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Abstract: Through analyzing the complexity of energy saving amission reduction system in thermal power enis,
we can find that this system affected by variowmmants within the system, policies and technologiethe external
environment. Therefore, in order to evaluate thégpmance of energy saving and emission reductiothérmal power
plants, both the complex nonlinear relationshipsagrinternal elements and the environmental imglagtild be considered.
The state variables of system were determined basedllaborative learning theory, meanwhile a sgistic evolutionary
model for dynamic evaluation of energy saving amission reduction in thermal power enterprise wappsed. Based on
the actual data of a thermal plant, the empiriealiits showed that the grid electricity and sodssions of per kwh are the
order parameters in this system, which plays artadkyon the evolution of the energy saving and sioisreduction system.
Furthermore, the order parameters are the foundafithe performance evaluation.
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1. Introduction

Faced with the severe pressure of energy anelectricity demand, the natural condition and ppolic
environment, thermal power plants as the majorshgwf  situation will affect the operation efficiency of@pment
China's energy generation and consumption neesistinae as well as the energy consumption and pollutanssion
more responsibility. In recent years, thermal powelevel. In dynamic development of thermal power plan
enterprises have been strengthening energy sawuitlg athere exists interaction relations between eacinetg,
emission reduction management continuously, inangas meanwhile the system is also affected by the eatern
investment of technology innovation, so as to imprtheir  environment such as fuel supply, load level, goremnt
performance of energy saving and emission redu¢tie8].  restrictions and so on. Therefore, the synergéigony of

The thermal power plant is a dynamic system, so theomplex system science can be used to evaluate the
performance evaluation on its energy saving andsgion  performance of energy saving and emission redudtion
reduction should be on the perspective of dynamithermal power enterprises. Under a given external
development of entire system, and the dynamicicelship  conditions, the analysis of interaction betweeniote
between the various elements within the systemldho® elements is proposed to identify the key factorsctvh
explained. The thermal power is an internal compleaffect the energy saving and emission reduction
system constituted by the combustion system, steaperformance in thermal power enterprise, and the
systems, power generation systems, appropriatdiayxi dynamically evaluation can be obtained by studyihg
equipment and external environment. In the produacti changes of these key factors.
process of thermal power plant, different status of
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2. Synergetic Theory and Synergetic
Characteristics of Energy Saving and
Emission Reduction in Thermal
Power Plant

Synergetic theory which is put forward by the Gemma
physicist Haken, mainly research the complex syste
composed of interrelated factors. The theory prepdbat
the competition and collaboration relationship lesw
internal variables continuously promote
evolution, while the property and role of differemtriables
are unequal in the system evolution [4]. When ffstesn is
in the critical point, some variables change rapighile
some change slowly. The slow variable is the keyatte
that dominates the eventually structure of systewh the
order degree of system feature, which is calleddluer
parameter. The order parameter will change wittstrstem
situation, so the evolution of the system operasi@mtes can
be explored by the order parameter. Therefore,sit
important to define the order parameter in the dyioa
performance evaluation of the energy saving ands&on
reduction of thermal power enterprise [5,6].
researching the system status based on the syiceigiry,

a7

non-equilibrium feature of energy saving and erissi
reduction in the thermal power plant makes the esyst
evolve towards an orderly direction.

Synergetic theory reveals an evolution processhef t
system, that is from the “old structure” to “instip
structure” to a “new structure”. Similarly, the egy saving
and emission reduction of thermal power plant
mxperiencing the evolution from old structure tonew
structure, with a synergistic property [9]. Frometh
investment to operation, the devices in the thenooater

is

the systerplant continuously adjusted its running ways ta different

conditions. The plant continuously breaks the ingfhtly
old structure, and evolves to a new and efficienicsure.
And the operation efficiency, coal consumption ra@wer
consumption and pollutant emission levels can heraved.
This is due to the existence of competition andesyy
between the various devices within the system,iiamdkes
the variables complement each other, which leadsaetter
operating result. Therefore, the energy savingeanission
ireduction in thermal power company has a syneqgisti
feature.

Befores Egtablishing the Co-Evolution Model

we should analyze whether the system has the denera fOr Dynamic Performance Evaluation

characteristics of synergetic theory. In this pafie energy
saving and emission reduction in thermal power tpksube

provided with the open, non-equilibrium, and syiwig

characters.

of Energy Saving and Emission
Reduction in Thermal Plant

3.1. Construction of Co-Evolution Model

When there is no substance, energy and information

exchange, the system will eventually evolve
disordered situation, which is based on the disisipa
structure theory. In the production process ofrtf@mpower
plant, the operation efficiency of system will féeated by
electricity load, coal and natural conditions. Thgher the
load rate is, the higher the unit efficiency, coahsumption

rate, power consumption rate and efficiency of Istoc

desulfurization device are. Meanwhile, the energyirgy
and emission efficiency of the plant will affecethatural
environment and the intensity of related policiHserefore,
the substance, energy, and information of natudesacial
environment have a continuous impact on the opmraif
the system, while the system is constantly trarsyppr
material, ability and information to the outsidengo So the
energy saving and emission reduction in thermal ggow
plants has an open feature. It is the open featheg®nergy
saving and emission reduction of thermal powerrentes
can develop to an orderly state.

Dissipative structure theory suggests that the ricala

into a Through building the co-evolution model for the teys,

the synergetic subject can study the evolutionleeqattern
of system and explore the key variable, constamd, the
linkage among the variables. The basic evolutiaraéiqgn of
synergetic subject can be generally written in foven of
Langevin’'s equation as follows:

99 - (qay+ )

o @)

where, dq
dt

represents the rate of change of different state

variables; q is the state variabled is the control
parameter; f(©) is the random fluctuating force. The
evolution model contains of! and the different order

derivative differential equations of.
Energy saving and emission reduction performance
indicators of thermal power plant are generally

structure is a "dead" structure. The open systedTs chon-consecutive monthly data. The Gray theoretivadlel

develop into an orderly situation only in the naquidibrium
state [7,8]. In the production process of thernoavgr plants,
the system
information with the outside world. Since the ertdr
conditions such as electricity load, coal and ratur
conditions are constantly changing, the operatiatus is
also affected with a non-equilibrium dynamics staftbe

is constantly exchanging substances a

can deal with discrete data sequence well. It edsoreveal
the changing laws and characterize the evolutiod an
ﬂgvelopment state of ddtd. Therefore, co-evolution model
of energy saving and emission reduction of therpoater
plant can be constructed through combining the gray
theoretic model and synergetic subject. The tretti
GM (.N) model is defined as follow:
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which, X°(t) = maxx ()=1, x?(t,)= min x(©)=0, andn is

where, -ax is the developing term reflecting the growth ofthe number of samples.

the variables in evolution process; x j is the driven term
reflecting the driving effect of the other variable variable
i, and N is the amount of variables.

According to the synergetic subject, the change odt
variables is limited by their own development caiyaand
affected by the interaction among variables anckrest
interference (fluctuation) in the evolution processystem.
Among them, the self-development capacity is rédlédy
the developing terms of the variable; interactionoag
variables is the net effect of competition and damation
role between variables, that is difference betwkerler
capability and drive capability; random fluctuatsons

primarily related to random factors. Learn from the

literature[11,13],a; x; (1) is the self-developing capability
of variable i at time t,a; is the damping coefficient of the
variable i, reflecting the decay rate of the i oator;

b;x;(t) is the driving force of the rest sub-variables on

variable i, ¢ (x;)%(t) is the hindering factor, whekej is
the driving coefficient, € j is the obstruction coefficient and

f.(t) is outside interference. The evolution equatiothef
system can be generally written in the form of Lewig's
equation:

+6M Z[b

j¢|

i € (Xj)2]+ fi (1) 3)

Where, m represents the number of variables. Fgr an

nonlinear evolution system, internal factors aedhsential
reason for system evolution, external factors am@dom
reasons contributed to the occurrence of a quaktahange
in the critical point for the system evolution. this paper,
the deviation of order parameter caused by intdatabrs is
mainly analyzed. In the evolution process of enesgying
and emission reduction of thermal power plant, the) is
the outside interference[14]. This article mainlyalyzed
the internal cause that makes the order parametéatd.

For any complex nonlinear system, the nature facbdr
system evolution are the internal factors and tktereal
factors are merely random factors at the criticahp When
the residuals of system has a zero mean and oreneey
random fluctuations of the system can be regardedoa
effect, and the internal factors are the critfeators in the
system evolution. So the changes of order parameter
mainly analyzed in this paper [15].

3.2. Solving the Model

(1) Dimensionless processing

Since there are different dimensions of the origdsa,
the variable date need to be processed by dimdas®oway.
Assuming that the original sequence and the predess

sequence of state variablerespectively areX; (t) and

(2) Data accumulation
According to the principle of Grey theory, the donig
sequences’ variation is not obvious, and there hbéllan
obviously exponential growth law when they are pssed
by accumulation. Thus, before solve the model, data
accumulation should be progressed. The accumulation
t
sequence isx® (t) , andx” (1) = > x(t).
j=1
(3) solving the parameters
Assuming thatf,t)=0, —-a =b, , then the evolution
equations of system are:

o

d :Z +chj(x(l
t j=1 j¢1
(] m
dx” _ b, x® +Z°z (x®)?
dt ]=l j¢2
)] m
a3 :Z 1) +ZC3 (X(l)) 4)
dt e 73
d @ . m m
;(,tn = lbmjxjgl) +ZCM(XJ_(1))2
J= j*m

Discretization processing the change rates of quation
of the left S|de =x(t)-x® (-1 =x9(t),t=23--n, then:

X0(0)= 3 X O+, (P V)

j#

®)

Respectively assumidgr 23,---n in equation (4), then
wheni =1, the equations are as follows:

K@) =20 @)+ 20,0 @)
X0 (@)= iq X @+ 26, (4 @)

h = (6)
X (n) = Zbl X(”(n)+2101 (" ()?
Representing equation (6) as a matrix foyr X[ :
Y
y ){Q ﬂ:{thlht}n CnQB"'Qh]I (7)
R0
¥ %@ %@ [FOr KWaer - xef
x¥0 £@ £ bIer Ier - bRar| o
X0 X0 - KL DT DIOF - DRMF

Estimate the parameters of the multiple linearesgon
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model as equation (6), then the expression equaiion per unit power six state variables. A 2 x 30MW thal
coefficient matrix# can be obtained. Similarly, calculating power plant was selected as the empirical anabysject.
the evolution equation of different state variablesThis plant responded the call of the nation positivit
wheni = 23,--,m , the co-evolution equations of the promoted the innovation and application of energyirsy

system can be received. and emission reduction technology [16,17]. The estat
variables data is from the statistical data betvwa899 to the
4. Empirical Analysis second quarter of 2013. Based on the above methioailt

co-evolution model on the dynamic energy saving and

Some variables which indicate the performance ef@n  emission reduction performance evaluation, and the
saving and emission reduction respectively werecsetl as  stepwise regression analysis in the Eviews 6.0vs0é is
the state variables in dynamic co-evolution mod@r®rgy ysed to fit. The final equation can used to deteenthe

saving and emission reduction in thermal powertslarhey  order parameter of the energy saving and emissiduction
are coal consumption, power consumption rate, watgf thermal power plant.

consumption per unit power, Soot emissions perpowter,
SO2 emissions per unit power and nitrogen oxidessioms

Table 1. Actual data of state variablesin energy saving and emission reduction system of thermal power plant.

Coal Power Water consumption soot emissions SO2 emissions per  nitrogen oxide
Time consumption consumption  per unit power per unit power unit power emissions per unit
(g/kwh) rate (%) (g/kwh) (g/kwh) (g/kwh) power (g/kwh)
2009 1st Quarter  354.3449 8.6178 1.3107 0.0744 0.7529 1.7012
2009 2st Quarter  352.7797 8.3515 0.5597 0.0522 0.2644 2.6974
2009 3st Quarter  341.1397 7.0061 2.6670 0.3024 0.6441 2.5234
2009 4st Quarter  331.7963 5.8755 2.3986 0.0562 0.2311 1.4564
2010 1st Quarter  330.3032 5.7746 0.3119 0.1674 0.3149 2.2529
2010 2st Quarter  335.7331 5.9488 0.5356 0.1034 0.6976 2.2383
2009 3st Quarter  336.3403 5.9938 1.2822 0.0944 0.3883 2.4474
2010 4st Quarter  336.9384 6.1592 0.6164 0.0800 0.3465 2.2501
2011 1st Quarter  338.0949 6.2829 0.6090 0.0900 0.5828 2.8106
2011 2st Quarter  338.5210 6.3358 0.7012 0.0712 0.4720 2.0457
2011 3st Quarter  341.1914 6.3492 0.5046 0.0798 0.4689 2.0848
2011 4st Quarter  340.8621 6.2496 0.3977 0.0880 0.3824 2.0065
2012 1st Quarter  340.7435 5.9917 0.4485 0.0736 0.3449 1.5685
2012 2st Quarter  343.8052 6.3417 0.5008 0.0892 0.3192 1.8331
2012 3st Quarter  345.6949 6.5730 0.4417 0.0876 0.1943 1.7293
2012 4st Quarter  346.2501 6.7776 0.4682 0.0853 0.2196 1.6127
2013 1st Quarter  340.1915 6.3115 0.4437 0.0713 0.3061 0.0020
2013 2st Quarter  343.4145 6.3021 0.5919 0.0706 0.2293 1.5928

Simulating the data through successive sweep methodreduction of thermal power plant could be obtairesd
Eviews 6.0 software, the co-evolution mode for dgita follows:
performance evaluation on energy saving and enmissio

%=1.162(2-1.127§ +1.028 -0.243+ 0.260+ 0047 0237 0G43f,t ()

%=0.517+ 0.34% + 0.545x 1541+ 0505+ 0.8Q7 057 87 0.342+ 0.20%2- 0.106,+ 0.045+ f ,t (

O!T’;S=3.612x1—5.014<2+ 1.38%, +1.724- 0.48¢+ 0.60 0826 1479 -0ABY 00387 1) (
(7)
%:-1.164-1.1551 +4.9%4 -3.3%9 +3.363 +048 -1835 0864 HEAD.08KS+T ()

C%”:1.243— 1.98% +x,+1.018 +0.198, +0.12¢ - 0.4%F- 0.0293+f,t ()

%(6=-2.25<1 +2.888, -0.88¢, +1.382 +1.049 +0.242 -0.622x -0x863 0402+ )
The goodness of fit of each evolution equationeésyv mean 0 and variance 1. Therefore, when analyzigg th
high, which is shown in the following table: evolution of the plant's energy saving and emission
By examining the residuals of each evolution equeti reduction performance, the fluctuations a can beptearily
the residuals of each equation are satisfied nonmitl  ignored.
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respectively. Seen from the above model, the dagnpin
coefficient stands for the change rate of variable greater
the coefficient is, the faster the variable changest is the
fast variables. On the contrary, it is slow var@lih the
system, namely, the order parameter. In this motha,

damping coefficients of coal consumption rat& § and

(1]

water consumption per unit powef({) are zero, which are
the smallest of the five variables. It indicateattthe coal
consumption rate and water consumption per unitgrow
does not change, appear no damping phenomenontiven 3]
system is in critical state, which in line with thmasic
characteristics of the order parameter. Thus, tbel c
consumption and water consumption per unit power tw,
variables are the order parameter of empirical yemal
object during the study period.

The coal consumption rate and water consumption pé&dl
unit power are key indicators reflecting the enesgying
and emission reduction performance in thermal pqhsent.
If the coal consumption rate is higher, it mears the unit
operation efficiency is low. Since the level of koal6]
consumption rate is related with coal quality, igher coal
consumption rate means a worse coal quality angjleeh
emission level of pollutants. Therefore, the coal
consumption can reflect the energy saving and éomiss [7]
reduction performance. Water consumption per wowey is
a key indicator of energy consumption in thermaleo
plant. Thus, The coal consumption rate and watds]
consumption per unit power are two order parameteat
play a key role in determining the evolution of eyyesaving
and emission reduction in the thermal power pldi. [g]
realize the dynamic evaluation of energy saving and
emission reduction performance, the research ontioe
variables is the key, which has great significance.

(4]

(10]

5. Conclusion [11]

In this paper, the synergetic characteristics oérgp
saving and emission reduction in thermal power tpéar
analyzed to build a co-evolution model of dynamic
evaluation. According to the empirical analysisuitss the
coal consumption rate and water consumption pet uni
power were the order parameters of energy savirdy an
emission reduction in thermal power plant. Theuggition
of order parameters provided some indicators sdose (13]
further study of the dynamic evaluation of thermalver
enterprises energy saving and emission reduction
performance.

] Xiao-bin Hong. Wang Han.
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