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Abstract:Duetothephenomenonofabandoningwindpowerandphotovoltage(PV)powerinthe“ThreeNorthernAreas”in
China,thispaperpresentsanoptimalstrategyforcoordinatinganddispatching “source-load”inpowersystembasedon
multipletimescales.OnthebasisoftheanalysisoftheuncertaintyofwindpowerandPVpoweraswellasthecharacteristics
ofloadsideresourcedispatching,theoptimalmodelofcoordinatinganddispatching“source-load”inpowersystembasedon
multipletimescalesisestablished.Itcansimultaneouslyandeffectivelydispatchconventionalgenerators,windplant,PV
powerstation,pumped-storagepowerstationandloadsideresourcesbyoptimallyusingthreetimescales:day-ahead,intra-day
andreal-time.Accordingtothelatestpredictedinformationofwindpower,PVpowerandload,theoriginalgeneration
schedulecanberolledandamendedbyusingthecorrespondingtimescale.Theeffectivenessofthemodelcanbeverifiedbya
realsystem.Thesimulationresultsshowthattheproposedmodelcanmakefulluseof“source-load”resourcestoimprovethe
abilitytoconsumewindpowerandPVpowerofthegrid-connectedsystem.
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0 Introduction
 Renewable energy hasthe advantages of no
pollution,low carbon and so on. However,
comparedwithtraditionalenergysources,renewable
energyhasthecharacteristicsofstochasticityand
volatility that seriously restrict its rapid
development.Therefore,thestudyonthelarge-scale
grid-connectionofrenewableenergy,suchaswind
powerandphotovoltaic(PV)power,hasbecomeone
ofresearchhotspotsinpowerindustrytoday[1-5].
 To optimize the dispatch of grid-connected
renewableenergy,manyscholarsathomeandabroad
haveproposedmanykindsofschemes.Totakefull
advantageofabandonedwind,Cui,etal.established
asystemmodel[6],whichcombinedwindplantwith
pumped-storagepowerstation.Afteranalyzingthe
outputofwindpowerandpumped-storagepower
stationbysimulation,themaximumbenefitwasgot.
Althoughthis methodcanreducethecapacityof

abandonedwindtoacertaindegree,itcannotsolve
theproblem ofabandoning windpoweratnight.
Zhao,etal.madeancomprehensiveintroductionto
the current energy-storage patterns, including
pumped-storage,energy-storagebycompressingair
andthermalenergy,andsoon[7].Amongthem,the
pumped-storagetechnique wasused more widely.
Duetosometechnicalrestrictions,mostofthe
energy-storagepatternsdescribedabovefacedthe
problemsoflimitedstoragecapacityandinsufficient
economy except pumped-storage. Taking Jilin
Proviceasanexample,Chen,etal.introducedpeak
loadandvaleloadandemployedelectricboilerwith
thermalenergytoconductenergyconversionofwind
power,whichrealizedtheheatingbycombininggrid-
connected wind power with central heating
enterprisessoastosavecoalresourcesandreducethe
dischargeofpollutantair[8].Althoughtheutilization
ofwindpowerhasbeenimprovedeffectivelybythis
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method,itcannotrelievethepressureonpowergrid
duringthepeakloadperiod.
 Asforoptimizationofpowersystemfromthe
perspective of load side resource dispatching,
scholarshavemadesomeachievements.Zhang,et
al.pointedoutthattheimplementationofdemand
responseishelpfultoimprovethereliabilityofpower
supply[9-10].However,therearefew studies on
demandresponsetooffertheeconomytopower
companies.Zhao,et al.discussed the demand
response,energy-storagesystemsandthedispatchof
wind power,but they did not consider them
comprehensively[11-13].Chen,etal.discussedthe
optimaldispatchschemeamongwindpower,photo
voltageandenergystorage[14-16],buttheydidnot
considertheuncertaintyofwindpower.
 Inthispaper,firstly,weanalyzetheuncertaintyof
wind power and PV power as well as the
characteristicsofloadsideresourcedispatchbasedon
previousstudies.Then,sincethepredictedoutput
errorofwindpower,PVpowerandloadpowerwill
decreasewiththereductionofpredictedtimescale,
weestablishanmodeloptimalforcoordinatingand
dispatching“source-load”inpowersystembasedon
mutipletimeScales.Duetothepredictedaccuracyof
windpower,theoutputofPVpowerandloadpower
willincreasegradually withthereductionoftime
scale,andtheplanneddispatchstrategybasedon
multipletimescalesisdividedintoday-aheadrolling
planneddispatchfor24h,intra-dayrollingplanned
dispatchfor6handreal-timedispatchfor15min.
Accordingtothelatestpredictedinformationofwind
power,the PV powerandload power,planned
dispatch schemes based on allthe time scales
coordinateeachothersothatthegenerationschedule
intheremainedperiodwillberolledandamendedto
reduce the predicted error gradually. Finally,
combinedwithspecificexamples,theeffectivenessof
theoptimalstrategyforcoordinatinganddispatching
“source-load”inpowersystembasedonmultipletime
scalesisverifiedbyactualcase.

1 Analysisofcharacteristicsof“source-
load”resource

1.1 UncertaintyofwindpowerandPVpower

 Duetotheinfluenceofgeography,seasonsand
otherfactors,thedistributionofwindpowershows
greatstochasticityandvolatility.Theanemometry
datashowthatthedailyaverageoutputofonewind

plantvariesfrom0tothatrated.Itsvolatilityis
quiteobvious,asshowninFig.1.

Fig.1 Dailyoutputdistributionofwindplant

 AsshowninFig.2,theoutputofwindplantin
springandwinterismorethanthatinsummerand
autumn.Theoutputdistributionofwindplantis
quiteoppositetothetrendofloadchange,inwhich
theanti-peakcharacteristicisobviousandthepeaking
pressureofpowergridincreases.

Fig.2 Yearlyoutputdistributionofwindplant

Fig.3 MonthlyoutputdistributionofPVpowerstation

 BecausetheoutputofPV powergenerationis
impacted bytheintensityofsolarradiation,its
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monthlydistributioniscertainlyregularandthe
outputismoreinthedaytimethan0inthenight.
Therefore,thechangeofPVpoweroutputissimilar
tothatoftheload.Fig.3showsthemonthlyoutput
distributionofPVpowerstation.

1.2 Characteristics ofload side resource
dispatch

 High-energyloadhasthecharacteristicsoflarge
capacity and great adjusting potential,and its
adjustingrangecanreach 30% -100% ofload
capacity. Two reasons contribute to local
accommodationofwindpowerconsumed:oneisthat
theuseofsilliconcontrolledmethodSCRhasthe
characteristics of rapid adjustment and group
switching,theotheristhatmostofthehigh-energy
loadisdistributedinthevicinityofthegridoflarge-
scalewindpower.Therefore,thedisadvantagethat
conventionalpowersupplycannoteffectivelyadjust
large-scalewindpowerfluctuationcanbeovercome
throughthecoordinatedcontrolofhigh-energyload
andconventionalpowersupply.

Fig.4 Outputsofhigh-energyenterpriseloadbeforeandafter
dispatch

 Fig.4isadispatchingsketchofofhigh-energy
industrialload.Afterdispatching,theloadisshifted
fromtimescale11-14totimescale1-4,which
meansthatthiskindofloadhasaflexibleadjusting
abilitysoastoavoidtheabandonmentofwindpower
andPVpower.

2 Optimalmodel
2.1 Overallstrategy
 Theconnectedpowersystemiscomposedofwind
power,PV power,pumped-storagepowerstation
andhigh-energyenterprise,andtheyareoptimized
uniformly.

 Theday-aheaddispatchisfor24handitisdivided
into96timescaleswithanintervalof15min.The
day-aheaddispatchscheduleismainlyresponsiblefor
essential day-ahead dispatch according to the
predictionofday-aheadwindplantandPV power
outputaswellasthepredicationofload.
 Theintra-dayrollingdispatchisfor6handitis
updated4timeseveryday.Accordingtothelatest
predictionofday-aheadoutputofwindplantandPV
poweraswellasthepredicationofload,theintra-
daydispatchschemehasarollingcorrectiononthe
basisoftheday-aheaddispatchtogetthebasic
dispatchschemerevised.
 Thereal-timeplanneddispatchisupdatedevery
15minbasedonthedispatchschemeaftertherevised
intra-day rolling dispatch, thus the real-time
correctionisconstantlyperformedaccordingtothe
latest predicted data. Finally,the output of
connectedpowersystem caneffectivelytrackthe
curveofloadpower.

2.2 Controlstrategy
 Basedonthepredicteddataoftheload,PVpower
generationandwindpowergeneration,thispaper
presentsadispatchstrategywithin15min.
 WhenthewindpowergenerationandPVpower
generationaremorethantheload,theexcesspartis
usedtodrivethewaterpumptopumpthewaterfrom
thelower reservoir to the upper reservoir for
storage.Iftheratedcapacityoftheupperreservoiris
detected,theadjustablevolumeofdemandsideneeds
tobedispatched.Onconditionthattheup-regulated
spaceofdemandsideloadcanabsorbtheremaining
PV power and wind power,the strategy that
combinesthepumped-storagechargewiththeup-
regulateddemandsidewillbeemployed.Ifthewind
powergenration and PV power generation still
remain,itisjudgedwhetherthemaingridisallowed
toselltheresidualpowertothegrid;ifitisnot
allowed,somewindpowerandPVpowermaybe
removed.Whenthegenerationcapacitiesofwind
powerandPV powerarelessthantheload,the
pumped-storage power station will be used
preferentiallytogeneratepowertomeettheload.If
thepowergenerationcapacityoftheupperreservoir
reachesthelowerlimit,theremainingpartwillbe
adjustedthroughthedemandsideresponse;ifitstill
cannotmeetthedemand,thecommercialpowerwill
beintroduced.
 TheessentiallogicdiagramisshowninFig.5.
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Fig.5 Controlstrategyofpowerdispatching

2.3 Day-aheadplanneddispatchmodel

2.3.1 Objectivefunction

minFd =∑
Nt

t=1
∑
N0

i=1

[uRi,tFi(PR
i,t)+uRi,t(1-uRi,t-1)Si+

uRi,t-1(1-uRi,tDi], (1)

Fi(PR
i,t)=ai(PR

i,t)2+biPR
i,t+ci, (2)

whereFdisthetotalpowergenerationcostinthe
entireperiodofday-aheaddispatch;Ntisthedivided
timescalesofday-aheadplanneddispatch;N0isthe
totalnumberofconventionalgenerators;uRi,tisthe
start-stopstateofgeneratorsi,whichisdetermined
byday-aheadplanneddispatchattimescalet;Fi(·)
istheoperatingcostofthegenerator;PR

i,tisthe
outputstateofgenerator,whichisdeterminedby
day-aheadplanneddispatchattimescalet;Siisthe
start-upcostofthegeneratori;Diisthedowntime
costofgeneratori;ai,biandciaretheparametersof
generatorswitheconomicalcharacteristic.
 Theconstraintsareshownasfollows:
 1)Balancedconstraintsofsupply

∑
N0

i=1
PR

i,t+PWR
t +PVR

t +PPR
t =∑

NL

j=1
pL

j,t, (3)

wherePWR
t isthetotalnetworkpower(MW)ofwind

plantsattimescalet;PVR
t isthetotalnetworkpower

(MW)ofPVpowerattimescalet;PPR
t isthetotal

networkpower(MW)ofpumpedstorageattime
scalet;PL

i,tisthepredictedvalueofloadattimescale
t.
 2)Waterbalanceofpumped-storagepowerstation

∑
T

t=1

{Q(Pt,Ht)ΔT(t)}=0, (4)

Vi+1 =Vi+Qi(P,H)ΔT(t), (5)

whereHtistheheadorliftofpumpedstorage
generators,andPistheoutputvalueofpumped-
storagepowerstation.
 3)Outputconstraintsofthermalpowergenerators

PR
min≤PR

i,t≤PR
max. (6)

 4)Outputconstraintsofwindpowerplant

0≤PWR
t ≤PWF, (7)

wherePWFisthetotalpredictedpower(MW)of
windpowerplant.
 5)OutputpowerconstraintsofPVpowerstation

PVR
min≤PVR

t ≤PVR
max. (8)

 6)Powerconstraintsofpumpinggenerators

Ppump
min ≤Ppump

t ≤Ppump
max . (9)

 7)Powerconstraintsofhydroelectricgenerators
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Phydro
min ≤Phydro

t ≤Phydro
max . (10)

 8)Climbingconstraintsofgenerators

-Pdown
i Δt≤PR

i,t-PR
i,t-1 ≤Pup

iΔt, (11)

wherePdown
i islandsidepowerofthermalpower

generators(MW/h),andPup
i istheclimbingpower

ofthermalpowergenerators(MW/h)perunittime.
 9)Constraintsofreservedcapacityofthesystem

Rneed
up,t≤∑

N0

i=0

(ui,tPmax
i -PR

i,t), (12)

Rneed
down,t≤∑

N0

i=0

(PR
i,t-ui,tPmin

i ), (13)

whereRneed
up,tandRneed

down,tarethereservedcapacitiesthat
arereservedtoincreaseordecreasethe minimum
rotationforsystemrespectively.
 10) Constraints of minimum operation and
downtimeofthermalpowergenerators

Ton
i,t≥Ton

i,min,

Toff
i,t≥Toff

i,min, (14)

whereTon
i,tisthecontinuousuptimeofgeneratoriat

timescalet;Toff
i,tisthecontinuousdowntimeof

generatoriattimescalet;andToff
t,ministheminimum

downtimeofgeneratorattimescalet.

2.4 Intra-dayplanneddispatchmodelfor6h

2.4.1 Objectivefunction

minFh =∑
T

i=1
|ρUI(t)PIΔt|, (15)

whereFhisthecostoftheloaddispatch;ρistheunit
compensationcostofusers;UI(t)istheresponse
stateofuserattimescalet,UI(t)=1ifloadneedsto
beincreased,UI(t)= -1ifloadneedstobe
decreased,andUI(t)=0ifnon-action;PIistransfer
volumeofload;Δtisthetimeinonedispatchtime
scale.
 Inordertoensurethenormalactivityofindustrial
users,loadcontrolcenteronlycantransferload
insteadofincreasingorreducingit.Therefore,the
introducedloadtransfercanbalancetheconstraints.
 1)Constraintsofloadtransferbalance

∑
T

t=1
UI(t)=0. (16)

 Industrial users have the limit on flexible
dispatchingofsuppliedloadcapacity.Therefore,the
constraintsofthemaximumresponsecapacityare

introduced.
 2)Constraintsofthemaximumresponsecapacity

∑
T

t=1
max(UI(t),0)PIΔt≤qI, (17)

whereqIistheconstraintsofthemaximumresponse
capacityofusers;otherconstraintsofintra-day
dispatchingarebasicallysimilartothatofday-ahead
dispatching.Butthestarttimeandstoptimeof
generatorsparticipatingstartandstopoperationsare
lessthan6h,namely

0<Tstart,i≤6h,

0<Tstop,i≤6h, (18)

whereTstart,iandTstop,iarestarttimeandstoptimeof
generators,respectively.

2.5 Real-timeplanneddispatchmodel

2.5.1 Objectivefunction

minFr=min∑
N0

i=1
ui,tri,t|ΔPGi,t|  +γPWA,(19)

where Fr is the real-time adjusting cost of
conventionalgenerators;ΔPGi,t istheadjustment
capacityofreal-timeoutputofgeneratorsintime
scalet;ri,tisthecostofunitoutputadjustmentof
generatoriattimescalet;γispenaltycoefficientof
abandonedwindandPVpower;PWAisthecapacity
ofabandonedwindandPVpower.
 Amongthem,thecostofunitoutputadjustmentof
thermalpowergeneratorsis

ri,t = Freali,t -Frollingi,t , (20)

whereFreali,tisthecostofpowergenerationofreal-time
plannedthermalpowergeneratoriattimescalet;
Frollingi,t isthecostofpowergeneration ofrolling
plannedthermalpowergeneratoriattimescalet.
 Otherconstraintsofreal-timedispatcharebasically
similartothatofday-aheaddispatch.Butduringthe
real-time planned dispatch,only the generators
holdingtheabilitiesofrapidstartandstopcanbe
usedfortheadjustmentofstart-stopstateofthe
planneddispatch,namely

0<Tstart,i≤15min,

0<Tstop,i≤15min, (21)

whereTstart,iandTstop,iarestarttimeandstoptimeof
generators,respectively.

293 JournalofMeasurementScienceandInstrumentation Vol.9No.4,Dec.2018



3 Caseanalysis
3.1 IntroductionofCPLEX

 ThispaperusestheoptimizedsoftwareCPLEXto
acquiretheoptimalsolution.ILOG CPLEX,an
internationallypopularoptimizationsoftwarepackage
withhighperformance,robustnessandflexibility,
includesCPLEXinterfaceand CPLEX algorithm.
ThedesignphilosophyofCPLEXisthattheserious
andcomplicatedproblemsaresolvedquicklyunder
theinterventionoftheminimumuser.Itiswidely
usedinlogisticsindustry,manufacturingindustry,
communicationindustryandgroundengineeringofoil
field,etc.,makingthesolutionsofsomecomplicated
problemsbecomerelativelysimpleandefficient.

3.2 Stepsofsolution

 Thespecificsteps ofsolution are shown as
follows:
 Step1:thelatestpredicateddataofwindpower,
PVpowerandloadareobtained.
 Step2:theprogram descriptioniscompleted
accordingtothemathematicalmodelandconstraints
ateachtimescale.
 Step3:theexperimentaldataareimportedintothe
CPLEXprogramforcalculationinordertoobtainthe
optimaloutputofwindpower,PVpowerandloadat
eachtimescale.

3.3 Casedesign

 Takingeightconventionalgenerators,awindplant
withtheinstalledcapacityof200MW,aPVpower
station with the installed capacity of 30MW,
pumped-storagepowerstations withtheinstalled
capacityof200MWandhigh-energyenterprisewith
theelectricalloadof260MWforsimulation.The
simulationresultscanbeobtainedbyCPLEX.The
parameter characteristics of eight conventional
generatorsaredescribedindetailinRef.[17].Fig.6
showsthecontrastcurvesofactualvalueofwind
poweranditspredictedvaluesindifferenttimescales
Fig.7showsthecontrastcurvesoftheactualvalueof
PVpoweranditspredictedvalueindifferenttime
scalesFig.8showsthecontrastcurvesoftheactual
valueofload poweranditspredicted valuesin
differenttimescales.
 Throughthree-layeroptimaldispatch (day-head
for24h,intra-dayfor6handreal-time),total
generationofthermalpowerplantis13.248GW·h

duringtheperiodofdispatching.However,itis
reducedby21% compared withthetotalpower
generationof16.872GW·h beforeoptimization.
Thetotalpowergenerationofpumped-storagepower
station is 6.613GW·h during the period of
dispatching.Itisincreasedby29.9%comparedwith
thetotalpowergenerationof5.087GW·hbefore
optimization.

Fig.6 Predictedcurvesofwindpoweratdifferenttimescales

Fig.7 PredictedcurvesofPVpoweratdifferenttimescales

Fig.8 Predictedcurvesofloadpoweratdifferenttimescales

 Table1showsthecomparisonresultsofthedaily
powergenerationofconventionalgeneratorsbefore

393    LIUYan-feng,etal./Anoptimalstrategyforcoordinatinganddispatching“source-load”inpower...



andafteroptimization.

Table1 Comparasiveresultsofdailypowergenerationof
conventionalgeneratorsbeforeandafteroptimization
Generators
optimization
number

Powergeneration
beforeoptimization

(MW·h)

Powergeneration
afteroptimization
(MW·h)

1 3009 1944
2 3072 1809
3 2856 1987
4 1872 1488
5 1992.68 1560
6 2160 1920.03
7 1824 1752
8 1608 1656

 Thecontrastcurvesofnetworkedwindpowerand
PVpowerateachtimescaleisshowninFig.9.

Fig.9 ContrastcurvesofnetworkedwindpowerandPV
powerateachtimescale

 Thecontrastdataofabandonedwindpowerand
PVpowerofplanneddispatchatdifferenttimescales
areshowninTable2.

Table2 ContrastdataofabandonedwindandPVofplanned
dispatchingatdifferenttimescales

Timescales
ofwindpowerand

PVpower

Capacityofabandoned
windandPVpower

(MW·h)

Rateof
consuming
(%)

Day-ahead 1010.82 83
Intra-dayfor6h 475.68 92
Real-time 101.82 98.3

 FromFig.9andTable2,itcanbeseenthatthere
stillexistsseriousphenomenonofabandoningwind
powerandPVpowerinday-headplanneddispatch.
ThephenomenonofabandonedwindpowerandPV
powerisrelievedthroughtheintra-daydispatchfor6
h.Andthroughthefinalreal-timedispatch,the
phenomenonofabandoningPVpoweriscontrolled
well.Theoverallgridisbasicallyachievedexpectfor
alittleabandonedwindpowerattimescales3and4
aswellasabandonedPVpowerattimescales15and

16.Therefore,therateofconsumingwindpower
andPVpowerwillincreasewiththedecreaseoftime
scales.
 Inordertoverifythevalidityofthemodel,this
paperassumesthattherearethreedifferentscenes
basedonday-aheadoptimaldispatching.Inscene1,
conventionalthermalpowergenerators,windplant
and PV powerstationareconsideredinoptimal
dispatchingmodel;inscene2,conventionalthermal
powergenerators,pumped-storagepowerstation,
windplantandPVpowerstationareconsideredin
optimaldispatchingmodel;inscene3,conventional
thermalpowergenerators,pumped-storagepower
station,high-energyloadenterprisesonloadside,
windplantandPVpowerstationareconsideredin
optimaldispatchingmodel.Theoptimizedmodelcan
besolvedbyapplyingoptimizedsoftwareCPLEX,
andeveryoperatingcostofthesystemobtainedin
differentscenesisshowninTable3.Thesituationof
abandoned windand PV ateverytimescalein
differentscenesisshowninFig.10.

Table3 Everyoperatingcostofthesystemobtainedindifferent
scenes

Situation
operating
cost

Costsof
abandonedwind
andPVpower

Dispatch
onload
side

Totalcost

Scene1 108.6×104 10.4×104 0 119×104

Scene2 97.31×104 9.8×104 0 107×104

Scene3 81.45×104 9.4×104 2.8×104 94×104

Fig.10 CapacityofabandonedwindpowerandPVpowerat
everytimescaleindifferentscenes

 FromTable3andFig.10,itcanbeseenthatthe
systemcapacitiesofabandonedwindpowerandPV
poweranditscostwilldecreaseconspicuouslywhen
thepumped-storagepowerstation andthe high-
energyloadenterprisesontheloadsideparticipatein
theoptimizationofthesystem.Inaddition,dueto
theinfluenceofanti-peakcharacteristicandbalanced
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constraintsofloadtransfer,theloadsystemwiththe
trendofshiftingloadcanplayaroleinreplacingthe
outputofgeneratorswithpooreconomysoasto
consumemorepowerofabandonedwindpowerand
PV power,which makesthe operating costof
conventionalgeneratorsdeclinetosomeextent.

4 Conclusion
 Themodelofcoordinatingandoptimaldispatching
“source-load”inpowersystembasedonmultipletime
scalesisestablishedtakingtheuncertaintyofwind
powerandPVpowerandthedispatchcharacteristics
ofhigh-energyloadintoaccount.Atthesametime,
itbringstheconventionalgenerators,windplant,
PVpowerstation,pumped-storagepowerstationand
loadsideresourcesintodispatchingatdifferenttime
scalesconsideringthepenaltycostofabandonedwind
powerandPVpowerintheobjectivefunction.By
utilizingthecontinuouslyupdatedpredictionofwind
power,theoutputofPVpowerandthepredicted
dataofload,the modelcanadjustthedispatch
schemeto ensurethereliability ofthesystem.
Furthermore,theeconomyofthesystemandthe
consumedabilityofwindpowerandPVpowerare
improved,whichprovidesareferencetoresearchon
grid-connectionofwindpowerandPVpowerinlarge
scale.
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一种基于多时间尺度的电力系统“源-荷”协调调度优化策略

刘艳峰1,董海鹰1,2,汪宁渤3,马 明3
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摘 要: 针对三北地区弃风弃光问题,提出了基于多时间尺度的电力系统“源-荷”协调调度优化策略。在对

风电、光伏功率的不确定性和负荷侧资源调度特性分析的基础上,建立了基于多时间尺度的电力系统

“源-荷”协调调度优化模型。该模型针对日前、日内和实时3种不同时间尺度,将常规机组、风电场、光伏电

站、抽水蓄能电站和负荷侧资源同时进行调度优化。根据风电、光伏和负荷等最新预测信息和机组电量实际

完成情况,按照相应的时间周期滚动修正原有发电计划。以实际系统为例验证了模型的有效性,仿真结果表

明,上述模型可以充分利用不同时间尺度上的“源-荷”资源,提高了系统对风电、光伏的消纳能力和并网后

系统运行的经济性。
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