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Abstract

Electric power market competition is intense. The competition between the various power plants
will is the contest of economic efficiency as the core. Fuel cost is the center link of production management
and economic accounting in thermal power plant, so selection management of the coal-fired supplier has
great significance for the development of thermal power enterprise and improvement of the economic
benefits. The paper constructs evaluation index system of coal-fired supplier, using the AHP method to
determine the weight of evaluation index, and comprehensively evaluating to the coal-fired supplier with
correlation functions in the extenics. The result indicates that it applies combination of the AHP and the
extension analysis method to the selection of coal-fired supplier, which can accurately reflect relative
importance of evaluation index, and directly reflect the detailed situation of supplier. This method is
scientific, reliable and practical, which is applicable for various comprehensive evaluations.
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1. Introduction

Along with the globalization of the fierce market competition, the life cycle of products
becomes shorter. In order to adapt to the rapid and changing market demands, the enterprise
emphasizes on its own core ability more and more, and obtains non-core production resources
from the supplier through the supply chain. Traditional purchasing management often tends to a
material with multiple suppliers, which feels secure. While the trend of modern purchasing
management is to reduce the number of suppliers, and set up long-term stable cooperative
partnership of mutual trust, mutual benefit and mutual help. In view of this, the choice of the
supplier needs more caution and they must have comprehensive consideration of the
performance of candidates in every area, and that selection method of suppliers is scientific and
proper, which is also directly related to the survival and development of enterprises. So the
study for the method of supplier selection has important theoretical significance and practical
significance.

In the electric power enterprise, thermal power enterprise, especially the coal-burning
electricity-generating enterprises, is the subject of competition of electricity market in current
and future. As coal is the main raw materials of coal enterprise and the pros and cons of coal-
fired suppliers directly affects the cost, quality, delivery of coal enterprise and total performance
of coal and electricity supply chain. So scientific, reasonable and objective evaluation and the
choice of coal-fired supplier must be one of the most important work to thermal power enterprise
in supply chain [1].

At present, there are many methods for the selection of coal-fired supplier, such as
statistical analysis, the analytic hierarchy process, the fuzzy comprehensive evaluation method,
and gray system analysis. These methods analyze and solve problems from different angles
and perspectives and have achieved good results in practical applications. However, these
evaluation methods cannot describe the extension of evaluation objects, that is, their
development and changes. The extension analysis method was established by the Chinese
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mathematician Cai. [2] Based on the formalize logic tools, the rules and methods required to
solve the contradiction problem can be analyzed qualitatively and quantitatively. This paper
combining the AHP method with the extension analysis method analyzes specific data in a
power plant and establishes the right index system on the characteristics basis of the thermal
power supplier. It also calculates evaluation index weight through the AHP and uses correlation
function of extension theory to evaluate coal-fired suppliers comprehensively. So it forms
extension evaluation method of coal-fired suppliers in coal enterprises.

2. The Establishment of the Coal-Fired Supplier Evaluation Index

The research for the selection of supplier firstly should be the study of evaluation
indexes. The selection is a multiple attribute decision making problems. The establishment of
evaluation index on the coal-fired supplier should consider the actual situation of thermal power
enterprise to make conclusion and review of the various selection criteria of the coal-fired
supplier. The selection can be concerned from five factors such as cost, quality, delivery,
service and environment [3-6].

(1) Cost factor

Cost includes not only the purchase price, but also the spending in the process of using
raw materials and parts. The low purchase price is an important condition for choosing supplier.
But the supplier with the lowest price is not the most appropriate necessary, which the product
quality and delivery time cannot reach to requirements. Owing to the geographical position is
too far, higher transportation costs can make the total cost increased. The lowest total cost is an
important factor on selecting supplier.

The coal-fired cost is referred to the summation of the prices of thermal power
enterprise purchasing coal, transportation expenses and miscellaneous fees, including direct
cost and indirect cost. Coal plays a main role in power cost of coal power enterprise, so the cost
purchasing coal is directly related to profitability and market competitiveness of them. Therefore,
the purchase cost is the important basis of selecting supplier.

(2) Quality factor

Quality is one of the most basic indexes to measure suppliers. But quality could not the
better as much as possible. Supplier need to be able to provide finished goods that are suitable
for enterprise. The product of the poor quality and the low price, although the purchase cost is
low, which can increase the total cost of enterprise. As the unqualified product often influence
the production continuity and the product quality in the process of putting in use, which will be
reflected in the total cost eventually.

For thermal power enterprise, ensuring secure continuous production, we still must
keep economy of the unit operation. From the point of view of production, quality of raw
materials directly determines the economy of the unit operation. So combining with the power
enterprise, we should choose three indexes to evaluate quality of the supplier's supply which
are the low position calorific capacity, volatility share, coal qualified rate. The low position
calorific capacity refers to the biggest calorific value of unit fuel deducting calorific value of water
vapor after vaporization, which expresses the thermal efficiency of combustion. Volatility share
is that the coal sample is isolated the air heating under the specified conditions, the organic
matter in the coal being heated to decompose a part of smaller molecular liquid and gaseous
products occupies the percentage of the coal sample quality, which be called the volatility share
production rate , namely, volatility share. Coal qualified rate is the ratio of the passing rate of the
total coal produced.

(3) Arrival factor

The arrival should be considered two aspects of delivery on time and prescriptive
number. Therefore, evaluating delivery level of coal enterprise supplier could be evaluated by
on-time delivery rate, coal-fired surplus tons rate and order completion rate. On-time delivery
rate is the percentage of the delivered actual batch on time in delivery batch of order
confirmation, reflecting on-time delivery performance of supplier in prescribed time. Coal-fired
surplus tons rate refers to the percentage of the quantity of fuel surplus tons in the actual
amount of fuel inspection. The order completion rate reflects the performance of supplier's
satisfaction with Customer purchasing demand.
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(4) Service factor

Good service of supplier plays an important role, which will structure the new partner
partnership between thermal power enterprise and coal supplier. It is the platform to make trust
each other. Service of coal supplier for thermal power enterprise mainly lies in the claims rate of
coal-fired loss tonnage and customer satisfaction. The former is the ratio of comparing with the
reclaimed loss tonnage quantity of thermal power company to suppliers and the total amount of
the loss tonnage. The latter is the satisfaction of the customer to the supplier.

(5) Environment factor

Supply chain partner selection and evaluation is to establish a win-win partnership.
Cooperation and environmental influence is an important key to the success, so it is necessary
to evaluate external environment and cooperative relations for enterprise. Here environmental
factor including the natural and geographical environment, political and legal environment and
economic and technological environment. Natural and geographical environment mainly
inspects the address location of the supplier, climate, natural resources and transportation and
so on. Political and legal environment is an important aspect of the investment environment,
which is directly related to the security of the investment. It mainly investigates from the political
system, political stability, the government's attitude to foreign investment and legal framework.
The quality of the economic and technological environment constraints of a national, regional
supplier development.

(6) Other factors

We can also consider many other factors in the selection and evaluation of coal
supplier, such as the history effectiveness, the production facilities of supplier, technical
capabilities, financial condition, management and organization, maintenance services, Image of
the attitude, communication systems for suppliers and buyers, business expectations. In short,
through the combination of the characteristics of the coal supplier, according to the construction
principle of the evaluation index system, the establishment of the thermal power enterprises’
coal supplier selection and evaluation index system is shown in Table 1.

Table 1. Evaluation Index System of Coal Supplier of Thermal Power Enterprise

The Target Layer First-Level Indicator Second-Level Indicator

Cost The Standard Coal Price of Entering the Factory C1

The Low Position Calorific Capacity C2

Quiality Volatility Share C3
Thermal Power Coal Qualified Rate C4
Enterprise in
Supplier Selection On-Time Delivery Rate C5
and Evaluation Arrival Coal-Fired Surplus Tons Rate C6

Index System
Order Completion Rate C7

The Claims Rate of Coal-Fired Loss Tonnage C8

Service

Customer Satisfaction C9

Natural and Geographical Environment C10
Environment Political and Legal Environment C11

Economic and Technological Environment C12

3. Determine the Index Weight Based on AHP Method

The complex problem is decomposed into various component factors by AHP method.
These factors are divided into groups according to the domination relationship, and form the
hierarchical structure. The relative importance of various factors is determined in the hierarchy
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by pairwise comparisons way. Then we integrate the judgment of the relevant personnel to
determine the total ranking of the relative importance of alternative program. The whole process
reflects the decomposition - judgment - combination of thinking pattern. The steps of AHP
method determining the weight are as follows [7, 8].
(1) Establish the evaluation system of hierarchical structure

In accordance with the different goals and achieving functional differences, the
system is divided into the hierarchical structure. This article starts from the influencing factors of
the supplier selection and evaluation about thermal power enterprises and the evaluation index
is divided into three layers: The first layer is the main factor layer, which is the subject of study.
The second layer has five first-level indicators, under which have their own second-level
indicators.

(2) Structure judgment matrix

After establishing the multi-level hierarchical structure system, through the pairwise
comparisons in the elements of layers, using the 1-9 scale value expresses the importance
degree between the elements, constructing the judgment matrix to determine the relative
importance of certain factor of the next layer to the previous layer, which is shown in Table 2:

Table 2. Judgment Matrix

Uy Upp Uim
Upy Uz, Uom
Urg U2 Urm

(3) Seek the normalized relative importance vector W of various elements relative to certain
element of the upper layer
Here with the square root method

Here W = (Wy W+ -s Wm) is the weight of solving index

(4) Consistency test
Calculate the consistency index C.I.

- Amax -n —i N (AW)I
Cl.= e Among A, = - iE:l W
C.

Calculate the consistency ratio : C.R. = ﬁ ,
In the formula: R.I. is the corresponding average random consistency index.
If C.R < 0.1 shows the calculation of the weight is reasonable, you can use.
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4. The Basic Principle of Extension Method
4.1. The Basic Concept of Extenics

The extenics is founded by Chinese scholars Cai wen in 1980, which is an emerging
discipline. It is the rules and methods to research solutions to the complex and contradictory
problems from the qualitative and quantitative perspective with the formal tools. It reflects the
content and relationship of the quality and quantity of the comprehensive evaluation in a very
intuitive way. It provides a new methodology system to solve the contradictions in the real world
for people to understand and analyze real world from a new perspective. The extenics has been
more widely used in the product portfolio, evaluation of the ecological environment, highway
construction.

The extenics is disciplines of the theory and method, which studies and solves
contradictory problems. Based on the primitive theory, extension theory, extension logic,
through the establishment of the primitive, extension set and correlation function, It studies not
only the qualitative change process of things but the quantitative change process as well. It
provides the quantitative, formal and logical theoretical basis for people studying and solving
contradictory problems [9].

The basic idea of extensive comprehensive evaluation is that according to the
accumulated data in the supplier management, the pros and cons of the evaluation object is
divided into several grades. The data ranges of various grades are given by the database or
expert advice, then the index of the evaluation object is brought into the set of various grades to
make multi-index assessment. Assessment results are compared by the comprehensive
correlation degree of it and the set of various grades. The greater the comprehensive correlation
degree is, the better the conform degree of the evaluation object and the grade set is [10].

4.2. The Step of the Extension Analysis Method Evaluating Supplier

The basic steps are as follows [11-13]:
(1) Determine the classical domain

The extenics is the rules and methods to research solutions to the complex and
contradictory problems from the qualitative and quantitative perspective with the formal tools. It
reflects the comprehensive evaluation level of studying the object by establishing the evaluation
model of multi-index parameters. The extenics brings in the matter-element to integrate of
quality and quantity, which is the triples based on things, features and the value of things on
features, and recorded as R = (N ,C,V). The extension method has been widely used in many

areas.
The evaluation indexes of the coal-fired supplier is (Cl,cz,... ,Cm) .The supplier's level

is divided into n grades, so the classical domain is

Noj Cl Vojl _Noj C:1 <aojl’ boj >_
Roj = C2 V(?jz = C2 <a°j2’E boj > , j:LZ,"', n
Cm le L C:m <aojm’ bojm>_

In the formula, NOj is the j-th evaluation grade in the division. j = 1, 2, 3, 4 expressing

grade of the evaluated coal-fired supplier is “"excellent, good, normal, poor”.
Voik =< Qgjir bojk >(k=1, 2, ..., m) expresses value range of the k evaluation index C,, when

the supplier’ rating is the j-th grade.
(2) Determine the section domain

The matter-element model formed by the allowed range of value for product
comprehensive evaluation index is called the section domain, which is recorded as
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NP Cl Vpl _Np Cl <ap1’ bp1>_

R, = C: Vi = C <ap2’ b92>
P . . : .

Co Venl | Co (aBpw By

In the formula: Rp represents the section domain of the matter-element model of the
coal supplier's comprehensive evaluation; Np represents all levels of supplier:

Voik =< Qgjir bojk >represents the allowed value range of the index C, in N .

(3) Determine the matter-element to be evaluated

For the supplier to be evaluated, the obtained data is expressed by the matter-element
model to be evaluated, which is as follows:

N C, V,
R - CZ V2
C, V,

m m

In the formula: N is the suppliers to be evaluated; V, is the k-th index evaluation value of
the supplier to be evaluated

(4) Determine the correlation degree of the supplier to be evaluated about various evaluation
grades

The correlation degree is the measure of the relationship between things, between
factors. That is, it is according to similar degree of continuous or discrete series of curves of
things or factors to determine the size of its associated degree. If the shape of two curves is
similar, the correlation degree is large; on the contrary, the correlation degree is small. The

correlation degree of the supplier to be evaluated for the different evaluation grade are as
follows:

,0()9’ Xop) Ox.
K( )_ p(Xi’ Xy _p()ﬁ’ Xoji) A L
= P\%s X .
T X onji
i)

In the formula: p(Xi; Xoji) is the distance of point and Interval X; .

1 1 _
PO% %) :‘Xi _E(aoji +b0ji1_§(boj' _aoji)* (=1, 2,3, ..., n) 2
(5) Determine the correlation degree of the suppliers to be evaluated about level j

The weight vector of various features is &, &,,--» &, , which makes the correlation
degree and weight coefficients as the comprehensive correlation degree:
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m

K;(p)=> aK(x) )

i=1

Kj (pk) is the correlation degree of enterprise to be evaluated P, about the j-th grade

of the supplier.

(6) Rating
The size of the correlation degree expresses the things accord with the degree of the
grade of standard things. The higher its value is, the higher the coincidence degree is.

ij = maX{Kj(pk)} expresses the comprehensive evaluation results of the suppliers
to be evaluated belong to the jp grade.

5. Example Analysis

There are four coal-fired thermal power plant suppliers, and we use A, B, C, D to
represent the four coal mines. Thermal power plant did a detailed investigation of the four
suppliers, and they organize procurement, production, quality control experts to evaluate the
qualitative indicators of the supplier [14-18]. The specific data are shown in Table 3:

Table 3. The Supplier Rating Index (Raw Data)

First-Level .
Indicator Second-Level Indicator A B C D
Cost The Standard Coal Price of Entering the c1 1000 088 990 976
Factory
The Low Position Calorific Capacity c2 5326 5582 5443 5558
Quality Volatility Share C3 30.28 25.12 24.55 27.15
Coal Qualified Rate ( %) C4 88 95 97 98
On-Time Delivery Rate ( %) C5 98 94 96 92
Arrival Coal-Fired Surplus Tons Rate ( %) Cc6 1.8 1.2 2.1 1.7
Order Completion Rate ( %) C7 87 99 93 85
The Claims Rate of Coal-Fired Loss cs 105 100 112 102
Service Tonnage ( %)
Customer Satisfaction ( %) Cc9 98 97 98 99

Natural and geographical environment C10 0.6335 0.9385 0.9801 0.7919

. Political and legal environment Cl1 0.6958 0.9880 0.9446 0.7919
Environment

Economic and technological

- C12 0.9145 0.9760 0.9536 0.5781
environment

According to the preceding established model, the four options A, B, C, D will be
evaluated.

5.1. Determine the Weight of Each Index with AHP Method

Carry on pairwise comparison to various indexes, using the analytic hierarchy process
(AHP) to determine the weights of the indicators to construct the judgment matrix. The
importance of Indexes use a questionnaire to determine their respective importance.

Due to cost factor of the first layer index is the standard coal Price of entering the
factory, the subjective and objective weight relative to the upper index all is 1. Therefore, we

calculate the second layer index weight from the indexC,. The scoring of the indicators and
their relative weights are shown in Table 4.
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Similarly( C, C, C,) =(0.53 0.31 0.16), ( C;C,C,) =(0.49 020 0.31), ( Cg

C,) =(0.750.25), ( C,, C,; C,,) =(0.16 0.30 0.54)

The final weight vector can be obtained according to above mentioned the first-level
weight and the second-level weight

Table 4. Judgment Matrix and Weight of the First-Level Index

Environ-

F1 Cost Quality Arrival Service ment \% w Consistency Test

Cost 1 2 3 2 2 1.89 0.33

Quality 1/2 1 1/2 1/2 1/2 0.66 0.12 2 =54
max N

Arrival 1/3 2 1 1/2 3 1 0.17 Cl.=01
Service 1/2 2 2 1 2 1.32 0.23 C.R.=0.089 <0.1
Environ- 12 2 1/3 112 1 083  0.15

ment

5.2. Select the Coal Supplier with Extension Analysis Method
(1) Determine the classical domain and section domain

Coal supplier's rating can be divided into "excellent, good, normal, poor”. The classic
matter-element of various grades are as follows:

N NOl N02 N03 N04
Cc, (970,978)  (978.986)  (986,994)  (994,1002)
C, (5330.5600) (5050,5330) (4775.5050) (4500,4775)
C, (24.26) (26,28) (28,30) (30.32)
Cc,  (96,99) (93,96) (90,93) (87.,90)
C,  (97.99) (95,97) (93,95) (91.93)
R =|C, (1.9.2.2) (1.6,1.9) (1.31.6) (1.0.1.3)
C,  (95.100) (90,95) (85,90) (80.85)
C, (110,113)  (107,110)  (104,107)  (101,104)
C, (98.599.5) (97.598.5) (96.597.5) (95.596.5)
C, (0.9.1.0) (0.8,0.9) (0.7,0.8) (0.6,0.7)
c, (0.91.0) (0.8.0.9) (0.7,0.8) (0.6,0.7)
C, (0.91.0) (0.8.0.9) (0.7,0.8) (0.6,0.7) |

Section domain matter-element and matter-element to be evaluated are:
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C, (970.1002) ]
C, (4500,5600)
C, (2432
c, (87.99)
C,  (9199)

. C, (1022

P C, (80.100)
C, (101113
C, (955995)
C, (0610)
C, (061.0)
C, (0610)
C, 1000 ] C, 988 ]
C, 5326 C, 5582
C, 30.28 C, 2512
cC, 88 c, 95
C, 98 C, 9%
C, 18 C, 12

R, =
c, 87 C, 99
C, 105 C, 100
C, 98 c, 97
C, 0.6335 C, 0.9385
C, 0.6958 C, 0.9880
C, 09145 C, 09760
C, 990 ] C, 976 ]
C, 5443 C, 5558
C, 2455 C, 2715
c, 97 cC, 98
C, 9 C, 92
c, 21 cC, 17

o e cC, 8
Cc, 112 C, 102
C, 98 C, 99
C, 0.9801 C, 0.7919
C, 0.9446 C, 0.7919
C, 0.9536] C, 05781
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(2) Determine the correlation degree
Calculate the correlation matrix of the correlation degree according to (1), (2) type:

092 -0875 -075 025 | —042 0125 017 04 |
—-0014 0015 -0502 -062 013 -093 -097 -098
-071 -057 -014 0194 37 -044 -072 -081
-089 -083 -067 033 -02 033 -033 -056
05 -05 -075 -083 -05 -025 05 -025
<. (x)= -02 -02 -033 -056 < (x)= -078 067 -033 1
, -053 -03 04 -Q022| " 04 -08 -09 -093
-056 -033 033 -033 -11 -117 -133 067
-025 05 -025 -05 -05 -025 05 -025
-087 -0833 -202 0335 167 -057 —06925-0795
-17 -0521 -0042 0046 024 -088 -094 -096
| 02 -0145 -0573 -0715 | 048 -076 -088 -092
[-05 -025 05 02 | [ 05 -025 -0625 —057]
274 -042 -072 -081 Q31 -084 -092 -095
055 -0725 -08625 —091 -027 Q37 -02125-0474
1 -033 -067 -078 Q67 -067 -083 -089
-025 05 -025 -05 -083 075 05 1
067 -067 -083 -089 -029 025 -017 -044
)% 022 oa -0z —oss| P77 5 o0 o |
067 -067 -083 -089 -089 -083 —067 067
-025 05 -025 -05 1 -05 -Q75 -083
0398 —-0801 —09005 -093 —-036 -00405 0044 —032
412 -0446 -0723 —0815 —-036 -00405 0044 —032
0928 -0536 -0768 —085] -1073-11095 -01 -Q43§

(3) Grade evaluation

Calculate the joint correlation degree and carry on the rank evaluation according to the
obtained weight vector A

Using formula (3) to calculate

(P =2 aKs (x)

Ke(p) =Y aKg (x)

Ko (p)= 2 aKq(x)

(-0.687,-0.616, — 0.520, - 0.119),

(-0.207, - 0.388, - 0.444, - 0.139),

(0.583, —0.329, - 0.380, — 0.579),
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Ko (Pe) = zm:q Ko (%)= (-0.019, - 0.596, - 0.642, - 0.358),
i=1

It can be seen, Maij(x):0.583, so the program C is the best, the program A is

worst, Which shows that the thermal power plant should first choose program C namely to
choose the C coal mine in the choice of coal-fired supplier.

6. Conclusion

In this paper, the AHP method and the extension analysis methods are used in the coal-
fired supplier selection of thermal power plant, and establishing an objective and comprehensive
evaluation index system of coal-fired supplier. The AHP method and the extension analysis
methods have their own advantages and characteristics. Two methods can compensate for their
respective shortcomings to have a comprehensive, effective, scientific evaluation. Judgment
matrix in AHP method to determine the weight can make the decision maker's thought process
be mathematical, systematic. Basis for decision making is easy to be accepted. The extension
analysis method is a comprehensive evaluation method, which evaluates the correlation grade
of the things from multiple influencing factors. It uses the fuzzy definition to replace the artificial
stipulation the boundary. It also uses fuzzy matter-element transformation, the structural
changes to transform incompatible contradictions to compatibility issues. This is to restore
things in the analysis process to facilitate the solution of the model. During mathematical
modeling, we take full account of the vagueness of the things, so narrowing the differences in
the model and the actual situation. It solves the contradiction between complexity and accuracy
in the evaluation process of things. The combination of two methods, not only to solve the
weight determination question of the multi-factor, the multiple index thing, and can effectively
solve the comprehensive evaluation problem. Through treatment of concrete examples, the
steps are clear and simple, the method is easy to master, and results is reasonable and
credible, which is of extremely good value.
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