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						Thischapteroersamuchmoredetaileddiscussionofrealoptionscomparedtowhatyou
					
				

				
					
						learnedoriginallyinChapter??.(YoumustreadChapter??beforeyoureadthiswebchapter!)
					
				

				
					
						Assessingthevalueofrealoptionsisasimportantasitisdicult.Thiswebchaptershould
					
				

				
					
						helpyoulearnhowtothinkaboutandsolvethesedicult
					
					
						NPV
					
					
						problems.Itreliesmoreheavily
					
				

				
					
						onstatisticalconceptsthantherestofthebook.
					
				

			

			
				
					
						SideNote: Someacademicsreferexclusivelyto“valuationbyreplication”(explainedinSection
						3
					
					
						·
					
					
						3.D
						)asthe
					
				

				
					
						“realoptions”approach.However,thischapterrefersto“realoptions”asoptionsembeddedinrealprojects,
					
				

				
					
						whichcanbevaluedthroughanumberofdierenttechniques,“valuationbyreplication”beingoneofthem.
					
				

			

			
				
					
						Anecdote:AnEarlyRealOption
					
				

				
					
						Theearliestknownoptioncontractwasalsoarealoption.ItwasrecordedbyAristotleinthestoryofThalesthe
					
				

				
					
						Milesian,anancientGreekphilosopher.Believingthattheupcomingoliveharvestwouldbeespeciallybountiful,
					
				

				
					
						Thalesenteredintoagreementswiththeownersofalltheoliveoilpressesintheregion.Inexchangeforasmall
					
				

				
					
						depositmonthsaheadoftheharvest,Thalesobtainedtherighttoleasethepressesatmarketpricesduringthe
					
				

				
					
						harvest.Asitturnedout,Thaleswascorrectabouttheharvest,demandforoilpressesboomed,andhemade
					
				

				
					
						agreatdealofmoney.
					
				

			

			
				
					
						Source:
						Wisegeek’s“WhatAreFutures?”
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						WebChapterIII.RealOptions.
					
				

			

			
				
					
						3
					
					
						·
					
					
						1.TypesofRealOptions
					
				

			

			
				
					
						ExplicitandImplicit
					
				

				
					
						FinancialOptions. 
					
					
						inthefuture,atyourdiscretion.Financialoptionsarecommon.Themostfamiliararestock
					
				

				
					
						options,whicharetraded,e.g.,ontheChicagoBoardOptionsExchange(CBOE).Thepricesof
					
				

				
					
						theseoptionscanbelookedupon
						Yahoo!
						Finance
						.
						Someoptionsaretradedoverthecounter:
					
				

				
					
						ifyouwanttopurchasea10-yearoptionontheSony,chancesarethatyouwouldhavetoask
					
				

				
					
						someone—typicallyaninvestmentbank—tomanufacturesuchanoptionforyou.Otherﬁnan-
					
				

				
					
						cialoptionsareembeddedincontractsandsecurities.Forexample,yourmortgagecontract
					
				

				
					
						morethanlikelygivesyoutheoptiontopayothemortgageatyourdiscretion,whichyou
					
				

				
					
						shoulddo(andreﬁnance)ifinterestratesdropenough.Yourcarinsuranceliabilitymayhavea
					
				

				
					
						deductible,whichdefactomeansthattheinsuranceisonlyanoptionthatgivesyoutheright
					
				

				
					
						toexerciseitifthedamageexceedsthedeductible.
					
				

			

			
				
					
						Thewordoptionisasynonymforchoice—theabilitytodosomethingornotdosomething
					
				

			

			
				
					
						RealOptions:Your
					
				

				
					
						choicetoalter
					
				

			

			
				
					
						Butthischapterisnotsomuchinterestedinﬁnancialoptionsasitisinrealoptions.Whatisthe
					
				

			

			
				
					
						operationsinthefuture.
					
					
						dierence?Arealoptiondiersfromaﬁnancialoptioninthattheexerciseoftherealoption
					
				

				
					
						requiresachangeinthephysical,“real”project.Suchrealoptionprojectscanbefactories,
					
				

				
					
						buildings,R&Dactivities,andsoon.Themostprominentrealoptionsare
					
				

			

			
				
					
						TimingYourabilitytostartorstopaprojectatatimeofyourdiscretion.
					
				

			

			
				
					
						AbandoningYourabilitytoabandonaprojectatatimeofyourdiscretion.
					
				

			

			
				
					
						AcceleratingYourabilitytospeedupaprojectatatimeofyourdiscretion.
					
				

			

			
				
					
						ExpansionYourabilitytoexpandaprojectatatimeofyourdiscretion.
					
				

			

			
				
					
						SwitchingYourabilitytoswitchtoadierenttechnology.
					
				

			

			
				
					
						Realoptionsarediculttovalue,butnoonewouldarguethatthismeansthatyoucanignore
					
				

				
					
						them.Infact,valuingrealoptionsisoftenmoreimportantthangettingthediscountrateright.
					
				

				
					
						Youhavenoalternativebuttogiveityourbestshot.
					
				

			

			
				
					
						Anecdote:RealorUnreal?
					
				

				
					
						Intheirarticleonrealoptionsinthe
						HarvardBusinessReview
						(March2004),CopelandandTufanocitea
					
				

				
					
						Bain&Company“ManagementToolsandTechniques”2001surveyof451seniorexecutiveswhohadtriedthe
					
				

				
					
						real-optionsapproach.One-thirdhadgivenuponittheverysameyear—andIwouldguessthatmostofthese
					
				

				
					
						managershadonlyadoptedthesimplestrealoptiontechniques,tobeginwith.
					
				

				
					
						Whosefaultisthis?Isitprimarilythefaultofthetechnique?No! Itisprimarilythefaultoftheproblems.
					
				

				
					
						Projectswithrealoptionsareusuallyverydiculttovalue,andtheonlyalternativeisthe“head-in-the-sand”
					
				

				
					
						method.Neitherdoesthisostrichmethodworkbetter,norisignoringrealoptionvaluesoftenjustamodest
					
				

				
					
						errorintermsofthevalue.Itmightbeﬁrst-order!
					
				

			

			
			
			
			
		

		
			
				
					
						ﬁle=web-realoptions.tex:RP
					
				

			

			
				
					
						Section3
					
					
						·
					
					
						2.ValuingAGasTurbinePlant.
					
				

			

			
				
					
						55
					
				

			

			
				
					
						3
					
					
						·
					
					
						2.ValuingAGasTurbinePlant
					
				

			

			
				
					
						3
					
					
						·
					
					
						2.A.OurKnowledge
					
				

			

			
				
					
						Thebestwaytounderstandrealoptionsistoworkanexample.Sayitistheendof1999,andyou
					
					
						Thescenarioinputs.
					
				

				
					
						areconsideringpurchasingaleasefora
						combinedcyclegas-turbine
						electricitygenerationplant
					
				

				
					
						with400MWcapacity.Yourinput,naturalgas,hasafairlyconstantpriceof$7perthousand
					
				

				
					
						cubicfeet,soyourplant’stotalcostofelectricityproductionis$25/MW
						h
						.Table
						III.1
						shows
					
				

				
					
						theelectricitypricesfor1999.Whatistheper-weekvalueofleasingthisplant?
					
				

			

			
				
					
						TableIII.1.AverageWeeklyWholesalePriceofElectricityPerMW
						h
						attheCaliforniaPower
					
				

				
					
						Exchangein1999.
					
				

			

			
				
					
						Jan1-Jan2 $$12.
						89 
						May2-May8 $$23.
						46 
						Sep5-Sep11 $$28.
						61
					
				

				
					
						May9-May15 $$22.
						68 
						Sep19-Sep25 $$31.
						91
					
				

				
					
						Jan3-Jan9 $$23.
						14 
						May16-May22 $$26.
						08 
						Sep26-Oct2 $$49.
						71
					
				

				
					
						Jan10-Jan16 $$24.
						13 
						May23-May29 $$26.
						63 
						QuarterlyAverage$31.
						90
					
				

				
					
						Jan17-Jan23 $$20.
						78 
						May30-Jun5 $$15.
						82
					
				

				
					
						Jan24-Jan30 $$18.
						29 
						Jun6-Jun12 $$16.
						49 
						Oct3-Oct9 $$43.
						25
					
				

				
					
						Jan31-Feb6 $$18.
						89 
						Jun13-Jun19 $$25.
						29 
						Oct10-Oct16 $$52.
						59
					
				

				
					
						Feb7-Feb13 $$19.
						57 
						Jun20-Jun26 $$26.
						30 
						Oct17-Oct23 $$45.
						34
					
				

				
					
						Feb14-Feb20 $$18.
						78 
						Jun27-Jul3 $$32.
						26 
						Oct24-Oct30 $$44.
						10
					
				

				
					
						Feb21-Feb27 $$18.
						95 
						Jul4-Jul10 $$23.
						13 
						Oct31-Nov6 $$59.
						84
					
				

				
					
						Feb28-Mar6 $$17.
						70 
						QuarterlyAverage$24.
						02 
						Nov7-Nov13 $$40.
						15
					
				

				
					
						Mar7-Mar13 $$17.
						79 
						Nov14-Nov20 $$30.
						44
					
				

				
					
						Mar14-Mar20 $$19.
						76 
						Jul11-Jul17 $$40.
						80 
						Nov21-Nov27 $$30.
						40
					
				

				
					
						Mar21-Mar27 $$18.
						31 
						Jul18-Jul24 $$24.
						31 
						Nov28-Dec4 $$28.
						25
					
				

				
					
						Mar28-Apr3 $$20.
						15 
						Jul25-Jul31 $$26.
						58 
						Dec5-Dec11 $$30.
						03
					
				

				
					
						QuarterlyAverage$19.
						71 
						Aug1-Aug7 $$28.
						19 
						Dec12-Dec18 $$31.
						26
					
				

				
					
						Aug8-Aug14 $$23.
						05 
						Dec19-Dec25 $$28.
						31
					
				

				
					
						Apr4-Apr10 $$23.
						31 
						Aug15-Aug21 $$26.
						59 
						Dec26-Dec31 $$28.
						89
					
				

				
					
						Apr11-Apr17 $$25.
						23 
						Aug22-Aug28 $$47.
						26 
						QuarterlyAverage$37.
						90
					
				

				
					
						Apr18-Apr24 $$26.
						83 
						Aug29-Sep4 $$33.
						64
					
				

				
					
						Apr25-May1 $$21.
						88 
						Sep12-Sep18 $$30.
						95
					
				

			

			
				
					
						Mean $28.
						09 
						Median $26.
						30
					
				

				
					
						StandardDeviation $10.
						11
					
				

				
					
						Range: $12.
						89
						–$59.
						84
					
				

				
					
						InterquartileRange $20.
						78
						–$30.
						95
					
				

			

			
				
					
						3
					
					
						·
					
					
						2.B.RecognizingTheRealOption
					
				

			

			
				
					
						thisisnotfarofromthecurrentelectricitypriceof$28.
						89
						(standingattheendof1999).So,a
					
				

				
					
						roughnaïveestimatewouldbethatwith400MWcapacityand$3.
						09
						proﬁtperhourandforthe
					
				

				
					
						8,765.8hoursperyear,youwouldhaveearnedanetproﬁtof400MW
					
					
						·
					
					
						$3
						.
						09
						/
						MW
						h
					
					
						·
					
					
						8
						,
						765
						.
						8
						h
					
					
						
					
				

				
					
						$10
						.
						8millionin1999.
					
				

			

			
				
					
						option:youcanshutdownyourgasturbineswhenthepriceofelectricityislow.Thevalue
					
				

				
					
						ofyouroptiondependsonhowquicklyyoucanshutdownandreopenyourplant—andhow
					
				

				
					
						muchdoingsowouldcost.Ifyousimplifytheproblem,assumingthatyoucanonlyshutdown
					
				

				
					
						onceaweekandwithoutcost(conservative),butthatyouknowwhattheaveragepriceduring
					
				

				
					
						theentireweekwillbe(aggressive),youcandeterminetheproﬁtsyoucouldhavemadein1999.
					
				

				
					
						Therewere30weeksin1999duringwhichthepriceofelectricityexceeded$25.Theaverage
					
				

				
					
						priceintheseweekswas$34.
						19
						.Ifyouhadoperatedonlyduringtheseweeks,youwouldhave
					
				

				
					
						earned$34
						.
						19
					
					
						−
					
					
						$25
					
					
						
					
					
						$14
						.
						19
						/
						MW
						h
						,albeitonlyfor30
					
					
						·
					
					
						24
					
					
						·
					
					
						7
					
					
						=
					
					
						5
						,
						040hours.Yourcashﬂow
					
				

				
					
						wouldhavethusbeen$14
						.
						19
						/
						MW
						h
					
					
						·
					
					
						5
						,
						040
						h
					
					
						·
					
					
						400MW
					
					
						
					
					
						$28
						.
						6million—almostthreetimeswhat
					
				

			

			
				
					
						Historically,accordingtoTable
						III.1
						,theaverageelectricitypricewasaround$28/MW
						h
						,and
					
					
						Thevalueinthemost
					
				

				
					
						likelyscenario.
					
				

			

			
				
					
						Butthisnaïvevaluationwouldhavebeenwildlyincorrect.Thereasonisthatyouhaveareal
					
					
						Thevalueismuchhigher
					
				

				
					
						ifyourecognizethat
					
				

				
					
						youcanshutdownand
					
				

				
					
						reopen.
					
				

			

			
			
		

		
			
				
					
						ﬁle=web-realoptions.tex:LP
					
				

			

			
				
					
						56
					
				

			

			
				
					
						WebChapterIII.RealOptions.
					
				

			

			
				
					
						thenaïvevaluationhadsuggested.Ignoringtherealoptiontoshutdownandreopenwould
					
				

				
					
						nothavebeenaforgivablevaluationmistake!
					
				

			

			
				
					
						3
					
					
						·
					
					
						2.C.Variance,OptionValue,andTechnologicalChoice
					
				

			

			
				
					
						Varianceincreasesthe
					
				

				
					
						valueofﬂexibility.
					
					
						$28.
						09
						/MW
						hconstant
						,youwouldhaveearned$10.8millionandyouwouldneverhaveshut
					
				

				
					
						downorreopenedtheplant.Butbecausethepricewashighlyvariablearound$28.
						09
						/MW
						h
						,
					
				

				
					
						youwouldhaveearned$28.6million.Itisyourabilityto“operateonlywhendesired”thathas
					
				

				
					
						value.Intuitively,“thebiggertheupside,”thebetterforyou.“Thelowerthedownside”makes
					
				

				
					
						nodierence:youarenotoperatinganyway.Variabilityisonyourside!
					
				

			

			
				
					
						Animportantinsightisthatifyouownarealoption,variancehelpsyou:Ifthepricehadbeen
					
				

			

			
				
					
						Important:
						Realoptionsaremorevaluableifthereismorevariance.
					
				

			

			
				
					
						Fixedcosttechnologies
					
				

				
					
						havefewerrealoptions.
					
					
						Dierenttechnologieshavedierentrealoptionsandtodierentextents.Forexample,nuclear
					
				

				
					
						powerplantshavehigherupfrontﬁxedcosts,butlowermarginalcosts.Anuclearpowerplant
					
				

				
					
						maycostover$1billiontoconstruct,butitmaybecapableofproducingelectricityatcosts
					
				

				
					
						aslowas$5/MW
						h
						.Therefore,nuclearenergyplantstypicallyruncontinuously,regardlessof
					
				

				
					
						electricityprice.Theyhavefewerembeddedrealoptions.Thishasanotherconsequence:Ifyou
					
				

				
					
						ignorerealoptions,youwillmistakenlyendupwithtoomanyhighﬁxed-cost,lowvariable-cost
					
				

				
					
						technologies.Youwillbelievenuclearpowerplantsaremuchbetterthanturbinegasplants,
					
				

				
					
						eveniftheyarenot.
					
				

				
					
						Indeed,manyeconomicresourcesarenothingbutrealoptions.MuchR&D,e.g.,intoanew
					
				

			

			
				
					
						Thisdoesnotcontradictourintuitionfromtheinvestmentssection.There,wepositedthatyou
					
				

				
					
						dislikedrisk(atleastsystematicrisk),andwouldonlytakeitonifyoureceiveextraexpected
					
				

				
					
						rateofreturn.Youmaystillintrinsicallydislikerisk,andrequireahigherhurdle(discount)
					
				

				
					
						rateforinvestmentswithmuchembeddedrealoptionvalues—suchcashﬂowsaretypically
					
				

				
					
						veryrisky.But,inthepresenceofarealoption,theriskalsoincreasesyourexpectedcash
					
				

				
					
						ﬂows—andoftensotremendouslythatyouendupmuchbetterowithriskthanwithoutrisk.
					
				

				
					
						Thepresentvalue,takingthehigherdiscountrateintoaccount,canbemuchgreater.
					
				

				
					
						Realoptionsgenerallyarisefromyourﬂexibility(here,whethertooperateornottooperate).
					
				

			

			
				
					
						Manyassetsare
					
				

				
					
						primarilyrealoptions.
					
					
						cancerdrug,willneverpayoinandofitself.But,ifthedrugdevelopmentweretosucceed,
					
				

				
					
						thepharmaceuticalcompanywouldcreatefactoriesandearnbillionsofdollars.Aninvestment
					
				

				
					
						ofR&Dcanthusbeconsideredthepurchaseofarealoption.Similarly,undevelopedlandhas
					
				

				
					
						zeroinﬂowstoday,andstillrequiresthepaymentofrealestatetaxes.Itsonlyvalueisthereal
					
				

				
					
						optiontobuildonitifdemandforlanduseweretoincreaseinthefuture.And,yourdegree
					
				

				
					
						andnextjobmayhavemorevalue,becauseyoucanwalkawayfromthemifother,better
					
				

				
					
						opportunitiesweretoappear.
					
				

			

			
				
					
						SolveNow!
					
				

			

			
				
					
						QIII.1
						Isitpossiblethatyoumaypreferascenarioinwhichinthemostlikelyscenario,you
					
				

				
					
						woulddoworse?
					
				

			

			
				
					
						QIII.2
						Comparetwotechnologies.Theﬁrstcanproduceelectricityat$28/MWh,butcannot
					
				

				
					
						closedownandreopen.Thesecondcanproduceelectricityat$29/MWh,butcanclosedownand
					
				

				
					
						reopen.Inthemostlikelypricescenario,whichtechnologywouldhaveearnedmore?Which
					
				

				
					
						technologyisworthmore?
					
				

			

			
				
					
						QIII.3
						Dovariable-costtechnologiesorﬁxed-costtechnologiesusuallycontainmorerealoption
					
				

				
					
						value?
					
				

			

			
			
			 

		

		
			
				
					
						ﬁle=web-realoptions.tex:RP
					
				

			

			
				
					
						Section3
					
					
						·
					
					
						2.ValuingAGasTurbinePlant.
					
				

			

			
				
					
						57
					
				

			

			
				
					
						3
					
					
						·
					
					
						2.D.Real-WorldComplications
					
				

			

			
				
					
						moreprecisevaluethanyouwouldassumingastupid“alwaysrunning”plantvalue.However,
					
				

				
					
						manyproblemsremainwiththe$28.6millionvalueestimate.Evenifyoucannotaddresseach
					
				

				
					
						andeveryone,youwanttoatleastrecognizethem.
					
				

			

			
				
					
						Yourmostimportantconcernisthatyouneedtoestimatetheelectricitypriceprocessfor2000,
					
					
						Electricitypriceprocess
					
				

				
					
						prediction
					
				

			

			
				
					
						moresensibletoassumethat1999would
						only
						beindicativeof2000intermsofthe
					
				

				
					
						electricitypriceprocess(e.g.,meanandstandarddeviation).Moreover,youknowthat
					
				

				
					
						1999closedwithapriceof$28.
						89
						,nottheaveragepriceof$28.
						09
						.Canyoumakeuse
					
				

				
					
						ofthisknowledge?Inanycase,youshouldassumethathistorywillnotrepeatitself,
					
				

				
					
						butthatitcanteachyoualotaboutthefuture.Thisisexactlyanalogoustoourearlier
					
				

				
					
						assumptionintheinvestmentspartofourbook,wherewestipulatedthathistoricalreturn
					
				

				
					
						statistics(meansandstandarddeviations)areindicativeoffuturestatistics,butthatthe
					
				

				
					
						exactfuturereturnrealizationcouldendupquitedierentfromthepast.
					
				

			

			
				
					
						thehistoricalprocessisnotagoodguideforyourfuture.Ifyourexperienceinelectricity
					
				

				
					
						managementmakesyoucapableofbetterestimatingthepriceofelectricityin2000,then
					
				

				
					
						youcancomeupwithabettercashﬂowestimate.Buttoimproveyourestimateofthe
					
				

				
					
						valueoftheplant,youmustbeablenotonlytoforecastthemeanelectricityprice,but
					
				

				
					
						alsothestandarddeviationintheelectricityprice.(Inretrospect,weknowthatthepast
					
				

				
					
						turnedoutnottobeindicativeofthefuture.Californiaexperiencedafamousenergy
					
				

				
					
						crisisin2000,partiallyduetopricemanipulationbytheenergyproducersthemselves!)
					
				

			

			
				
					
						arandomdrawfromaﬁxeddistribution.Whenthepricethepreviousweekwashigh,
					
				

				
					
						chancesarethatthepricethisweekisalsohigh.Forexample,attheendoftheyear,the
					
				

				
					
						pricestoodat$28.
						89
						.Thisimpliesthatthenextpriceisunlikelytobe$50or$18,but
					
				

				
					
						morelikelysomethingbetween$26and$32.Incontrast,whenthepricewas$50last
					
				

				
					
						week,youwouldexpectittobesomething,say,between$44and$52.(Notethatthisis
					
				

				
					
						notnecessarilysymmetricaround$50!)
					
				

			

			
				
					
						SideNote: Forintuition,thinkofthisprocess(inwhichrecentpricesareindicativeofthenextprice)
					
				

				
					
						asbeingsimilarto,butnotthesameastherandom-walkprocess.Thereasonisthatthereneedtobe
					
				

				
					
						reasonablelimitstohowfartheelectricitycanwanderobeforedemanddropsandsupplyincreases.
					
				

				
					
						Statisticianscallsuchprocesses“autoregressive,”andwewilldiscussthisinmuchdetailbelow.
					
				

				
					
						Notealsothattherecouldbesomeseasonality:electricitypricesinsummercouldbehigher,butyou
					
				

				
					
						wouldneedmoreyearsofhistoricaldatatojudgewhetherthisisthecase.Thus,weignoreseasonality.
					
				

			

			
				
					
						pricein2000.Yourtechniqueitselfcanrangefromthesimpletothefancy.Inthereal-world,
					
				

				
					
						thebetteryouareatelectricitypriceprocessestimation,thebetterwillbeyourvalueestimates.
					
				

				
					
						Typically,thebestforecastscombinequalitativemanagerialknowledgeoftheindustryand
					
				

				
					
						businesswithquantitativestatisticalmodelingtechniques.Weshallexploretwokindsofelec-
					
				

				
					
						tricityforecastingprocessesinthenexttwosections:asimplequalitativeversion,inwhichyou
					
				

				
					
						writedownareasonableandintuitivebinomialtree(Section
						3
					
					
						·
					
					
						3
						);andaquantitativestatistical
					
				

				
					
						time-seriesestimation,inwhichyouestimateatime-seriesmodelfromthehistoricalelectricity
					
				

				
					
						pricedata(inSection
						3
					
					
						·
					
					
						4
						).
					
				

			

			
				
					
						Byrecognizingyourabilitytoshutdownthegasturbineplant,youareabletoestimateamuch
					
					
						Problemsinpredicting
					
				

				
					
						cashﬂows.
					
				

			

			
				
					
						notfor1999.Thisisaself-containedtask—youcandoso,evenbeforeyoueverconsiderthe
					
				

				
					
						plantitself.
					
				

			

			
				
					
						1.Your$28.6millioncalculationwasforproﬁtsifyouhadoperatedin1999.Alas,itis
					
					
						Thefutureisnotexactly
					
				

				
					
						thepast.
					
				

			

			
				
					
						2.Evenifyouuse1999datatoestimatethestatisticalprocessfor2000,itcouldbethat
					
					
						Thefuturemaynoteven
					
				

				
					
						beindicatedbythepast.
					
				

			

			
				
					
						3.Ifyoulookatthehistoricalprices,youwillseethateachweeklypriceisnotexactly
					
					
						Youneedagood
					
				

				
					
						predictionforelectricity
					
				

				
					
						prices,standingat
					
				

				
					
						$28.
						89
						.
					
				

			

			
				
					
						Youknowthatinordertovalueyourplant,youmustforecastsomeprocessfortheelectricity
					
					
						Predictionofthe
					
				

				
					
						ElectricityTime-Series
					
				

				
					
						Processcanbedonein
					
				

				
					
						manydifferentways.
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