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Abstract Decision-making is the key to the development of enterprise. There are

many factors of business decisions in thermal power enterprise, and they have

different degree of importance. This paper describes the basic principles of princi-

pal component analysis. Based on the business characteristics of the thermal power

combination, the paper selects seven relevant indicators from the perspective of

their own costs and analyzes the factors of business decision in thermal power using

principal component analysis. The results demonstrate that the cost factor of

business decisions in thermal power enterprise is mainly controlled by the fixed

costs, which is together determined by depreciation charges, staff salaries, mainte-

nance costs, materials costs, etc. Secondly, it is controlled by the principal compo-

nent that determined by the fuel cost. As to the degree of influence on individual

factors, the greatest is the fuel costs.

Keywords Thermal pwer enterprise • Business decision • Principal component

analysis • Factors

290.1 Introduction

Business decision is the focus of management and it is also the key to enterprise

development. Business decision in thermal power enterprise, involving wide areas,

contents, is affected by the very complex factors. These factors, some from within

the enterprise, while others come from outside the enterprise, have influence in

different aspects of the business activities. In the enterprise business decision,
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people must be taken full account of these factors, and carefully study the intrinsic

link between them, in order to understand their impact on business decisions in the

thermal impact [1]. As to these very complex problems, decision-making just by

experience is powerless. So quantitative techniques and methods of modern man-

agement must be used to have a comprehensive analysis, thus the business decisions

is scientific.

From the point of view of their own costs of thermal power enterprise, the cost of

their own, which are closely related factors, is a major factor of business decisions

in thermal power enterprise. Therefore, the analysis of key cost factors of thermal

power enterprise is of great practical significance to the business development and

scientific decision-making in thermal power enterprise. Based on the business

characteristics of thermal power enterprise, the paper, using principal component

analysis, analyzes the cost factors of business decisions in thermal power enterprise,

which provides a reference of scientific business decisions for thermal power

enterprise.

290.2 The Basic Theory of Principal Component Analysis

Principal component analysis is a mathematical transformation method, which

given a set of relevant variables by linear transformation into another set of

unrelated variables, and these new variables are arranged in descending order

according to the order. In the mathematical transformation, the total variance of

the variables maintains the same, and the first variable called the first principal

component is with the largest variance. The variable called the second principal

component is with the second largest variance, and is not related with the first

principal component. And so on, the final principal component is with the minimum

variance, and is not related with the entire former principal component [2].

Assume there are n samples, and each sample has a total of p indicator variables.
Thus they can constitute a matrix as flows.

X ¼

x11 x12 � � � x1p
x21 x22 � � � x2p

..

. ..
. ..

. ..
.

xn1 xn2 � � � xnp

2
6664

3
7775 (290.1)

Using P original variables we can constitute several new integrated variables,

which are linear combination of the original variables. Thus, x1; x2; � � � ; xp are

defined as the original index, and Z1; Z2; � � � ; Zmðm� pÞ are defined as the new

integrated index [3].
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Z1 ¼ a11x1 þ a12x2 þ � � � þ a1pxp
Z2 ¼ a21x1 þ a22x2 þ � � � þ a2pxp

..

.

Zm ¼ ap1x1 þ ap2x2 þ � � � þ ampxp

8>>><
>>>:

(290.2)

α21i þ α22i þ � � � þ α2pi ¼ 1; i ¼ 1; 2; � � � ; p (290.3)

CovðZi; ZjÞ ¼ 0 i 6¼ j; i; j ¼ 1; 2; � � � ; p (290.4)

VarðZ1Þ�VarðZ2Þ� � � �VarðZpÞ (290.5)

290.3 The Calculation Steps of Principal Component Analysis

290.3.1 Construct Analysis Matrix

X ¼

x11 x12 � � � x1p
x21 x22 � � � x2p

..

. ..
. ..

.

xn1 xn2 � � � xnp

0
BBB@

1
CCCA

n�p

(290.6)

290.3.2 Standardize the Raw Data

The formula used to standardize:

x�ij ¼
xij � �xjffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
VarðxjÞ

p ði ¼ 1; 2; � � � ; n; j ¼ 1; 2; � � � ; pÞ (290.7)

As a result, we can get the standardized data matrix:

X� ¼

x�11 x�12 � � � x�1p
x�21 x�22 � � � x�2p
..
. ..

. ..
.

x�n1 x�n2 � � � x�np

0
BBB@

1
CCCA

n�p

(290.8)
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290.3.3 Calculate the Correlation Coefficient Matrix

R ¼ rij
� �

n�n
(290.9)

rij ¼ 1

n

Xn
k¼1

xki � �xið Þ xkj � �xj
� �

=σiσj (290.10)

290.3.4 Calculate the Eigen Value and Eigen vectors

λ1 � λ2 . . . � λp > 0 (290.11)

ei ¼ ei1 ei2 � � � eip
� �

; i ¼ 1; 2; � � � p (290.12)

eiej ¼
Xp
k¼1

eike
j
k ¼

1 i ¼ j
0 i 6¼ j

�
(290.13)

290.3.5 Calculate the Contribution Rate and the Cumulative
Contribution Rate

The formula of contribution rate

CR ¼ λiPp
i¼1

λi

(290.14)

CRS ¼
Pk
i¼1

λi

Pp
i¼1

λi

(290.15)

290.4 The Formula of the Principal Component

Zi ¼ a1iX
�
1 þ a2iX

�
2 þ . . .þ apiX

�
p i ¼ 1; 2; . . . p (290.16)
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290.4.1 Analyze the Significance of Each Principal Component

According to the calculated value of each principal component, the sample can be

sorted. And according to the significance of the principal component loading on the

principal component of integrated indicators, combined with the professional

knowledge of the problems, we can make a comprehensive analysis of each

principal component to explain the actual significance of them [4].

290.5 The Analysis of Factors of Business Decision

in Thermal Power Enterprise

290.5.1 Select the Indicators

According to the economic nature and economic use of the cost elements of the

thermal power enterprise, the paper selected seven impact factors, which are

recorded as x1; x2; � � � ; x7.
x1: fuel costs; x2: materials costs; x3: depreciation charges; x4: water charges; x5:

staff salaries; x6: maintenance costs; x7: others cost [5].

290.5.2 Analysis

In accordance with the principles of principal component analysis, according to the

selected indicators, we can make principal component analysis, taking A company

as an example (Table 290.1).

According to Table 290.2, the CRS of the first three principal components is

92.309 %, indicating that they have basically contained all the information of the

seven indicators. Among them, the first principal component is the most important,

containing the most information (Table 290.3).

From the point of view of the loadings, the first principal component is closely

related to depreciation charges, staff salaries, maintenance costs, materials costs,

other costs and water charges. Each of the absolute values of their correlation

coefficients with the first principal component is in excess of 0.75. Therefore, the

first principal component mainly reflects the fixed costs factors of thermal power.

And the second principal component is closely related to the cost of fuel. So it can

be regarded as variable costs. In the third principal component, water charges,

maintenance costs, material costs have a higher absolute value of the loading,

which reflects further on the fixed cost factors influence on the basis of the first

principal component
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It can be seen from the variance contribution rate that the first principal compo-

nent variance contribution rate is 49.331 %, greater than the second and third

principal components of the contribution rate of 33.684 % and 9.295 %. Therefore,

the factors of the business decision are mainly controlled by the first principal

component, which is controlled by depreciation charges, staff salaries, maintenance

costs, materials costs, other costs and water charges together. Then it is controlled

by fuel costs.

290.6 Conclusions

Business decision of thermal power enterprise is a multi-factor, multi-index and

complex system. To analyze relying on a single indicator will inevitably raise the

one-sidedness. Principal component analysis can ensure the minimum loss of

original data, and makes a small number of integrated multi-dimensional variables

Table 290.2 Eigen value, CR and CRS

λ CR CRS

1 3.453 49.331 49.331

2 2.357 33.684 83.014

3 0.651 9.295 92.309

Table 290.3 Loadings of principal component

Z1 Z2 Z3

X1 0.5888 0.7188 0.1247

X2 0.8463 �0.3674 0.3504

X3 0.9594 �0.0914 �0.1261

X4 0.7510 �0.1997 �0.5415

X5 0.9143 0.0460 �0.2562

X6 0.8808 �0.2944 0.3597

X7 0.8330 0.4113 0.0903

Table 290.1 Correlation coefficient matrix

X1 X2 X3 X4 X5 X6 X7

X1 1 �0.9487 �0.9547 0.9486 0.9416 0.9501 0.5572

X2 1 �0.9933 0.9772 0.9886 0.9996 0.3917

X3 1 0.9819 0.9934 0.9953 0.4332

X4 1 �0.9616 �0.9781 �0.4842

X5 1 �0.9899 �0.3619

X6 1 �0.3951

X7 1
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to replace the original variables after a linear transformation that gives up part of the

information. It greatly simplifies the data structure, and objectively determines the

weights which avoids subjective and arbitrary.

Through the study above, we can conclude that the factors of business decision

in thermal power enterprise are firstly controlled by the fixed cost which is

controlled by depreciation charges, staff salaries, maintenance costs, materials

costs, etc. And secondly it is controlled by the fuel costs. As far as to the influence

degree of individual factors, fuel cost is the greatest one.
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