table 4. Mathematical model of the fuzzy comprehensive evaluation.

Serial Number Type The Relative

1 Principal determinant type M A means taking a small operation, V means
(N, V) taking a large operation

’ The main factor is highlighted - stands for an ordinary multiplication

asItype M (-, V) Operation, V means taking a large operation
3 The main factor is highlighted 4 means taking a smal.l oP eration, & mear}s
as IT type M (A, @) sum with an upper.hmlt of one, namely:
x®@y =min(l, X +y)

4 Weighted mean type M - is a normal multiplication, and + is a

(-, 4) normal addition

For the same object set, different mathematical models are used to calculate the
sorting results that may be different. This is in line with objective reality, as observing and
analyzing the same thing from different perspectives may lead to different conclusions.
Model 1, Model 2 and Model 3 are rough, while Model 4 is more accurate and suitable for a
comprehensive evaluation because it considers overall factors [48].

According to the radar charts of these units, the evaluation values R of the six units
in the risk model can be acquired as Ry, Ry, R3, R4, R5 and Rg. Therefore, the fuzzy
comprehensive evaluation method can be used to calculate the risk level L as follows [49]:

T
L= WRT = (Wll WZ/ W3/ W4/ W5/ W6) (Rll RZ/ R3/ R4/ R51R6) (4)

4. Results
4.1. Fuzzy Analytic Hierarchy Process (FAHP) Based on the Radar Chart Method

A substation construction project in Xi’an City required risk calculations for the NIMBY
phenomenon to maximize the absence of conflicts caused by the NIMBY phenomenon and
enable the project to be delivered on time. In this paper, through the construction of the
risk model and the assessment of the NIMBY phenomenon, and for the high-risk factors to
take relevant measures, so that the risk level is reduced to a safe range, the final project can
be successfully implemented. The specific steps are as follows [50-54]:

(1) Determine the evaluation index system according to the factor-analysis method. The
six units and thirty-one elements of Figure 1 are selected for the risk-evaluation
index system;

(2) Define the evaluation grade characteristics and evaluation value ranges according to
the Likert scale;

(3) Evaluate the risk of these elements according to the expert evaluation method and
map the radar chart of these units according to the radar chart method. The local
government, the power-grid corporation and the local residents are invited to conduct
a questionnaire survey on each element based on the definition of the five risk levels.
The statistics of the questionnaire survey including numbers and percentages for
the interviews are shown in Table 5. The corresponding comprehensive scores for
each element of the risk model are shown in Table 6, and the evaluation results of
all elements of each unit are synthesized according to the radar chart method. For
example, the linearly weighted evaluation of the seven elements from c1 to c7 of
the unit U3 are 3.91, 3.22, 3.12, 3.54, 4.08, 3.26 and 3.09, respectively, and the risk
evaluation of the unit U3 gives 3.42 according to Equation (2). Since the number of
elements in the unit U6 is less than four, the risk evaluation of the unit U6 is acquired
by a weighted average. Similarly, the risk evaluation of the unit from U1 to U6 are
4.11,4.15,3.42,3.90, 4.12 and 2.91. The radar charts of the units are written as shown
in Figure 3;

(4) Calculate the overall risk evaluation of the transmission and transformation project ac-
cording to the fuzzy comprehensive evaluation method as shown in Section 3.2. After
obtaining the weights of each unit and element, the judgement matrix A can be ac-



Appl. Sci. 2024, 14, 2654 100f 17

quired through expert scoring of the study of the NIMBY phenomenon in transmission
and transformation projects. The judgement matrix A is written as follows:

1 2 4 4 2 1/2
/2 1 3 3 1 1/3
A— 1/4 1/3 1.1 1/3 1/5 5)
1/4 1/3 1 1 1/3 1/5
/2 1 3 3 1 1/3
2 3 55 3 1

C4 C6 D6
U i us

= us

Figure 3. Radar charts of the units from U1 to U5.
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Table 5. The statistics of the questionnaire survey.

Investigator Number Percentage
Local government 33 21.7%
Power-grid corporation 48 31.6%
Local residents 71 46.7%
Total 152 100%

Table 6. Comprehensive score for each element of the risk model.

Units Elements Comprehensive Score
Al: Low income 447
A2: Raise children 4.16
Ul: Anti-risk ability of citizens A3: Permanent residence 4.02
A4: Poor infrastructure 4.06
Ab: Support the elderly 3.92
B1: Lack of understanding about risk factors 4.04
B2: Low level of education 4.11
U2: Recognition level of citizens B3: Difficult to access information 4.06
B4: Low level of scientific awareness 3.96
B5: Low trust in the corporations 4.49
B6: Low credibility of the government 4.23
C1: High level of noise 391
C2: High level of radio interference 3.22
U3: Effects of transmission and ¢3: High 1r'1ductlve current . 312
transformation projects C4: Severe e.nvn'onmen.tal .pollutlon 3.54
C5: High magnetic field 4.08
Cé: Risk of falling tower 3.26
C7: Risk of spontaneous combustion 3.09
D1: High population density 417
D2: Long span 3.49
U4: Location of transmission and D3: Near the city center 3.69
transformation projects D4: Away from load centers 3.87
D5: Large equipment footprint 4.12
Dé6: Inconvenient transportation 4.09
E1l: Low public participation 4.36
E2: Low public satisfaction 3.94
U5: Promotion and communication E3: Low information disclosure 4.45
E4: Low information accuracy 3.87
E5: Negative media orientation 4.19
. F1: Residents do not accept compensation 3.09
U6: Compensation level F2: Compensation is not paﬁd by C}Z)rporation 2.73

The maximum eigenvalue A,y is 6.074 and its corresponding normalized eigenvector
W =1[0.2349, 0.1425, 0.0564, 0.0564, 0.1425, 0.3675] is obtained. In addition, the test number
Cr is 0.012, which is less than 0.1, so the judgement matrix A is valid because it passes the
consistency check.

Therefore, the risk evaluation of the NIMBY phenomenon obtained is 3.3530, proving
that the risk level is medium risk according to Table 1.

4.2. Fuzzy Analytic Hierarchy Process (FAHP)

The method utilizes the four-step FAHP method to determine the weights of the
criteria. Experts are required to provide their judgments on the basis of their expertise
and to compare every factor pairwise in their corresponding section structured in the
hierarchy. Then, these experts’ preferences are converted into a fuzzy number-evaluation
matrix. The defuzzication is employed to transform the fuzzy scales into crisp scales for
the computation of priority weights.
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The judgement matrix A of units can be acquired using Equation (5) through the expert
scoring of the study. Similarly, the judgement matrix A of elements can be calculated as follows:

1 1/2 1/3 1/5 1/2
1 1/2 1/4 1
2 1 1/2 2
4 2 1 3
1 1/2 1/3 1

u (6)

2
3
5
2

1 3 2 3
1/3 1 1/3 1/2
1/2 3 1 2
1/3 2 1/2 1
1/5 1/3 1/4 1
1/4 1/2 1/3 1/2 2

1/2 1 1/2 1/2
2 1 1/2 1/2
1 1/2 1/2
1/2 1/3 1/3 (8)
1

2

2

u, =

W W k= LW U
NN WN

1/2 1/2
1 1

1
1
1
2 1/2
1
2
2 1 1 |

1
1
1
1/
1
2
2

NN RN~
W W NP, DN

1/4 1/2 1/3 1/4 1/5
1 3 2 1 1/2
1/3 1/2 1/3 1/4
1/2 1 1/2 1/3
1 2 1 1/2

1
U, = ’
3

2 4 3 2 1
2
1
2

G WODN -

1
1/2 1/2

1 2

1

Us = | 1 1 2
1

/

(10)
1/2 1 1/2

1/3 1/2 1/3 1
1 3
a=iis

The weights of the 31 indicators are W = [0.0734, 0.1259, 0.2365, 0.4309, 0.1332],
W, =[0.3578, 0.1166, 0.2429, 0.1512, 0.0513, 0.0802], W3 = [0.1030, 0.1188, 0.1188, 0.0863,
0.1188, 0.2271, 0.2271], W4 = [0.0496, 0.2054, 0.0762, 0.1226, 0.2054, 0.3409] and W5 = [0.2976,
0.1579, 0.2976, 0.1579, 0.0890], W, = [0.7500, 0.2500].

The weights of the 31 evaluation indicators were calculated using the FAHP method.
Based on the collected survey results, the weights of each indicator were calculated and are
presented in Table 7. The risk evaluation of the NIMBY phenomenon obtained is 3.6555,
proving that the risk level is medium risk according to Table 1.

=N WN W

(11)

Table 7. The weights of each indicator.

Target Layer Primary Index w; Secondary Index w; wij Ranking
Al: Low income 0.0734 0.0172 15
A2: Raise children 0.1259 0.0296 10
The risk Ul: Anti-risk ability 0.2349 A3: Permanent residence 02365  0.0556 4
evaluation of citizens
A4: Poor infrastructure 0.4309 0.1012 2

A5: Support the elderly 0.1332 0.0313 9
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Table 7. Cont.
Target Layer Primary Index w; Secondary Index w; wij Ranking
B1: Lack of understanding about risk factors 0.3578 0.0510 5
B2: Low level of education 0.1166 0.0166 16
U2: Recognition level 01425 B3: Difficult to access information 0.2429 0.0346 8
of citizens B4: Low level of scientific awareness 0.1512 0.0215 13
B5: Low trust in the corporations 0.0513 0.0073 23
B6: Low credibility of the government 0.0802 0.0114 22
C1: High level of noise 0.1030 0.0058 28
C2: High level of radio interference 0.1188 0.0067 25
U3: Effects of C3: High inductive current 0.1188 0.0067 25
transmission and 0.0564 C4: Severe environmental pollution 0.0863  0.0049 29
transformation projects
C5: High magnetic field 0.1188 0.0067 25
Cé: Risk of falling tower 0.2271 0.0128 17
C7: Risk of spontaneous combustion 0.2271 0.0128 17
The risk i - .
evaluation D1: High population density 0.0496 0.0028 31
D2: Long span 0.2054 0.0116 20
U4: Location of -
transmission and 0.0564 D3: Near the city center 0.0762 0.0043 30
transformation projects D4: Away from load centers 0.1226 0.0069 24
D5: Large equipment footprint 0.2054 0.0116 20
Dé6: Inconvenient transportation 0.3409 0.0192 14
El: Low public participation 0.2976 0.0424 6
E2: Low public satisfaction 0.1579 0.0225 11
U5: Promotion and 0.1425 E3: Low information disclosure 02976  0.0424 6
communication

E4: Low information accuracy 0.1579 0.0225 11
E5: Negative media orientation 0.0890 0.0127 19
F1: Residents do not accept compensation 0.7500 0.2756 1

U6: Compensation level 0.3675
F2: Compensation is not paid by corporation 0.2500 0.0919 3

The above methods obtain the same level of safety, but considering that the radar chart
method considers more comprehensive factors, it is better to be comprehensive.

5. Discussion

Based on the experience of relevant transmission and substation projects, it is con-
cluded that a medium risk is highly likely to have conflicts caused by the NIMBY phe-
nomenon and that there is huge scope for the all-round enhancement of the project. There-
fore, we need to analyze the risk level of each unit of the project. Through the analysis, we
can establish that U1, U2 and U5 are at high risk, U3 and U4 are at medium risk and U6 is at
low risk, which shows that the public’s ability to resist risk is weak, and the level of public
acceptance and publicity is not in place in the location of the project, so the amount of
compensation should be increased appropriately, increasing the publicity of the impact of
transmission and transformation projects and public participation. In addition, the medium
risk shows that there is also a risk of impact from the project facilities themselves, and
based on onsite measurements, it was found that the noise and magnetic field strengths are
indeed high. Therefore, treatment is needed to reduce the impact of the project itself, so
that the risk index meets the requirements.

According to whether the evaluation value varies with the measures taken, units can
be divided into two categories. The first type is U1 and U4. U1 reflects the standard of living
of the residents, and it does not change with the situation of the site, nor with the measures
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taken. U4 represents the characteristics of the power transmission and transformation
project itself, which changes with the scale of the project.

The second type is U2, U3, U5 and U6. U2 reports the level of citizens” awareness of
science and the NIMBY phenomenon. When hearings and discussion meetings are held
to make residents fully aware of the huge benefits and overestimated disadvantages of
power transmission and transformation projects, the assessment value of the unit will
be greatly reduced. U3 reflects the impact of power transmission and transformation
projects, which is not only physical but also psychological. In response to noise and other
physical impacts, relevant departments should listen to public opinions and take measures
promptly. Meanwhile, scientific lectures should be held to enhance the public’s correct
understanding of risks and reduce their psychological impact. U5 reports whether the
publicity of the government and power-grid corporation is in place. If the evaluation
value of this unit is too high, it is necessary to rectify the publicity department. U6 reflects
the conflict point between the public and power-grid corporations. When the public’s
living conditions are poor, the compensation amount can be appropriately increased. After
receiving scientific learning, the public will also reduce their hostility towards the NIMBY
phenomenon. Therefore, there are certain lower limits to the risk evaluation in different
regions. In addition, the purpose of this paper is to take measures for high-risk units and
minimize the overall risk.

After taking the above measures, a second questionnaire survey was conducted on
previous interviewers. Meanwhile, the content of this questionnaire was the same as that of
the first one, but some of the interviewers were unable to accept the invitation. Therefore,
the corresponding number of investigators was supplemented, as shown in Table 5. The
corresponding comprehensive scores for each element of the risk model are shown in
Table 8.

Table 8. Comprehensive score after taking measures for each element of the risk model.

Units Elements Comprehensive Score
Al: Low income 4.42
A2: Raise children 4.46
Ul: Anti-risk ability of citizens A3: Permanent residence 4.35
A4: Poor infrastructure 4.05
A5: Support the elderly 4.07
B1: Lack of understanding about risk factors 2.84
B2: Low level of education 4.05
U2: Recognition level of citizens B3: Difficult to access information 2.43
B4: Low level of scientific awareness 2.50
B5: Low trust in the corporations 2.51
B6: Low credibility of the government 2.47
C1: High level of noise 297
C2: High level of radio interference 2.34
C3: High inductive current 2.52
U3: Effects of transmission and transformation projects C4: Severe environmental pollution 2.71
C5: High magnetic field 2.44
Cé: Risk of falling tower 224
C7: Risk of spontaneous combustion 2.35
D1: High population density 411
D2: Long span 3.52
. . o . . D3: Near the city center 3.51
U4: Location of transmission and transformation projects D4: Away from load centers 3.74
D5: Large equipment footprint 3.67
D6: Inconvenient transportation 391
E1: Low public participation 2.23
E2: Low public satisfaction 225
U5: Promotion and communication E3: Low information disclosure 2.74
E4: Low information accuracy 2.36
E5: Negative media orientation 217
F1: Residents do not accept compensation 2.23

U6: Compensation level

F2: Compensation is not paid by corporation 2.51




Appl. Sci. 2024, 14, 2654

15 of 17

Through the use of the radar chart method based on the minimum-area method, the
risk evaluations of the unit from Ul to U6 are 4.23, 2.78, 2.51, 3.74, 2.32 and 2.37. By
comparing the statistics before and after taking measures, two conclusions can be drawn
which are also in line with the fact. On the one hand, the risk evaluation of Ul and U4
remains basically unchanged because the living conditions and location of the residents
have not changed significantly. On the other hand, the evaluation values of other units
have shown varying degrees of decrease, because through holding hearings and discussion
meetings, the public has a clearer understanding of the advantages of power transmission
and transformation projects, which greatly reduces the evaluation of units and the risk of
the NIMBY phenomenon.

In addition, the corresponding normalized eigenvector W remains unchanged and
the risk evaluation of the NIMBY phenomenon obtained is reduced to 2.93 according to
Equation (5), which already meets the construction requirements, and finally the project is
successfully implemented in Shaanxi Province without generating conflicts caused by the
NIMBY phenomenon.

It is essential to calculate the risk evaluation of the NIMBY phenomenon, which we
insist must be assessed before the construction of the transmission station project, causing
the risk level of the NIMBY phenomenon to be reduced to low-risk, or else a huge amount
of time and money will be wasted.

6. Conclusions

In this paper, a risk evaluation model of the NIMBY phenomenon was established us-
ing the fuzzy comprehensive evaluation method, the radar chart method and the minimum-
area method. Combining the cases and the laws that should be followed in the transmission
and transformation projects in China, a total of 31 parameters were selected as evaluation
indicators, forming a risk-evaluation system and model of the NIMBY phenomenon. In
addition, the scores corresponding to these criteria are obtained by questionnaire surveys.
The radar chart method and the minimum area method are applied to determine the
weights of the element and unit layers. Furthermore, the overall risk level is evaluated by
the fuzzy comprehensive evaluation method. Finally, a transmission and transformation
project in Xi'an City, China, is used as an example to verify the correction of the risk model
and its evaluation method. The results show that based on the risk model and fuzzy
comprehensive evaluation method, the limitations of the signal evaluation method on the
risk of the NIMBY phenomenon can be avoided, and the results shows that the proposed
method is feasible and effective.

The contribution of this paper is to propose a risk-evaluation model that assesses
the risk level of the NIMBY phenomenon before the construction of power transmission
and transformation projects. By using this evaluation model to assess the risk level, the
weakness can be analyzed and suggestions for decreasing the risk level are put forward to
minimize losses due to the NIMBY phenomenon.

However, some limitations can be expected. The risk evaluation of the NIMBY phe-
nomenon is an extremely time-consuming and complex task that involves a wide range
of knowledge. The proposed method does not consider all possible criteria that can be
added to the risk model which includes human factors such as differences among different
interviewers. In addition, the risk level may change if a new criterion is added.

For future work, we intend to explore more cases and conduct more empirical studies
to further validate the usefulness of the research.
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