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Abstract

Traditional investment theories have shown limitations in assessing the role of uncertainty,
irreversibility and timing of any large and complex investments. This thesis attempts to build
a comprehensive investment decision framework that can investigate the uncertainties
influencing any investment. The model evaluates the effect of these uncertainties by
incorporating the value of waiting for such irreversible investments. While the context used
for this thesis is electricity generation investments in Indian Electricity Sector, the purpose is
not to make any predictions specific to this context. The purpose of this thesis is to build a
financial valuation framework using real option theory that can be used for investment
decision making. The first part of this research takes a structured approach for qualitative
analysis of the uncertainties based on standard typology, which identifies key uncertainties
in the form of cash flow variables. The second part of this thesis uses real option modeling
framework to quantify the impact of these uncertainties in the form uncertainty premium.
This uncertainty premium is the additional cost that an investment decision maker has to
take into account in order to make the investment at present instead of delaying it. It
calculates the uncertainty premium in the form of electricity price per unit over and above
the baseline wholesale electricity price calculated under deterministic assumptions.

The model gives a common view of uncertainties to all the stakeholders in any given
investment environment. For a firm, this model can improve the predictability of investment
decision by giving a futuristic view of the uncertainties. This analysis can also guide the
policy makers to provide a reliable policy environment. The insights gained from the
methodology adopted in this thesis in the form of real option model have important
implications for other sectors and investment theory in general.
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Carlo Simulation



Table of Contents

Lol 3 F= o1 2= o N 141 4 o o [0 Ton o o O PSP PDP RO 1
1.1 Research Context and MOtIVATION ... ..eoeieiiiie i s e ar s 10
1,2 Uncertainty in Electricity Generation INVesStmMents.........cicuuuii i ieiiniiinisiniissensecssss i 12
1.3 Type Of UnNCertainties. ... .ccucrerirrre s ugsnosinsns s yonssss s uan iy b s s A A A A wA OSSO o 13
1.3.1 The Complex Interaction... = .14
1.4 Investment Decision under Uncertamty .15
1.5 Electricity SECtOr I INAi@.....ccoiviiiiiiiiiiiei i 15
1.5.1 Change in Market SETUCTUIE.........c.ccoiveiiiriereieeeiimeieseeessernsetiegseeen s nassessecaensemsensetiossssanes 1O
1.5.2 KeY ChallENGES ......covrverriienirie e coisissisisissssiamysiassems svivss sasb sy sonss s s ssenss Kb 17
1.6 Research OBJECtIVE ............ccoiuieieerein e ero abiy s s et st s B Hars s R G e s 22
1.7 Research Questions .... s B3
1.8 Scope..... kS
1.9 Research Outline..........cove. .24
Chapter 2 — LItErature REVIEW ......iiviiiiiiiirniiiisisiiisistassassassssesss s anss s shas e sebiassanasntesssbss ihns isaasssassions 26
D2 Q134 0T [F ot T o OSSR UOR SO PPOSOPSSTSOUS. ¢
2.2 Corporate INVestMeENnt DECISIONS.........coiiieiiiiiiiimiimniiee i siasses s seesiaassnbsansiassines 27
2.2.1 Traditional INvestMENnt TREOIIES ..........cociviiiiiiiiiireererriesseersrnesesresersrssesreserssesesssserserennes 24
2.2.2 Role of uncertainty in INVESTMENTS.....cciiimiimieniiinmieimsis s e sasssesensssisnsens 28
2.3 UNCEIAINTY «oooiiiiic i e R S R A AV S SRR 4V b a R SRR AR G A 29
2.3.1 Nature Of UNCEITAINTY ...........crccriuricieisiererionsseessensessessassssssmssessesanssssessossssessssassarsssnssssssssnees 30
2.3.2 Levels Of UNCEOIEAINTY 1....ocuieeii ittt eeeateie st e s enesas et smsasemaease et e snbenas s s asn s ats s 30
2.3.3 Types Of UNCEIIAINEY u.iisiiiissivesisivisianissssinrsssssissensssdiadssssidissasnmsssssseasssso b st Hatainivamoinsstos 31
2.3.4 Uncertainty Mapping........ SIS RSP e B e e SV e e 32
2.4 Treatment of Uncertainty in INVeStMENtS ....o.oeeee e e 33
2.4.1 Real Option ThEOrY ... ivisinmmivssissises s i vaes s e sis s aivsasisis 33
2.4.2 Real Option TEIMINOIOBY .....coviiviviiiiriieii ittt n st bbb e s bbbt eb e oo 34
2.4.3 Types Of REAI OPLION ...vevvvririeiriie e siemrenre st sess e s b et sn s sbe s ressresaesaesas saesasessensernens 35
2.4.4 Approaches t0 MOAEIING.......oiuviviieniiiiiiniii ittty bbb 36
2.4.5 Modeling uncertainty in Real Option framework........cocuviiiiiiineinniiiineesissessnsrenenns 37
2.4.6 Numerical Techniques ... S W .39
2.4.7 Least Squares Monte CarIo Slmulatlon ................................................................................ 40
2.4.8 Applying Real Option Framework...... SR s R R s e iens 1]
2.4.9 Applying Real Option FIAMEWOTK ............oiiiuiiiriiiciiriiieiciteisciebssarrsnss s aressssssibsissrssssens 42
2.5 Investments Decisions in Electricity Generation .......ccoccierienioicnincnnennnnnsnscns e snnsnen s 43
2.5.1 The Role Of UNCEAINTY covviieeeeiisvierciirenrsier it iare e siassibeseemnsessssbebesaireesbesrnesenen B3
2.5.2 Traditional Valuation Methods...........c.eccvireimimniiiieeneeseneeesms s st sresnssosses 45
2.5.3 Real Option Modeling in Generation Investment DeciSions..........cccvviiicmniiniiiniicciniennns 46
2.5.4 Modeling StOChASTIC PrOCESS ...v.eiviiiueiiressinssimmsnessons sonnenssuessmsnsssssvassmsssssassnssnsssnnsnssssnssnsssssns 48
2.5.5 ElectriCity PriCe PrOCESS wuiu iiviiaiusssiaasabiaevisiisvisssssaissisiaisi vosei snisnsenisions svvmllubsvavaisss ssvsdantanvadaiin 48
2.6 Investments Decision in Electricity Generation in INia ...........cciiveeciiiiinninninnsnssnennsnnnennn 91
2.7 RESEATCR GAPS uisisrivissrsisssaniisistsonsini ovess sississsosisxsmids visiaainssbovsnbestsons cassbonrss sdessiivensasosbiomsnsss 53

Chapter 3 = MethodoIORY i.usiiiwsisinitissisrsmisisizsmemssiniaii i st i s ssiiome 55



3.1 INEPOTUCHION 1 1erevsivereessssneseseasescisases s sssanseab s s AR S AE SRS RRSe 55
3.2 Uncertainty Analysis 56

3.2.1 Qualitative Analysis Of the SECEOT e e b 58
3.2.2 Uncertainty tyPolOgY .i..oveiirismiiiisimimimnessisssisns e A e SRR N RS 59
3.2.3 Investment — UNncertainty Mapping ... .61
3.2.4 Deterministic NPV ANIYSIS c...cvirreeteieserr it aii s s s e 62
3.3 SENSILIVILY ANAIYSIS ..vvivvviviierivirsrmissmsarsssssssssanisg s snss s s s s e 62

3.4 The MOAE] cuvereerirrirnrersesrermsmmmssserimssmmnsiassasaes T e N e o .

3.4.1 BaS@ SPECIFICAIONS ..vu.vvvirvuseressseeessbinsss s am s S 64
3.4.2 Deterministic NPV... 66
3.4.3 Stochastic Processes Modellng 66
3.4.4 Real OPION MOUEING ....cvuuuivvivesseree i ir s 69
3.4.5 LSMC Simulation Process?3
3,5 Analysis Of SIMUIAtION RESUILS.......cviiimusioniiiimimmimsmmesiss s s 74

3.5.1 SCENATIO DEVEIOPIMENT cervuercrrisimririrrsseses sttt S R 00 75
3.5.,2 SENSIHIVILY ANGIYSIS 1vvvneerermmseniasssssurmsssssssssassassassasss s bbb s i 75
3.6 CONCIUSION cervarerraeeeersessessrsessasssasresbissserasbesassseE s E SRS SER L S0 75

01T S L SR UL, 0 21110 e———— TR 76
8.1 IEFOAUCHION werverveeereerereresessrsssesessssesse s s AR R SR s SR SRS S L S 76
8.2 PFICE UNCEILAINTY covveeerevsresirerecssiasesossesses s cosss s bR 02 76

4.2.1 Behavior of Electricity Price in INdia ...t s 77
£4,2.2 SEIlING MEENANISM . ..ooocioesiiamsssirsssseemassimsss bbb s S 78
8.2.3 VOIUME OF MAPKEES .. vvoviemesmrsnrsessssmns s ess st sessass s s Sa EE 84
8.2, PONCY SCENATIO wuivunmuissossosssssssinssnnssrestsssmsans ity sensasssasssassssasasssisssssiussssssissismmasssetissnssmmesisaseesss 85
8.3 FUEI AVRIIADIILY .....ooovoeeeesissiesiciains i sssssssts e ssssis s s aa s s SR 86

4.3.1 €0l AVAIADIIEY 1v.evrvseseerressisss st esisess bt sed bbb RS 87
£.3.2 GaS AVAIADIILY ..cvveeereeereenseriiimsr e 89

£.8.1 COAl PIICING.evverserarrversecssinerssmmisssssssssresesssssmasssssssssssbssss sessbis e sassaisassstastasmassnssssosasiassossessnnss 92
B.8.2 GAS PLICING.cververeecersseesortssaersissssrsarsisssssstssesas s sy 008 LTRSS T 98
4.4.3 Impact on Cost of Generation........cccieriiimminn T I oo T, 100
£4.8.8 POIICY SCENATIO 1ovvvevvssersesssnsrissmessssssssesssssties sesesssssibbisssss s sssssaas 45001 101
4.5 Thermal Generation Technologies in INdia...........cocvimmiiimmi s 102

4.5.1 Coal Based Generation TEChNOIOBY .....civciiiviminiieiesmmmsmmninmsmsss s s 102
4.5.2 Gas Based Generation TEChNOIOBY ........co. oot s 105
4.5.3 POIICY SCEMAIO vvererrssvesenssesseeseessstesshamsss st en s ba e 105
4.6 Renewable TEChNOIOBIES . .......iveviieeiicict e sb st s s s s S b s 106

4.6.1 S0lar PV base BENETAtION ........c..ccoveiiiiiiiimmsiirims i s e 107
£.6.2 SOIAF THEFMIA! 1..veitrveeriiereasestisess et bbb bbb s s SR 112
4.6.3 Wind POWET . . 1 N R R B A AP D B R AR e oo 116
4.6.4 Policy Scenario in Renewable Based GENEIALION...e it eereeerreiiesretiirassssbesrrens rssmressneeriesinans 121
4.7 Performance of DISCOMs ................. e iieeasssetasesesuesssimteneseaciiiens sesietsectaneRREbSAR AR SRS TS 122

4.7.1 PONCY SCEONAIIO ..vvcesvusiusissssaristassss bt s s a8 S 124
4.8 FINANCING UNCEILAINTIES ...\ .ouverinsesessssssssisiossbasimoss bt st ass s s s s 124

4.9 Climate Change UNCEILAINTY .....c.ievieerseisitnaeriissb s s s 125



4.9.1 CO2 MISSION IMPACE ..eeiiiiiii it ee s et s sesh b e s e s eaaa s s s s baa s e e s abbabanaserans
4.9.2 Emission Reduction Mechanisms..........ccocvvecviiiiiiniiniino i TR e
4.10 Investment - UnCertainty MapPing. e et creeeere s srnassene s e ene s es s e s ers

4.10.1 Analysis based on Uncertainty TYPOIOBY ..u.iviioveviieeiiiiiiiieiis it i
4.10.2 Investment Uncertainty Mapping..........ceooiiiiiiiiiiiini s i e ses s ssnen s
4,10 CONCIUSION ..ot citeeie ettt eesa s ea et s s s sss b se e st b s et s et s es b e s 4 5be s e eans e

Chapter 5 - Data ASSUMPLIONS .....coviiiiiiiiiiiriiitiisiis it sserssisassas s as e saas sbbessasasme e srscomessebdanaes
L [ o 7o 0T o OO PO
5.2 Thermal Generation ...............avasossrasssssiise ot anke et e sboks i i devia S s doidn

5.2.1 TREIMAL CO@I u1tiiriinireenieiisisnrrsessesesnsisessssssessissesssssasssssssssssmsnsssssssssnssssssssssnsassssemsmssssssssnen
5.3 RENeWable Based GeNEIatiON . .....uiivuisiriiiismtersreriinsersiomtessomsrsassssmssiosmssesssassssessesissesinsssrsans

5.4 SENSILIVIEY ANAIYSIS ..eoeiioeiiii et s e e s b s ar e assaet SN

DA TE A GO oty it e e T v e T eSS o e e e
5.4.2 Thermal Gas ........cusssisisaesiisiitboiisiiisettoiviiesitss iasesion il S suies s nesos s iavsiuivieasit e es
5.4.3 RenewWable Based GeNEIatiON....cuiiireiiresisrmsmieiseiosseererionsassnserssssissesssssasssnsinsnesssienirnens
5.5 Key Uncertainties in Generation INVestMeNtS ..........ooveeiiieiiiiiie i

5.5.1 Thermal GeNEIatiON ...cuciiueiiiiieiriees et siisesisssariasinssesieaesiassanaes caaesarss demnsanssasernnns e
5.5.2 Uncertainties in Renewable based Generation INnvestments ...........cocvvveeiiiniriiiniisiniinnes

5.6 Real Option SImulation PLan ... vesseeesassnesasstesspessesseorsesesserserseseres

5.6.1 Thermal Based INVESEMENTS........ccvurririiie et e eeiiereetaeisientneesseesessentnssaeressesisssssnessrassseseres
5.6.2 ReNeWable Based INVeStMENTS ciuuuriiiiirieiisieiiersisesssnsassssiasassssseesiessssssstessesressasassmssesssssssens
5.7 CONCIUSTON............ 2y qeasmarssnsssansngattsassonees ifesnsiioasannenrnseasarari i e ao it P B ool i,

Chapter 6 — Analysis for Thermal Generation........c.viivmiminie i e o
T8 L1 o Yo [¥Tx T o TP
6.2 Analysis — Thermal Coaluiuiinaisitismimes iovsiaieesis cnion e vamivessmiisesetsaiairansioiioiinge

6.2, 1 RESUIES ....ivuieeiriesiivinesseeenesesssenessbaeseesssebbeesantbes b taesss s san b asbanesseessananesnse s ner et ren s anamn e e annnanes
6.2.2 ANAIYSIS ......c.... iaicesasimnmmisvis s RS T H R KRN A S AP A S G oV e SER AT ANE
6.2.3 DeterminiStiC SCONATIO .....vuiiiireriiiti it iiec et et et sa et e e s n s e
6.2.4 IMPACt OF UNCEIBINTY ...oivuieiiriirineiimrieine it tieeae s cbressberssmsrsie s st s s aesratsshanasassssnnsrsdirdb s
6.2.5 Impact of price process VarianCe .........coueeeriiiinimiimmininmsenr s e e snsersessnnese
6.2.6 Impact of fuel quality variation........cuvieeveiiiiiii s
6.3 ANalysis — ThErMal Gas ....ccivivrecremimiriresiimsniissimiiss oo sassssssitssssssssiirssiasees

(SH: B 0leT T [T To] IO SRR . oy oy B R o B bl oo O ) R TS
Chapter 7 — Analysis for Renewable Generation ...
7. 1INt AUCION 505305 wanssvenscipsssastoms ssson e T st oS B vie Prax ey rs e ST ooy SharE s e B o s evavasy
7.2 ANGIYSIS qosisveission it smssis s et e s TS s s i e s s

7.2.1 DeterministiC SCENATIO..........cccurriiiurirrireirersieesseresissirserbeenssesseesssassesas et e e s esaanassesanssnsassrns
7.2.2 Impact of Price UNCEIERINTY......qsruuesbisssiiesosiuise it (st s (e svsb s s o s St g e br sSSP TN S IVER)
7.2.3 Impact of technical UNCertainty .., ............cciiiiiiiiii it s s
7.2.4 Impact of Technological UnCertainty v eireieeeeree i seeeesamsesaee e s tee s e ssenniesimninin
7.2.5 Impact of price proCess VarianCe ... ecesiiisesiiesieiasmismessaisiassiesssstsnessansserseseressensess
7.3 CONCIUSION .......oov .o i et e i ais 45w a AR A AAES by s S ek ISR S W S5 s s

Chapter 8 — Conclusion and Contributions .........ccuuieimiemmmmmseiimmsmese s, s

B.1 UNCErtainty ANGIYSIS cisisisisnssesissiisnomusissisaiissmmanssssiinasiniissssarsosssnsosssusssnss ssssissbransenessssaronesstsarion




8.2 The Real Option based APProach ... s 189
B.2.1 FIFTY'S DECISIONS vrveveunseerieeeeseassseseseeseeaseuessecebssaisgssa o1 oh b eb b b e me s s 191
8.2.2 Insights for POlCY MaKers ....uimemimmimrmrmsssisismsinsmisinss s 192

8.3 Usability and Applicability of the Model...........coiimim e 193

8.0 COMETTDUBIONS +vvveveeseessmessessssessssessesessesassediss s os e ss 238 oEomes e 1E S eE LD S 4R bbb LT 194

8.5 SCOPE FOr FULUE RESEAICH Luuuiueruiumiantinisrisisnsisniessns s s s s 196

APPENTIX A = COMMON ACTONYITIS 1ovuivvessciessetssssissssssis s ses s E8 Erb0 197
Appendix B — Examples 0f StOChaStic PrOCESSES. ouv . coviviiriricmisrssoms e 198

A-1 Geometric Brownian Motion {GBM) ... ORI . s W 198

A—2 Geometric Mean Reverting PrOCESS ..........ooco ittt e 199

A-3 Mean Reverting Proportional Volatility (MRPV) ProCess ..o 200

REFEIEIICES 1voveveeessereesoseeeseeees et eseetseareseas & eresahe £ e s ese b e a8 S ce e E 201
Table 1-1 : Growth in InstélleECa_pats_ity Wt SECTOTS wovvvvvssssmsssssrassesseses e W e, )
Table 1-2 : Growth in Installed Capacity - TEChNOIOBY WIS o.vvivviiuisuesiiimummnmninietsissnsnsiiiinsinns 18
Table 1-3 : GeNeration MiX - SECEOE WIS .......iue. iiiietiisasineriissiisassi e asss s s s st s 21
Table 2-1 : Types of UNCEITAINEIES .........ovewurvierrineeseribisbisssis s i sb b s st 31
Table 2-2 : The Analogy to FINaNCial OPtioN ......eiweuriumsieimsemmnensssns s s 34
Table 2-3 : Type 0f RE@I OPLIONS .......oovririenrereeeri s e s 36
Table 2-4 : NUMEiCal TECNNIGUES..evereermresretisereseseesissitmesitss st caasesbsiass s st s ra st s s 39
Table 2-5 : Uncertainties affecting Investment Decision in Electricity Generation.......c.ou e 44
Table 2-6 : Methods of valuing INVESTMENES....ivii st i 45
Table 2-7 ; Real Option Studies for Electricity Generation Investments under uncertainty ..........c..... 47
Table 2-8 : Application of Electricity Price models RO SR < 27> = oy togt P 10
Table 2-9 : SuMMary of RESEArCHh GAPS ......vueriscissssissiiisiiiisr st s 54
Table 3-1 ; UNCErtalnty TYPOIOBY ..oveersuerismrsurasrsssssssnionsesssssiasnssssssns it stasssssiss s asssisassiatassishsi s s 60
Table 3-2 : Investment - Uncertainty Mapping ... uvesesismmmisinimmssininssssssssinss st e 62
Table 4-1 : Domestic Coal Prices based on quality o e Wl iR O3
Table 4-2 : Coal Transportation Coals by Rail ......cumiiinimmmmmiaiiimsiissiis e 93
Table 4-3 : Imported Coal Prices based on Source and QUAlItY ..o 94
Table 4-4 : Price Mechanism of Domestic Natural Gas based 0N SOUFCE ... 98
Table 4-5 : Technology Options for Coal Based Generation in INDTA viorunnensesnenrensanssrssasarisnsanssassivsansess 104
Table 4-6 ; Technology Options in Solar PV Generation ..o 108
Table 4-7 : Technology Options in Solar Thermal GeNneration............ccowwesimimisissiin 113
Table 4-8 ; Key Policies and Initiatives for Renewable GENEIALION c.veveveiierirerresresassssesnesars s sme s 121

Table 4-9 : Uncertainty Typology Analysis for Thermal Coal G e At O res rers Loers soe s TRl in vur doalscoune 20
Table 4-10 : Uncertainty Typology analysis for Thermal Gas Generation ............ccoccoieviieieminnsscaiines
Table 4-11 : Uncertainty Typology Analysis for Renewable Generation ..........ccccevviiiivinnineiiniioonnines
Table 4-12 : Investment Uncertainty Mapping ... s
Table 5-1 : Thermal Coal Plant - Baseline Technical ASSUMPLIONS ...
Table 5-2 : Thermal Coal Plant - Baseline Financial ASSUMPLIONS. ...
Table 5-3 : Thermal Gas Plant - Baseline Specifications ...
Table 5-4 : Solar PV Plant - Base Specifications ...



Table 5-5 : Solar Thermal Plant - Base Specifications ..o s 140

Table 5-6 : Wind Power Plant - Base Specifications........ccoruirmviiniiiiii e 141
Table 5-7 : Key Uncertainties in Thermal Generation Investment ..o 145
Table 5-8 : Key Uncertainties in Renewable Investment ... 146
Table 5-9 Real Option Simulation Plan for Thermal Generation Investments ... 147
Table 5-10 : Real Option Simulation Plan for Renewable Generation Investments...............c.oco. 148
Table 6-1 : Thermal Coal - Real Option Model ReSUIS .........oovveviiiiiiiiiiiniiii s 151
Table 6-2 : Simulation Results for Thermal Gas generation ..........co.ececivnicreieeencieeeesicicrasiecceccenes. 168
Table 7-1: Solar Thermal — Real Option Simulation ReSUS............ i 171
Table 8-1 : Investment Uncertainty Mapping........cccoeoeeeieeresiosrcrrinnnniinannosisieseinnseniosesseiessssnss 188
Table 8-2 : Key Uncertainty Variables... T SS——— S0 28
Table 8-3 : Optimal Decisions based on the model R s e sl D 1
Table A-1: Input parameters for GBM .. 198
Table A-2 : Input Parameters for Geometrlc MR Process .................................................................. 199
Table A-3 : Input Parameters for MRPY PrOCESS ......c.eiiiiiiimiiniemenis e 200

List of Figures

Figure 1-1 : Complexity in Investment Environment with Uncertainties ..............ccoovvineiniiinnnns 14
Figure 1-2 : Investment Framework under Uncertainties ..ot 15
Figure 1-3 : GENEration MiX....c..c.coveriiniiieniintcieito oo nesr e e g a s b s s 18
Flgure 1-4 ; DemMand-SUPPIY GaP ...cocviirireiminiieiiciii i e bbb 19
Figure 1-5 : Fulfillment of 5-Year Plan Targets...........c.....ooiiinemmnsiiinninns T T T R AT 20
Figure 2-1: Streams of Literature .. T e ) &
Figure 2-2 : Graphical Representaﬂon of Real Optuon .......................................................................... 34
Figure 2-3 : Real Option Valuation ProCess.......cceiiiiiieiiniieinin e st 42
Figure 3-1 : Methodology Framewaork ... e o Lo R, UL N N
Figure 3-2 : Influences on Electricity Generatlon Investment LR ITR———————_ Y
Figure 3-3 : Structured Approach to analyze uncertalntles............,..‘..A.....,..........‘..,,......,..,.,.,‘...,‘..‘...58
Figure 3-4 : DIMensions Of UNCEMTAINTY ...ucuvvvieiimissrsimsrisssissisrsimssssmssssssbesssineesions s issessinissinsissins 60
Figure 3-5: NPV Process FIOW r. s s et A b Aot s eseafrsame i mesnssnoer piizesnram0 L
Figure 3-6 : Model ProCess FIOWaiiiiiiiviiiunivisssssiisiieiondastsiins ssisiisasasiaasiiovenssssessensiotinsss s vsiapaopiesiros 64
Figure 3-7 : Sample of Technical Specifications ..., 0300000000 65
Figure 3-8 : Sample of Financial SPecifications..........cccivvieniinii s 65
Figure 3-12 : Screen for Stochastic Process Module... s o IIIW )
Figure 3-13 : Optimal Investment Point for Electnuty Generatlon Investment ................................... 70
Figure 3-14 : Real Option SImulation Process FIOW ...............coceeviiersimseerinesessssessiissisnssressessssinesisine 12
Figure 4-1: Trend of sale per unit of generation firms.........c.coiion e, 79
Figure 4-2 : Levellized Tariff under Competitive BIdding.........cocuvierii i 80
Figure 4-3 : Yearly Trend in Short-term market prices ....o.......cviiniinimmiimmiiseemmisnsssnn 83
Figure 4-4 : Monthly Trend of Short-term market Prices ............cccoovimiiemieeesiesessesers s sresniasseeeenenss 83
Figure 4-5 : Weekly Movement of Exchange Based PFiCe.............ccocccoeieiiiininnicicct e 84
Figure 4-6 : Coal Demand - SUPPIY GAP .vviiiricniimimi s s s oo 87
Figure 4-7 : Trend on Growth of Domaestic Production of Coal..............c..ccciiiiciiiiiiiincinns 88
Figure 4-8 : Trend of Domestic Gas Production in INdia.......cccoiirurrenirimnnnen s 89
Figure 4-9 : Gas Demand - SUpply fOrecast ... s 90
Figure 4-10 : Trend of Landed Price of Imported Coal.................cccocociviiiiviiiiiiiiciiiiiciiiieen. 94
Figure 4-11 : Trend of AuStralian Coal PriCe .......cciieviisiriiniineiiismmssiin e sasss st sonssssssrsnes 95



Figure 4-12 :
Figure 4-13

Figure 4-14:

Figure 4-15

Figure 4-16:
Figure 4-17:

Figure 4-18
Figure 4-19
Figure 4-20

Figure 4-21 :

Figure 4-22
Figure 4-23

Figure 4-24:
Figure 4-25:
Figure 4-26:

Figure 4-27
Figure 4-28

Figure 4-29:

Figure 4-30:
Figure 4-31:
Figure 4-32:
Figure 4-33:
Figure 5-1
Figure 5-2:
Figure 5-3
Figure 6-1:
Figure 6-2
Figure 6-3
Figure 6-4 :
Figure 6-5:
Figure 6-6
Figure 6-7
Figure 6-8 :
Figure 6-9 :
Figure 6-10:
Figure 6-11:
Figure 6-12 :
Figure 6-13 :
Figure 7-1:
Figure 7-2:
Figure 7-3
Figure 7-4
Figure 7-5:
Figure 7-6 :
Figure 7-7
Figure 7-8
Figure 8-1
Figure A-1
Figure A-2
Figure A-3:

- Sensitivity of Variables to Deterministic NPV..

: Sensitivity of variables to Deterministic NPV for Solar PV...

Utility wise target of imported coal in 2011-12...

- Trend of % increase of e-Auction Price over Notnfled Prlce

Share of gas (in mmscmd, %) based on source .

: Spot price of natural gas in GlODAl IMATKEES .covvveseersirvaeiichmimi e
Impact of fuel prices on PPA based Price .. ..occvrmiirierennmins s PR SRR

Growth of Renewable Based Generation Installed Capacity...

. Growth of Solar PV based Generation Installed Capacnty

: Capital Cost Break Up of Solar PV (Rs. Crores per MW) ...

: Trend of Global Solar PV Module Price.. N R AT AR VAR S
Trend of Global Silicon price in Solar PV Industry ........................................................

. Trend of Benchmark Capital Cost in India ..

: Trend of tariffs in Solar PV...

Growth of Solar Thermal Generatlon Capacrty

Investment Cost Split for Solar Thermal Plant......coiimmmmmm s

Solar Thermal - Benchmark Capital Costs in India (CERC) ..o s

- Solar Thermal Levellised Tariff (CERC).... .

: Tariff Range of Solar Thermal Bids in Indla ...............................................................
Wind Power - Cumulative growth of Installed Capacity (MW) ..o
Capital Cost breakup for Wind based INStalation ... i eemee e
Average Turbine Installation Price (5 / KW) orverereneseragesmsessssssssssmesbsssnssabonnseiaibessssinssasasen
Wind Power Capital Cost benchmark ...
Major Exposures in Power Sector as of March 2011 ...................................................

Sensitivity of Variables to Deterministic NPV for Thermal Gas .......................................

Real Option Value in deterministic scenario .

: Levellised Tariffs under deterministic scenario ...............................................................
: Cost of Supply to DISCOMs for Coal GENETALION 1eoverrriirreneerssnsssnibasesssssasissabpenesrsness

Real Option Value With UNCEMTAINtY......coooirrimssssriesisimimsisn s
Impact of Price UNCertainty ... ot oy smsn RO A
Impact of COal Price UNCEMTAINTY w...uiiirusisseresssssssmimsesss s

: Impact of high fuel price..

Impact of uncertainties in drfferent scenarlos . R L
Uncertainty Premium under different scenarios of uncertamty .....................................
Impact of uncertainty for different price processes... e S AR SRR e
Premium on Tariffs against different price processes ...................................................
Levellized tariff for domestic and imported coal... ;
Advantage on Uncertainty Premium due to |mported Coal ..........................................
Comparison of model results With CERC benchmark ......ccmesiinmmnimmsss,
Impact of Price Uncertainty...

: Impact of technological uncertalnty ................................................................................

impact of Price Uncertainty under Technological Uncertainty ...

Uncertainty Premium under different scenarlo of uncertainty...
Impact of change in mean arrival rate of technological change e
Impact of change in magnitude of change of technological |mprovements ...................
Comparison across price processes with price and technological uncertainty......ovovee.

- The value Of 18l OPHION c..uuriuiiimriuiiassisse s aresm st s s s s sspssras e ces
: A representation of GBM ProCeSS ....cwmersimmumsimimmsssnssmmmssees s sssssesss st s
: A representation of GEOMEtric O-U PrOCESS ... iuumuimmmmmmmmmns s

A representation 0f MRPY PrOCESS ...oo..imerumssiiitissessssmmisemissnisssss st



