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Abstract

With the rapid development and growth of the installed capacity of wind power generation in China, more and
more attention has been paid to the risk of wind farm construction projects. Based on the extension element method
and the multi-level fuzzy comprehensive evaluation method, this paper makes an empirical analysis on the bidding
risk of the wind farm construction project of Xintiandi energy company in Hebei province. The research shows
that the extensible matter element method can provide effective support for decision makers because there are no
different evaluation principles and more accurate risk evaluation.
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1. Introduction

Since 2005, China's wind power installed capacity has been growing. At the end of 2017, China wind power added
installed capacity of 18,190MW, the cumulative Installed capacity of 163,250MW (Figure 1)[1], for 6 consecutive
years ranked first in the world. In the 2017, wind power generation accounted for about 4.7% of the country's
electricity generation. 2018 1-September, the national Wind power infrastructure new power generation production
capacity 12,610mw; wind power completed investment of 34.6 billion yuan.
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Figure 1. Development of China's wind power installed capacity in the 2006-2017

With the continuous expansion of wind power installed capacity, the risks faced by wind farm construction
projects in China have been paid more and more attention. How to accurately identify the bidding risk of
wind farm construction project, and reasonably formulate an effective bidding risk management strategy is
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an important content of wind farm construction and management. This paper mainly discusses the risk factors
of bidding for wind farm construction projects in China, establishes the comprehensive evaluation index
system of bidding risk of wind farm construction project, and takes the wind farm construction project of
Hebei Xintiandi Energy company as a case, and uses the extension element method to evaluate the bidding risk
comprehensively.

2. Model
2.1 Construction of Risk Evaluation Index System for Bidding and Bidding of Wind Farm Construction Project
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Figure 2. Comprehensive evaluation index system of bidding risk of wind farm construction project
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Based on the empirical analysis of the risk data of wind farm construction projects at home and abroad, referring
to the relevant research literature[2-3], combined with the analysis of the results of interviews with engineering
managers and bidders, the index factors affecting the bidding risk of wind farm construction projects are
preliminarily determined, and on this basis, senior project management experts are consulted to apply the Law
(Delphi) The risk factors of bidding for wind farm construction project are modified and supplemented, and the
risk evaluation Index system of bidding for wind farm construction project is obtained (see Figure 2). The system
consists of 5 level three indexes, such as Risk Index (U1), risk index of bidding implementation stage (U2) and
Risk Index (U3) of calibration contract stage, 3 level two index, technical risk, social environment risk,
management ability risk, evaluation target risk and contract risk, and 13 level four index.

2.2 Analysis and Calculation Ideas and Models of Extensible Matter Element Method

Because the bidding process of wind power plant construction project is affected by many factors, there must be
some incompatibility between these risk indexes, which is often neglected by the previous research, or not well
solved, therefore, it is necessary to establish a mathematical model that can accurately describe the relationship
between the various influencing factors, this is a comprehensive evaluation of the risk of bidding for wind farm
construction projects. In order to solve the incompatibility between the evaluation indexes in the bidding risk
evaluation system of wind power plant construction project, this paper adopts the theory of extension matter
element analysis, takes the risk grade, evaluation index and eigenvalue of the bidding of wind farm construction
project as the matter element, and establishes the multistage matter element model.

The basic principle of extensible element method is: First, based on the existing data situation, the evaluated object
is divided into several levels, and the data value range of each level is determined based on the expert opinion or
the data composition in the database, and secondly, the index value of the evaluated object is added to the data
collection of each level specified above. Based on this step, the evaluation index is analyzed and evaluated, and
finally, the correlation degree between the evaluation index value and each level set is compared, according to the
size of the correlation degree, if the correlation degree between the two is greater, it means that the degree of
compliance between the index and its hierarchical set is the better. The concrete steps are shown in figure 3:
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Figure 3. Concrete steps for comprehensive evaluation of extensible matter element

In this paper, the risk of bidding is divided into 5 levels by using the extension element method to evaluate the
bidding risk of wind farm construction projects: Very large, large, general, small, very small, respectively,
expressed by N;(i = 1,2,3,4,5).

1) Build a classic domain, mainly for level four indicators.

N] Cq le [N] Cq1 < ajl,bjl >

Rj = (Nj, ¢, vy1) = (1)

Cy Vj2 _ | c, < ajz,bjz >|
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In the formula, the R; represents the j-th of the R, the N; represents the grade j of the thing, ¢; represents the
i-th feature of the Thing, vj; represents N;j 's range of values for ¢;, that s, the classical domain is determined.

2) Build section domains
The level of the bidding risk is all about the range of values for all features.

N] Cq le N] Cq1 < ajl,bjl >
Cy VjZ Cy < dio, b'2 >

R = (Nj, ¢ vj1) = NS . = @)
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In the formula, p represents the full level of bidding risk, that is, the whole level of the object to be evaluated, vy,
represents the range of p’s value for c; , that is, the section domain is determined.

3) Establish the matter-element of bidding risk

The object to be evaluated in this paper is the bidding risk of wind farm construction project, therefore, the matter
element of bidding risk is indicated as formula(3).

Po ¢ Vi
C \%
Ry = s 3)
CI'l Vn

In the formula, Rgrepresents the matter element of bidding risk, c; represents the i-th characteristic of bidding
risk,, vjrepresents the specific data obtained by p, on c;.

4) Determining the weight of risk evaluation index of bidding at all levels

In this paper, we use the sequential relation method to empower the 3 level two indexes included in the Risk
evaluation index system of wind farm construction project, and use the eigenvalue method to empower the three
level index of the risk evaluation Index system of wind farm construction project bidding, The weight coefficient
of the four-level index of the risk evaluation Index system of wind farm construction project is calculated by using
the Set value iteration method, the calculation is simple and intuitive, the computation is doubled, and the
shortcoming of AHP method is overcome, which is limited by the number of indexes.

5) Establish an association function to calculate the value of the associated function

An association function is established between the various indicators of bidding risk and each level level, and the
associated function value is represented as shown in (4).

p(vi’vll) , e V
Ki(v;) vl 2 4)
j\WVi) = v
ol Vy) Vi € Vji

p(vi.Vpi)-p(viVji)’
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In the formula, K;(v;) indicates that the i-th risk evaluation index in the risk evaluation index system of bidding
is the correlation function value of the risk level,, and p(vi, V]-i)indicates the distance between the matter element
value and its classical domain of the risk Evaluation index of the i-th bid. |V],| indicated that the first bid risk
evaluation indicator for the distance of the classical domain of the j risk level,, p(Vi, Vpi) indicated the distance
between the matter element value of the i-th bid risk evaluation index and its section domain.

Therefore, the correlation degree of each level of bidding risk to be evaluated is indicated as shown in formula(5).

K;(po) = X" wiK;(v;) (5)

6) To determine the risk level
When K;(po) satisfies formula(6), the bidding risk element p, belongs to the j risk level.

Kj(po) = max{K;(po)} j=12,-,m (6)

3. Case Analysis

Taking the construction project of Xintiandi wind farm in Hebei energy company as an example, this paper applies
the above method and theory of bidding risk identification, and uses the extension element method to evaluate the
bidding risk of this project synthetically.

Based on the expert's empirical analysis of the risk of bidding for wind farm construction projects, this paper
considers the risk factors that may appear in the course of bidding work in the future, as well as the importance of
different bidding stages, and determines the ratio of the risk index (Us) to the risk Index (U;) in the preparation
stage of bidding for the bidding stage is 1.2. The ratio of the risk index (U) to the risk Index (Us) in the bidding
stage is 1.1, so the weight of the 3 second level risks can be obtained according to the formula of calculating the
weight by the sequential relation method, as shown in the specific values as formula(7).

A, = (0.28,0.38,0.34) )
The sum results of the columns of the third level indicator judging matrix, based on the opinions of individual
experts, as well as the weights of each indicator, are shown in table 1.

Table 1. Weight of third level index for bidding risk evaluation of wind farm construction projects based on column
and inversion

Columns Each column summation result (of w;
1 15/2 2/15 0.615
2 12 1/12 0.385
3 10/3 3/10 1.000
4 37/12 12/37 0.678
5 13/2 2/13 0.322

The 10 experts invited were required to select the 13 indicators, each of which selected 10 more important
indicators and received a level four indicator weight as shown in table 2.

Table 2. The weight of forth level index of bidding risk evaluation of wind farm construction project based on set
value iteration method

Expert Ujqq  Uyrp Ugqz Usgpy Usgpp Usgpz Uz Upgp Uzqq Uzjp Uszgz Uszpy Usypy
1 1 1 1 1 1 1 1 1 1 1
2 1 1 1 1 1 1 1 1 1 1
3 1 1 1 1 1 1 1 1 1 1
4 1 1 1 1 1 1 1 1 1 1
5 1 1 1 1 1 1 1 1 1 1
6 1 1 1 1 1 1 1 1 1 1
7 1 1 1 1 1 1 1 1 1 1
8 1 1 1 1 1 1 1 1 1 1
9 1 1 1 1 1 1 1 1 1 1
10 1 1 1 1 1 1 1 1 1 1
total 8 9 8 7 6 10 9 10 3 10 6 5 9
weight 032 036 032 030 026 044 047 053 0.6 053 031 036  0.64
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Based on the weight coefficients of the above calculated indexes, the weight coefficient of the forth level index
relative to the overall evaluation of bidding risk can be obtained, as shown in formula (8).

A = (0.055, 0.062, 0.055, 0.032, 0.028, 0.047, 0.179,
0.201, 0.037, 0.122, 0.071, 0.039, 0.070) ®)

Because the evaluation index value of the bidding risk of the wind farm construction project is within the classical
domain range of 5 risk levels, the correlation degree is calculated directly according to the formula (4), as shown
in table 3.

Table 3. Correlation degree of bidding risk level of wind farm construction project

. - Very large large general small very small
Indicators Characteristic K,(v,) K,(v;) K;(v) K,(v,) Ks(v)
U; ¢ -0.40 0.00 0.00 -0.40 -0.57
Uy 1, -0.33 0.50 -0.33 -0.60 -0.71
Un 3 -0.50 -0.50 -0.75 -0.83 -0.88
Uy, ¢y -0.25 0.50 -0.25 -0.50 -0.63
Uy Cs -0.25 0.50 -0.25 -0.50 -0.63
Upn cs -0.33 0.00 0.00 -0.33 -0.50
Uy ¢y -0.33 0.50 -0.33 -0.60 -0.71
Uy cg -0.40 0.00 0.00 -0.40 -0.57
U;; Co 0.00 0.00 -0.50 -0.67 -0.75
U;; Cro -0.43 -0.20 0.50 -0.20 -0.43
Us; ¢y -0.40 0.00 0.00 -0.40 -0.57
U;, cr2 -0.43 -0.20 0.50 -0.20 -0.43
U;, 3 0.00 0.00 -0.67 -0.80 -0.86

Based on formula (5), the correlation degree of each level of bidding risk of wind farm construction project is
calculated, as shown in formula (9)-(13).

K, (p) = X2 w;K;(v;) =-0.338 )
K, (p) = X' wiK, (vi) = 0.091 (10)
K3(p) = 2B wiK;3(vy) =-0.121 (11)
K,(p) = X1 w;K,(v;) = -0.480 (12)
Ks(p) = X" wiKs(v;) = -0.624 (13)

The correlation degree of each risk level of the bidding work obtained by the above calculation can be seen,

K,(p) = max{Kj (p)}(j = 1,2,3,4,5), Therefore, the risk level of bidding risk work of the wind farm construction
project is larger, which indicates that there is a great risk of bidding in the construction of this wind farm project.
The risk levels for calculating each risk factor separately are shown in table 4.

Table 4. Risk levels for each risk factor

Risks in the

Risks in the preparation stage of implementation stage of

Risks in the bidding and

bidding and tendering bidding and tendering signing stage
Technical Social Management capability Assessment Contract
. environmental X . .
risks risks risks risks risks
K, (p) -0.070 -0.031 -0.139 -0.081 -0.017
K, (p) 0.004 0.03 0.090 -0.024 -0.008
K3(p) -0.062 -0.015 -0.059 0.043 -0.027
K4(p) -0.105 -0.046 -0.188 -0.078 -0.064
Ks(p) -0.124 -0.061 -0.242 -0.121 -0.077
Level three risk
indicator risk K, K, K, K K,
level
Risk rating for
secondary risk K, K, K,
indicators
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As can be seen from table 4, in the bidding preparation stage, bidding implementation stage, calibration contract
stage of the risk level is two levels, the risk is greater: the impact of this wind farm construction project bidding
risk ranking: from high to low in order of three stages of risk: the implementation stage of bidding is higher than
the preparation stage of bidding, Bidding preparation stage is higher than the calibration contract stage.

4. Conclusion

In this paper, the risk of venture investment in wind farm construction project is evaluated. The research shows
that: the bidding process of the wind farm construction project of Hebei Xintiandi Company is more risky, and the
risk situation is sorted as: the risk of bidding implementation stage is greater than the risk of bidding preparation
stage, the risk of bidding preparation stage is greater than the risk of calibration contract stage, and the preparation
of the bidding stage of wind farm construction project is more adequate. , there is insufficient preparation for other
stages, and compared with the multi-level fuzzy comprehensive evaluation method, the extensible matter element
method does not have different evaluation principles, and can obtain more accurate evaluation results, which can
provide effective support for decision-making.
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