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Abstract:Asfortheexistingproblemsofboilersinintegratedsteelworks,themultiＧboilersystemcouldbequantitaＧ
tivelyoptimizedwiththedecompositionandcoordinationmethod．Then,casestudieswerecarriedoutbasedonthe
dataofanintegratedsteelworks．Twogroupsofactualproductionrecordswerecontrastivelyanalyzed,andthecalcuＧ
lationresultsfromtheoptimizedprogramofthesetwogroupsindicatedthatforgroups１and２,thecostsfallby
５􀆰０６％and３􀆰７９％andthefuelconsumptionsdecreaseby２􀆰７２％and１􀆰４５％,respectively,comparedwiththeactuＧ
aldata．Toanalyzethecostandfuelconsumptionchangeunderthesameconditionoftotalloaddemand,assignedfuＧ
elconsumptionandwatertemperature,fivesetsofdatawereselectedforfurtheranalysis．ItwasshownthatthetoＧ
talcostandfuelconsumptionoftheoptimizedprogramcouldfallby３􀆰５％ and１􀆰６％respectively,comparedwith
theactualproductionrecords．TheoptimalallocationsignificantlycontributedtoenergyconservationandcostreducＧ
tion．Theeffectsofthesystemenergyconservationcannotberealizedbysingleequipmentenergyconservation．They
werecomplementarytoeachother,andshouldbeputonthesamestage．
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　　 Mostofsteam generatedinaselfＧownedpower
plantwasusedtogenerateelectricity,andonlyafew
partsareusedinotherproductionprocesses．Blast
furnacegas (BFG),cokeovengas (COG),LinzＧ
Doniwitzgas(LDG)andcoalcanbemixedinacerＧ
tainproportiontobeusedinboilersinselfＧowned
powerplants[１,２]．Theproportioncanbechangedas
thegenerationorconsumptionamountofbyＧproduct
gaschanges,namelybufferadjustment．Inthissense,
aselfＧownedpowerplantisnotonlyapowerplantto
generateelectricity,butalsoanimportantadjustment
partofgasconsumption,selfＧownedpowergeneraＧ
tionandoutsourcingelectricity,etc􀆰．Thus,the
selfＧownedpowerplantcontributestoenergyconＧ
sumptionreductionandimprovementofenergyeffiＧ
ciency,byavoidingbyＧproductgasdissipation[３,４]．
　　LowＧparametersteam,bigandfrequentload
fluctuation,unstablefuelinput,andlargeenergy
consumptioninauxiliaryequipmentarethegeneral

characteristicsofselfＧownedpowerplantsiniron
andsteelenterprises,resultinginthehighcostand
coalconsumption．Tosolvetheseproblems,AkimoＧ
toetal􀆰[５]reportedamixedintegerlinearprogramＧ
ming(MILP)modelwithapenaltycostintheobＧ
jectivefunction whenthesurplusgasdissipated．
Kimetal􀆰[６,７]consideredthepenaltyfunctionfor
on/offstatusofburnersinboilerstostudytheflucＧ
tuationlevelofsurplusbyＧproductgas．Becauseof
theinputandoutputvolatilityandconsiderableboilＧ
erstreamamount,selfＧownedpowerplantsiniron
andsteelenterpriseshouldnotonlyfocusonthe
boilerenergyconservationtechnologies,butalsothe
systemenergyconservationmethods[８Ｇ１１]．Asforthe
existing problems of boilersinintegrated steelＧ
works,the multiＧboilersystem wasquantitatively
optimizedwiththedecompositionandcoordination
methodinthisstudy,contributingtotheenergy
conservationoftheselfＧownedpowerplant．



１　DecompositionandCoordinationMethod
　　Ingeneral,thesolutionofnonlinearproblemis
averylaboriousjob．MostofthealgorithmstransＧ
formnonlinearprogrammingproblemsintoaseries
ofunconstrainedproblemsorlinearprogramming
problemstosolve[１２]．Therearetwomaintypesof
methodstosolvenonlinearprogramming:penalty
functionmethodandfeasibledirectionalgorithm．These
twomethodsareveryeffective,buttheywillenＧ
counterdifficultiesinthecomputationorinvalidalgoＧ
rithmwhenthedimensionsoftheproblemincrease．
　　Toavoidthedifficultiesmentionedaboveandto
makefulluseofinformationstructureinproblems
arethefoundationofdecompositionandcoordination
method[１３Ｇ１６]．ThebasicideaistodecomposeagenerＧ
alissuePintoanumberofsubＧproblemsPi,and
thegoalistransformedfromsolvingextremevalue
ofgeneralissuetotheextremevaluesofsubＧprobＧ
lems．Then,thesolutionofP canbeobtainedby
coordinatingthesolutionofPi．However,generalＧ
ly,thecoordinationrelationshipisimpossibletobe
satisfiedbecauseoftheconflictamongsubＧprobＧ
lems．Thus,avectorinterventionorcoordinatepaＧ
rameterλisneededtobeintroduced,andthenPi

(λ)isusedinsteadofPi．ThefirstＧordernecessary
conditionoftheobjectivefunctionandconstraint
functionofnonlinearprogrammingproblemshould
satisfythefollowingtheorems．
　　Theorem１istheKuhnＧTuckertheorem．The
followingassumptionsaremadeinthistheorem:
　　 (１)x∗isthelocaloptimaofmin

x∈D
f(x),D＝

{x|Si(x)≥０,i＝１,２,􀆺,m;hj(x)＝０,j＝１,
２,􀆺,l};
　　 (２)I＝{i|Si(x∗ )＝０,i＝０,１,􀆺,m};
　　 (３)f(x),S(x)andh(x)aredifferentiableatpoint
x∗ ;
　　 (４)∇Si(x∗)islinearlyindependentto∇h(x∗)
foralli∈I．
　　Then,μ１,􀆺,μmandλ１,􀆺,λlexisttosatisfy

　　
∇f(x∗ )－∑

m

i
μiSi(x∗ )－∑

l

i
λihi(x∗ )＝０

μiSi(x∗ )＝０
μi≥０,i＝１,􀆺,m

(１)

　　InTheorem２,itissupposedthatD＝{x∈Rm|gi(x)＝
０,i＝１,􀆺}iscomposedofconvexfunctionf(x),
gi(x),x∈Rm,y∈Rn,gi(x)＝０．Functionφ(x,y)
isthelinearcombinationoff(x)andgi(x)．
　　φ(x,y)＝f(x)＋∑

i
yigi(x) (２)

　　If(x∗,y∗)isthesolutionoffunctionφ(x∗,y∗)＝

min
x∈Rm

max
y∈Rnφ(x,y),i􀆰e􀆰,φ(x∗ ,y)≤φ(x∗ ,y∗ )≤

φ(x,y∗ ),∀x∈Rm,y∈Rn,x∗ isthesolutionof
theobjectivefunctionmin

x∈D
f(x),meaningthatf(x∗)≤

f(x),∀x∈D．

２　BoilerOptimalOperationModel
　　TheoptimalboileroperationinintegratedsteelＧ
worksisatypicaldecompositionandcoordination
problem．Eachfuelconsumedbyaboilerisfixedin
thisstudytoobtaintheextremumofsteamgeneraＧ
tion by coordination．Then,thesubＧproblem is
changedintoaseriesoflinearprogrammingprobＧ
lemswhoseoptimumsolutioncanbeobtainedeasily
byconventionalmethod．

２􀆰１　Model
　　TheoperationcostCiofboileriincludestwo
parts:fuelconsumptioncostandthecostofelectricＧ
ityconsumedbyauxiliaryequipment．
　　Supposingthatm kindsoffuelsareused,Ci

canbeexpressedas:

　Ci＝∑
m

j
fijxij＋CPi (３)

where,fijisthepriceoffueljconsumedinboiler
i,RMB/GJ;xijistheheatinputoffueljofthe
boileri,GJ/h;andCPiistheelectricitycostofauxＧ
iliaryequipment,RMB/h．
　　Forloadallocation,Ci waslinkedwiththesteam
outputamountandboilerefficiency．Itwassupposed
thatαijisthepercentageoftheheatinputoffueljto
thewholeofboileri;yiistheoutputamountofsteam,
t/h;Fiistheenthalpydifferenceofstreamandsupplied
water,GJ/t;andηisthethermalefficiency,％．In
thepresentstudy,optimaloperationobjectivefuncＧ
tionoftheboilersystemisexpressedas:

minf＝∑
N

i
Ci＝∑

N

i

yiFi

(∑
m

j
xij)２
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ηij
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(４)
　　Withtheconstraintsof
　　(１)yimin≤yi≤yimax,xijmin≤xij≤xijmax,

　　(２)ηi∑
m

j
xij＝Fiyi,

　　(３)∑
N

i
yi＝yo,

　　(４)∑
N

i
xij＝xjo,

　　and(５)∑
N

i
xij≤xjo．

２􀆰２　Solutionofmodel
　　Eq􀆰(４)isanonＧconvexfunction,andcannotbe
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