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Abstract. Aiming at the problem of power battery suppliers evaluation and selec-
tion from the perspective of risk, a two-stage risk assessment and selection model
was constructed based on Trust Risk and Improved TOPSIS (TRITmethod) focus-
ing on lithium power battery suppliers to achieve the goal of improving the relia-
bility of evaluation results and decision-making efficiency. Firstly, a preliminary
screening model of suppliers evaluation under the influence of trust risk is estab-
lished. Secondly, experts with high consensus degree preference are organized
to form an internal low-risk decision-making team. Thirdly, a risk evaluation
indexes system containing reverse logistics capability risk is established and the
indexes weights are determined by fuzzy AHP method. Then, the improved TOP-
SIS method is introduced in the secondary screening to evaluate the risk status of
different suppliers, and the ranking results of the risk size of different suppliers
are obtained, so as to assist enterprises to choose cooperation partners more scien-
tifically and efficiently. Finally, taking the risk evaluation and selection of lithium
battery suppliers of a new energy vehicle manufacturer as an example, the final
selection results are analyzed and verified the feasibility and effectiveness of the
proposed method.

Keywords: supplier selection · supplier risk evaluation · lithium power battery ·
trust risk · improved TOPSIS · expert consensus

1 Introduction

According to the 14th Five-year Plan and The New Energy Vehicle Industry Devel-
opment Plan (2021–2035), the development of new energy vehicles has become an
important part of the implementation of China’s manufacturing power strategy [18]. As
one of the many power batteries of new energy vehicles, lithium power battery has the
following characteristics: a high proportion in the cost of the vehicle, strong innovation
capability, particularity of component research and development and great impact on the
environment [28]. On the demand side, its shipments are increasing year by year and the
market size is constantly expanding [21]. The supply level of lithium power battery will
directly affect whether automobile manufacturers can complete the production task on

© The Author(s) 2023
J. Yang et al. (Eds.): ICMSEM 2022, AHE 12, pp. 194–212, 2023.
https://doi.org/10.2991/978-94-6463-038-1_20

http://crossmark.crossref.org/dialog/?doi=10.2991/978-94-6463-038-1_20&domain=pdf
https://doi.org/10.2991/978-94-6463-038-1_20


Risk Evaluation and Selection of Lithium Power Battery Suppliers 195

time, if the suppliers of lithium power battery located in the upstream of the supply chain
has a risk, it will have a negative impact on the whole new energy vehicle supply chain,
and even lead to the interruption of the supply chain, resulting in irreparable losses.
Therefore, it is of great practical significance to risk evaluate and select lithium battery
suppliers for new energy vehicle manufacturers.

At present, researches on supplier evaluation and selection mostly solve problems by
putting forward decision-making methods. For example, scholars integrated qualitative
and quantitative factors to build a two-stage comprehensive mathematical model to deal
with supplier selection and order allocation [5]. Scholars applied the mixed methods of
BWM,MULTIMOORAandEDAS to evaluate the suppliers of new energy vehicles [17].
Aiming at the research on lithium power battery suppliers, some scholars combined the
balanced scorecard and AHP method to build a selection and evaluation analysis model
to propose an optimization scheme for supplier management [22]. In addition, some
scholars applied two maximum variance decision methods and AHP method to propose
the method and process of supplier management for new product development in the
lithium battery industry of new energy vehicles [29]. Scholars established a decision
model by integrating QFD, AHP and TOPSIS method and applied it to lithium ion
battery supplier selection [27]. Aiming at the research on evaluation and selection of
suppliers from the perspective of risk, in China, scholars proposed an improved failure
mode and consequence analysis (FMEA) method based on hesitation fuzzy set and grey
correlation theory to conduct risk assessment on suppliers [8]. Scholars explored the
supplier selection strategy of new energy vehicles based on the consideration of sup-
ply interruption risk in the two-stage supply chain of new energy vehicles [13]. Some
scholars proposed a supplier risk selection method based on TODIM on the basis of con-
sidering market risk factors and decision-makers’ risk attitudes [30]. Scholars studied
the supplier selection decision support system in supply chain risk management based
on the basic principle of CBR [7]. Scholars constructed a risk assessment system for
aviation subcontract production suppliers based on the characteristics of aviation sub-
contract production projects, and used entropy weight TOPSIS to evaluate the risks of
suppliers in order to obtain the optimal supplier selection decision [26]. Some scholars
comprehensively applied factor analysis, cluster analysis and group multi-level analysis
to construct Fa-Km-GAHP model to evaluate the group consensus consistency of sup-
plier risk [25]. In foreign countries, scholars on the basis of considering the interaction
of risk factors of supplier selection, comprehensively applied DEMATEL, FMEA and
EDAS methods to construct a green supplier evaluation selection model [19]. Scholars
used Delphi method and Lichter scale to construct a risk maturity assessment model
to evaluate the risk management maturity of suppliers in the automotive industry [1].
Some scholars established a minimum risk model with budget and performance con-
straints with the goal of minimizing risks, and studied the group decision method for
supplier selection [24]. Scholars combined fuzzy analytic hierarchy Process (AHP) with
fuzzy multiplicative multi-objective optimization based on ratio analysis, and proposed
a comprehensive method of risk assessment and supplier selection [14].

The existing literature has made a deep exploration on supplier evaluation and selec-
tion from the perspective of risk, however, few studies combine risk assessment with
power battery supplier selection, the decision-making process of power battery supplier
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selection from the perspective of risk still needs to be improved. At the same time,
although existing studies have carried out in-depth research on the decision-making
method of power battery supplier selection, power battery supplier selection is a com-
plex multi-link decision-making process, in addition to optimal decision-making, it also
includes different stages such as preliminary screening and classification, construction of
decision-making expert group, establishment of evaluation indexes system and determi-
nation of indexes weights. Existing researches mostly focus on how to design scientific
and efficient selection and decision-making methods, while there are still limitations in
other links. Therefore, in order to continuously optimize the decision-making process
of lithium power battery supplier evalution and selection from the perspective of risk,
in-depth research should be carried out in different stages combined with the impact of
risk factors.

At present, the risk evaluation and selection process for lithium power battery sup-
pliers still has the following shortcomings in different stages: The preliminary screening
process from the risk perspective is not set, the candidate groups containing a large num-
ber of individuals are not screened at the initial stage, and the subsequent selection range
is not narrowed; In the decision-making process, it is easy to appear that the opinions
of various experts differ greatly and are highly subjective, which leads to an increase in
the probability of the occurrence of risks within the decision-making group, insufficient
attention is paid to the decision-making expert group, and in-depth research is not con-
ducted on the consensus degree among experts. In the context of green development,
ignoring the important impact of reverse logistics capability risk on the evaluation of
enterprise’s comprehensive risk resistance strength, the risk of reverse logistics capa-
bility is not included in the evaluation index system. When fuzzy interval number is
used to express and process fuzzy information in evaluation decision method, there are
problems such as method failure and heavy computation in some cases, which affect the
work efficiency and accuracy. In addition, the final evaluation results of suppliers from
the perspective of risk are prone to the problem of low credibility, the risk assessment
process of supplier trustworthiness is not set up, the influence of trust risk factors on
enterprise cooperation is not quantified.

In view of the above problems, this paper focuses on the risk evaluation and selection
of lithium power battery suppliers. Firstly, the research questions are described and the
main variables are explained. After that, the two-stage risk evaluation and selection
process based on TRIT method is proposed. Then, the selection results are obtained by
analyzing specific examples and the comparative analysis is conducted. And the last part
is the summary and prospect of this paper.

2 Description and Variable Definition

In this paper, procurement enterprises and expert groups are considered to participate
in different stages of risk evaluation and selection respectively, and combined with the
current supplier selection process the two-stage risk evaluation and selection model is
constructed, conduct in-depth research on preliminary selection, expert group construc-
tion and secondary selection. Explore how enterprises conduct preliminary screening of
potential supplier groups under trust risk, how to establish a decision-making team with
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Table 1. Main symbols and variable explanations.

Variate Variable Explanations

Ai Initial lithium power battery
supplier individual

xi Influencing factors of supplier selection under trust risk

pi The weight of influencing factors
under trust risk

Zi Initial evaluation index of
lithium battery supplier risk evaluation

ri Decision expert individual

Ci The final evaluation index of
supplier risk evaluation

ωi The weight of the final evaluation index

Mi Candidate lithium battery supplier individual after preliminary screening
of trust risk

M ∗
i Lithium battery supplier individual after the second evaluation and selection

A+ Positive ideal solution
of TOPSIS method

A− Negative ideal solution
of TOPSIS method

d+
i The distance between the solution and the positive ideal solution

d−
i The distance between the solution and the negative ideal solution

high consensus and low internal risk, and how expert groups efficiently and scientifi-
cally screen out suitable partners in the second risk evaluation. The main symbols and
variables in this paper are explained in Table 1.

3 Risk Evaluation and Selection Process of Lithium Power Battery
Suppliers Based on TRIT Method

3.1 Preliminary Screening of Potential Suppliers Under Trust Risk

Trust is often regarded as the basis of transaction or exchange relationship, and transac-
tion costs will be generated after the interaction between entities [12]. In actual produc-
tion, enterprises are bound to interact with other links in the supply chain to obtain what
they need, so the emergence of transactions indicates that the trust factor has begun to
play a role. Quantitative research from the perspective of trust risk can not only enhance
the credibility of results, but also eliminate unqualified objects, narrow the selection
range and reduce the follow-up workload. Based on this, the preliminary screening pro-
cess of potential suppliers under trust risk is designed in this paper, the steps are as
follows:
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Step 1: Summarize the initial supplier group, denoted as
A = {A1,A2,A3, ...,Ai, ...,An}, (n ≥ 2);
Step 2: Form the set of influencing factors, denoted
as X = {x1, x2, x3, ..., xi, ..., xm}, (m ≥ 2), and determine the corresponding weight,
denoted as P = {p1, p2, p3, ..., pi, ..., pm}, (m ≥ 2);
Step 3: Give the evaluation score xij according to the performance degree of Ai(i =
1, 2, ..., n) under xj(j = 1, 2, ...,m);
Step 4: Establish the preliminary screening model of potential suppliers under trust risk:

fi =
∑m

j=1
pjxij(i = 1, 2, ..., n, j = 1, 2, ...,m) (1)

where fi is the ith supplier evaluation total score under trust risk.
Step 5: Get the set fi, denoted as F = {f1, f2, f3, ..., fi, ..., fn}, (n ≥ 2); Then rank the
suppliers according to the size of the evaluation score, determine the individual supplier
that meet the requirements of trust risk, and the qualified suppliers enter the next stage.

3.2 Construction of Decision-Making Expert Group Based on Reciprocity
Preference Network

In the decision-making process, different members of the group often have divergent
opinions due to differences in interest appeal, professional background, work experi-
ence and personality, resulting in cracks in cooperation and affecting decision-making
efficiency, therefore, it is necessary to explore the degree of unity of opinions among
members and explorewhether a higher degree of consensus can be reached. This problem
can be solved by the reciprocity preference network theory, which combines the cen-
trality index of social network and measures the distance between nodes representing
members and all other nodes in the network by taking the similarity degree of preference
among members of the group as the measure distance [11]. Based on this, this paper
designs a selection and construction process of decision-making team, and the steps are
as follows:

Step 1: Formulate requirements for the formation of the expert group and determine the
number of experts in group k0; Determine the initial supplier risk evaluation indexes
system, denoted as Z = {z1, z2, z3,...,zi,...,zn}(n ≥ 2);
Step 2: Invite k experts to form the candidate expert group (k > k0), denoted as R =
{r1, r2, r3,...,ri,...,rk}(k ≥ 3), let ri score the importance of each indicator in Z by
pairwise comparison, and take fuzzy binary relation Pij = (xi, xj) as the scoring result.
Preference comparison is expressed as follows:

Pij =

⎧
⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎩

0 If xi is completely less important than xj

(0, 0.5) If xi is less important than xj

0.5 If xi and xj are equally important

(0.5, 1) If xi is more important than xj

1 If xi is completely less important than xj

⎫
⎪⎪⎪⎪⎪⎪⎪⎬

⎪⎪⎪⎪⎪⎪⎪⎭
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Based on this, the reciprocity relationship preference matrix Pn×n between each
expert ri and each index zi in the evaluation system Z is established:

Determine the components of the intensity preference vector under the reciprocity
condition, that is, the preference relation below the matrix P main diagonal is used:

V
(
p21, p31, ..., pn1,p22, p32, ..., pn2, ..., pn(n−1)

)
(2)

Step 3: The undirected weighted preference similarity network is constructed, and the
intensity preference vector is used to represent the mutual preference relation between
ri and zi [6]. On this basis, the decision experts network of similarity measurement is
established, as shown in Fig. 1.

Experts preference similarity network is defined as RG = [R0, S0], and ri is taken
as the network node. The edge set S = {Sij, ..., Snn} in the network is represented by the
cosine distance of similar preference vectors between ri. The calculation formula is as
follows:

Sij =
∑n(n−1)/2

i=1 (vpi , v
q
i )√

∑n(n−1)/2
i=1 (vpi )

2
√∑n(n−1)/2

i=1 (vqi )
2

(3)

Step 4: Use the proximity centrality index to judge the preference proximity between ri,
which is obtained by calculating themeasure distance between points in the network. The
closer the distance is, the closer the preference proximity between ri is. The calculation
formula is as follows:

CCR =
∑k0

j=1
dij/(k0 − 1) (4)

Where dij represents the shortcut distance between node vi and node vj. Rank accord-
ing to the value ofCCR, and judge themembers of thefinal decision-making expert group.
The final decision experts set is FR = {r1, r2, r3, ..., rk0}(k0 ≥ 3).

3.3 Establishment of Risk Evaluation Indexes System Based on Decision-Making
Expert Group

After reviewing the literature, it is found that the construction principles of the index sys-
tem used to evaluate the quality and effect of enterprises’ social and economic activities
include relative independence, scientific simplicity, flexibility and operability, scalabil-
ity and the combination of qualitative and quantitative [2]. Therefore, on the basis of
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Fig. 1. Undirected weighted experts preference similarity network.

a high degree of consensus and internal low-risk expert group, combined with con-
struction principles, industry characteristics and characteristics of lithium power battery
enterprises, the final supplier risk evaluation index system is determined, which can be
written as follows:

C = {C1,C2,C3,...,Ci,...,Cn}(n ≥ 2)

3.4 Determine the Weight of Risk Evaluation Indexes Based on Fuzzy AHP
Method

AHP method is used as a tool to solve the problem of calculating index weight, at the
same time, due to the uncertainty and incompleteness of partial information at the present
stage, in order to minimize the influence caused by the subjectivity of expert judgment
and the inaccuracy of original data, combining fuzzy mathematics with AHP method,
fuzzy trigonometric number is used to replace the original fixed value, and fuzzy compre-
hensive processing is carried out on decision evaluation matrix [4]. AHP method is used
to calculate the priority of each indicator, and fuzzy AHP method is comprehensively
used to complete the determination process of the weight of risk evaluation indicators,
the specific steps are as follows:

Step 1: Experts give scores to indicatorsCi by pair-wise comparison, and the score value
is represented by fuzzy trigonometric number, denoted asM = (l,m, u), and the expert
fuzzy evaluation matrix is established;
Step 2: According to the evaluation scoring results, calculate the fuzzy synthesis degree
of Ci as follows:

Fi =
∑m

j=1
Nij[

∑n

i=1

∑m

j=1
Nij]−1 (5)

Where
∑m

j=1Nij = (
∑m

j=1lj,
∑m

j=1mj,
∑m

j=1nj)

[
∑n

i=1

∑m

j=1
Nij]−1 = (

∑n

i=1
li,

∑n

i=1
mi,

∑n

i=1
ni)

−1;
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Fig. 2. Schematic diagram of probability degree.

Step 3:Defuzzize and standardize theweights, calculate the probability degree ofF ≥ Fi

and determine the minimum possibility degree that Ci is better than other indicators,
where F∗ ≥ F is shown in Fig. 2. The calculation method is as follows:

V (Fi ≥ Fj) = supx≥y[min(μsi (x), μsj (x))]

where V (Fi ≥ Fj) = hgt
(
Fj ∩ Fi

) = μsj (d)

=

⎧
⎪⎨

⎪⎩

1,mi ≥ mj
lj−ui

(mi−ui)−(mj−lj)
,mi ≤ mj, ui ≥ lj

0, other

(6)

The probability degree that a certain fuzzy synthesis degree is better than k fuzzy
synthesis degrees is calculated as:

V (F ≥ F1,F2, ...,Fk) = minV (F ≥ Fi), i = 1, 2, ..., k

Step 4: Calculate the weight vector and conduct standardized processing. The weight of
Ci is:

ω = (ω1, ω2, ..., ωn)
T , ωi = min(V (Fi ≥ Fk)), i = 1, 2, ..., n

Step 5: Normalize weight ω, and get the final weight of Ci:

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

Wi = ωi/
∑n

h=1
ωh, i = 1, 2, ..., n (7)
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3.5 Supplier Risk Evaluation and Selection Based on Improved Interval Number
TOPSIS Method

TOPSIS method has the advantages that calculate accurately and can reflect the specific
situation of suppliers [23], therefore, this paper chooses thismethod as the evaluation and
selection tool. But TOPSIS method also has limitations. Although combined with fuzzy
processing method, TOPSIS method can effectively reduce the influence of subjectivity
and uncertainty, there are still defects in calculation, such as in some cases, if the number
of interval centers is the same, the interval sizes cannot be compared, and the Euclidean
distance measurement method fails, and the distances from the optimal solution to A+
and A− are all similar. Therefore, the improved A+ and A− representation method and
the improved distance measurement method are comprehensively applied to improve
the original method [16], and the supplier risk evaluation and selection process based
on the improved TOPSIS method is designed, the specific steps are as follows:

Step 1: The candidate individual is denoted asM = {M1,M2,M3,...,Mi,...,Mm}(m ≥ 2),
ri scores the performance of Mi under Cj, and is denoted as [xLij, xUij ]; Interval number
decision matrix is established, and is denoted as:

D([xLij, xUij ])m×n(i = 1, 2, ...,m; j = 1, 2, ..., n)

Step 2: The evaluation interval number is standardized and the interval number
standardization decision matrix is established. The standardization method is as follows:

nLij = xLij√∑m
i=1(x

L
ij)

2 + (xUij )
2

nUij = xUij√∑m
i=1(x

L
ij)

2 + (xUij )
2
(i = 1, 2, ...,m; j = 1, 2, ..., n) (8)

The interval number standardization decision matrix is denoted as:

N ([nLij, nUij ])m×n(i = 1, 2, ...,m; j = 1, 2, ..., n)

The standardized interval number is weighted and the interval number weighted
standardization decision matrix is established, which is processed as follows:

vLij = ωjn
L
ij, v

U
ij = ωjn

U
ij (i = 1, 2, ...,m; j = 1, 2, ..., n) (9)

The interval number weighted standardization decision matrix is denoted as:

V ([vLij, vUij ])m×n(i = 1, 2, ...,m; j = 1, 2, ..., n)

Step 3: Calculate the improved A+ and A− in interval form.
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A+ =
([

max
i
vUij , 1

]∣∣∣∣j ∈ I ,

[
0,min

i
vLij

]∣∣∣∣j ∈ J

)
, j = 1, 2, . . . , n

A− = ([0,min
i
vLij]|j ∈ I , [max

i
vUij , 1]|j ∈ J ), j = 1, 2, ..., n (10)

Where j ∈ I indicates that Cj is a positive indicator; j ∈ J indicates that Cj is an inverse
indicator.
Then the improveddi+, di

− is calculated byusing the improvedmeasure distancemethod
as follows:

d+
i =

∑

j∈I

((
v+L
j + 1

)
−

(
vLij + vUij

))
+

∑

j∈J
(
(
vLij + vUij

)
−

(
0 + v+U

j

)
)

di
− =

∑
j∈I ((v

L
ij + vUij ) − (0 + v−U

j )) +
∑

j∈I ((v
−L
j + 1) − (vLij + vUij )) (11)

Step 4: Calculate the relative closeness Ri of scheme Mi.

Ri = d−
i

d+
i + d−

i

, i = 1, 2, ...,m (12)

Sort Mi based on the numerical size of Ri and establish set M ∗, denoted as:

M ∗ = {M ∗
1 ,M ∗

2 ,M ∗
3 ...,M

∗
i , ...,M ∗

m}(m ≥ 2)

Select suitable objects from the set M ∗, and complete the risk evaluation and selection
process.

4 Example Analysis

Company A is a large company committed to the scientific research and development,
production and sales of new energy vehicles, has rich experience in enterprise cooper-
ation, it is now necessary to select the appropriate lithium power battery supplier that
meets the needs of the enterprise. According to the risk evaluation and selection model
based on TRIT method established in this paper, company A will gradually complete
the risk evaluation and selection of suppliers.
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Table 2. Summary of influencing factors under trust risk.

Number Influence Factors Overall Impact Weight

1 Supplier capability x1 0.213 0.09

2 Supplier reputation x2 0.407 0.17

3 Supplier products x3 0.140 0.06

4 Trust in supplier personnel x4 0.572 0.24

5 Experience in dealing with suppliers x5 0.331 0.14

6 Communication with suppliers x6 0.228 0.09

7 Dependency on suppliers x7 0.262 0.11

8 The supplier’s dependence on the enterprise x8 0.270 0.11

4.1 Preliminary Screening of the Trust Risk for Potential Suppliers

First, set A (a total of 10 enterprises) was determined, and then eight items xi were
extracted according to the results of the research on the antecedents of trust and the influ-
ence of trust on cooperation in the research on supplier trust in literature [9]. According
to the overall influence of xi on cooperation, the weight was normalized to get pi, as
shown in Table 2.

Combined with Formula (1), the preliminary screening model of potential suppliers
under trust risk is obtained:

f = 0.09x1 + 0.17x2 + 0.06x3 + 0.24x4

+0.14x5 + 0.09x6 + 0.11x7 + 0.11x8

The five-level scoring system was adopted for the evaluation and the score was xij.
The situation is as follows:

x1j = (3, 4, 2, 1, 5, 3, 5, 5), x2j = (5, 1, 4, 4, 1, 3, 5, 5),

x3j = (4, 2, 1, 2, 5, 5, 2, 1), x4j = (5, 2, 3, 4, 3, 3, 1, 3),

x5j = (5, 1, 3, 1, 3, 3, 4, 5), x6j = (1, 4, 2, 1, 1, 4, 3, 5),

x7j = (5, 3, 4, 4, 2, 3, 1, 1), x8j = (3, 2, 3, 5, 1, 4, 4, 1)

Calculate fi according to formula (1), as follows:

f1 = 0.09 × 3 + 0.17 × 4 + 0.06 × 2 + 0.24 × 1

+0.14 × 5 + 0.09 × 3 + 0.11 × 5 + 0.11 × 5
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F = {f1, f2, ..., f8} = {33.8, 33.3, 27.2, 30.6, 27.2, 25.1, 29.3, 30.4}
was established and sorted according to numerical size, with the results as follows:

f1 > f2 > f4 > f8 > f7 > f3 > f5 > f6.

Taking the median “2.5” of the five-level scoring system as the screening basis, the
screening criteria are determined as follows:

f = (0.09 + 0.17 + 0.06 + 0.24 + 0.14 + 0.09 + 0.11 + 0.11) × 2.5 = 30.3

Finally, the candidate supplier group obtained after the preliminary screening under
trust risk is determined as A1,A2,A4,A8.

4.2 Set up Internal Low-Risk Decision-Making Expert Group

Ten experts were invited to form an candidate group, and the set Z was established
based on literature [15, 20] and enterprise demand, including five indexes: research and
development capability risk, production capability risk, resource coordination capability
risk, cooperation attitude risk and product quality risk. The comparative scoring of
importance degree are as follows:

According to Formula (2), each intensity preference vectors were extracted from the
importance degree scoring matrix, as follows:

v1 = (0.5, 0.3, 0.2, 0.4, 0.9, 0.5, 0.9, 0.9, 0.5, 0.9),

v2 = (0.8, 0.1, 0.9, 0.5, 0.9, 0.5, 0.5, 0.9, 0.5, 0.1)

Establish RG, calculate the cosine distance according to formula (3), and take it as
the network edge value.
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Table 3. Fuzzy comparison matrix of risk evaluation indexes.

C1 C2 C3 C4 C5

C1 (1.0,1.0,1.0) (1.0,1.0,1.0) (0.67,1.0,1.5) (0.67,1.0,1.5) (1.5,2.0,2.5)

C2 (1.0,1.0,1.0) (1.0,1.0,1.0) (0.67,1.0,1.5) (0.67,1.0,1.5) (0.67,1.0,1.5)

C3 (0.67,1.0,1.5) (0.67,1.0,1.5) (1.0,1.0,1.0) (0.4,0.5,0.67) (0.67,1.0,1.5)

C4 (0.67,1.0,1.5) (0.67,1.0,1.5) (1.5,2.0,2.5) (1.0,1.0,1.0) (2.5,3.0,3.5)

C5 (0.4,0.5,0.67) (0.67,1.0,1.5) (0.67,1.0,1.5) (0.28,0.33,0.4) (1.0,1.0,1.0)

According to Formula (4), each proximity centrality index is calculated, and the
results are:

CCR(v1, v2, v3, v4, v5, v6, v7, v8, v9, v10)

= {0.814, 0.752, 0.786, 0.787, 0.687, 0.750, 0.770, 0.825, 0.754, 0.709}
The order is as follows:
v8 > v1 > v4 > v3 > v7 > v9 > v2 > v6 > v10 > v5.
Considering that the final decision group consists of five people, the 8th, 1st, 4th,

3rd and 7th experts with high consensus among them are selected to form the final
decision-making group.

4.3 Establish Supplier Risk Evaluation Index System

Based on the whole life cycle of products, combined with the “reverse recycling” mode
of production enterprises proposed in The 14th Five-Year Plan and 2035VisionGoal, the
final risk evaluation index system determined by the expert group includes research and
development capability risk (C1), production capability risk (C2), reverse logistics capa-
bility risk (C3), lithium power battery product quality risk (C4) and cooperate capability
risk (C5).

4.4 Determine the Weight of Risk Evaluation Indexes

The expert group established the fuzzy comparison matrix of risk evaluation indicators
with the help of triangular fuzzy number, as shown in Table 3.

The value of fuzzy synthesis degree of Ci can be calculated according to Formula
(5):

F1 = (0.137, 0.220, 0.352),F2 = (0.114, 0.183, 0.301),

F3 = (0.097, 0.165, 0.285),F4 = (0.180, 0.293, 0.463),

F5 = (0.086, 0.140, 0.235)
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Table 4. Probability degree values of evaluation indexes.

j 2 3 4 5

i = 1 1 1 0.680 1

j 1 3 4 5

i = 2 0.820 1 0.506 1

j 1 2 4 5

i = 3 0.740 0.920 0.441 1

j 1 2 3 5

i = 4 1 1 1 1

j 1 2 3 4

i = 5 0.527 0.703 0.793 0.246

Table 5. Summary of risk assessment indexs weights.

C1 C2 C3 C4 C5

ωi 0.24 0.17 0.15 0.35 0.09

Table 6. Interval number decision matrix.

C1 C2 C3 C4 C5

M1 [6, 20] [10, 16] [6, 11] [8, 10] [12, 22]

M2 [12, 15] [8, 11] [10, 20] [9, 18] [8, 18]

M3 [10, 13] [12, 17] [22, 28] [20, 29] [10, 16]

M4 [12, 15] [11, 15] [12, 26] [6, 12] [10, 20]

The probability degree value of Fi ≥ Fj is calculated according to Formula (6) and
summarized as shown in Table 4.

Normalization is performed according to Formula (7), the final weight values are
obtained:ω = (0.680, 0.506, 0.441, 1.000, 0.246);W = (0.24, 0.17, 0.15, 0.35, 0.09).
Then, summarize the weights, as shown in Table 5.

4.5 Second Evaluation and Selection of Cooperative Suppliers

According to the candidate supplier group (4 suppliers in total) that has passed the
preliminary trust risk screening and each evaluation index with determined weight, a
decision matrix is established based on interval fuzzy number scoring, as shown in
Table 6. Renumbering the supplier group, A1,A2,A4,A8 is denoted asM1,M2,M3,M4
respectively.
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Table 7. Interval weighted normalized decision matrix.

C1 C2 C3 C4 C5

M1 [0.0379,0.1264] [0.0468,0.0749] [0.0172,0.0315] [0.0628,0.0785] [0.0250,0.0458]

M2 [0.0758,0.0948] [0.0374,0.0515] [0.0286,0.0573] [0.0706,0.1412] [0.0166,0.0374]

M3 [0.0632,0.0821] [0.0561,0.0795] [0.0630,0.0802] [0.1569,0.2275] [0.0208,0.0333]

M4 [0.0758,0.0948] [0.0515,0.0702] [0.0344,0.0744] [0.0471,0.0942] [0.0208,0.0416]

Table 8. Summary table of D+
i ,D−

i ,Ri .

D+
i D−

i Ri Sorting Result

M1 5.0129 0.3903 0.0779 4

M2 4.9481 0.4551 0.0920 2

M3 4.6967 0.7065 0.1504 1

M4 4.9547 0.4485 0.0905 3

According to formula (8) and (9), standardized and weighted processing is carried
out, V ([vLij, vUij ])m×n is obtained, as shown in Table 7.

According to formula (10), A+,A− of the improved interval form is determined:

A+ = ([0.1264, 1], [0.0795, 1], [0.0802, 1], [0.2275, 1], [0.0458, 1])

A− = ([0, 0.0379], [0, 0.0374], [0, 0.0172], [0, 0.0471], [0, 0.0166])

Calculate d+
i , d−

i ,Ri according to formula (11) and (12), the summary is shown in
Table 8.

4.6 Selection Results and Discussion

The final ranking of suppliers after evaluation is M3,M2,M4,M1, corresponding to
A4,A2,A8,A1, that is, the fourth lithium power battery supplier is the best. In order to
verify the effectiveness of the method in this paper, the interval TOPSIS method [10],
which adopts Euclidean distance measure method, is applied to analyze the calculation
example again. The calculation results and comparison are shown in Table 9.

It can be found that the results obtained by the two methods are consistent. In the
process of calculating d+

i , d−
i , the improved measure distance method adopted in this

paper is more convenient than the Euclidean measure distance method on the basis
of guaranteeing accuracy and has more obvious advantages in reducing the amount of
calculation. In addition to reducing the computational workload, themethod in this paper
also avoids the problem that A+,A− are invalidated and cannot be determined. Here, it is
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Table 9. Comparison table of calculation results.

Methods in literature Methods of
this paper

Ri Sorting result Ri Sorting result

M1 0.2255 4 0.0779 4

M2 0.3542 2 0.0920 2

M3 0.8537 1 0.1504 1

M4 0.3410 3 0.0905 3

Table 10. Comparison of positive and negative ideal solutions.

Methods in literature Methods of
this paper

A+ A− A+ A−

C1 [0.0758,
0.1264]

[0.0379,
0.0821]

[0.1264,1] [0,
0.0379]

C2 There are two intervals with the same
number of centers, the ideal solution
cannot be determined

[0.0795,1] [0,
0.0374]

C3 [0.0630,
0.0802]

[0.0172,
0.0315]

[0.0802,1] [0,
0.0172]

C4 There are two intervals with the same
number of centers, the ideal solution
cannot be determined

[0.2275,1] [0,
0.0471]

C5 [0.0250,
0.0458]

[0.0166,
0.0333]

[0.0458,1] [0,
0.0166]

compared with the method of direct interval number ideal solution proposed in literature
[3], and the results are shown in Table 10.

It is found that in D([xLij, xUij ])m×n, there is A1 = [10, 16],A3 = [11, 15] under C2
index and A1 = [8, 10],A3 = [6, 12] under C4 index, the two places above have the
same number of interval centers, that is, �A−B = 0,�B−A = 0. At this time, the size
of the two intervals cannot be compared, that is, the ideal solution of the interval cannot
be determined. Therefore, the method in literature (Dymova,2013) cannot be used, but
the improved A+,A− representation method adopted in this paper effectively solves this
problem by using 0 or 1 to represent the boundary of A+,A−.It should be noted here that
there is no backward indicator set in this paper, so A+,A− are determined according to
the requirements of forward indicator, it is found that the weighted normalized interval
boundaries are closer to 0 and farther from 1, therefore, the interval range of A+ is much
larger than the interval range of A−, making d−

i being much smaller than d+
i , resulting
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in the calculation result of Ri being smaller. So this paper only takes the numerical
value of Ri as the sorting basis, and takes the scheme with the largest value as the final
optimization result.

5 Conclusions

Aiming at the problem of risk evaluation and selection of lithium power battery suppliers
for new energy vehicles, a two-stage evaluation and selection decision-making process
was designed based on TRIT method. Firstly, the influence of trust risk is quantified and
the preliminary screening model of supplier evaluation under trust risk is constructed;
Secondly the reciprocity preference network is used to construct expert groups with high
preference consensus and low internal risk; Thirdly, the risk evaluation index system is
established in line with the characteristics of lithium battery enterprises, and the fuzzy
AHP method is used to determine the weight of risk index; Then the improved TOPSIS
method is used to carry on the second risk evaluation and selection of suppliers, and the
final ranking results are obtained. The process method is verified by a specific example,
the results show that the preliminary screening of suppliers’ trust risk can eliminate the
suppliers with low credibility, retain the potential partners with high credibility, narrow
the selection range, reduce the follow-up workload and deepen the cooperative relation-
ship of trust between enterprises and suppliers; reciprocity preference network theory
can ensure that the disagreements among experts are as small as possible, improve the
degree of internal solidarity and reduce the possibility of intra-group risk occurrence;
The improved TOPSIS method can effectively avoid the limitation of the original mea-
surement method, and at the same time reduce the work calculation of evaluation and
selection to improve the efficiency, The method proposed in this paper is verified to
be scientific and reasonable, which can provide reference for the risk evaluation and
selection of lithium power battery suppliers in the future.

The risk evaluation and selection method proposed in this paper can better define the
scope of potential suppliers with strength and screen out key suppliers more efficiently
and scientifically to improve the selection efficiency. However, there are still shortcom-
ings in this paper. Firstly, the evaluation index system is not comprehensive enough, and
secondly, the established method cannot carry out dynamic evaluation and selection.
Therefore, it will continue to be improved and supplemented in the subsequent research
work.
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