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ABSTRACT

Powersystemblackoutscausehugefinanciallossesforthesocietyandpowerutilities.Twotypesof
blackoutshavebeenidentified.Oneinvolvingloadlossduetotransmissionlinesreachingitslimits
and other involving failures of multiple transmission lines. Technologically advanced electricity
transmissionnetworksworkinafinanciallyjustmannerifahighrateofavailabilityofthetransmission
networksisaccomplished.Keepingthisconceptinmind,itisimperativetoconducttheexamination
oftransmissionnetworkavailability,todesignreliableelectricalsystems.Thisarticlediscussesthe
stochasticavailabilitymodelingandanalysisintransmissionlines.Thesameisappliedtoacaseof
GEDandtheresultsobtainedarediscussedwiththeproperconclusion.
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INTROdUCTION

Powerisoneofthefundamentalneedsofhumanbeings.Asthecountrygrowseconomicallythereisa
continuousdemandforpower(Bhagwat&Tiwari,2017;Mudakkar,Zaman,Khan,&Ahmad,2013;
Sony&Mekoth,2014;MichaelSony&Mekoth,2017).Economicgrowthofthecountrycoupledwith
continuedincreaseindemandforpowermakesthepowertransmissionsystemincreasinglycomplex
intheprocessofevolutionovertheprocessoftime.Theevolutionandreliabilityofpowersystemsare
leadingengineeringaccomplishmentsofthelastcenturythatunderpindevelopedsocieties(Carreras,
Lynch,Dobson,&Newman,2004).However,widespreaddisturbancesofpowertransmissionsystems
result in significant cost to society and thepower utilities (MichaelSony&Mekoth, 2015).To
studythecomplexdynamicsofblackoutsinpowertransmissionsystems,adynamicmodelofsuch
asystemmustbedeveloped.Inprinciple,improvingsystemreliabilityandreducingoperationand
maintenancecostsaretopprioritiesofelectricalutilities.Powerscenarioassessmentofthereliability
oftransmissionlinesandassuranceofqualitypowertoconsumersbecomesavitalissue,healthof
equipmentisofutmostimportanceofindustriesandsocietyalike,becauserevenueisaffectedby
theconditionofequipment,whendemandishigh,andequipmentisinworkingorder,substantial
revenuescanberealized.Todateinthepowersystemscontext,continuousparameterMarkovmodels
havebeenappliedmostextensivelytomodelpowersystem,reliability,andmaintenancemodels.
Stochasticmodelshavebeenusedinverywidelyusedpowersystems(Aghamohammadi&Salimian,
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2017;Alsammarae,1989;Gupta,Kazi,Wagh,&Singh,2018;SonyMichael,Mariappan,&Kamat,
2011),thispaperintendstoanalyzealivecaseofpowerblackoutsituationusingstochasticmodels,
foroptimumpreventionstrategies.

System description
ThepowertoGoaiscomingfromWesternandsouthernregionloaddispatchcentre.Thepoweris
wheeledthroughtwo220kVtransmissionlines.Duetotheapprehensionexpressedbyofficials,we
donotgivetheexactnamesoftransmissionlines.Thepowertransmissionisutilizingtheoverhead
lines.FromsubstationAMtwo220kVtransmissionlinesemanate.TheyterminateinSubstationCM
andMBwhichareinGoaregion.ThenetworkarrangementisgiveninFigure1.InGoaregion,these
linesareinparallel.Thetransmissionlineprotectionrelaysareemployedatsubstations.

Afaultwillbedetectedandthelineatfaultwillbeisolatedandotherlineswillcontinueto
feednon-faultyregions.Assuchthelinewhichisnotatfaultwillcontinuetobealiveandtransmit
thepower.Thefaultonlinecanoccuranywherealong118Kilometerdistanceofthelengthofline.
Thedifferenttypesoffaultsnotedareearthfaults,overcurrent,decappingofinsulators,flashoverof
insulators,conductorrelatedfaults,transmissiontowerrelatedfaultswhicharepermanentinnature.
The various protections schemes at substations indicate the nature of the fault and the distance
protection gives the location of the fault. It is noted that as there is little coordination between
statepowerutilitiesinIndiaandassuchprotectioncoordinationstudiesarenotmeticulouslydone
(Azavedo,2017;Dubash&Rajan,2001;SMichael,Mariappan,Amonkar,&Telang,2009).Itresults
inerroneousdistanceprotectionandnuisancetrippingoftransmissionlines.Thefault-findingcrews
havetroubleinlocatingthefaultsandrelyonmanualpatrollingoftransmissionlinesinzonesto
ascertaintheexactfaultlocation.

Significances of Transmission Line Failures
Beingaemergingcountry,itreliesondoublecircuittransmissionlinestotransmitpowertovarious
regions.Thecostofproposinganewtransmissionlineishigh,besidesitalsoinvolvessocialdimension
likeacquiringlandofthepublic.LandacquisitioninIndiaisnotastraightforwardprocess.There
ispoliticsbehinditandthelegalprocessbehindit isslowandcumbersome.Hence,theexisting
transmissionnetworksarejudiciallyused.Atrippingofthese220kVlinesresultsintheblackoutof
theregionuntilalternativepowerisrestoredfromotheralternatemeans.Astheexistingnetworks

Figure 1. Block diagram of the system
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areoverloadedtoloadgrowth,tofacilitateextraloadthequalityofpowerdrops.Therepairprocess
consistsoflocatingthefaultandattendingthefaultwhichtakestime.Theconsumerprofileeffectedto
outagesincludeHotels,industrieslikepharmaceuticals,hospitals,residentialetc.Someindustrieslike
industrylikeapharmaceuticalunitincuraconsiderableloss,withevenonesecondofpowerfailure.

Background Theory
Blackoutsarestudiedfromthetechnical,economicandsocialpointofview.Amulti-dimensional
studyofblackoutresultsinunderstandingitstotalimplication.Besidesitleadstothedetailedstudy
ofthephenomenon(Yusheng,2003).Blackoutsareoftwotypes.Oneinvolvingloadlossdueto
transmission lines reaching its limits and other involving failures of multiple transmission lines
(Carrerasetal.,2004).Interactionsoccurbetweenbothtypesofblackoutswhichresultsincascade
tripping.Thecriticalloadingofthetransmissionlineisanimportantparameter.Atthecriticalloading,
thereisasharpriseinthemeanblackoutsize.Inaddition,thepowerlawprobabilitydistributionof
blackoutsizethatindicatesasignificantriskoflargeblackouts(Nedic,Dobson,Kirschen,Carreras,&
Lynch,2006).Itwasobservedthatfor2consecutivedaysinJuly,Indiaexperiencedblackouts.Nearly
morethan600millionpeople,nearlyatenthoftheworld’spopulationhadtolivewithoutelectricity.
TheIndianpowersectorgotitsmuch-neededattentionduetoblackout.Thefailingdemand-supply
gapalongwithitsweaklinksliketransmissionsystems,inadequatefail-safetechniquesetc.were
majorfactorscontributingtoblackouts(Romero,2012).Thecongestionof transmissionnetwork
resultsinvulnerabilityforblackouts.Hencepropergenerationandtransmissionplanningwillresult
inpreventingsuchman-madepowersystemcatastrophes(Xue&Xiao,2013).Operationalsystems
consistofcomponentsthatdeteriorateandeventuallyfail.Uponfailure,componentsareeitherrepaired
orreplaced.Cheapandcriticalcomponentsareusuallyreplaced,whileexpensiveandnon-critical
onesarerepairedbeforereplacement(Hajeeh,2014).Thismotivatedtheauthorstostochastically
modelblackoutsintransmissioncircuitsasarunrepairrunsystemstostudyitsdynamicbehavior
whichwillhelpinbettertransmissionlineplanning.

Modelling Black Outs
Thetransmissionlinefailuredatawascollectedfromthepowerutility.Itwassubjectedtodataanalysis
usingMATLAB.Thefailureparameterswereestimatedandarefoundasfollows:

1. Failurerate(line1)=0.00324/hrRepairrate(line1)=0.0563/hr
2. Failurerate(line2)=0.00313/hrRepairrate(line2)=0.055487/hr

Thedistributionoffailureandrepairwasfoundtobeexponential.Thelevelofsignificancewas
5%.Beinganexponentialprocess, theentirestochasticphenomenoncanbemodeledasMarkov
process.Markovprocessesareusedwidelyindecision-makingprocesses(Guerreiro,2018).

Modelling Line States
ThestatetableforthemodelisgiveninTable1.

Table 1. State table

Lines 1 2 3 4

Line1 ☉  ☉ 

Line2 ☉ ☉  

☉: denotes working state : failed state
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State Transition diagram
ThestatetransitiondiagramisdrawninFigure2.

Let:

x1–isdenotedasfailurerate(line1)
x2-isdenotedasfailurerate(line2)
x11-isdenotedasfailureinteractionrateoffirstlinewhensecondlinefails
x22-isdenotedasfailureinteractionrateofsecondlinewhenfirstlinefails
u1–isdenotedasrepairrate(line1)
u2–isdenotedasrepairrate(line2)
Pi(∞)=isdenotedastheprobabilitythatthesystemisinstateiatt=∞

Markov Model
TomodelasMarkovprocessthestatetransitiontablewasconstructedanditiselucidatedinTable
1.Also,steadystatetransitionmatrixisasfollows:
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Suchasystemismodeledasacontinuous-timeMarkovprocesswithdiscretestates.Oncethe
transitionmatrixisknownthestationaryprobabilitiescanbecomputedandthereforetheperformance
measuresofthemodelunderconsiderationcanbeeasilyevaluated(Diamantidis,Koukoumialos,&
Vidalis,2017).

Itisevidentfromtheequationsinthematrixisnotindependent.Hencethesumofallprobabilities
equaltoone,thematrixequationsisrevisedas:

Figure 2. State transition diagram
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Theequationsaresolvedandthesolutionisdelineatedbelow:

P (
1

u1*u2*(x22+u2+u1+x11)

x22*u1*u2+x22*x1*x11+x22*x1*u
∞  = )

22+x22*x2*x11+x11*x2*u1+x11*x2*u22

+x22*x1*u1+x22*u1*x2+u1*uu2*x2+x1*u2^2+x1*u1*u2+x1*u2*x11+u1*

u2^2+u1^2*x2+u1^2*u2+uu1*u2*x11













 (1)

P
2
(

u2*(x1*u1+x2*x11+x1*u2+x1*x11)

x22*u1*u2+x22*x1*x11+
∞  =)

xx22*x1*u2+x22*x2*x11+x11*x2*u1

+x11*x2*u2+x22*x1*u1 + x22*uu1*x2+u1*u2*x2x1*u2^2+x1*u1*u2

+x1*u2*x11+u1*u2^2+u1^2*x2+uu1^2*u2+ u1*u2*x11
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∞  =)

xx22*x1*u2+x22*x2*x11+x11*x2*u1+x11*x2*u2 x22*x1*u1

+x22*u
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11*x2+u1*u2*x2+x1*u2^2+x1*u1*u2+x1*u2*x11+u1*u2^2 +u1^2*x2++u1^2*u2

u1*u2*x11+













 (3)

Wegetthefollowingvalues:

P
1

(∞)=0.9011P
2
(∞)=0.0518P

3
(∞)=0.0423P

4
(∞)=0.0049

DiagrammaticrepresentationusinghistogramisspecifiedinFigure3.

Availability=P
1

(∞)+ �P
2
(∞)+ �P

3
(∞)=0.9951

Blackout Residence Time and Cycle Time
Tocalculatethemeanresidencetimeineachstatewhichhasaspecialsignificanceformodelling
blackouts.Thestate4residencetimewillindicatetheexpectedblackouttime:

T1(res)= 1

1 2( )x x+
=172.5hrs

T2(res)= 1

22 1( )x u+
=16.4hrs
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T3(res)= 1

11 2( )x u+
=16.2hrs

T4(res)= 1

1 2( )u u+
=9hrs

Thecycletimebetweenencounteringeachstateorblackoutisveryessential:

T1(sys)= 1

1 2    A  *
1

( )x x+
=191.4hr

T2(sys)= 1

22 1    A  *
2

( )x u+
=318hrs

T3(sys)= 1

11 2    A  *
3

( )x u+
=382hrs

T4(sys)= 1

1 2    A  *
4

( )u u+
=1853hrs

Significance of Cycle Time for Blackout and Brownout Analysis
Thecycletimeforencounteringblackouti.e.instate4i.e.both220KVlinesdownphaseisonan
average1853hrsi.e.77days.Correspondingly,thecycletimeforencounteringbrownouti.e.state
2and3is13daysand16daysrespectively.Thepreventivemaintenanceactivitieswouldnotyield
economicallyforexponentialsystems.Othertechniquesofmaintenancemanagementlikecondition

Figure 3. Histogram of probabilities and states
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monitoringofthelinesshouldbedone.Thetimeofinspectionforcarryingoutthisactivityisthe
min{T3(Sys),T4(Sys)}.ItisadvocatedtomonitorthermalparametersusingIRcamerasetc.Standard
operatingprocedureswithrespecttoactionstobetakenintheeventoffailureoflineswillresult
improperinformedactionsbytheoperatingandmaintenancepersonnel.Thiscanresultinfurther
preventionoffurthercascadetripping’s.Thishasalsospecialsignificancetoleadtimeforprocurement
ininventorymanagementsystem.Itisadvocated,thattheleadtimeforprocurementshouldbeless
thantheminimumcycletimeofstates,asthereisasimilarityinmaterialsofbothlines.

Significance of Impact of Failure Interaction Rate on Blackout
Toinvestigatetheimpactoffailureinteractionrateonblackoutananalysisintermsoftheinteraction
ratevariationisperformed.Table2envisagestheinteractionphenomenon.

ThegraphoftheabovefindingsasshowninFigure4conformstothenormalnotionthatincreased
interactionratedecreasestheavailabilityofthesystem.

Table 2. Interaction rate and availability

Interaction Rate 1 2 3 4 5 6 7 8

Availability 0.9976 0.9951 0.9927 0.9903 0.9879 0.9856 0.9832 0.9808

Interactionrate 9 10 11 12 13 14 15 16

Availability 0.9785 0.9762 0.9739 0.9715 0.9692 0.9670 0.9647 0.9624

Interactionrate 17 18 19 20 21 22 23 24

Availability .9602 0.9579 0.9557 0.9535 0.9512 0.9490 0.9468 0.9447

Figure 4. Availability versus failure interactions
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Sensitivity Analysis
Thesensitivityanalysesofthemodelarecarriedouttostudytheimpactoftheproposedoptionson
blackouts.Thereliabilityofasystemcanbechangedbyincorporatingvariousmeasureswhichwill
helpinimprovingthesystem.

Using Single Repair Squad
Ananalysisiscarriedout,heretostressthefactthatiftherewouldbeonlyonerepaircrewavailable
forrepairs,howtheavailabilitywouldreduceandalsohowitpaystohaveindependentrepaircrews.
The system failure and the repair rates are assumed to be constant. Markov and supplementary
variablemethodologieshavebeenusedtoachievethemathematicalanalysisofthismodel(Ram&
Manglik,2016).

TheSteadyStateMarkovianTransitionMatrix:
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ThesetofabovematrixequationissolvedusingcodewritteninMATLAB7.0:

P (
1

u1^2*(u1+x11)

x22*x2*x11+x22*x1*x11+x22*x1*u1+2*x11*x
∞ =)

22*u1

+x1*u1*x11+x1*u1^2u1^3+u1^2*x2+u1^2*x11













 (4)

P (
2
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x22*x2*x11+x22*x1*x11+x22*x1
∞ =)

**u1+2*x11*x2*u1

+x1*u1*x11+x1*u1^2+u1^3+u1^2*x2+u1^2*x11
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3

u1^2*x2

x22*x2*x11+x22*x1*x11+x22*x1*u1+2*x11*x2*u1

+x

∞ =)

11*u1*x11+x1*u1^2+u1^3+u1^2*x2+u1^2*x11













 (6)

wehave:

P1(∞)=0.8969;P2(∞)=0.0559;P3(∞)=0.0377;P4(∞)=0.0096

BlackoutAnalysisiscarriedouttheoptionasfollows.
Itisnotedthatthereisareductioninavailabilitywithonerepaircrew.Goingtothefurtherdetails

oftheimplicationsofthereductioninavailability:

Availabilitywitheachunithavingitsownrepaircrew=0.9951
Availabilitywitheachunithavingonlyonerepaircrew=0.9904
Asbothlinesoperateroundtheclockletuscalculateinone-monthavailability=24x30=720hrs
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Availabilitywitheachunithavingitsown(dedicated)repaircrew=0.9951x720=716.4720hrs
Availabilitywitheachunithavingonlyonerepaircrew=0.9904x720=713.0880
Extraavailabilityinonemontheachunithavingownrepaircrew=3.3840hrs.
Monthlyaverageunitstransmitted=71,000,000KWH(pastdataprojections)
Units/hr=70,000,000/(30*24)=98611units
Costofbuying=Rs.1.003/-
ExtraNumberofunits(duetoindependentrepairstaff)=98611*3.3840=333699units
Transactionworth=Rs.1.003*333699=Rs.334700/-islostbytheElectricityDepartment/month.
WijayatungaandJayalath(2004)thatthelosscausedtothesocietyisaround0.9%ofGDPoftheregion)
LosstoElectricityDepartment=Rs.334700/-
Losstosociety(Wijayatunga&Jayalath,2004)=Rs.33,90,410/-

ThisworksouttobelosstoElectricitydepartmentandlosstothesocietyaswell.Henceitcan
beinferredthatboththelinesaredesirabletohaveindependentrepaircrews/machines.

Case of Reducing Repair Time
Inthisanalysisletustrytoreducetherepairtimethanseethecorrespondingchangeinavailability.Tothis
effectitiscodedinMATLAB7.0withvariousrepairtimes.Theeffectofrepairtimereductionandrespective
changeinavailabilityaregiveninTable3.Thistableisquiteusefulformaintenancepolicydecisions.

BlackoutAnalysisiscarriedoutforthisoptionasfollows,Forthesakeofanalysis,therepair
timeoftheselinesaredividedintothreeparts:

1. Operational/maintenance readiness:Whichismakinglinereadyformaintenanceorrecharging
thelineaftermaintenance.Thisinvolvesissuingoflineclearanceandobtainingnofeedback
clearancefromconcernedsubstations;

2. Fault location:Thisinvolveslocationoffault.Oncethefaultoccurswegetinformationfrom
thedistancerelay.Asthezonesindistancerelaywillindicateinwhichzonethefault.Theentire
lineisdividedintothreezones.Roughlyat40KMstretch.Nowthisdistanceispatrolledbymen
tolocatethefaultphysically.Aftergettingthefaulttheremainingpartisalsopatrolledtoensure
someothersectionisfaultyornot;

3. Man/material/machine arrangement and actual repairs:Hereweactuallyarrangethematerials
andrepairthelines.

Fromtheexperienceofmaintenancestaff,itislearntthatonanaveragethepercentageoftime
spentonrepairsis10%foroperational/maintenancereadiness,50%forfaultlocation&material
arrangement,40%foractualattendingofrepairs.

Table 3. Repair time reduction and availability

% Reduction in 
Repair Time 0 5 10 15 20 25 30 35

Availability .9951 .9956 .9960 0.9964 0.9968 0.9972 0.9975 .9979

%Reductionin
repairtime 40 45 50 55 60 65 70 75

Availability 0.9982 0.9985 0.9987 0.9990 0.9992 0.9994 0.9995 0.9997

%Reductionin
repairtime 80 85 90 95 100

Availability 0.9998 0.9999 0.9999 .99999 1.0
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Letusfindthecoefficientofvariationofbothrepairtimes:

Standarddeviationofrepairtimeforline1=16.8851
Meanofrepairtimeforline1=17.9886
Coefficientofvariation=Standarddeviation/mean=0.9387
Standarddeviationofrepairtimeforline2=15.8385
Meanofrepairtimeforline2=18.0308
Coefficientofvariation=Standarddeviation/mean=0.8784

Thecoefficientofvariationofbothlinesarealmostequalwhichsuggestthatboththisrepaircrew
isusingthesametechniqueforrepairingthefaultorinotherwordsthereishighdegreeofconsistency
inrepairtimei.e.=93.5762%ofboththisindependentrepaircrew,whichmakesusbelievethatpresent
techniqueadoptedbythedepartmentisfollowedverystrictlyanduselesswastingoftimebydoing
unproductiveworkisverylessi.e.around100–93.5762=6.4%.Thisleavesaverylittlescopefor
improvementwiththeexistingtechniquefollowedbythedepartment.Therefore,bettertechnique,
improvedtechnology&newtools/equipmentforrepairsaretobethoughtof.

Hencetofurtherreducerepairtime,thefollowingrecommendationsareproposed:

1. Reducingoperational/maintenancereadinesswhichamountsto10%ofoverallrepairtimeunder
existingsystemcanbereducedbybettersystemdesign,byworkstudyexperts;

2. Reducing fault locating/material arrangement. Fault location time can be reduced by using
new technology like Global Positioning System mapping of transmission lines, Power Line
CarrierCurrentfordistanceprotectionetc.Sincethematerialforattendingfaultaresimple,like
conductors,insulators(3types),pulleysandsteelrope.So,thesematerialscanbecarriedonthe
vehiclewhichtransportsmenforfaultfinding.Thiswillreducetherepairtime;

3. Whiledecidingonanynewtechnologyitisrecommendedthatreductioninrepairtimemaybe
comparedwithourtable(Table3)andthenaccordinglycorrespondingincreaseinavailability
andeconomicfeasibilitymaybecalculated.

Case of Reduced Failure Interactions
Hereanattemptismadetoinvestigateimplicationofreducedfailureinteractiononavailabilityof
transmissionlines.

TheSteadyStateMarkovianTransitionMatrix:
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ThesetofabovematrixequationissolvedusingcodewritteninMATLAB7.0:

P (
1 u1*u2+x1*x2+x1*u2+x2*u1

∞ =)
*u u1 2  (7)

P (
2

x1*u2

u1*u2+x1*x2+x1*u2+x2*u1
∞ =

( )
)  (8)
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P (
3

x2*u1

u1*u2+x1*x2+x1*u2+x2*u1
∞ =

( )
)  (9)

substitutingthevalues:

P1(∞)=0.9033P2(∞)=0.0520P3(∞)=0.0423P4(∞)=0.0024

Theavailabilityiscalculatedtobe=A(∞)=0.9976.
BlackoutAnalysisiscarriedoutasfollows:

Theavailabilitywhentheinteractionrateistwice=.9951(ascalculated)
Availabilityinamonthwheninteractionrateistwice=0.9951x720=716.4720hrs
Availabilityinamonthwheninteractionrateissingle=0.9976x720=718.2720hrs
Extraavailabilityhrsinmonth=718.2720-716.4720=2.20hrs
Averagenumberofunitstransmittedperhour=97222
Extraunitstransmittedpermonth=97222*2.20=213890
Extratransactionpermonth=Rs.1.003*213890=Rs.214530/-
AsperCentralPublicDepartmentmanualtheageoftransmissionline25years
Transactioncostworth=25*12*214530=Rs.64359000/-

Consideringitassimpleactiveparallelsystemavailabilitywouldbe0.9976whichamountsto
extratransactionofRs.2,14,530/-permonth.TheusefullifeoftransmissionlineasperCPWD
(CentralPublicWorksDepartment)manualis25years.Transactionworth=25*12*214530=Rs.6,
43,59,000/-willbepossibleifsuchaphilosophyisimplemented.However,thecostofconstructing
a220KVtowerlineisaroundRs.59,00,000/-perkilometer.Sototalcostoftransmissionlineis120
x59,00,000=Rs.70,80,00,000/-.Thisamountto11timestheprofit.Hencesuchanoptionisnot
economicallyfeasible.Howeverexistingconductor&insulatorsisreplacedwithahighercurrent
carrying one, than still the independency would be maintained, and these costs will amount to
Rs.28,32,00,000/-.(70,80,00,000x0.40).Thisalsoisaround4.5timesthevalueoftheprofit.This
alsoisnotaneconomicaloption.So,inordertoreducefailureinteractionsduringthefaultonany
oneline,itisrecommendedtode-ratethehealthyline.Also,itisrecommendedtoreducetherepair
timeoffaultyline.Thissolutionwillnotsolvetheproblemfromtheroot;however,thisshort-term
solutionwilltemporarilyavoidtotalfailureofthesystem/blackout.Powerisoneoftheinfrastructures
fordevelopmenthence,whiledecidingoneithergoingforanothertransmissionlineorchangingthe
conductortohighervalueetc.,itisrecommendedtotheDepartment,toanalyzenotonlytheloss,
tothedepartment,butalsothelosstothesocietyi.e.aroundRs.42,90,600/-permonth.Hencethe
optionofchangingtheconductorstonewonewillbreakeveninin66monthsor5yearsand6months.
Theotheroptionofgoingfornewtransmissionlinewillbreakevenin165monthsor13yearsand9
months.Consideringboththeoptionsitisproposedthatforfindingpermanentsolutiontotheabove
problemtheoptionofchangingtheconductors&insulatorstohighervaluemaybeimplemented.

Blackout Prevention Strategy
Maintenanceoptimizationmodelsaimatfindinganoptimumbalancebetweenthecostofrunning
asystemwithmaintenanceandthebenefitsobtainedfromit.Generally,maintenanceoptimization
modelscoverfourcategories:(1)adescriptionofthetechnicalsystem,(2)amodellingofthesystem
deterioration and its consequences, (3) a description of the available information of the system,
and(4)anobjectivefunctionandanoptimizationtechniqueforfindingbestalternativeorbalance
(Hajeeh, 2011). 100% reliability of transmission system is a theoretical assumption, rather than
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practicalpossibility.ActsofGodlikestorms,hurricanesetccanderailapowersystem.Inaddition,
humanerrorscannotalsobereliability.Thegoalofanyblackoutpreventionprogramshouldbeto
achieveoptimumlevelofpracticalreliability(Pourbeik,Kundur,&Taylor,2006).Somestrategies
liketheprioritizedreplacementoftransmissioncontroland/orprotectionequipment.Inaddition,
thereshouldberegularmaintenanceoftransmissionlines.Theevaluation,andtestingofpowerplant
shouldbegivenapriority.Thesubstationequipmentshouldbeperiodicallyinspectedtoensurethat
theequipmentismaintainedinagoodcondition.Also,itshouldbeconfirmedthatheequipment’s
areoperatingwithindesignparameters.Lifecycleassessmentofequipmentshouldbecarriedoutto
prolongtheequipmentlifethroughpropermaintenanceandtesting.

CONCLUSION

Thefollowingrecommendationsarepresented:

1. Stochasticmodelingoftransmissionlineswasperformedon220KVLine-1&Line-2toGoa
region.TheMarkovmodelwasusedinthesituationandavailabilityofboththesetransmission
lineswhenweassumedthatonlyonerepaircrew/tools/equipmentwasfoundtobe0.9904.When
thesamemodelwassolvedwiththeassumptionthatthereexistanindependentrepaircrew/tools/
materialforboththeselinesthantheavailabilitywasfoundtobe0.9951.Duetothisincrease
inavailabilitythetransactionworthRs.334700/-canbehadbytheElectricitydepartmentand
thisalsoreducesthelosstothesocietyworthRs.3390410/-.Henceitisrecommendedtouse
independentrepaircrewforboththelines;

2. Analysisofreductioninrepairtimerevealsincreasestheavailability,ouranalysisfurther
shows that there is a high degree of consistency (93.6%) in repair time for this both
independent repaircrews,whichmakesusbelieve thatpresent techniqueadoptedby the
department is followedverystrictlyanduselesswastingof timebydoingunproductive
workisverylessi.e.around100–93.5762=6.4%.Hencetofurtherreducerepairtime,the
followingrecommendationsareproposed:
a. Reducingoperational/maintenancereadinesswhichamountsto10%ofoverallrepairtime

underexistingsystemcanbereducedbybettersystemdesign,byworkstudyexperts;
b. Reducingfaultlocating/materialarrangement.Faultlocationtimecanbereducedbyusing

newtechnologylikeGlobalPositioningSystemmappingoftransmissionlines,PowerLine
CarrierCurrentfordistanceprotectionetc.Sincethematerialforattendingfaultaresimple,
likeconductors,insulators(3types),pulleysandsteelrope.So,thesematerialscanbecarried
onthevehiclewhichtransportsmenforfaultfinding.Thiswillreducetherepairtime;

c. Whiledecidingonanynewtechnologyitisrecommendedthatreductioninrepairtimemay
becomparedwithourtable(Table3)andthenaccordinglythecorrespondingincreasein
availabilityandeconomicfeasibilitymaybecalculated;

3. Consideringitassimpleactiveparallelsystemavailabilitywouldbe0.9976whichamountsto
extratransactionofRs.2,14,530/-permonth.In25yearstransactionworthRs.6,43,59,000/-
will be possible if such a philosophy is implemented. However, the cost of constructing a
220KVtowerlineRs.70,80,00,000/-.Thisamountto11timestheprofit.Hencesuchanoption
isnoteconomicallyfeasible.However,iftheexistingconductor&insulatorsarereplaced,with
ahighercurrentcarryingonethanstillindependencywouldbemaintainedanditscostswill
amounttoRs.28,32,00,000.Thisalsoisaround4.5timesthevalueoftheprofit.Thisalsois
notaneconomicaloptionasfarasdepartmentisconcerned.Henceinordertoreducefailure
interactionsduringthefaultonanyoneline,wehavetoresorttode-ratingofhealthyline&reduce
therepairtimeoffaultyline.Thissolutionwillnotsolvetheproblemfromtheroot,however,
thisisashort-termsolutiontotemporarilyavoidtotalfailureofthesystem/blackout;
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4. Powerisoneoftheinfrastructuresfordevelopmenthence,whiledecidingoneithergoingfor
anothertransmissionlineorchangingtheconductortohighervalueetc.,werecommendtothe
Department,toanalyzenotonlytheloss,tothedepartment,butalsothelosstothesocietyi.e.
aroundRs.42,90,600/-permonth.Hencetheoptionofchangingtheconductorstonewone
willbreakeveninin66monthsor5yearsand6months.Theotheroptionofgoingfornew
transmissionlinewillbreakevenin65monthsor13yearsand9months.Consideringboththe
optionsitisproposedthattheoptionofchangingtheconductors&insulatorstohighervalue
willpermanentlysolvetheproblem.



International Journal of Operations Research and Information Systems
Volume 10 • Issue 1 • January-March 2019

54

ReFeReNCeS

Aghamohammadi,M.R.,&Salimian,M.R.(2017).Athreestagesdecisiontreebasedintelligentblackoutpredictor
forpowersystemsusingbrittlenessindices.IEEE Transactions on Smart Grid.doi:10.1109/TSG.2017.2680600

Alsammarae,A.J.(1989).Modelingdependentfailuresfortheavailabilityofextrahighvoltagetransmission
lines.IEEE Transactions on Reliability,38(2),236–241.doi:10.1109/24.31114

Azavedo,G.(2017).SouthGoalegislatorslosesleepoverpowercuts.Times of India,p.4.Retrievedfromhttps://
timesofindia.indiatimes.com/city/goa/south-goa-legislators-lose-sleep-over-power-cuts/articleshow/58320965.cms

Bhagwat,A.P.,&Tiwari,R.(2017).Renewable energy in India: Policies, trends and foreign direct investments 
in research and development. In lead market India(pp.213–238).NewDelhi:Springer.

Carreras,B.A.,Lynch,V.E.,Dobson,I.,&Newman,D.E.(2004).Complexdynamicsofblackoutsinpower
transmissionsystems.Chaos (Woodbury, N.Y.),14(3),643–652.doi:10.1063/1.1781391PMID:15446974

Diamantidis,A.,Koukoumialos,S.,&Vidalis,M.(2017).Markoviananalysisofapush-pullmergesystem
withtwosuppliers,anintermediatebuffer,andtworetailers.International Journal of Operations Research and 
Information Systems,8(2),1–35.doi:10.4018/IJORIS.2017040101

Dubash,N.K.,&Rajan,S.C.(2001).Powerpolitics:ProcessofpowersectorreforminIndia.Economic and 
Political Weekly,3367–3390.

Guerreiro,S.(2018).UsingMarkovtheorytodeliverinformeddecisionsinpartiallyobservablebusinessprocesses
operation.International Journal of Operations Research and Information Systems,9(2),53–72.doi:10.4018/
IJORIS.2018040103

Gupta,S.,Kazi,F.,Wagh,S.,&Singh,N.(2018).Analysisandpredictionofvulnerability insmartpower
transmissionsystem:Ageometricalapproach.International Journal of Electrical Power & Energy Systems,
94,77–87.doi:10.1016/j.ijepes.2017.06.033

Hajeeh,M.(2011).Optimizingseriesrepairablesystemswithimperfectrepair.International Journal of Operations 
Research and Information Systems,2(2),92–102.doi:10.4018/joris.2011040105

Hajeeh,M.A.(2014).Availabilityoflargescalerepairablesystemswithimperfectrepair.International Journal 
of Operations Research and Information Systems,5(4),91–104.doi:10.4018/ijoris.2014100105

Michael,S.,Mariappan,V.,Amonkar,U. J.,&Telang,A.D. (2009).Availability analysisof transmission
systemusingMarkovmodel.International Journal of Indian Culture and Business Management,2(5),551–570.
doi:10.1504/IJICBM.2009.025280

Michael,S.,Mariappan,V.,&Kamat,V.(2011).Stochasticmodellingoffailureinteraction:Markovmodel
versus discrete event simulation. International Journal of Advanced Operations Management, 3(1), 1–18.
doi:10.1504/IJAOM.2011.040657

Mudakkar,S.R.,Zaman,K.,Khan,M.M.,&Ahmad,M.(2013).Energyforeconomicgrowth,industrialization,
environmentandnaturalresources:Livingwithjustenough.Renewable & Sustainable Energy Reviews,25,
580–595.doi:10.1016/j.rser.2013.05.024

Nedic,D.P.,Dobson,I.,Kirschen,D.S.,Carreras,B.A.,&Lynch,V.E.(2006).Criticalityinacascadingfailure
blackoutmodel.International Journal of Electrical Power & Energy Systems,28(9),627–633.doi:10.1016/j.
ijepes.2006.03.006

Pourbeik, P., Kundur, P. S., & Taylor, C. W. (2006). The anatomy of a power grid blackout-Root causes
and dynamics of recent major blackouts. IEEE Power & Energy Magazine, 4(5), 22–29. doi:10.1109/
MPAE.2006.1687814

Ram,M.,&Manglik,M.(2016).Reliabilitymeasuresanalysisofanindustrialsystemunderstandbymodes
andcatastrophicfailure.International Journal of Operations Research and Information Systems,7(3),36–56.
doi:10.4018/IJORIS.2016070103

Romero,J.J.(2012).BlackoutsilluminateIndia’spowerproblems.IEEE Spectrum,49(10),1–2.doi:10.1109/
MSPEC.2012.6309237

http://dx.doi.org/10.1109/TSG.2017.2680600
http://dx.doi.org/10.1109/24.31114
https://timesofindia.indiatimes.com/city/goa/south-goa-legislators-lose-sleep-over-power-cuts/articleshow/58320965.cms
https://timesofindia.indiatimes.com/city/goa/south-goa-legislators-lose-sleep-over-power-cuts/articleshow/58320965.cms
http://dx.doi.org/10.1063/1.1781391
http://www.ncbi.nlm.nih.gov/pubmed/15446974
http://dx.doi.org/10.4018/IJORIS.2017040101
http://dx.doi.org/10.4018/IJORIS.2018040103
http://dx.doi.org/10.4018/IJORIS.2018040103
http://dx.doi.org/10.1016/j.ijepes.2017.06.033
http://dx.doi.org/10.4018/joris.2011040105
http://dx.doi.org/10.4018/ijoris.2014100105
http://dx.doi.org/10.1504/IJICBM.2009.025280
http://dx.doi.org/10.1504/IJAOM.2011.040657
http://dx.doi.org/10.1016/j.rser.2013.05.024
http://dx.doi.org/10.1016/j.ijepes.2006.03.006
http://dx.doi.org/10.1016/j.ijepes.2006.03.006
http://dx.doi.org/10.1109/MPAE.2006.1687814
http://dx.doi.org/10.1109/MPAE.2006.1687814
http://dx.doi.org/10.4018/IJORIS.2016070103
http://dx.doi.org/10.1109/MSPEC.2012.6309237
http://dx.doi.org/10.1109/MSPEC.2012.6309237


International Journal of Operations Research and Information Systems
Volume 10 • Issue 1 • January-March 2019

55

Sony,M.,&Mekoth,N.(2014).Thedimensionsoffrontlineemployeeadaptabilityinpowersector:Agrounded
theoryapproach.International Journal of Energy Sector,8(2),240–458.doi:10.1108/IJESM-03-2013-0008

Sony,M.,&Mekoth,N.(2015).Fleadaptscale:Anewtooltomeasurefrontlineemployeeadaptabilityinpower
sector.International Journal of Energy Sector Management,9(4),496–522.doi:10.1108/IJESM-05-2014-0005

Sony,M.,&Mekoth,N.(2017).Workplacespirituality,frontlineemployeeadaptabilityandjoboutcomes:An
empiricalstudy.International Journal of Process Management and Benchmarking,7(4),437–465.doi:10.1504/
IJPMB.2017.086925

Wijayatunga,P.D.C.,&Jayalath,M.S.(2004).Assessmentofeconomicimpactofelectricitysupplyinterruptions
intheSriLankaindustrialsector.Energy Conversion and Management,45(2),235–247.doi:10.1016/S0196-
8904(03)00132-8

Xue,Y.,&Xiao,S.(2013).Generalizedcongestionofpowersystems:Insightsfromthemassiveblackoutsin
India.Journal of Modern Power Systems and Clean Energy,1(2),91–100.doi:10.1007/s40565-013-0014-2

Yusheng,X.(2003).Thewayfromasimplecontingencytosystem-widedisaster-LessonsfromtheEastern
InterconnectionBlackoutin2003.Dianli Xitong Zidonghua,18.

Michael Sony is a faculty member with the Department of Mechanical & Marine Engineering at Namibia University 
of Science & Technology, Windhoek, Namibia. He has taught at both undergraduate and post graduate levels. 
He holds a PhD and a Master of Engineering (Industrial Engineering) from Goa University, India. He has a blend 
of Industrial and academic experience. He has published in various international & national journals. His area of 
interest is Markov Models, adaptability, and quality management.

V. Mariappan, is Professor and Principal of Agnel Institute of Technology & Design, Assagao. He holds a PhD in 
Industrial Engineering and Operation Research from Indian Institute of Technology, Bombay. He has guided PhD 
students and also taught at the undergraduate and post graduate level. His research interest includes reliability 
engineering, applied mathematics, and quality management.

http://dx.doi.org/10.1108/IJESM-03-2013-0008
http://dx.doi.org/10.1108/IJESM-05-2014-0005
http://dx.doi.org/10.1504/IJPMB.2017.086925
http://dx.doi.org/10.1504/IJPMB.2017.086925
http://dx.doi.org/10.1016/S0196-8904(03)00132-8
http://dx.doi.org/10.1016/S0196-8904(03)00132-8
http://dx.doi.org/10.1007/s40565-013-0014-2

