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OptimizationandSchedulingofByproductGas
SysteminSteelPlant

JingＧhuiYANG,　JiuＧjuCAI,　WenＧqiangSUN,　JingＧyuLIU
(StateEnvironmentalProtectionKeyLaboratoryofEcoＧindustry,InstituteofThermaland
EnvironmentalEngineering,NortheasternUniversity,Shenyang１１０８１９,Liaoning,China)

Abstract:A mathematicalmodelwasproposedtooptimizebyproductgassystemandreducethetotalcost．Thescope
andboundariesofthesystemwerealsodiscussedatthesametime．Boilersandgasholderswerebufferuserstosolve
thefluctuationofbyproductgases．Thepriorityofgasholdersshouldberankedthelast．TheallocationofsurplusgaＧ
sesamonggasholdersandboilerswasalsodiscussedtomakefulluseofgasesandrealizezeroemissiontargets．Case
studyshowsthattheproposedmodelmadegooduseofbyproductgasesandatleast７􀆰８％ operationcostwasreＧ
duced,comparedwithrealdatainironandsteelindustry．
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SymbolList

　　b———Thenumberofboilers(b＝１,２,􀆺,B);
　　k———Thenumberofgasholders(k＝１,２,􀆺,K);
　　m———Thenumberofmixedgasusers(m＝１,２,􀆺,

Um);
　　s———Thenumberofsinglegasusers(s＝１,２,􀆺,Us);
　　t———Period(t＝１,２,􀆺,P);
　　HG———HeatvalueofgasG,kJ/m３;
　　Hmin

i ———Minimumheatvaluedemandofuseri,kJ/m３;
　　Hmax

i ———Maximumheatvaluedemandofuseri,kJ/m３;
　　Qmin

i ———Minimumheatdemandofuseri,kJ;
　　Qmax

i ———Maximumheatdemandofuseri,kJ;
　　VG

H———UpperboundofbyproductgasGingasholder,
m３;

　　VG
L———LowerboundofbyproductgasGingasholder,

m３;
　　VG

HH———MaximumamountofbyproductgasGin
gasholder,m３;

　　VG
LL———MinimumamountofbyproductgasGingasholdＧ

er,m３;
　　VG

max———Maximumvolumeofgasholder,m３;
　　VG,min

s,t ———MinimumflowrateofbyproductgasG supＧ
pliedtosinglegasuserattimet,m３;

　　VG,max
s,t ———MaximumflowrateofbyproductgasGsupＧ

pliedtosinglegasuserattimet,m３;
　　ΔVG,max

s,t ———Maximumdifferencebetweenrealandnormal

amountofgasGsuppliedtousers,m３;
　　ΔVG,max

i,t ———Maximumdifferencebetweenrealandnormal
amountofgasGsuppliedtouseri,m３;

　　VG
gen,t———AmountofbyproductgasG generatedattime

t,m３;
　　VG,e

b,t ———NormalamountofbyproductgasGsuppliedto
boilerbattimet,m３;

　　VG,e
s ———NormalamountofbyproductgasG neededby

usersattimet,m３;
　　VG,e

m ———NormalamountofbyproductgasG neededby
usermattimet,m３;

　　VG,e
i ———NormalamountofbyproductgasG neededby

useriattimet,m３;
　　ΔWG

s ———PenaltyforgasGdeviationfromnormalamount
inusers,RMB/m３;

　　ΔWG
m ———PenaltyforgasGdeviationfromnormalamount

inuserm,RMB/m３;
　　WG

b ———PenaltyforgasGdeviationfromnormalamount
inuserb,RMB/m３;

　　WG
E———PenaltyforbyproductgasG emission,RMB/

m３;
　 　WG

H———Penaltyforgasholder workingathighlevel,
RMB/m３;

　 　 WG
L———Penaltyforgasholder working atlow level,

RMB/m３;



　　vG
b,t———AmountofbyproductgasGsuppliedtoboilerb

attimet,m３;
　　vG

h,t———AmountofbyproductgasstoredinG gasholder
attimet,m３;

　　vG
s,t———AmountofgasGusedinsinglegasusersattime

t,m３;
　　vG

m,t———AmountofbyproductgasGconsumedinuserm
attimet,m３;

　　vG
i,t———AmountofbyproductgasGconsumedinuseri

attimet,m３;
　　ΔvG

E,t———AmountofbyproductgasGemittedattimet,
m３;

　　ΔvG
H,t———Deviationamountofbyproductgasaboveupper

boundofGgasholder,m３;
　　ΔvG

L,t———Deviationamountofbyproductgasbelowlower
boundofGgasholder,m３;

　　ΔvG,＋
s,t ———DeviationabovenormalamountofgasGsupＧ

pliedtousers,m３;
　　ΔvG,－

s,t ———DeviationbelownormalamountofgasGsupＧ
pliedtousers,m３;

　　ΔvG,e＋
i,t ———DeviationabovenormalamountofgasGsupＧ

pliedtouseri,m３;
　　ΔvG,e－

i,t ———DeviationbelownormalamountofgasGsupＧ
pliedtouseri,m３．

　　IronandsteelindustryisoneofthemostenerＧ
gyＧintensiveindustries．Manyresearcheffortshave
beenmadeinproductionandenergyplanninginsteel
plants[１Ｇ４]．However,fewresearchesfocusedonbyＧ
productgaseswhoseenergycostconstitutesabout
３０％ ofthetotalenergyＧconsumingcost[５]．Mixed
integerlinearprogramming (MILP)models were
proposedtosolvetheoptimizationofbyproductgas
systemandcostreduction[５,６]．YiandHan[７]applied
simultaneouscompensationwithgrosserrorcandiＧ
datestotheflow networks ofbyproductgases．
Zhangetal􀆰[８]establishedmodelstopredictandadＧ
justthebyproductgasholderlevel．Animproved
echostatenetworkwasintroducedtopredictblast
furnacegas (BFG)generation,consumptionand
gasholderlevel[９]．Othermodelshavebeenmadeto
seektheminimumcostorfindawaytooptimizethe
gasdistributioninsteelplant[１０Ｇ１３]．Inmostprevious
work,partsofthesystemswereanalyzed．Although

someoftheequipmentsorprocesseswereenergyＧefＧ
ficient,thewholesystem mayberaninpoorcondiＧ
tion[１４]．
　　Inasystematicview,amathematicalmodelwas
proposedinthisstudytomakethebyproductgassystem
workunderenergyＧsavingcondition．Theboundaryof
thesystem wasalsodefined．Boilerswereusedto
solvelargeamountofsurplus byproduct gases;
gasholderscanbeusedasbufferusersanditsprioriＧ
tyrankedthelast．Itwasknownthatdifferentgases
with differentparameters mixed witheach other
couldlowergasqualityandwasteenergy．Thus,the
useofmixedgasesinthesystemwasminimized．

１　ProblemAnalysis
　　Byproductgasesareimportantdrivingforcefor
theoperationprocessof materialflowinasteel
plant．Fig􀆰１showsthebyproductgassysteminiron
andsteelindustry．

Fig􀆰１　Schematicdiagramofbyproductgassystem

　　BFGcomesfromblastfurnaces(BFs),cokeoven
gas(COG)isproducedincokeovens (COs),and
LinzeＧDonawitzgas(LDG)resultsfromthesteelmakＧ
ingprocessinbasicoxygenfurnace(BOF)．Usersof
byproductgasesare associated with each other．
SomedefinitionsofbyproductgassystemarenotacＧ
curate．TheirboundariesofthesystemaretoocomＧ

plicateandwillinfluencemodelaccuracyandimpact
operationspeed．Thestableoperationofgasholder
shouldnotberegardedastheonlyobjectiveinthe
system．InordertoeliminatefluctuationsinthesysＧ
temandkeepsteadypressureingasnetwork,timely
adjustmentofgasholderlevelsisrequired．
　　Duetoimpreciseoperationandequipmentdefects,
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