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Abstract: The energy saving and emission reduction in theptait is complex, with the open, non-equilibriumda
interoperability features. In order to identifyitite order parameters affecting plant system, avobs#on model of energy
saving and emission reduction in thermal power tp¥eas built based on synergetic theory. Accordimghie feathers of
potential function based on mutation theory, thdgsmance was divided into high efficiency, lowieii@ncy and critical
situation three operating states. Then, a dynawatuation rule was proposed in order to achieveadyin performance
evaluation on energy saving and emission redudidhermal power plant. Finally, an empirical arsadyof a thermal power
plant showed that the order parameter of energingand emission reduction in this plant are sooissionper unit power
and grid electricity generation. There existed théifficiency” and “low efficiency” performance ststof energy saving and
emission reduction. The performance before Jug812 was mostly inefficient, things have changedsihe investment in
energy saving technology projects, the energy gaaimd emission reduction performance in this pédigr June 2012 was
highly efficient, which was in line with the actusituation, and proved the validity of this methesked in dynamic
performance evaluation on energy saving and emmissiduction of thermal power plant.

Keywords. Energy Saving and Emission Reduction, Synergetige®t, Order Parameter, Potential Function,
Performance Evaluation

1. Introducti which owns overall functidH. The thermal power plant
- Introauction including furnace, steam turbine, electric andrtrespective

Faced with the grim situation in energy and envinent, auXiliary equipment can complete energy generatisks
thermal power plants need to assume more respbiysibi based on the coordination of each device. As casebn the
energy saving and emission reduction, since ibinly the thermal power plant is also a system constituted bymber
major industry of China's energy generation and)finteracting factors. The automatic control devaf thermal
consumption, but also the focus of energy savind arPower plants cpordinates Working_s'_[atus of eachtpa‘:[_dapt
emission reduction in China. Simultaneously, thergy (© different circumstances, realizing the regutatiand
saving and emission reduction performance woulecathe adjustment of entire electricity generation. WHeglnohcy_or
development of enterprise and the sustainable dpwent  (€chnology has changed, plant would make innovation
of China's economy. In recent years, many thermatgp  €Chnology and management to adapt to the new a@sd
enterprises continue to strengthen their energjngaand ~@nd requirements. Therefore, the energy savingemssion
emission reduction management, while increasedlesant  reduction of thermal power plant is affected by thetual
technology investment to improve their performange influence from devices, technology and policy. @iy, the
energy saving and emission reduction. traditional static assessment approach can't méet t

System is composed by some elements which aF@qu_irements of the assessment of complex operation
interacted, interconnected and restricted among ester,  €fficiency.
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According to synergetic theory, there are both cetitipn  information with outside. Since the external coiais, such
and collaboration functions among the internal e@et®in a as electricity load, coal quality and natural coiodis, are
complex systeM. It is the interactive relationship that constantly changing, the operating status of geioera
promotes system to evolve dynamically. When tharmeatf equipment is also affected and in a dynamic noriliegum
system has changed, there are only a few varidblesnate state. It is the non-equilibrium feature that matkesenergy
the evolution of the entire system and make it eose from  saving and emission reduction evolve to an ordeest
the disordered state to the order continuouslys Haper The energy saving and emission reduction of thermal
would use complex system science synergetic thémry power plant has synergistic feature. Synergistieoti
realize the evaluation of energy saving and emissioreveals a system’s evolving process of "old stmectio
reduction performance of thermal power plant. Tigtou instability to the new structure" [4]. Similarlyheé energy
analyzing the interaction relationships among imaér saving and emission reduction of thermal power tpédso
factors, we could find the key factors that deteenthe experiences the evolving process from an old siradp a
system performance. Then, the trend of these lagrfacan new one, with synergistic property. Many thermaivpo
be used to probe the evolution of the whole sy$tem plants constantly improve traditional productiongess and
use advanced primary, auxiliary equipment of destaval,

. : desulfurization and denitrificationetc. Each device
2. CompleXItyAn_aly_SS on Ener'gy automatically adjusts its work condition under trantrol
Saving and Emission Reduction of system, so the whole plant can operate efficierathg the
Thermal Power Plant coal consumption rate, electricity consumption ,r&€),
NO, and soot emissions can be controlled. These kind o

A thermal power plant consists of furnace, stearnibe, reformations change the running of thermal powemnpl
electric and their respective corresponding auwyilia significantly. The traditional electricity genenagi structure
equipment and involves energy conversion, whichnmeeais broken, and new technology can make equipment
that itis a complex system constituted by a numbler coordinate with each other which upgrade the system
interacting factors. Therefore, the energy savimyl a efficiency. Both existence of the competition anythesgy
emission reduction of thermal power plant is preddyy all make different parts of the system a better effEots, the
characters of complex systems. The opennessystem has an evolution synergistic property.
non-equilibrium and coordination properties of eyer

saving and emission reduction of thermal power tptae <y .
focused in this paper. 3. Establishing the Co-Evolution Mode

The energy saving and emission reduction of thermal fOr Dynamic Perfor mance Evaluation

power plant is open. In the generation processaoitpthere of Energy Saving and Emission
exists material, energy and message exchange atheng . .
plant, nature environment and social environmerdr F Reduction in Thermal Plant
example, plants need to purchase coal in the emeagket, 31 TheBasic Principles of Synergetic Subject
so the coal quality will affect the efficiency afrhace and
the emission concentration of pollutants; eledtyimad will Synergetic subject is a theory put forward by tleer@an
affect the efficiency of machines, power generatate and physicist Haken, which studies the complex system
the operational efficiency of denitration devicke tuse of consisting a large number of subsystems and revbals
fly ash and desulfurization byproducts will be affed by common principles of macro-variation in structurada
market prices. In a word, the thermal power plantsature of complex systemld. Synergetic subject reputes
constantly exchange materials, energies and messétfe that subsystems of complex system exist mutual eadion
the outside world in the whole power generationcpss. and competition, which are the dynamic evolutiosysdtem.
Dissipative structure is a theory which discusshe t As for the development of the system, the natufeth®
mechanism, conditions and rules of an open systedifferent variables in the system are differétit Some
conversing from the disordered state to the ofiesipative  variables play key roles while others are nonesaleit the
structure theory points out that a system withaahange of critical conversion process of the system, soméabbas
materials, energies and messages will ultimatety ymto  with big resistance decay fast which are called fmt
disordered state. Therefore, the open charactepmiinote  variables; some variables with undamped critical
energy saving and emission reduction of thermahtpla phenomenon hardly attenuated, which are called slow
evolving to an order state. variables'™. Slow variables play crucial and far-reaching
The energy saving and emission reduction of thermables in the development of the system, and theytlae
power plant is always in a non-equilibrium statesdipative  order parameters of the system which dominate tHero
structure theory suggests that the equilibriumcstme is a degree of the system eventual structure and fumcidhen
"dead" structure, and only the open and non-equilib the system is completely random chaos, linkagesdmat
system could go to order. In the power generatiacgss, the subsystems are very weak and the value of fther o
the thermal power plants constantly exchange natend parameter in the system is zero. With the changes o
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interaction between the subsystems, the order maeam coefficient of thevariablei, reflecting the decayer of the i

value changes as well. When the system reachesitioal
area, synergy between subsystems plays a crudéabral

the order parameter growing exponentially reaCheI%\ctor, whereb, is the driving coefficientg;

saturation, thus a certain order structure willvgo macro
view®!. This is the dominant principles of synergeticjeab

that order parameters can be used to describetéte s

changes of system.

Through building the co-evolution model for the teys,
the synergetic subject can study the evolutionlegqattern
of system and explore the key variable, constamd, the
linkage among the variables. The basic evolutiaraéqn of
synergetic subject can be generally written in fiven of
Langevin’s equation as follows:

d
=K@t (1)
t
where, % represents the rate of change of diffestate
variables; 0 is the state variable@

parameter; f (t)
evolution model contains ofd
derivative differential equations of] ©!.

3.2. Construction of Co-Evolution Model

and the different orde

indicator; b;x;(t) is the driving force of the
sub-variables onvariablei¢; (x;)*(t) is the hindering

obstruction coefficient andf;(t)

The evolution equation of the system can be gelyeral
written in the form of Langevin’s equation:

dx "
Srrax =20 () )

j#

®3)

Where, mrepresents the number of variables. For any

nonlinear evolution system, internal factors aeedhsential
reason for system evolution, external factors amedom
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 enexgying
and emission reduction of thermal power plant,ftti¢ is

is the controfhe outside interference [13].This article mainlyalyzed
is the random fluctuating force. Thdhe internal cause that make the order parametgsitee

4. Dynamic Perfor mance Evaluation on
Energy Saving and Emission
Reduction of Thermal Power Plant

Energy saving and emission reduction performance . )
indicators of thermal power plant are generally With Mutation Theory

non-consecutive monthly data. The Gray theoretivadlel
can deal with discrete data sequence well. It edsoreveal

the changing laws and characterize the evolutiod an

development state of data [10]. Therefore, co-diaru
model of energy saving and emission reduction efrttal
power plant can be constructed through combinirggtiay
theoretic model and synergetic subject. The trewatti
GM (L N)model is defined as follow:

dx N
- +ax =) bx

Y 2 )

4.1. Relations between the State of the System and
Potential Function

Synergetic principles indicate that the operational

status of the system can be studied by the ordenysers,
however, it does not explain the correspondencedmat the
order parameters and the system state. In muttiory,
the system state is reflected by potential functidmich is
composed by system elements, and the potentialifumis
the potential energy of the system respect toatsatlé**.

Every system has its potential, when the interactibthe
elements within the system promote the evolutiorthef

where, —a X is the developing term reflecting the growtrsystem, the potential energy of the system becareser,

of the variablesi in evolution proceshj X; s the env

termreflecting the driving effect of the other \aiies to
variable, 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 anckrexst
interference (fluctuation)in the evolution process

systerfl. Among them, the self-development capacity isV(%,%.,+-%,) corresponds to different states of energy saving

reflected by the developing terms of the variabiteraction

the system is in a relatively disordered state, &msl
deviation from their own status is the greater;sfmaller the
potential energy is, the more stable the systeandin a
relatively orderly state. Therefore, the study gktem
stability is equal to study the changes of potéftiaction of

system. For energy saving and emission reduction of

thermal power plant, assuming it contains nstateabkes
X, %, %, , and the different points of the potential funaotio

and emission reduction in thermal power plant. €fare,

among variables is the net effect of competitiord anthrough analyzing the time-varying characteristio§

coordination role between variables, that is défere
between hinder capability and drive capability; dem
fluctuations is primarily related to random factot®arn
from the literature [12]a,x;(t)

capability of variableiat time t, &

potential function, dynamic performance evaluation
energy saving and emission reduction of thermal ggow
plant can be achieved.

is the self-developing Principle of synergetic order parameter shows that,
is the dampingchanges in the structure of system are determigeal few

order parameters which characterize the major adittion

rest

is the
is outside interference
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of the system. Therefore, the dynamic evaluatiorthef

disturbance could cause state mutation and themyist in

thermal power enterprise energy saving and emissidhe unstable state.
reduction performance can take systematical order (4) WhenﬂvtO,it means that the potential function does
X

parameters as a research object. Through analythiag

changes of the potential function, we can knowstla¢us of

the entire system and evaluate the performancehef t

system.

When there is only one order parameter in the ByStas
easy to obtain potential function. However, wheer¢hare
multiple order parameters, the static solutionapfaions is

d
not exist steady-state, which indicates that thetesy has
been changing, neither reaches a steady stateutairom.
The system is not only possible to a stable shatealso is
possible to unstable state.
Combining characteristics of the system with thieptal
function curve, the performances state of energingaand

complex and we cant take advantage of the poﬂenti&miSSion reduction system of thermal power pladiviled

function for analysis. In this paper, linear weigbgtmethod
is used to integrate the order parameters

into three states, they are high efficiency, lofice&fncy and

into the critical situation. The operating state at aimye of

comprehensive order parameter, then analysis theersy €nergy saving and emission reduction system innther

state with the above method of potential functinalgzing.

n
Define r :Zapg as the comprehensive order parameter

i=1

the system, whereX; is the order parameter, nisuh@er

n
of the order parametersZag =1 whiesy<l
i=1
of the order parameters can be selected accordirthet
actual situation.

4.2. State Division for Energy Saving and Emission
Reduction of Thermal Power Plant

As mutation theory shows, the gradient functionthedf
potential function is dynamic equation of systerolation.

power plant can be attributed to one of the thtatesjust
with different tendency degree.

of (1) High efficiency state A. Energy saving and esitn

reduction performance in thermal power plant isam
orderly, stable running and all variables are comtgd. The
small changes of each variable will not cause bista

"Weightsgctuations of the order parameter. Thereforawilt not

affect the stability of the entire system runniriper. High
efficiency state is corresponds to the minimum pofrthe
potential function, that is the stable point of thetential
function.

(2) Low efficiency state B. Energy saving and eioiss
reduction performance in thermal power plant haasnbie
anillusive steady state, there exists instabilitynonlinear
relationships between variables. A slight fluctoatiof a

Assuming the order parameters of energy saving andisin index could cause major change of the order

emission reduction in thermal power plant is x pitdential

function is V, and t represents time, the relatiopdetween

the potential function and the order parametetb®power

system meets the gradient equation, namely
av _ dx

praip (4)

The characteristics of potential function for eryesgving
and emission reduction in thermal power plant ctfibe
different states of energy saving and emission ataiu
performance. Take one-dimensional potential fumctior
example, there exist three special points on fondtinage,
they are: stable point, mutated point and repeller.

(1) Stable point. It is the minimum point of thetgatial
function, meet the conditiodv/dx =0,d?v/dx* >0
case, the ability to deviate from the current stitehe
system is very small, the potential energy is mimimand
the system is in the steady state.

(2) Mutated point. It is a branch point of the puigl
function, meet the conditiodv/dx = 0,d?v/ dx* =0
case, the system evolves into a critical stateuthtion, and
is a changing point where the stability of the emst
equilibrium state changes.

(3) Repeller. It is the maximum point of the poteht
function, meet the conditiodv/dx =0,d?v/dx*<0
case, the potential energy of the system is maxintam
structure of the potential function is unstableightl

. In this

In this

. In this

parameter, then the operation efficiency of enesgying
and emission reduction also will fluctuate. In tluase,

energy saving and emission reduction performance of

thermal power plant is in an inefficient and damogsrstage.
Low efficiency state is corresponds to the maximwatue
points of the potential function, namely, the régrel

(3) Critical state C. Energy saving and emissiatucgion
system of thermal power plant has broken the algteady
state which could be high efficiency state or Idficeency
state. Mutation would occur in the system efficiermhanges
of the variables are quite different compared \tlith state
before mutation. Critical state is correspondinght branch
point of potential function, that is, the mutatexdrnp.

4.3. Dynamic Performance Evaluation on Energy Saving
and Emission Reduction of Thermal Power Plant

After obtaining the potential function of energyvisey
and emission reduction system in thermal power tplan
performance valuation could be achieved by anaytire
characteristics of the potential function. As thates of
energy saving systems at any time is corresponirane
point of the potential function space, the follogimethod
can be used to evaluate the performance of theraysake
one-dimensional potential function as an example:

(1) For the state variableX
emission reduction at any time, define the membygrsh

functionu (X) ,u (001 , LO{ A B C} .the value of

of energy saving and
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u_(x) indicates the membership degree that reductiot® deal with complex problems. From the resultstrf
condition of energy saving system corresponding %o current study, the most scientific and rigoroushmdtis the

belongs to state L. "adiabatic elimination" in order parameter idewtfiion, but
(2) The first derivative and the second derivatare the biggest problem faced by adiabatic eliminatizethod
av da is that the large number of influencing factors 'canild

denote asX, X, , wherex,_&,xp o The ordergyolution equation, and the order parameter caet b
. _ recognized. Therefore, at the beginning of modelihg

= > . . . .
param_eter %o .at ény time, wr_le_KOr 0, X_Op o theﬁrst guestion is how to select explanatory vamsb(state
potential function is at the minimum point, the @y variables) into the model among various factors
saving system is in high efficiency state, in tasey.()=1 ; appropriately.

when X, =0,%,<0 , the potential function is at the Correlating-analysis method is used in this pamer t
maximum point, the energy saving system is in lowanalyze the impact of various factors on the sysiemrder
inefficiency state, in this case,ug(x)=1 - when to determine which state variables should be ireduid the

X =0,%, =0, the potential function is at the mutated point,mOdeI' Firstly, target value of system should belt;bu

the energy saving system is in a critical statdhiat point secondly, making correlation analysis for the actatue of
e (X) = 1gy g sy POINL oach factor and the actual vabighe target system; finally,
C - .

looking for the main factors affecting the targatue. The
(3) Calculate X.,X, respectively when(x)=1 andbigger the correlation is, the higher the impagjrde of the
denote asX,X, LXABCH .For the order parameter apctors on the system, the more Ilkely they ca_lrecefthe
. , evolution law of the system. The social benefiteakrgy

any time, the degree of membership can be dengiétieb  s,ing and emission reduction of thermal powertrikaset
similarity degree betweeriXy. %} —antX.,X,} that is,as the target value of system (Y), that is, Y of¢pr supply
the gray correlation can indicate this similaris for  coal consumption-the national standard value )ai poice+

seguence contains two variables, the membership is: (SO, emissions per unit power-the national standard
value)*SQ environmental value+(nitrogen oxide emissions
u, (%) =lx( P+{Q + P+4Q per.unit power-the national stangiard value)*nitlr_mgaides
- 2 |xL =X, |+<,"Q) ‘x - X% ‘+5Q ®) environmental value+(soot emissions per unit pater-
r r Lp P

national standard value)*soot environmental value]*
X ~Xop)) electricity generation.
Substituting the actual value of affecting factorenergy
saving and emission reduction and their total $d@aefits
(4) Calculate and sout, (%), Ug (%), Uc (%) , select theof power plant from 2011 t02013 into SPSS softwiare
state where the membership is maximum as perforerstate  correlating-analysis, the correlation coefficienttween
of energy saving and emission reduction systenhe&fmal each factor and the target value can be obtainbihws

Where P =min(x,, —X,||X., —xop‘) Q =max(x, — X,
¢ is resolution factor , usually taken as 0.5 .

power plant. shown in the following table.
H : Table 1. The correlation coefficient between target factors and affecting
5. Empirical Analysis foctor,
5.1. Select the State Variables for Evolutionary Model qucture e s Correlation
coefficient

The energy saving and emission reduction of thern electricity generation 0.530*
power plant is divided into two subsystems, onerisrgy coal input 0.301893
saving and the other is emission reduction. Throtigh calorific value of coal -0.459*

. . . Energy -
analysis of factors which influence the performarafe e rate of house power -0.812
energy saving and emission reduction in thermal grov power supply coal consumption -0.804*
plant, the factors affecting the performance of ttiermal on-grid power 0.540™
power enterprise energy saving are: electricityegation, WEIET EEIELIEIED RS -0.40002
coal input, calorific value of coal, rate of hougewer, ) I} ] Gl W s

. . itrifi 1 *%

power supply coal consumption, on-grid power, wat 1712 B @ AT iTER L B
consumption rate. And all the follows are emissiaiuction o g‘;‘;mou_m il fa"S_t 'g;ggg;
factors: the amount of desulfurization, the amowfit EMission  SY2 emissions perunit power e

e L. reduction nitrogen oxide emissions per unit powe -0.925**
denitrification, the amount of dust falls, S@&missionsper - .

it it id . it t soot emissions per unit power -0.737**
unit power, nitrogen oxide emissionper unit pow&sp solid waste utilization 0.136656
emissionsper unit power, solid waste utilizatioewage sewage gain -0.661%

gain [16,17].
The basic thought of synergetic is through tram'ﬂrfgr ** indicates a correlation coefficient is signifitdy in the 0.1 level

high-dimensional problems into low- dimensionallgems The three factors who have the biggest correlation
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coefficient among the energy saving and emissidaaon, 5.2. Co-Evolution Equations and Order Parameter for
they are taken as the state variables for energypgand Energy Saving and Emission Reduction in Thermal
eimission performance of thermal power enterprigeey Power Plant

are the rate of house power, power supply coalwwopsion,

on-grid power, nitrogen oxide emissions per univen soot The actual data of state variables of energy sasing
emissions per unit power and sewage gain, and thigse emission reduction in thermal power plant from Segier
state variables to build co-evolution equations nehthe 2011 to June 2013 is shown in the following table:

state variables are denoted by, X,, X;,X,,Xz,Xg

Table 2. Actual data of state variablesin energy saving and emission reduction system of thermal power plant.

Time rate of house power s_upply coal on-grid power n_itr_ogen oxide soot emissions  sewage gain (Ten
power consumption (g/kwh) (MW) emissions (g/lkwh) (g/lkwh) thousand yuan)

2011.09 5.6909 305.4759 51282.4000 2.7392 0.0913 635.9027

2011.10 5.7702 298.7286 77750.6267 1.9002 0.1412 999.5927

2011.11 5.6075 295.5108 106056.7000 1.4701 0.1039 1424.1838
2011.12 5.5367 296.2836 91795.3800 1.6590 0.1062 1210.2640
2012.01 5.0774 288.9193 82682.0000 2.0513 0.1149 1100.2300
2012.02 4.9587 288.7024 105621.4000 1.4857 0.1049 1454.7877
2012.03 5.0211 290.5540 107479.4000 1.4557 0.1022 1474.0711
2012.04 4.9800 291.2487 81928.0000 0.8237 0.0982 1102.0933
2012.05 4.7465 291.3845 84338.7000 0.7005 0.0978 1184.8579
2012.06 4.6633 290.3215 88855.4500 0.3621 0.1174 1222.7619
2012.07 48772 289.5919 109133.1000 0.2412 0.0645 1526.9965
2012.08 4.9359 290.1781 106238.5500 0.1676 0.0371 1498.0783
2012.09 4.9061 289.0181 107594.8500 0.2012 0.0478 1503.9228
2012.10 4.8394 289.2014 88807.8000 0.2287 0.0447 1252.1170
2012.11 4.7960 289.0781 96272.8500 0.2725 0.0508 1364.0928
2012.12 4.9376 290.0165 92659.2000 0.2527 0.0598 1299.8880
2013.01 4.9104 289.1315 78182.1000 0.2540 0.0678 1718.1883
2013.02 4.9564 289.2257 59433.3000 0.2670 0.0717 1301.9659
2013.03 4.5758 286.2529 104826.9000 0.2328 0.0747 2316.0187
2013.04 4.5994 285.1592 81810.0000 0.2207 0.0756 1806.6300
2013.05 4.5836 286.5137 62806.0000 0.3042 0.0775 1379.5380
2013.06 4.8875 291.2203 102350.8500 0.2758 0.0603 2265.0696

Simulating the data through successive sweep mdthod performance evaluation on energy saving and emissio
Eviews software, the co-evolution mode for dynamiaeduction of thermal power plant could be obtaiagdbllows:

%;1:3.594+ 1.44% -1.88¢ +1.261% 3.088r 1.446 Of%2 0804 QF7 3781

%=1.639+ 0.608, + 0.358x+ 0.4413 1.47+ 0520 1X25 20)-0.0203+ 0.02797 +0.063%

%:4.06& 3.42% -6.68%,- 3.30%,+ 0.73%- 0447+ 0793+ 0263 0.296
&,
dt

%XS =-2.362- 3.61% + 5.260 - 0.766+1.517,+ 0.34&° - 0.58€ + 0.32Q- 0.1%p

%:3.07& 353% 2 1.837+ 3542 +1526 O0.xf5 0814 0437 +aD62998.

(7)
=0.623+ 1.81% -1.58 -0.54+ 1.183- 184 0.%23 0x82 .2286¢3+0.02% 2+ 0.1b42 -0.056
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The residual value of each state variable evolutioSimulating the equation with Eviews software, whei®,

equations is f;(t) , the fluctuation(t)

in energy savinghe goodness of fit did not change, so residualie/glist

and emission reduction is periodic function, that icontains the section of k<6 as follows:

f.(t) =ailsint +-.-+aik sinkt + 5i 1cos+---+ Gik cad

f,(t)=-0.013sint+ 0.003cds- 0.001sin2 0.023des2 0.012sin3 6BBH 0.002sint4- 0.029cas4  0.0¥Fi- 0.055costs
f,(t)=-0.007sin— 0.003cds- 0.020sin2 0.004dos2 0.01@$in3 Ed3W- 0.008sint4 0.@tos4- 0.010sin5 0.018cds
fy(t)=-0.044sirt+ 0.106cds- 0.065si2 0.087dos2 0.041sin3 €03 0.007sint4 0.020cas¥4  0.0115i- 0.010costE
f,(t)=-0.014sin+ 0.030cas- 0.006sin2 0.016dos2 0.007si0B16cosB+ 0.019sin4 0.008cos4 0.011sin5 6LORB (8)
f;(t)=0.016sin - 0.042cds- 0.029sin2 0.022dos2 0.0008in3 0836+ 0.040sint4- 0.008cas4  0.0268i+ 0.003costs
fo(t)=-0.037sir+ 0.015cds- 0.86in2+ 0.020cost2 0.042sit8 0.027ps3 0.00&siD.032cost- 0.016sim5  0.000cb

The equations of (7) and (8) constitute the co-atiah
equations of energy saving and emission reducfidre
comparisons of fitted value and actual value dkstariable

are shown as follows:

T T T T T T T T T T T T T T T T T T
06

0z 04 og 10 12 14 18 18 20 22

— Actual X1 —— Fitted X1

Fig 1. rate of house power comparison.
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—— Actual X2 —— Fitted X2

Fig 2. power supply coal consumptioncomparison.
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Fig 3. on-grid powercomparison.

1.0+
0.8+
0.6+
0.4+
0.2+
0.0+

B e o o S e e N s e e
12 14 16 18 20

02 04 08 08 10

[— Actualxs — Fited x3]

Fig 4. nitrogen oxide emissions per unit power comparison.
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Fig 5. soot emissions per unit power comparison.

04 08 08 10 12 16 18 20
Fig 6. sewage gain comparison.

As shown in Figure 1-6, the overall model fit bette
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Among the six evolution equations of state variaplhe
highest goodness of fit R2 = 0.983, the lowest RR.73.
Meanwhile, as we can see from the results of eiavlaty
model, the damping coefficients of the six statealdes
reflecting the energy saving performance of therpmaler
enterprises are:
a =1.141a,= 0.3583,= (@,= 1.118,= 84,= 1.5

Minimum damping coefficients are the variableg

coefficients are zero. Its practical significant®\ss that:
almost no attenuation of these two variables waoulcur in
the evolution process, at the critical point of thelution
the system will show critical undamped phenometius,is
the order parameter in the study period of therpmater
enterprise energy saving system evolution.

5.3. Potential Function of Order Parameter of Energy
Saving and Emission Reduction in Thermal Power
Plant

Let the integrated order parameter be @, X, + , X;

a =w,=05 would be obtained through relevant
weighting method.

Taylor series expansion method is used to constuct
comprehensive co-evolution equation of order patame
the fitting results (9) are as follows:

dr

dt

0.803- 2.041t + 1.5461° ©)]

From (4), the potential energy saving function nérgy
saving and emission reduction system of thermal gpow
plant is:

V =-0.803* +1.021* - 0.387t* (10)

Evolutionary image of potential function is showm i
Figure 7:

0021
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008

01+

0121

014+

016

018 ! L L L L L ! !
0 0.1 02 03 04 05 0.7 0.8 09

Fig 7. Potential energy saving function of energy saving and emission
reduction.

It can be seen that in the study period, the perdoce of
energy saving system may appear high efficiencyland
efficiency two states, and there is no criticatestéhat is the

Dynamic Performance Evaluation on Energy Sawing) Emission Reduction of Thermal Power
Plant Based on the Self-

Organizing Co-Evolution

state of the energy saving system performance emtél
power plant is not mutated.

5.4. Performance State Evaluation of Energy Saving and
Emission Reduction in Thermal Power Plant

When evaluated in accordance with the above rulesn
the plant state in energy saving and emission texfuds

andighly efficient U,(X) =1, (X, ,X,,) =(0,1.2005]; When
X; , namely, on-grid power and soot emissions, botthe plant

is in
(Xayr » %) = (0,-0.9981,
After performance state evaluation of the thermaigr
plant from September 2011 to June 2013 in energinga
and emission reduction, the overall situation ieveah in
Figure 8. Wherethe positive Y-axis represents & btgte of
efficiency, the negative Y-axis represents low oidincy

low efficiency stateug(x)=1

state, the absolute value represents the degree of
membership.
1
' 08F ¥+ + 4y e P b
06 B
E” 04t -
$ 02 B
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= 04r 4
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Fig 8. Performance eval uation result of energy saving and emission
reduction.

During the 22 months from September 2011 to Jui&20
the energy saving and emission reduction performanic
the thermal power plant is ideal. Before June 2Qhé&re
exists inefficient state, after June 2012, the gymeaving
performance of the thermal power plants is higlfficient
state. From data observation, it is obvious thébreeJune
2012, the soot emissions per unit power of thentlagr
power plant is compared high, with low efficiencl/tbe
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energy saving and emission reduction performamcAptil

Education of China (Project no.11YJA790217).Théarg

and September of 2012, the company has improved igse grateful to the editor and anonymous revievi@rtheir

lectorstatic precipitator control system of Unitsafid 2.
According to North EPRI testing result, energy agnption

suggestions on improving the quality of the paper.

has decreased by 50%. Meanwhile, the soot emission

indicator also met the new standards. The powatflas References
canceled unit 1 desulfurization bypass damper inl 2012
and realizeda 100% operation rate of desulfuripafioit 1, [1] R. Rajeev, C. Brian, "Modeling complex systems

the integrated desulfurization efficiency has reatimore
than 90%. In March 2012, denitration system tecnic
innovation work has been completed and operatedrfio2.

While the same improvement work for unit 1 was ctatgal  [2]
in May 2012.The denitrification running rates oése two
units have reached 99.62% and 98.27%, while the

comprehensive denitrification efficiency has reathbove
70%, which met the government requirements in Dut
agreement. These series of energy saving techealogi
transformation work have reduced the power consiompt
rate of the power plant, power supply coal consionpand
the emissions of various pollutants, while imprayithe
energy saving efficiency of the entire plant Afieine 2012,

(4

the energy saving performance has reached a st¢atdyof [5]
high efficiency.
. (6]

6. Conclusions

Through the complex features study of energy saaing) (7]
emission reduction of thermal power plant, using
self-organization synergetic theory to study the&fggenance
of energy saving and emission reduction of therpmaler [8]

plant. Based on correlation analysis the stateabbss
characterizing the evolution of energy saving andssion
reduction was determined. Then, a co-evolution téate
thermal power enterprises energy saving and emissich]
reduction based on the synergetic theory was peahos
which revealed the dynamic relationship among state
variables and identified the order parameters whmidant [10]
system evolution. Meanwhile, taking advantage ofation
theory, the potential function of energy saving anassion
reduction was established according to the chaafjesder
parameters, while the performance can be evaluhtedgh
the characteristic of the potential function. Hipalan
empirical analysis has been done for performananefgy
saving and emission reduction in a thermal powantplThe
results show that the order parameters of thisrthepower
plant are on-grid power and soot emissions per pmiter,
these two variables are the decisive factors in glamt
energy saving and emission reduction performanc?lg]
Meanwhile, in the study period, the system has shtwo
states of high efficiency and low efficiency. Thenming
state is always of high efficiency after June 2@t®@ the
whole performance is ideal, which indicates thahtmlogy
projects in the power plant has significant effect.

(11]

(12]

(14]
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