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ABSTRACTi 

 
During previous couple of eras, restructuring has handed all viable areas comprising the electrical 

energy deliver industry. Restructuring has carried out sizeable benefits such that energy is these days a 

commodity. Competitive marketplace additionally paved manner for several participants. This ends in 

congestion in transmission lines. Furthermore, transmission community in open get right of entry to has 

bolstered the congestion problem. Therefore, energy device congestion control is maximum sizeable to 

the energy industry. A evaluate on one soft computing primarily based totally approach specifically 

Particle Swarm Optimization (PSO) is carried out on this report. 

 

Keywords: ipower system; icongestionimanagement; icongestion; ioptimization; imethods. 
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CHAPTER 1: INTRODUCTIONiOF CONGESTION MANAGEMENT 

1.1 DEFINITION OF CONGESTION 

Wheneverithe physicalior operationaliconstraints iniaitransmission networkibecome active,itheisystem is 

saiditoibeiiniaistateioficongestion. Theipossibleilimits thatimay beihit inicase oficongestion are: line 

thermalilimits, transformeriemergencyiratings, busivoltageilimits, transientior oscillatoryistability, etc. 

These limitsiconstrain theiamount of electricipowerithat canibe transmittedibetween two locations 

throughiaitransmissioninetwork. Flowsishould not beiallowed toiincrease toilevels where a contingency 

wouldicause theinetwork toicollapseibecause ofivoltageiinstability, etc. Theipeculiaricharacteristics 

associated withielectrical poweripreventiits directicomparisoniwith otherimarketableicommodities. First, 

electricalienergy cannotibeistorediinilargeichunks. In other words, the demand of electric powerihas to be 

satisfied on a real time basis. Due to otheripeculiarities, the flexibilityiof directly routing this commodity 

throughia desiredipath is veryilimited. The flowiof electricicurrent obeys lawsiof physics ratherithan the 

wishiof tradersiorioperators. Thus, theisystem operator hasito decide uponisuch a pattern of 

injectionsiand take-offs, that no constraintiis violated. How Transfericapability is limited?iCongestion, as 

used in deregulation parlance, generally refers to aitransmission line hittingiits limit. The abilityiof 

interconnected transmissioninetworks to reliably transfer electricipower may be limitediby the physical 

and electrical characteristics of the systemsiincluding any or more of theifollowing:  

 ThermaliLimits: Thermalilimitsiestablishitheimaximumiamountiofielectricalicurrentithatia 

transmissionilineiorielectricalifacility caniconductiover a specifieditime periodibefore itisustains 

permanentidamageibyioverheating. 

 VoltageiLimits: Systemivoltages andichangesiin voltagesimustibe maintainediwithin the range of 

acceptableiminimum andimaximumilimits. The lowerivoltageilimits determineitheimaximum 

amount of electric powerithat can beitransferred. 

 StabilityiLimits: Theitransmission networkimustibeicapable ofisurvivingidisturbancesithroughithe 

transientiandidynamicitimeiperiodsi(fromimillisecondsitoiseveraliminutes,irespectively). 

Immediatelyifollowing a systemidisturbance, generatorsibegin to oscillate relativeito eachiother, 

causingifluctuations inisystemifrequency, lineiloadings, andisystemivoltages. Foritheisystemito be 

stable,itheioscillations mustidiminish as the electric systemiattains a newistable operating point. 

Theiline loadings prior to theidisturbance should be at such a levelithat its tripping does noticause 

system-wide dynamiciinstability. 

The limitingicondition on someiportions ofithe transmissioninetwork can shiftiamongithermal, ivoltage, 

andistabilityilimits as theinetworkioperatingiconditionsichangeioveritime. For example, for aishort line, 

the line loadingilimit is dominated by its thermalilimit. On the otherihand, foriailongiline, stabilityilimit is 

theimainiconcern. Suchidiffering criteria further lead toicomplexities while determiningitransfer 

capability limits. Importanceioficongestion management in the deregulatedienvironment If the network 

powericarrying capacity isiinfinite and if there are ampleiresources to keep the systemivariablesiwithin 

limits, the most efficientigeneration dispatch willicorrespond to the least costioperation. Kirchoff’s laws 

combinediwith the magnitude andilocation of theigenerations and loads, ithe line impedancesiand the 

networkitopology determine the flows in eachiline. In real life, however, the powericarrying capacityiof a 

line is limited by variousilimits as explainediearlier. These power systemisecurity constraints may 

thereforeinecessitate a change in the generatorischedules away from the most efficientidispatch. In the 

traditional vertically integrated utilityienvironment, the generationipatterns are fairly stable. From aishort 

term perspective, the systemioperator may have to deviate from the efficientidispatch in order toikeep line 

flows within limits. However, the financialiimplication of suchire-dispatchidoesinot surfaceibecause the 
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monopolistican easily socializeithese costs amongst the variousiparticipants, which in turn, areiunder his 

directicontrol. From planningiperspective also, a definiteiapproach can beiadopted forinetwork 

augmentation. However, iin deregulatedistructures, with generating companies competingiin an open 

transmission accessienvironment, the generation / flowipatterns can changeidrastically over small time 

periods with the marketiforces. In such situations, it becomesinecessary to have a congestion 

management scheme in place to ensure that the system stays secure. However, being aicompetitive 

environment, ithe re-dispatchiwill have direct financial implicationsiaffecting most of the marketiplayers, 

creatingia set ofiwinners and losers. Moreover, theicongestionibottlenecks wouldiencourage some 

strategiciplayers to exploit theisituation. The effects thaticongestion is likely to cause areidiscussed 

next. Effects ofiCongestion the network congestioniessentially leads to out-of-meritidispatch. The main 

results of these canibe stated asifollows:  

 MarketiInefficiency: Marketiefficiency, in the shortiterm, refers to a marketioutcome that 

maximizes theisum of the producerisurplus and consumerisurplus, which is generallyiknown as 

socialiwelfare. With respect toigeneration, marketiefficiency will result when the mosticost-

effective generationiresources are used toiserve the load. The difference in socialiwelfare between 

a perfectimarket and a realimarket is a measureiof the efficiency of the realimarket. Theieffectiof 

transmissionicongestioniisitoicreateimarketiinefficiency. 

 MarketiPower: Ifitheigeneratoricanisuccessfullyiincreaseiits profitsiby strategicibidding oribyiany 

meansiother than lowering its costs, it is said to have marketipower. Imagine a two area system 

with cheaperigeneration in area 1 and relatively costlierigeneration in area 2. Buyers in both the 

areasiwould prefer theigeneration in area 1 and eventuallyithe tie-lines betweenithe two 

areasiwould startioperating at full capacityisuch that no furtheripower transfer from area 1 to 2 is 

possible. The sellersiin area 2 are then said to possessimarket power. By exercisingimarket power, 

these sellers can chargeihigher price to buyersiif the loads areiinelastic. Thus, congestionimay 

lead to market poweriwhich ultimatelyiresults in marketiinefficiency. 

 In multi-seller/multi-buyerienvironment, the operatorihas to look after someiadditional issues which crop 

up due toicongestion. For example, in a centralizedidispatch structure, the systemioperatorichanges 

schedules of generatorsiby rising generationiof some whileidecreasing that of others. The operator 

compensatesithe parties who wereiasked to generate more by payingithem for their additionalipower 

production and giving lostiopportunity payments to partiesiwho were ordered to stepidown. Theioperator 

has to share additionaliworkload of commercialisettlements arising due toinetwork constraintsiwhich, 

otherwise, would haveibeen absent. One importantithing to be notediis that creationiof market 

inefficiencyiarising due to congestion in a perfectlyicompetitive market acts as an economicisignal for 

networkireinforcement. The marketidesign should be such that theiplayers are made to take a clueifrom 

these signals so as to reinforceithe network, thus mitigatingimarket inefficiency. DesirediFeatures of 

CongestioniManagement SchemesiTackling the congestion problem takesidifferent forms in different 

countries. It reallyidepends on whatitype ofideregulation model is being employed in aiparticular region. 

Certaininetwork topologies, demographicifactors and political ideologiesiinfluence theiimplementation of 

congestionimanagement schemes iniconjunction with overall marketidesign. Any congestion 

managementischeme should try to accommodateithe followingifeatures: 

 Economic Efficiency: Congestionimanagement shouldiminimize its interventioniinto a 

competitiveimarket. In otheriwords, it should achieveisystem security, iforgoing as littleisocial 

welfare asipossible. The scheme shouldilead to both, shortiterm and long termiefficiency. The 
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short termiefficiency is associated with generator dispatch, while long termiefficiency pertains to 

investmentsiin new transmissioniand generationifacilities. 

 Nonidiscriminative:iEachimarketiparticipantishouldibeitreatediequally. Forithis,itheinetwork 

operatorishouldibeiindependentiofimarketipartiesiandiheishouldinotideriveianyikindiofibenefit 

fromioccurrenceioficongestion. Otherwiseiit providesiperverse signalsifor networkiexpansion. 

 Be transparent: The implementationishould be wellidefined anditransparent for alliparticipants. 

 Be robust: Congestionimanagement schemeishould be robust with respectito strategic 

manipulation by the marketientities. This again refers backito principle of economiciefficiency. 

Though aivariety of forms of congestionimanagement schemes are practicedithroughout the power 

marketsiof the world, the nodalipricing or the optimal poweriflow based congestionimanagementischeme 

is said to satisfyimost of the desiredifeatures of the same, iespecially theifeature of economiciefficiency. 

Each practicedimethod has strengths and flawsiand also interrelationships to some extent. Eachimaintains 

power systemisecurity but differsiin its impact on theieconomics of the energyimarket. 

 

1.2 CLASSIFICATION OF CONGESTION MANAGEMENT MECHNISMS 

The congestionimanagement schemes areistrongly coupled with the overall marketidesign.iEfficient 

allocationiofiscarceitransmissionicapacityitoitheidesirediparticipants ofitheimarket isione ofitheimain 

objectivesioficongestionimanagementischemes. Thus, distinctioniamong them can be madeibased on 

market based congestionimanagement methods and otherimethods. Market-basedisolutions toicongestion 

are deemed fairerias they contributeibetter to economiciefficiency than other methods. Methods other 

thanimarket based makeiuse of some criteriaito allocate the transmissionicapacity. These methods are 

supposed toiintroduce some kind ofiarbitrariness as they do not contributeitowards efficientipricing of 

congestedilink. Classification oficongestion managementischemes on these lines is shown in Table 1.1. 

 

Non – market Methods Market Based Methods 

1 Typeioficontract 1 
Explicit Auctioning of 

network capacity 

2 First come first servei 2 
Nodal pricing (OPF based 

congestion management) i 

3 Pro - rata methodsi 3 Zonal pricingi 

4 Curtailmenti 4 
Price area congestion 

managementi 

  
 

5 Re - dispatchi 

  
 

6 Counter tracei 

iTablei1.1: Classification of congestion management schemes 

Beforeimoving on to seeidetails of theseimethods, we first seeivarious phases of theientire process of 

congestion managemention timeline. This is explainediwith the help of Figure 1.1. As theitransactions 

keep onicommitting, the system operatoricontinuously updates theiavailable transfericapability between 

various regions / areas / nodes in theisystem. This becomes essentialibecause as theiday-ahead (or the 
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spot) marketiapproaches, the operator should haveiknowledge about the networkicapacity left for settling 

the market. The transmissioninetwork capacity allocation iniacoordinated market may take an explicit or 

implicit form. In otheriwords, there can be a separateimarket foritransmission capacityvreservation or it 

may bevintegrated with the coordinatedimarket. 

Even after capacityiallocation, the real time flowsimay lead to violation of transmissionicapacities. In 

order to relieve congestion during real time, congestionialleviation methods areiemployed. 

 

1.2.1 NON-MARKET METHODS OF CONGETSION MANAGEMENT 

The non-marketimethods oficongestion management essentiallyirefer toinetworkicapacityiallocation 

basedion someipre-definediset ofirulesithatineglect thi abilityior theiwillingnessiof aiplayer toipayiforithe 

transmissionicapacity. Forisuchischemes andialsoifor explicitimarket basedimethods, theisystemioperator 

isirequireditoiknowitheicapacityiremaining withitheigrid, afteriaccommodatingithe transactionsiwhich is 

nothing but ATC. 

1. CapacityiAllocation based on Type ofiContract: 

In this type of capacityiallocation, network capacity isiallocated to a particularitype of 

transactions. Foriexample, icapacity is first allocatedito firm orilong term transactioniand in the 

rest of capacity, maximum possible number of short term transactions areiaccommodated. If in the 

real time operation, ithe re-dispatching ofiinjections is required to be done, the shortiterm 

transactionsiare curtailed firstiahead of long term or firmitransactions. 

 

2. CapacityiAllocation on First ComeiFirst Serve Basis: 

Thereiareisome systemsiin whichitheibilateralicontractsiare awardediforitransmissioninetwork 

accession firsticome firstiservedibasis. The calculationiof ATC facilitatesia participant to 

determine whether there isienough capacity available for him to do the transaction between two 

nodes of concern. If enough capacity is leftion the network so as to make aitransaction, the 

participant books his transactioniwith theisystemioperator. After this, the systemioperator updates 

the ATC. The nextvtransaction in line again checks whether there is enough corridoricapacity 

available to do the transaction. Theidrawbackiassociated with this mechanismiis that the 

willingness to pay for transmission usage is not taken into account. Those participants with high 

valuation of transmissioninetwork may not getischeduled. 

 

3. Capacity Allocation based oniPro-rataiMethods: 

Variousinorms canbeiset toiassigninetwork capacitiesionipro-rataibasis. The capacitiesican be 

allocatedioniaverageiload origeneration, or percentageiof longiterm transactionsior maximum 

demand, etc. Iniother words, all participantsireceive aniequal percentage of the totaliamount of 

capacity theyiapply for. These normsiare used for capacityiallocation as well as foricongestion 

alleviation, which is used inireal time. iThis scheme also has sameilimitations as in firsticome first 

servedimethod. 

Another limitationiof this method is possibleistrategic behaviour of the marketiparticipants. The 

systemiof pro-rataidistribution of capacity can lead to market partiesiapplying for transmission 

capacity much moreithan what they want, knowingithat the actual amountithat they willireceive is 

physicallyilimited. 
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4. Curtailment: 

As mentionedvearlier, aitransaction-based curtailmentiapproach is another methodology that is 

used for congestionimanagement. Aniexample is NERC’s TLR procedure (Transmission Loading 

Relief). This method isiused by PJM as a last resort after its alternativeicongestion management 

(based on LMPs as discussed earlier). In real-timeioperation, the ISO monitors theisystem for 

possibleisecurity violations. Inithe event of such violationsioccurring oribeingiimminent, theiTLR 

methodiof curtailingitransactions isiexercised. Theitransactions are prioritizedifor curtailment on 

the basisiof criteria thaticonsider the size of theitransaction, its relativeiimpact on the congested 

line flows, and the firmnessilevel that was fixedibefore dispatch. We haveiseen that PTDFs can be 

used to determine the incremental impact of any system injection (or any bilateral transaction) on 

any line flow of interest. This methodiof congestionimanagement is moreireliability-driven than 

market-driven. In this scheme, priceiand the actual valueiof transmission areinot important 

considerations. So, whereasithis method gainsireliability-wise, it might lose on theieconomic 

front. 

1.2.2 MARKET METHODS OF CONGETSION MANAGEMENT 

1. ExplicitiAuctioning of networkicapacity: 

The principleiof explicit auctioning isibased onisellingithe availableicapacity ofithe tieiline toithe 

highestibidder throughiauction. This is nothing butiauctioning of the tie line capacity. Theiexplicit 

auctioning separates theienergy market from transmissionicapacityimarket. 

 

This approach isicommonly used in Europe for capacityiallocation at severaliborders. In explicit 

auctioning, the systemioperators (or the TSO in Europe) determine ex-ante, the available 

transmissionicapacity (ATC) consideringisecurity analysis, accepts bidsifrom potentialibuyers and 

allocates theicapacity to theiones that value it most. Thus, explicitiauctioning is a market based 

concept, which provides economicisignals. Thus, with perfectiforesight, bidders foritransmission 

capacity would predict the electricityimarket outcome with efficient use ofitransmission. 

 

A limitationiof this mechanismiis the increased complexity which mayicomplicate trading 

activities of marketiparticipants. Another limitation is that the mechanismifails to account for 

parallel flows in meshedinetworks. In this context, a newimethod has beeniproposed called 

coordinatediauctioning. 

 

Coordinated Auctioning:  

The coordinatediauctioning splits theimarkets into energyimarket and transmissionicapacity 

market. Participantsihave to ensure that they own sufficientitransmission rights to concludeitheir 

energy exchanges. However, coordinatediauctioning tries to overcome problemsiassociated with 

explicitiauctioning by accounting for theieffects of loopiflows in the network. A 

centraliauctioneer is introduced who managesicapacity allocation at all bordersiincluded in the 

Internal EuropeaniMarket (IEM).  

For coordinatediauctioning, three steps areinecessary: 

 Each system operatoriinforms the central auctioneeriabout the availableitransmission 

capability. 

 Market participantsisubmit their bids to the centraliauctioneer. 

 The auctioneeriallocates transmission capacityiusing a model similar to nodalipricing. 
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     Marketiparticipants may value theiriwillingness to pay for transmissionirights by comparingithe 

different zonal prices. Hence, rationalibidders for transmission rights will submit bidsiequal to the zonal 

difference inienergy prices, asisavings for cheaper energyiare traded off against theitransmission costs. 

With perfect foresightiand all informationiavailable, a coordinatediauction will lead to theisame 

allocation as the nodalipricing approach, which in turn is considered as anieconomicallyiefficient 

decision. 

 

2. Nodal pricing (OPF based congestion management): 

The fashionable concept of nodal pricing is to version an power marketplace with its numerous 

economical  and technical specifications, including turbines fee functions, call for elasticity, era 

limits, line electricity float limits and optimize the machine for maximizing social welfare. This 

hassle represents one of the generally employed formulations of Optimal Power Flow (OPF). The 

call OPF does now no longer stand for any particular optimization hassle, alternatively some of 

optimization issues falls into the OPF category. The simple purpose of an OPF evaluation is to 

attain an optimum electricity switch scenario with out violating the community constraints. In 

other words, the congestion control hassle is tackled with the aid of using fixing an optimization 

hassle, with a fixed of constraints representing community constraints.One of the results of this 

optimization hassle is the fee at each node called nodal fee. It displays the temporal and spatial 

variant of strength fee regarding the call for on that node. Nodal pricing can be interpreted as a 

completely coordinated implicit auction. The marketplace members do now no longer explicitly 

take part into auctions for transmission potential. On the contrary, they put up bids for strength 

injection and take-off and that they are scheduled such that transmission potential is implicitly 

allotted to them based on their strength bids, with out violating the community constraints.The 

sensible OPF makes use of a system in which ac electricity float equations are introduced to the 

monetary dispatch as equality constraints with inequality constraints concerning the float MW, 

MVA or contemporary on a transmission line and voltages at a substation bus. A model of OPF is 

advanced that takes into consideration numerous contingencies called a safety restrained OPF or 

SCOPF. 

OPFiproblems areiformulated withiainumber ofiobjectives. Aibrief listiisioutlinedihere: 

 Minimizeithe totalicost ofiproduction 

 Maximize total socialiwelfare 

 Minimize totalisystem loss 

 Minimize the re-dispatchicost 

 Minimize the totaliadjustment 

 Minimize loadicurtailment 

 

3. Zonal pricing: 

In Zonal pricingisystemibuses with similar LMPs are aggregatediinto zones. The marketiis first 

settlediconstraint free. Each zonevwill haveiaiprice forienergyithatibuyersicanipayiandisellers 

receive. Initheicaseithaticongestionioccurs theiISOireceives supplementaryibids foriincreaseiand 

decreaseiofigeneration. Theimost expensiveisupplemental bidiforiincreaseiof generationibecomes 

theipriceifor thatizone andithe cheapestisupplemental bidiforidecreaseiof generationibecomes the 

priceiforithatizone. InithisiwayitheiISOiearnsicongestionirentiover theicongestedilines. Inicase 

thatithereiis noicongestion theizonaliprices willibeitheisame. The Californiaimarket migrated from 

this CM mechanismito the zonal pricingimethod. 
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4. Price area congestion management: 

This is a simplified model of the inter-zonal and intra-zonal congestion control scheme. This 

approach includes splitting a power trade into geographical bid regions with confined capacities 

of trade. When congestion is predicted, the gadget operator announces that the  gadget is cut up 

into regions at predicted congestion bottlenecks. Spot marketplace bidders need to publish 

separate bids for each charge region wherein they have got technology or load. If no congestion 

occurs at some point of marketplace settlements, the marketplace will settle at one charge, on the 

way to be similar to if no charge regions existed. If congestion does occur, charge regions are one 

after the other settled at charges that fulfill transmission constraints. Areas with extra inexpensive 

technology could have decrease charges, and regions with extra load - better charges. Market 

earnings from this charge distinction is paid to the SO and  he in addition makes use of it for grid 

enhancement. Bilateral contracts that span charge regions need to buy the load’s electricity in its 

charge region in an effort to account for the contribution to congestion and to show the settlement 

to the monetary consequences oficongestion. 

 

An advantageiabout the marketisplitting method is that onia long-termibasis, newigencosimay 

decideitoiadd capacityiin deficitizones, iattracted by high sale prices, and thus introduceimore 

competitioniand cause overall prices toidecrease. A limitationiassociated withithisitype ofisystem 

isithat itican beiusedionly wheniphysical zonesiareiconnected in radialifashion. In aimeshed 

system, clear cutiboundaries of physical zones can not be established. This type oficongestion 

managementisystem is used in Norway. 

 

5. Re – dispatch: 

Re-dispatchingiisiexercised as aicommand and control scheme, i.e., ISO curtails or increases 

injections withoutimarket based incentives. As generatorsihave to beireimbursed, the ISO has an 

incentive to keepire-dispatch cost low. 

 

6. Counter trace: 

Counter trading is based on theisame principlesiasire-dispatching, however, iitimay beiconsidered 

marketioriented. Ratherithan applyingicommand andicontrol, the ISOiwill buyiand sellielectricity 

atiprices determinediby aibiddingiprocess. Theiprinciple of counteritrading isithus aibuyiback 

principleiwhich consistsiof replacingithe igeneration ofione generatoriill- placedion theigrid as 

regardsito congestioniby theigenerationiof a better placedigenerator. The ISOihasito buyielectricity 

downstreamiofithe congestioniat highericost and selliitiupstream. Thus, there is no congestion rent, 

instead aicongestion costiforiISO. Thisicostiexposure is alsoiregarded as an incentive 

foriinvestment into gridvcapacity. Counteritrading isiusedifor realitime icongestion reliefiinithe 

Norwegianisystem.  

 1.3 COMPARISON OF CONGESTION MANAGEMENT METHODS 

The reschedulingiofigeneration and load resources andicorresponding pricing haveibeen added with a 

newidimension to theioperation of powerimarket as well as system operation afterideregulation. The 

solution methodologyifor this problem isireferred to as congestion management. This chapteribrings out 

various congestion management schemes that are employed in various markets acrossithe world. The 

methods can be coarselyiclassified as market based andinon-market based methods. In theimarketibased 
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methods, itheisystemioperator isibothered aboutithe economicaliefficiency ofithe generationire-

adjustmentiprocess. On the other hand theinon-marketibased methodsiare driveniby theisimplicity and 

easeiofiprocedure. 

Theicongestionimanagement techniquesiareistrongly coupleditoitheioverall marketidesign. Theinodal 

pricing or OPFibased schemesirequire a centralized dispatch. In this scheme, the ISOischedules 

generatorsiand loads based on theiribid data such that socialiwelfare is maximized. Whileidoing so, 

network constraints areiadded to theioptimizationiproblem so that the mostieconomic nodaliinjection 

pattern is obtainediwithout creatingicongestion. The physicalibilateral transaction isischeduled as if the 

generation injectionisubmitted a zero bidiand the load submitted an infiniteibid. Such a transactioniis then 

subject to aniex-post charge thatiequals the opportunityicost of transaction, i.e., the costidifference of 

selling the power toithe pool at theiinjection node priceiand buying itiback at theitake-off nodeiprice. 

Bilateralitraders then optifor buyingifinancialiinstruments to hedge the priceidifferenceirisk. Bilateral 

traders can also manageitransmission priceirisk by activelyiparticipating in congestionirelief by providing 

incremental/ decremental bids. The nodalipricing schemeiachieves economicaliefficiency, however, at the 

cost of complexity anditransparency. The scheme is commonlyiemployed in LMP marketsiwhich work 

according to standardimarket design in USA. 

Theiinter-zonal/iintra-zonal schemeitries toistrikeia balanceibetween theicomplexity andieconomic 

significance. iThe basic ideaiin thisiapproach isito divide theigrid into fewipredefined congestionizones, 

which have separateimarkets whoseirespective market clearingiprices set the uniformiprice within the 

zone. It makes calculation for largerisystems simpler. In this scheme, differentiobjectives are used to 

correct for inter-zonal and intra-zonal line loadings. When inter-zonal congestionioccurs, bilateral 

transactions across zones areisubject to ex-posticongestion fee based on congestionirelief cost between 

the zones. Zonal pricing schemes wereiemployed in Californianimarket. 

Price area congestionimanagement scheme used in Nordicipool forms a specialiversion of zonal 

congestion managementischeme. It divides the system intoidifferent price areas when there isicongestion. 

These areas are divided at congestionibottlenecks. Each area will have its ownimarket. Priceiareas are 

definedipragmatically, based oniexperience and engineeringijudgment. Someiadditional criteria for 

analyticalidetermination of priceiareas is requirediif theisystemiisinotiradialiinter-connectedi. 

In contrast with theinodalipricing scheme, where implicit auctioningiof transmissionicapacity is done, the 

transmissionifacilities in Europeaniinterconnections are allocated byimeans of explicitiauctioning. This 

separates transmission andienergyimarkets. The mechanisms toiaccount for the effectiof loopiflows, a 

scheme called coordinatediauctioning is beingiproposed, that requires centralizediauctioning of 

transmissioniinterconnections. 

The term - congestionimanagement generallyirefers to the capacityiallocation to variousiparticipants 

before finalizing the actualischedules of nodaliinjections. It is possibleithat theicommonlyiemployed 

mechanismimay not lead to a feasibleisolution. The last resortvavailable with system operator is the 

forcefulicurtailmentiof some of theitransactions, basedion someicriteria. Again, the realitime unscheduled 

flowsimay hit theiline flowilimits. For this, congestion alleviationimethods are employediwhich mayitake 

the form of marketibased or non marketibasedisolution. 

Presently congestion managementiis a challenging aspect in theideregulated market. Implementationiof a 

particular scheme in a system isidriven by historical developments, demographiciparameters, network 

topology, politicaliopenness and so on. Table 1.2 shows comparisoniof practical congestionimanagement 

schemes. 
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Method Characteristic Market Based? Allocation Alleviation Example 

Explicit 

Auctioning 

Decentralized 

auctioning of 

transmission 

capacity 

Yes Yes No 
European 

interconnection 

Nodal 

Pricing 

Requires 

centralized 

dispatch, 

implemented in 

pool based 

markets 

Yes Yes No 

PJM, New 

England, New 

York 

Zonal 

Pricing 

Can be used 

with centralized 

dispatch or 

using market 

splitting 

Yes Yes No 
Australia and 

Nordic pool 

Re-

dispatch 
- Yes No Yes - 

Counter 

Trade 

Replacement of 

ill placed 

producer with 

better placed 

producer 

Yes No Yes Sweden 

Pro-rata 

methods 

Some norm of 

allocation, not 

necessarily 

economically 

No No Yes 

Most of the 

developing 

countries 

 

Table 1.2: Capacity Allocation: Comparison of congestion management methods 

 

 

1.4 CONSEQUENCES OF CONGESTION IN A SEQUENCE: 

1. Line outage 

2. Overload on other transmission lines 

3. Generator outage 

4. Affects system security 

5. Cascading failures 
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1.5 DESIRED FEATURES AND METHODS FOR CONGESTION MANAGEMENT: 

Features: 

For challengingithe congestioniproblem every country hasidifferent forms inidifferent ways. Itireally 

depends on what typeiof neutralityimodel is beingiemployed for a particulariregion. Certaininetwork 

topologies, demographicifactors andipolitical ideologiesiinfluence theiexecution oficongestion 

managementischemes iniconjunction withioverall marketidesign. Any method which isiconsidered for 

managing theicongestion should alwaysiacquire followingiqualities. 

1. Non-discriminative: Everyimarket memberishould be treatedievenly. For this, theinetwork 

operator should beiindividualistic of marketiparties and he should not obtainiany kind ofibenefit 

from happening oficongestion. Or else this providesiuncooperative signalsiforinetwork 

extension. 

2. Transparent: The executionishould be veryiwell elucidated and transparentifor every participant. 

3. Robust: Scheme for managing the congestionishould be like sturdy alongiwithistrategic 

manipulation by the marketientities. This onceimore refer back to theory ofieconomiciefficiency. 

Methods: 

1. Generator rescheduling: 

If there isia fault in any line connectedito particularigenerator, and the lineifails there will be 

overloading in theiother line of transmissionisystem. This can lead to violationiof limits in the 

other line so there will be congestioniin that particular line. In thisicase weican manage the 

amount ofigeneration done by theigenerators in a particular manneriso that all the lines can work 

properly withoutiviolating any of the limit. While doing that we also have to make sureithat the 

demand oficonsumer is fulfillediconstantly and also generationicapacity of generatorishould also 

be maintained during theiwhole time. 

 

2. Distributedigeneration: 

Distributedigeneration isiaismall-scale powerigeneration unit thatiis slightlyicloser toiconsumer 

than central generationistation. So, these are theisources that are not directlyiconnected to bulky 

main power transmission line. It includes engines, ismall turbines, fuel cell, photovoltaicietc. It 

can reduceioverall load, can provide independence from grid, can also be used as a backup power 

source and also, we can supply energyiback to grid. By supplying energy back to the grid, we 

can earn money as well. 

 

3. Using FACTS devices: 

It is termed as flexibleiAC transmissionisystem. It is used to increase the loading ability of 

transmission system. it can increase ATC for any transmissionisystem here ATC stands for 

availableitransfer capacity which is basically the excess amount of power which aitransmission 

line canistillitransmit. It isicalculated by considering total transmissionicapability, amount of 

power currently being transferred and few margins. These FACTS devices are usedifor reduction 

in reactiveipower. 

 

 

 



11  

4. Load shedding: 

As per the nameisuggests theiconsumeriload here isicasted off to manage congestion this can be 

used inivarious ways likeiby providing incentive to consumer who uses power at off peak time 

or to theiconsumer whoiuses less amount of power then aiparticular limit. The poweriindustry 

can also shed the load of particulariarea to manage congestion. The governmentishould also 

penalizeithe customers for using largeiamount of power. This objectiveifunction looks after the 

economical constraintiof congestionimanagement. 
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CHAPTER 2: SOFT COMPUTING TECHNIQUES 

2.1 INTRODUCTION OF SOFT COMPUTING TECHNIQUES 

The technology of reasoning, wondering and discount that examine and uses the real-international 

phenomena of grouping, participation, and class of diverse portions below examine is known as Soft 

Computing technique. Basically, it's miles an prolonged model of herbal regulations and it's miles able to 

dealing with complicated structures as it does now no longer have any requirement of strict and 

complicated mathematical definitions for the machine components. A appropriate instance for tender 

computing is the human psyche so it is usually an impact of human nature wondering. The center price of 

tender computing strategies is to Exploit the resistance for imprecision, vulnerability and fractional fact to 

perform tractability, electricity and low association cost. tender computing strategies are of diverse kinds 

like evolutionary computing, synthetic neural networks, and fuzzy common sense and Bayesian statistics. 

The largest gain of a tender computing- primarily based totally machine is that it could utilized in a 

separate in addition to in union. There are few issues that can not be solved the use of traditional 

mathematical techniques then tender computing strategies may be used collectively which can produce 

answers to issues that are too compound or inherently noisy to address with. The programs of tender 

computing have added human understanding of learning, understanding, mental processing and 

rethinking to the sphere of computing other than that it additionally made fixing nonlinear issues, wherein 

mathematical fashions aren't available, smooth and possible. This resulted within side the opportunity of 

constructing intelligent structures consisting of self sufficient self-tuning structures, and automatic 

designed structures. 

Sometimes nature can be the best source to find all the solutions now in the actual world, we are 

confronting numerous issues which are practically difficult to settle intelligently, or there are issues 

which could be understood by hypothetical strategies however its prerequisite of colossal assets and 

immense time for computation can be an issue. For these issues, strategies spurred ordinarily now and 

then work proficiently and adequately. Delicate figuring depends on normal just as counterfeit thoughts. 

We generally can't find the most exact solutions following this strategy yet a close to ideal worth can be 

an answer in pretty much every down to earth reason. These naturally roused techniques are called Soft 

Computing. Thus, these techniques are a blend of different processing strategies. 

Itirefersitoiaicollectionioficomputationalitechniquesiinicomputeriscience,iartificialiintelligence,imachineil

earningiappliediiniengineeringiareasisuchiasiAircraft,ispacecraft,icoolingiandiheating,icommunicationine

twork,imobileirobot,iinvertersiandiconverters,ielectricipowerisystem,ipowerielectronicsiandimotionicontr

olietc. 

The Professor Lotfi Zadeh only invented this term who earlier developed the fuzzy logic theory. It differs 

from conventional computing as it was hard computing. 

Soft computing strategies are certifiably not a changed blend of techniques rather, it very well may be 

called an association is which every one of the innate accomplices contributes a clear strategy for settling 

the issue in its space. In this point of view, the central constituent procedures in soft computing are 

strong. Truth be told, the primary trait of soft computing methods is its inalienable limit of making a half 

and half framework that depends on the coordination of different constituent innovations. This 

combination gives correlative thinking and looking through strategies that permit us to create adaptable 

processing devices and take care of complex issues. Mixture processingiisitheimix ofihard computingiand 

softicomputingiwhichihavingitheir characteristic points of interest and weaknesses. To get the best out of 

both these strategies their people's impediments are diminished for taking care of an issue all the more 
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productively by Hybrid computing. These models are for the most part being applied to countless 

characterizations, forecast, and control issues.
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2.2iVARIOUS SOFTiCOMPUTINGiTECHNIQUES 

2.2.1iGenetic Algorithm: 

The essential ideas were created by Holland. GeneticiAlgorithms (GA) is aisofticomputingiapproach. 

Genetic Algorithmsiareiuniversally useful hunt calculations, which use standards of common genetic 

qualities to develop answers for issues. We can figure that geneticialgorithmsiare propelled byiDarwin's 

hypothesisiaboutidevelopment. This has been effectively applieditoicountless logical and building issues, 

for example, streamlining, AI, programmed programming, transportation issues, versatile control and so 

forth. 

The procedure begins with a population of arbitrarily produced chromosomes, each speaking to an 

applicant answer for the issue beingisolvediandiadvances towardsibetterichromosomesibyiapplying 

geneticiadministrators enlivened by theihereditary procedures happening ininature.iGAs has an 

extraordinary durable ability to get the data gathered about an at first not known to discover the region 

and in light of that measure it picked up parcel of accomplishment in search and improvement issues.  

Especially GA is uncommonly utilized in enormous, complex, and inadequately comprehended hunt 

spaces where old great techniques are wasteful or tedious. The GA's fundamental thought is to keep up a 

populace of chromosomes. This chromosomes populace creates after some time through a progressive 

emphasis procedure of rivalry and controlled variety. In this procedure each state is called age. There is 

constantly wellness esteem partners with chromosome at each age which delineates the nature of the 

arrangement, spoke to by the chromosome esteems. These wellness esteems are utilized in the 

determination of the chromosomes, which structure the new age, happens. Much the same as in nature 

where, the new chromosomes are made utilizing genetic administrators. For example, hybrid and change. 

2.2.2 Particle Swarm Optimization: 

GAiprovidesigoodisolutionibutitheyinotikeepianyidetailiaboutitheibestisolutioniinitheiwholeicommunity.i

Byitheiintroductioniofimemoryiinithis,itheistrategyiextendsisearch.iIniParticleiSwarmioptimization,iaiglo

balibestisolutioniisialsoistoredisomewhereiinitheimemoryialongiwithitheilocalibestisolution,isoithatiallip

articlesinotijustitrappediintoilocalioptimaibutialsoimovesitoitheiglobalioptima.iPSOiisianialgorithmidevel

opedibyiKennedyiandiEberhartithatiimitatesitheisocialibehaviorsiofibirdiflockingiorifishischoolingiandith

eimethodsibyiwhichitheyifindiplacesiforiperching,ifindifoodsisourcesiorianotherisuitableihabitat.iTheialg

orithmimaintainsiaipopulationipotentialiiniwhichieachiparticleirepresentsiaipotentialisolutionitoianioptim

izationiproblem.iTheiPSOidoesitheiworkingibyiatitheisameitimeikeepingiupiaifewiup-and-

comeriarrangementsiinitheiinquiryispace.iDuringieveryicycleiofitheicalculation,ieveryiup-and-

comeriarrangementiisiassessedibyitheitargetiworkibeingistreamlined,ichoosingitheifitnessiofithatiarrange

ment.iEveryiapplicantiarrangementicanibeiviewediasiaiparticlei"flying"ithroughitheifitnessisceneifinding

itheimostiextremeiorileastiofithatispecificitargetiwork.From the start, the PSO calculation chooses 

competitor arrangements arbitrarily inside the pursuit space. PSO calculation has no extra data of the 

hidden target work in this way has no chance to get of knowing whether any of the applicant 

arrangements are close to or distant from a neighborhood or global most extreme. PSO calculation at that 

point utilizes the target capacity to assess its up-and-comer arrangements and works upon the resultant 

fitness values. Every particle at that point keeps up its own position, made out of the applicant 

arrangement, and it’s surveyed fitness and its speed.  

Not with standing that it additionally recalls the bestifitnessivalue itihas accomplished so fariduringithe 

activity ofithe calculation, alluded toiasithe individualibestifitnessianditheiapplicantiarrangementithat 
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picked up thisifitness, alluded toiasitheiindividualibest competitor arrangement. Toward the end, PSO 

calculation keeps up the bestifitnessivalue accomplished amongialliparticles in the multitude, itiis named 

as the global best fitness. The competitor arrangement that accomplished thisifitnessiis known as the 

globalibestipositionioriis called as the global best applicant arrangement.
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CHAPTER 3: PARTICLEiSWARMiOPTIMIZATIONiALGORITHM 

PSO is a smooth computing approach that's primarily based totally on a big wide variety of people 

i.e populace and become proposed in 1995. Particle Swarm Optimization portrayed into the gap of 

Artificial Intelligence. The time period Computerized reasoning or Fake Life alludes to the speculation of 

mimicking human behavior via calculation. It consists of making plans such PC frameworks that can 

execute errands which require human perception. For eg, prior simply human beings had the ability to 

understand the discourse of an individual. However at this point, discourse acknowledgment is a standard 

detail of any automated gadget. This has became out to be viable via automated reasoning. Different 

times of human perception might also additionally contain basic leadership, language interpretation, and 

visible discernment and so forth. There are distinctive techniques which make it viable. These strategies 

to actualize man-made attention into PCs are famously referred to as methodologies of automated 

reasoning’. As depicted before, Swarm Intelligence is part of Artificial Intelligence in which we watch 

nature and undertaking to parent out how unique natural wonders may be imitated in a PC framework to 

strengthen the making plans calculations. In swarm perception, we middle at the combination conduct of 

basic creatures and their affiliation with the earth. In PSO, the focal point in on a institution of birds. This 

institution of birds is known as a ‘swarm‘. Let’s try and recognize the Particle Swarm Optimization from 

the subsequent scenario. 

 

Fig 3.1: Particle Swarm Optimization local best and global best 

Example: iSupposeithereiis aiswarmi (aigathering of flying creatures). Presently, every one of the winged 

animals are eager and are hunting down nourishment. These ravenous winged creatures can be connected 

with the errands in a calculation framework which are eager for assets. Presently, in the area of these 

winged creatures, there is just a single sustenance molecule. This sustenance molecule can be associated 

with an asset. As we probably am aware, assignments are many, assets are constrained. So this has turned 

into a comparative condition as in a specific calculation condition. Presently, the winged creatures don't 

have a clue where the nourishment molecule is covered up or found. In such a situation, how the 

calculation to discover the sustenance molecule ought to be planned. On the off chance that each winged 

animal will endeavor to discover the sustenance all alone, it might cause destruction and may expend a lot 

of time. Consequently on cautious perception ofithisiswarm, it was understood thatihowever the winged 

creatures don'tihave the foggiest idea where the nourishment molecule is found, theyidoiknowitheir 
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separation fromiit. In this manner theibest way to deal with findingithat sustenance molecule is to pursue 

the flying creatures whichiare closest to the nourishment molecule. Thisiconductiof winged creatures is 

mimicked in the calculation condition andithe calculation soistructured isinamed asiParticleiSwarm 

OptimizationiAlgorithm. 

 
Fig 3.2: Bird flocking in Particle Swarm Optimization 

What is coined as artificial life is something that has a man-made approach to it which has a portion and 

some fundamental characteristics of basic human life and it inculcates the following two points. 

1. Artificial life gives us a direction so as to how do processes of computing can be of help. 

2. How can nature be also useful is also tried and answer. 

The main point of our work is on the above mentioned 2nd point. All things considered, there are now 

heaps of computational procedures motivated by organic frameworks. For instance, fake neural system is 

an unknotted version of man’s cerebrum; hereditary calculation is enlivened by the human development. 

Here we examine another kind of natural framework - social framework, all the more explicitly, the 

aggregate practices of basic people interfacing with their condition and one another. Somebody called it 

as swarm insight. The majority of the recreations used nearby procedures, for example, those displayed 

by cell automata, and might underlie the eccentric gathering elements of social conduct. Both of the 

recreations were made to translate the developmentiofilivingibeingsiinia winged creatureirush or 

fishischool. These reenactments are ordinarily utilized in PC liveliness or PC helped plan. In general the 

well known swarm motivated strategies in computational insight zones: Ant province enhancement and 

molecule swarm advancement. ACO was enlivened by the practices of ants and has numerous productive 

usesin discrete improvement issues. 

The molecule swarm idea started as a recreation of disentangled social framework. The first purpose was 

to graphically reenact the movement of winged creature of a flying creature square or fish school. In any 

case, it was discovered that molecule swarm model can be utilized as a streamlining agent. 

 

3.1 MAIN OBJECTIVE OF PSO: 

ParticleiSwarmiOptimizationiprocedureiisienlivenedibyitheisocialiconductiof winged animal rushingiand 

fish tutoring so what is the best technique for them to find the nourishment. Assume a gathering of fowls is 
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looking through nourishment in a region and just one bit of nourishment is accessible however all flying 

creatures don't have any information about the area of the nourishment rather they know how far the 

nourishment is from their current area, so the best procedure is to follow the winged creature closest to the 

nourishment. Suppose that a flying winged animal has a position and a speed whenever looking for 

nourishment, the feathered creature changes its situation by modifying the speed. The speed changes 

dependent on his past experience and furthermore the criticisms got from his neighbor. This looking 

through the procedure can be falsely reproduced for taking care of non-straight improvement issues. 

Along these lines, this is a populace based stochastic enhancement method propelled by the social 

conduct of flying creature rushing. 

The similarity of honey bees with PSO strategy, suppose there is amassing of honey bees in a field their 

fundamental objective is to take care of themselves from blossoms in the field. With no information on 

the field in an earlier, the honey bees start in arbitrary areas with irregular speeds searching for blossoms. 

Every honey bee can recall the areas that it found the most blossoms, and some way or another knows the 

areas where different honey bees found a wealth of blossoms. Overflying areas of most prominent focus, 

at that point, beingipulled backitowardithem. Theyiareicheckingithe domain theyiflyioveriagainst recently 

experienced areas ofimost noteworthy fixation wanting to locate irrefutably the most noteworthy 

convergence of blossoms. 

3.2 DEVELOPMENT OF PSO ALGORITHM: 

1. Defineithe SolutioniSpace: First theiparameters which are neededito beioptimized in theigiven 

problemishould be picked and then a reasonable range should be assigned for searching for the optimal 

solutions to them. This thing requires min and max value for every dimension in an N-dimension plane 

optimization. 

2. DefineiaiFitnessiFunction: For providing the linkibetweenitheioptimizationialgorithmiandithe 

around globe fitness function is needed. This obtains the location initheisolutionispace and inireturn it 

gives aisingleinumber whichiexpresses the valueiof thatiposition. 

3. InitializeiRandomiSwarmiLocation andiVelocities: Forifinding of optimalilocation inisolution 

world, particles begin on their own, at their random position along with a random speed. Initial 

positioniisithe onlyilocation hence it is Pbest (Personal Best). Gbest (Global Best) is selected among 

the initial locations. 

4. SystematicallyiFly theiParticles through theiSolutioniSpace: Particle shouldithen roam throughithe 

solutionispace. Algorithm executes on every particle one after another, moving them by small distance 

and roaming around the whole swarm. 
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Fig 3.3: Particle Swarm Optimization flowchart 
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 3.3 STEPS ONiEACHiPARTICLEiINDIVIDUALLY 

1. Evaluate the Particle’s Fitness, compare to gbest, pbest: Fitness function, use the coordinates of 

the particle in solution surrounding, returns a fitness value to be defined to the current location. 

If that value is greater than the value at the respective pbest or gbest, then the corresponding 

positions are replaced with the current position. 

2. Update the Particle’s Velocity: Speed of the particle is changed according to the relative positions 

of Pbest and Gbest. Accelerated in the directions of these locations of greatest fitness according 

to the velocity equation given below. 

 

 

 

Vi is the velocity of the particle in the kth dimension. Xi is the particles coordinate in the kth 

dimension. 

C1 & C2: scaling factors, determines relative “pull” of pbest and gbest referred 

as the cognitive and social rates.c1 & c2 determines how much the particle is influenced by the 

memory & rest of the swarm respectively. 

Random (): It returns a number between 0.0 and 1.0. 

w: It is an “inertial weight,” (between 0.0 and 1.0) determines extent of the particle remains along 

its original course unaffected by the pull of gbest and pbest. 

3. MoveitheiParticle: First when theispeed hasibeen obtained after that itiisisimpleito shift the 

particle toiitsinextiposition. According to theiposition equationigiven below. 

X𝑖 (k+1) = X𝑖(k) + 𝑉𝑖(k+1) 

Repeati:iWhole process is repeated again and again for every particle in the swarm. The aim of 

developing this algorithm is to create optimal balance between global best and local maxima.  

Problems face during PSO execution was talent to control the finding area covered byitheiswarm. 

Withoutiany restrictionsior fencing onitheivelocity, particlesicould definitely go outiofitheiphysically 

meaningfulisolutionispace. 

3.4 MATLAB CODE DESCRIPTION FOR OPTIMIZATION USING PSO: 

Here, in our work along with removing congestion from overloaded lines we also need to the cost which 

will increase during the time of rescheduling of generators.  

As we know every generator owner will specify some rate for increasing the generation or else 

decreasing the generation from previous state when grid or sector was under stable condition. This cost 

increases additional burden on power engineers and energy engineers to look at power demand and cost 

budget at a time.  

So, during such scenarios it becomes essential for us to understand how we can optimize the rescheduling 

process because of which we can reduce the cost function also.  

So, considering the cost as main objective function of optimization technique we tried to learn through 

online tutorial that how can make code of PSO for minimizing the objective function which in our case 

is cost-function of generation. 
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CHAPTER4: iCONGESTIONiMANAGEMENTiPROBLEM 

FORMULATION 

4.1iGENERATOR SENSITIVITY FACTOR:  

Theigenerators considered in system each have sensitivities of different level for power flowing 

through any congestediline. Changeiin valueiof realipower which flows through transmission 

line k which is connected between two different buses j and i dueito difference inipower 

generated byigeneratorigiis calledias GENERATORiSENSITIVITYi (GS) of that specificiline 

which is facing overloading.  

 

Mathematically, GS of line kth can be observed like this;  

𝐺𝑆𝑔 = Δ𝑃𝑖𝑗 Δ𝑃𝑔………………………………………………………………………………...(1)  

 

Where,  

𝑃𝑖𝑗 is real power which flows through overloaded kth line   

𝑃𝑔 is the useful power which is generated by generator g 

 

The common equation of useful power flowing through the congested line can be like this,  

 

𝑃𝑖𝑗 =  −𝑉𝑖𝑗2.𝐺𝑖𝑗 + 𝑉𝑖.𝑉𝑗.𝐺𝑖𝑗.cos(𝜃𝑖−𝜃𝑗) + 𝑉𝑖.𝑉𝑗.𝐵𝑖𝑗.cos(𝜃𝑖−𝜃𝑗) ………….…………………...(2)  

 

Where,  

𝑉 and 𝜃 is value of voltage dimension and phase angle of both ith and jth buses  

𝐵𝑖𝑗 and 𝐺𝑖𝑗 is the susceptance and conductance of the line which isiconnectedibetweenibusesii 

andij 

 

by ignoring P-Vicouplingiequation (1) canibeishownias,  

 

𝐺𝑆𝑔= ∂𝑃𝑖𝑗 ∂θi . ∂θi ∂𝑃𝑔 + ∂𝑃𝑖𝑗 ∂θj . ∂θj ∂𝑃𝑔 ……………………………………………….....(3)  

 

Now, ∂𝑃𝑖𝑗 ∂θi and ∂𝑃𝑖𝑗 ∂θj can be obtained by differentiating the equation (2) with 𝜃,  

 

∂𝑃𝑖𝑗 ∂θi = −𝑉𝑖.𝑉𝑗.𝐺𝑖𝑗.sin(𝜃𝑖−𝜃𝑗) + 𝑉𝑖.𝑉𝑗.𝐵𝑖𝑗.cos(𝜃𝑖−𝜃𝑗) ………………………………….…...(4)  

 

∂𝑃𝑖𝑗∂θj= +𝑉𝑖.𝑉𝑗.𝐺𝑖𝑗.sin(𝜃𝑖−𝜃𝑗)−𝑉𝑖.𝑉𝑗.𝐵𝑖𝑗.cos(𝜃𝑖−𝜃𝑗) ………………………………..………. (5)  

 

∂𝑃𝑖𝑗∂θi=−∂𝑃𝑖𝑗∂θj …………………………………………………………………………….... (6) 

 

Now, if we consider sth bus then power difference of generated and demand at that bus is,  

𝑃𝑠=𝑃𝑔−𝑃𝑑 …………………………………………………………………………..………… (7)  

 

here, activeiloadiatibusiis 𝑃𝑑 and 𝑃𝑠 canibeiwrittenias  
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𝑃𝑠=|𝑉𝑠|2𝐺𝑠𝑠+|𝑉𝑠|{Σ(𝐺𝑠𝑡.cos(𝜃𝑠−𝜃𝑡)+𝐵𝑠𝑡.sin(𝜃𝑠−𝜃𝑡))𝑛𝑡=1𝑡≠𝑠|𝑉𝑡|}……………………...…(8.1)  

 

𝑃𝑠=|𝑉𝑠|{Σ(𝐺𝑠𝑡.cos(𝜃𝑠−𝜃𝑡)+𝐵𝑠𝑡.sin(𝜃𝑠−𝜃𝑡))𝑛𝑡=1|𝑉𝑡|}………………….……………………(8.2)  

 

Now, differentiating 𝑃𝑠 w.r.t to 𝜃𝑠 and 𝜃𝑡 obtain as follows;  

 

∂𝑃𝑠∂θt=|𝑉𝑠|.|𝑉𝑡| (𝐺𝑠𝑡.sin(𝜃𝑠−𝜃𝑡)−𝐵𝑠𝑡.cos(𝜃𝑠−𝜃𝑡))………………………………..…………...(9)  

 

∂𝑃𝑠∂θt=|𝑉𝑠| Σ{(−𝐺𝑠𝑡.sin(𝜃𝑠−𝜃𝑡)+𝐵𝑠𝑡.cos(𝜃𝑠−𝜃𝑡)).|𝑉𝑡|}𝑛𝑡=1𝑡≠𝑠……………………..…….. (10)  

 

By, ignoring P-V coupling we can see relation between change with increment in useful power 

with change in phase angle can be mentioned as,  

 

[Δ𝑃]=[𝐻].[Δ𝜃]……………………………………………………………………...…………. (11) 

 

Where, 

 =    

thus,  

[Δ𝜃]=[𝐻]−1.[Δ𝑃]……………………………………………………………………………………………………….(12)  
 
[Δ𝜃]=[𝑀].[Δ𝑃]…………………………………………………………………....…………………...…………………(13)  
 
[𝑀]𝑛∗𝑛=[𝐻]−1 𝑛∗𝑛……………………………………………...……………………………………………..……..(14)  
 
[𝐻]𝑛∗𝑛=[𝐽11]𝑛∗𝑛……………………………………………………………....…………………………….………..(15) 
 
n= number of buses 
 

where,  

𝐽11 is jacobian matrix obtained from NR load flow; 

 

 = ……………………………………………………………...… (16) 

  

 =   ……………..……………………………………………………..… (17)  
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=   ………….………………………………………..………... (18)  

 

Thus, remaining two terms that we need for equation (3) can be obtained from above equation 

(18). And after evaluating all terms of equation (3) we obtain generator sensitivity factor for all 

generators for given congested line with reference of slack bus. Thus, GSF of slack bus is zero.  

 

The system operator chooses that generators which haveinon-uniform andienormous extents of 

sensitivityivaluesiasitheionesigenerallyisensitive toitheiusefulipower flow throughithe 

overloadedilineianditoitakeipartiinimanagingitheicongestionibyireschedulingitheiricapacityiyield

s.  

4.2 MAIN OBJECTIVE FUNCTION:  

The objective proposed for this work is to maintain the active power flow generation which in 

return helps to minimize the total congestion cost. After getting bidding price from all generators 

for congestion management, the rescheduling of values of generators optimally by solving the 

optimization problem.  

 

The main objective function for this application is as follows,  

𝑇𝐶=Σ(𝐶𝑘.Δ𝑃𝑔𝑗++𝐷𝑘.Δ𝑃𝑔𝑗−)𝑗∈𝑁𝑔$/ℎ𝑟……………………………………....... (19)  

 

Where, 

𝐶𝑘 and 𝐷𝑘 is price bid of specific generator for pool power schedule of increment and decrement 

for congestion management and Δ𝑃𝑔𝑗+ and Δ𝑃𝑔𝑗− is incremental and decremental change in 

power generation and TC is total congestion cost. 

  

Equality Constraint: 

𝑃𝐺𝑘−𝑃𝐷𝑘=Σ|𝑉𝑗.𝑉𝑘.𝑌𝑗𝑘|𝑗∈𝑁𝐵.cos(𝜃𝑘−𝜃𝑗−𝜃𝑘𝑗)……………………………………...…….(20)  

 
𝑄𝐺𝑘−𝑄𝐷𝑘=Σ|𝑉𝑗.𝑉𝑘.𝑌𝑗𝑘|𝑗∈𝑁𝐵.sin(𝜃𝑘−𝜃𝑗−𝜃𝑘𝑗)……………………………........................(21)  

 
𝑃𝐺𝑘=𝑃𝐺𝑘𝐶+ Δ𝑃𝐺𝑘+−Δ𝑃𝐺𝑘−; k= 1, 2…., Ng …………………………………………..….(22)  

 
𝑃𝐷𝑗=𝑃𝐷𝑗𝐶; j = 1, 2, …, Nd ………………………………………………………………..….(23)  

 

Where, 

(20) and (21) equations shows real and reactive power balance at each node and (22) and (23) 

equations expresses final power as market clearing values.  

 

Inequality Constraint: 

Limits of equipment operating state and loading requirements comprises of its maximum and 

minimum loading limit which is one type of inequality constraint;  
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𝑃𝐺𝑘𝑚𝑖𝑛≤𝑃𝐺𝑘 ≤𝑃𝐺𝑘𝑚𝑎𝑥………………………………………………………………..…... (24)  

 
𝑄𝐺𝑘𝑚𝑖𝑛≤𝑄𝐺𝑘 ≤𝑄𝐺𝑘𝑚𝑎𝑥…………………………………………………………..……….. (25)  

 

(𝑃𝐺𝑘−𝑃𝐺𝑘𝑚𝑖𝑛)≤Δ𝑃𝐺𝑘 ≤(𝑃𝐺𝑘𝑚𝑎𝑥−Δ𝑃𝐺𝑘)………………………………………...….…. (26)  

 
Δ𝑃𝐺𝑘+ ≥0 ; Δ𝑃𝐺𝑘−≥0 ………………………………………………………………...……. (27)  

 

Where, 

from (24) to (26) equations shows the upper and lower bound of both real and reactive power 

flow and equation (27) ensures that incremental or decremental change always remains positive.  

 

Security Constraint: 

 

For security of system loading of any line is limited by its upper limit;  

 
𝐿𝑖𝑗= (𝑃𝑖𝑗𝑃𝑖𝑗𝑚𝑎𝑥)≤1…………………………………………………………………………. (28)  

 
𝑉𝑛𝑚𝑖𝑛≤𝑉𝑛 ≤𝑉𝑛𝑚𝑎𝑥 ∀ 𝑛 ∈𝑁𝐿 …………………………………………..………………….. (29)  

 

Here, 𝐿𝑖𝑗 is limiting loading factor of a line and 𝑃𝑖𝑗 is real power flowing through the specific 

line which is connectingibusiiiandibusij.  

𝑉𝑛 isivoltage of nth bus where n belongs to number of load buses.  

 

So, further using these many equations we need to develop PSO code for optimally rescheduling 

generation values in order to incur low total congestion cost. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



25  

CHAPTERi5: SIMULATION RESULTSiANDiDISCUSSION 

5.1iMODIFIEDiIEEEi30iBUi SYSTEM: 

 

Fig. i5.1 modifiediIEEE systemiofi30ibus 

Here for analyzing the congestion management we considered n-1 contingency and 

implemented it through MATLAB programming using NR load flow method. After this we 

removed each and every line turn by turn to see which line creates congestion. From this we 

obtained various output. 

The IEEEi30 busisystem hasibeen used to test theiproposedialgorithm. It consistsiof 6igenerator 

buses, 24iloadibusesiand 41itransmissionilines. Slackibusigeneratoriisiassignedinumberi1. 

Remainingigeneratorsiareiassignedinumbers 2,3,4,5iandi6irespectively. Loadibusesiare 

numberedifromi7 toi30. Here, twoilines i.e. lineino. 1 (between buses 1iandi2) andiline no. 6 

(betweenibusesi2 andi9) is foundito beicongested.  
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Congested line  Poweriflow (MW)  

 

Poweriflowilimit  

(MW)  

1-2i 170.30i 130i 

2-9i 68.75i 65i 

iTable 5.1: Detailsiof PoweriFlow ofiCongestedilines 

iTable 5.1 shows theivaluesiofigenerator sensitivityifactors computed for the lines 1-2 and 2-9. A 

negativeivalueiofisensitivityifactor of a generatoriindicates thatian increase inigenerationifor that 

generatoridecreasesithe poweriflow in the congestediline. Whereas, a positiveivalue 

ofisensitivity factoriof a generatoriindicates thatian increaseiin generationiincreases poweriflow 

in theicongestediline.  

Itiisiseen that the generatorsi1,2,3,4 and 6 haveinegativeisensitivityifactors,iwhile the generatori5 

has positiveisensitivityifactor. So, only generators 1,2,3,4 and 6 would take part iniremoving 

congestionifrom the congestedilines. The generatori5 does notitake partiin removingicongestion. 

PSOiisiapplieditoioptimallyireschedule the output powers of generators to manage congestion. 

 

 Proposed method 

Costiofiactiveipowerireschedulingi($/day) 31,286i 

ResultantiPoweriflow 

(MW) 

Linei1-2 128.16 

Linei2-9 63.24 

Active power  rescheduling 

(MW)  
-43.20 

 
+16.67 

 
+10.06 

 
+14.20 

 

Not participated 

 
+2.75 

Total activeipowerireschedulingi(MW) 86.88 

Table 5.2: Results obtained by PSO 

 

Table 5.3 show Losses are also reduced by the proposed method. iFurthermore, ireactiveipower 

reschedulingihelps iniimprovingivoltageistabilityiof the loadibusesiand it takes theisystemifar 
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awayifrom voltageicollapseipoint. Voltageistability has beeniincreasedibecause L-indexivalues 

of loadibuses haveibeeniconsiderablyidecreased inipost-rescheduling state. Reactiveipower 

reschedulingialso decreasesideviation in voltageiof loadibuses from theispecified 1.0 puivalue. 

Thus, itiimprovesivoltageiprofile ofitheiloadibuses. 

 

 iPre-reschedulingi iPost-reschedulingi  

Lmax 0.1007i 0.0815i 

Voltageideviation 1.205i 0.659i 

Tablei5.3:iVoltageistability and Voltageideviationiindicators inipre-reschedulingiandipost-

reschedulingistates 

 

Table 5.4 shows the effect of various parameters of PSO such as: populationisize,iacceleration 

constants,iconstrictionifactor, inertiaiweight andivelocityiofiparticles, on theiconvergenceiof the 

algorithmiwereistudiedifor 50idifferentitrials. Finally, thoseivalues ofiparametersiwereiselected 

whichigaveitheibestireschedulingicosts. 

 

Population size 50 

Acceleration constants (C1, C2) 2.1 and 2.0 

Constriction factor 0.729 

Max. and Min. inertia weights 1 and 0.2 

Max. and Min. velocity of particles 0.45 and -0.45 

Convergence criterion 200 iterations 

Table 5.4: Selected parameters of PSO 

 

 Worst  

costi 

Besticost  Averagei 

cost  

Activeipowerirescheduling 

cost ($/day)  

41,000 28,130 31,286 

 

Reactive power 

rescheduling cost ($/day) 

8,200 6,051 7,641 

 

Table 5.5: Statistical results of rescheduling costs 
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Fig. 5.2 convergence characteristic of PSO 

Fig. 5.2 suggests the convergence function of PSO. It is visible that PSO primarily based totally 

set of rules can do away with congestion from the overloaded traces inside 120 iterations which 

justifies the truth that it's miles a quick approach. An average simulation time required with the 

aid of using the proposed approach become about 4.5 minutes. 
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CONCLUSION: 

With the speedy increase of deregulated strength markets, congestion control has turn out to be a 

essential technique for overcoming congestion issues. New demanding situations and elements 

attention on using more recent technology to create green strategies that decorate strength device 

overall performance withinside the shortest amount of time to alleviate congestion. A evaluate of 

congestion control strategies and strategies from the literature are presented. A complete try 

turned into made to expose the significance of the congestion control approach to alleviate the 

congestion problem, that is an rising fashion in many researches. 

PSO primarily based totally set of rules has been advised for minimizing lively strength 

rescheduling price and reactive strength rescheduling price of the taking part turbines to alleviate 

congestion in IEEE 30 bus check device. The contribution of this paper can be summarized as 

follows:  

(1) The turbines which take element in congestion control can be decided on primarily based 

totally upon their sensitivities to the congested lines. 

(2) The impact of reactive strength of turbines must be taken into consideration in handling 

congestion. Rescheduling of reactive strength era together with their lively strength decreased 

universal rescheduling price to manage congestion. 

(3) Reactive strength rescheduling enables in enhancing voltage balance and voltage profile of 

the burden buses in post-rescheduling state. 

(4) Losses received with the aid of using the proposed approach had been appreciably decrease 

than the ones of different reported strategies. 

So, Simulations confirmed encouraging results, suggesting that the proposed approach turned 

into successful of correctly figuring out better pleasant answers addressing congestion control. 
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