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h i g h l i g h t s

� A hybrid methodology based on data mining methods for plant-level load dispatching was proposed.
� The model of coal rate was built based on a large amount of actual operating data taken from power plant.
� An actual on-duty coal-fired power plant was adopted as an example and the strategy has been illustrated.
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a b s t r a c t

One of the most urgent problems facing coal-fired power plants in China today is the coal-waste because
several units in one plant experience a partial rated output situation at the same time, which may
increase the coal consumption of the power plant. Here we proposed a new hybrid methodology for
plant-level load dispatching to minimize coal consumption for the coal-fired power plant. The proposed
strategy consists of two parts: A part was to establish the coal consumption model to find the relationship
between the coal rate, ambient temperature and load based on PSO- SVM; the other one based on GA to
find the load-dispatching optimal solution to minimize the average coal rate of the whole power plant.
Additionally, grey correlation analysis was employed to pick up the most relevant input variables to
reduce the complexity of the regression model. This work is based on continuously measured supervision
information system data from an actual coal-fired power plant with three different types of capacity units
in China. Results showed that the proposed strategy performances better than the normal AGC to single
unit for power plant energy saving. It is of significant for coal-fired power plant to reduce the coal
consumption.

� 2017 Elsevier Ltd. All rights reserved.

1. Introduction

The Chinese economy has been in the ‘‘new normal” for the
recent years. Both of the society total electricity consumption
and the unitization hours of power generation devices have
dropped sharply in the past five years. Additionally, the develop-
ment of clean energy resources power generation accelerated for
the fossil energy saving and CO2 emission reduction. At the end
of 2015, the installation of wind power and solar power is 128.3
million kilowatts and 41.58 million kilowatts, respectively. Their
total installed proportion is 11.3% [1]. Therefore, the coal-fired
power plants has to offer less power and keep the output below
the rated load to create opportunity for the clean energy resources
power generation and to keep the grid power balance. Nowadays,

the coal-fired power units have experienced load transition and
partial output situation in most of the time in China.

At present, the majority of coal-fired power units in China are
under the control of the power grid called Automatic Generation
Control (AGC) [2]. There are two types of AGC modes: plant-level
AGC and AGC to single unit. The former refers that power grid gives
load instruction to a power plant instead of a unit. The power plant
can dispatch load among its own units independently. The latter
refers that power grid gives load instruction to a single unit
directly which is widely adopted in China which may make all
units in one plant stay in partial load situation at the same time
without considering the whole coal consumption of the whole
power plant. When the load is decreased, the units’ running state
gradually deviates from the optimal situation and the thermal effi-
ciency of the cycle decreases, and thus, coal consumption rises [2].
Therefore, compared with AGC to single unit mode, the plant-level
AGC mode may be more energy-saving when the load dispatches

http://dx.doi.org/10.1016/j.applthermaleng.2017.03.094
1359-4311/� 2017 Elsevier Ltd. All rights reserved.

⇑ Corresponding author.
E-mail address: xujing0810@126.com (J. Xu).

Applied Thermal Engineering 119 (2017) 553–559

Contents lists available at ScienceDirect

Applied Thermal Engineering

journal homepage: www.elsevier .com/locate /apthermeng

http://crossmark.crossref.org/dialog/?doi=10.1016/j.applthermaleng.2017.03.094&domain=pdf
http://dx.doi.org/10.1016/j.applthermaleng.2017.03.094
mailto:xujing0810@126.com
http://dx.doi.org/10.1016/j.applthermaleng.2017.03.094
http://www.sciencedirect.com/science/journal/13594311
http://www.elsevier.com/locate/apthermeng


reasonably. Therefore, we proposed a plant-level load dispatching
strategy to reduce the energy waste for the coal-fired power plant.

The regression model of the coal rate plays an important role to
the plant-level load dispatching. The classic solution is to model a
linear function between the coal rate and load. However, the coal
rate is dynamically time-dependence and of uncertainties espe-
cially under the off-designed working conditions and operation
boundaries [3,4]. Fortunately, the process supervision entails con-
tinuous monitoring of thousands different variables and the histor-
ically operation data are recorded in the Supervision Information
System (SIS) which can show the actual coal consumption charac-
teristics [5,6]. Therefore, data-mining methods are used to in depth
mining the parameter characteristics for power plant by using his-
torically recorded data, such as Support Vector Machine (SVM) [7],
Least Squares Support Vector Machine (LS-SVM) [8,9], Artificial
Natural Networks (ANN) [10,11], Autoregressive Integrated Mov-
ing Average (ARIMA) [12] and much more. Among them SVM with
simple structure was used to establish coal rate regression model
in this paper. Additionally, many research works on how to find
the optimal solution such as Genetic Algorithm (GA) [13,14], Krill
Herd algorithm (KH) [15], and Particle Swarm Optimization (PSO)
[16,17]. Among them GA is a relatively easy and widely used
method to solve the optimization problem.

The basic idea of the proposed hybrid method is to find a plant-
level load dispatching strategy based on actual operating data. The
proposed methodology is divided into two parts. A part based on
PSO- SVM algorithm was used to establish the coal consumption
model to find the relationship between the coal rate, ambient tem-
perature and load; the other one based on GA was used to find the
load-dispatching optimal solution to minimize the average coal
rate of the whole power plant. What is more, grey correlation anal-
ysis was employed to pick up the most relevant input variables
(Key Performance Indicators, KPI) to reduce the complexity of the
regression model.

The paper is organized as follows: Section 2 introduced the pro-
posed new hybrid methodology for plant-level load dispatching
strategy. An actual coal-fired power plant was employed to be
the case power plant in Section 3. Results and discussions were
given in Section 4. Finally, some conclusions were drawn in
Section 5.

2. Proposed methodology

2.1. KPI selection based on grey correlation analysis

Coal-fired power plant process consists of hundreds of variables
while some of the variables directly affect the coal consumption
rate of power supply, some of them with minimum influence
[12]. Selecting KPI of the coal consumption rate is a demanding
subject to reduce the complexity of regression model. Grey corre-
lation analysis (GCA) method was employed to identify the KPI
whose variations affect the system functional response mostly,
herein.

GCA was proposed by the Ju-long Deng which is used to dis-
cover the system behavior and evolution by means of modeling
based on the partially known information [18]. The coal rate was
selected as decision index d. The correlation coefficient between
coal rate d and variable Ii is as follows.

nidðkÞ ¼
min

i
minkjdðkÞ � IiðkÞ þ qmax

i
max

k
jdðkÞ � IiðkÞ

jdðkÞ � IiðkÞj þ qmax
i

max
k

jdðkÞ � IiðkÞj
i ¼ 1;2; � � � ;N; k ¼ 1;2; � � � ;M ð1Þ

where nid(k) is the correlation coefficient; miniminkjdðkÞ � IiðkÞj and
maximaxkjdðkÞ � IiðkÞj are the minimum and maximum of decision

index d(k) and input variable Ii(k), respectively; N and M represent
numbers of input variables and sample, respectively. q is the distin-
guishing coefficient used to adjust the difference of the grey corre-
lation degree calculations which is generally between 0 and 1.
Usually, 0.5 is the optimum value of q based on a sensitivity analy-
sis of the distinguishing coefficient in literature [19].

The average correlation coefficient degree can calculated as
follows.

ci ¼
1
N

XM
k¼1

nidðkÞ ð2Þ

where ci is the grey correlation degree between Ii and d. The larger
ci is, the more powerful Ii associated with it would be. According to
the ranking of ci, input variables with higher grey correlation degree
were selected as inputs of the coal rate regression model.

2.2. Coal rate regression based on SVM tuned by PSO

SVM is a relatively new method for regression problem pro-
posed by. Vapnik and his co-workers [20]. The basic idea of support
vector regression is to minimize the structural risk. Assuming the
training sample set is {(xi,yi), i = 1, 2, 3,. . .., n}, where xi is the input
vector, and yi denotes the output vector. It can be described as fol-
lows [21]:

min
1
2
kwk2 þ C

Xn
i¼1

ðni þ n�i Þ

s:t: ððw �uðxiÞÞ þ bÞ � yi 6 eþ ni
yi � ððw �uðxiÞÞ þ bÞ 6 eþ n�i
n�i ; ni P 0

ð3Þ

where w is the weight vector, C represents the penalty parameter, ni
and ni

⁄ are relaxation parameter for handling inseparable data, u(x)
is a nonlinear mapping function, b is the partial vector, e is the
insensitive factor.

Lagrange function and duality principle are employed to solve
Eq. (3). It turned to be

max
a;a�

� 1
2

Xn
i¼1

Xn
j¼1

ða�
i � aiÞða�

j � ajÞKðxi; xjÞ �
Xn
i¼1

aiðe� yiÞ �
Xn
i¼1

a�
i ðeþ yiÞ

s:t:
Xn

i¼1

ðai � a�
i Þ ¼ 0

0 6 ai;a�
i 6 Ci ¼ 1; � � � ;n

where a and a⁄ are Lagrangian multipliers and
Kðxi; xjÞ ¼ /ðxiÞ � /ðxjÞ is kernel function.

By solving Eq. (4), a ¼ ða1;a2; . . . ;anÞT and a� ¼ ða�
1;a�

2; . . . ;a�
nÞT

can be obtained. And then regression function can be modeled
below:

f ðxÞ ¼
Xn
i¼1

ða�
i � aiÞKðxi; xjÞ þ b ð5Þ

There are three typical kernel functions: Gaussian (Radial
basis function, RBF), Polynomial and Linear. RBF was selected
herein.

Penalty parameter C and the insensitive factor e were deter-
mined by PSO instead of manual setting to improve the accuracy
of regression model. PSO proposed by Kennedy and Ebenhart
[22] is a population based stochastic optimization method. It
search for the optimal solution using particles. The velocity and
position of each particle is determined as follows [23]:

mtþ1
id ¼ bmtid þ c1r1ðpt

id � xtidÞ þ c2r2ðpt
gd � xtidÞ ð6Þ

Xtþ1
id ¼ xtid þ mtþ1

id d ¼ 1;2; . . . ;n; i ¼ 1;2; . . . ;m ð7Þ
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