ISGAN Project
Annex 3

BENEFIT & COST ANALYSES
AND TOOLKITS

Final Report

AJOU UNIVERSITY
March 2015

International Smart Grid Association Network (ISGAN)



Primary Investigator:

Suduk Kim (Professor, Ajou University)

Researcher:

Jaeick Oh (Professor, Ajou University)

Eunju Min (Ph.D. Course Student, Ajou University)
Minyoung Roh (Master Course Student, Ajou University)
Zulfikar Yurnaidi (Ph.D. Course Student, Ajou University)
Minho Baek (Ph.D. Course Student, Ajou University)
Seungho Jeon (Master Course Student, Ajou University)

Juhwan Oh (Intern, Ajou University)

Graphic Design:

Heera Kim (GreenAD Wraps Korea co., LTD.)



List of Contents

LiSt Of CONEONES...cceuuuirrveeneiiiiieniiinieiiiiisiisniiisiiisnsiississsssisissssssssssssssssssssssssssssssssssssssssssssssssssssss 3
LiSt Of FIQUIS «..vvveureirrvreniiirninuniisnnenaniisissssisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnssssnss 5
LiSt Of TADIES ....ceuuuueirirreniiinreuniisiieniiiisiisniiisnsssnsissssssssismsssssssssssssssssssssssssssssssssssssssssssssssssssnss 7
Introduction and EXeCUtiVe SUMMQAIY...........coeveuueiirieveniisiiennisssnsmniissssssssssssssssssssssssssssssssssssnns 1
Task I: Assess Current Network Maturity Model and Update data.................cceveuueeervvvnenennene. 3
1.1 Questionnaire of ISGAN’S Annex 3: ChronologY.....ccccuuciiieeeiiiieeiirienecesreneeesreneesseenssessenesssssenens 3
1.2 Current Status of Questionnaire of ISGAN’S Annex 3: As of Dec. 1%, 2014.........cccceeeveerrureereresnnenns 4
Task 1l: Analyze Current Benefit-Cost Analytical Methodologies and Tools.............................. 6
Subtask 2.2: Model research to overcome limit of current BCA frameworks and tools........c....cccoeeues 6
1.1 Overview: Smart Grid BCA FrameWOrkKs........ccccvviiiieuniiiiiiuiiniiniiinieiieiemissiessens 6
e I Y o P= T € o I o U o T Y G I O GRS 6
11.1.2 BCA analysis of Smart Grid by Frontier ECONOMICS ....ccccciiiciiiiiieeee et e e eeeirieee e e e eesrree e e e e e eesnrraaeeeeeeeaes 7

11.1.3 BCA analysis of Smart Grid bY JRC, EU ......ooiiiieie ettt e et e e et e e e tve e e e aea e e s snna e e e sasaeeeennns 10

11.1.4 BCA analysis of Smart Grid by McKinsey and COmMPanY........cccuueeeieeiiciiiiieeeeeeeeiiiieeeeeeeeesirreeeee e e e esvnaaeeee s 12

11.1.5 Smart Grid Investment Model (SGIM) Of SGRC.........cooeciiiiiiiiie ettt e e re e e e e e s e e e e ebreeeeanes 13

I1.1.6 United States: Smart Grid Consumer Collaborative (SGCC).......ccccveveeiiiieriieeiieeseeesireeseeesereeseeesiaeesaee e 15

1.2 Summary of BCA Frameworks and Application Cases......cccccceiiiuiiiiinnniniiinniiniinieien. 17
11.3 Smart Grid Computational TOOI (SGCT)....ccceereereeunreeerrrererennnsseeessereernnnssseessseeeesnssssssesssesssannsnnnns 21
[1.3.1 OVEIVIEW OF SGCT....iiiiiiiiieeitee ettt ettt ettt ettt e et e s bt e e bt e s bt e e bt e s ba e e bt e sabeeebeesabeeebeesabaeeseesbaesnseesane 21

LR T A =Y o 1o ] 1 [ UUURR 22

11.3.3 Detailed STEPS Of SGCT.......viiiieiiee et cee et e et e e et e e e e ta e e e sataeeeaatseeeesstseeesasaeeesssseeeassseesssseeeeanssenennnns 23

11.3.4 Overall ArchiteCture OF SGCT .....uiiiiieiieiiie ettt ettt ettt e bt e e sba e s sbe e e bt e ssbteesbeesbaeensaesnbeesnseesnns 27
11.3.4.1 Project Characterization Module (PCIM) .......cociiiiiieiieeiieesie st eseeesiteeseeeseeesaee e staeeseaeeseaeesaaeessaeensneenes 28
11.3.4.2 Data INPUt MOAUIE (DIIM) ..cceeeiiie ettt et e ettt e e e te e e ettt e e e estb e e e sstaeeesnsaeeeensseeeansaeessnsseeaanssesennes 30
11.3.4.3 Computational MOAUIE (CIM) ...eieuiieiieeeie ettt ste e stte ettt e e sae e e bt eesae e e taeesaeeesbaeesseeesseensneensseanseeenns 35
Task Ill: Development of Toolkits to Evaluate Benefit-Costs.........cccceeereurerennrerennrerensseeenesennes 37
111.1 Development of Simplified Cost-Benefit Analysis TOOI.........cccccviiiiiiniiiiiniiniiininin. 37
L0 0 R O 1Y =T oV 1= 1YY OO UPPPTUURPPPPP 37
111.1.2 Detailed Architecture of DIM in Replicated TOOI Kit........coeeuiiiiiiiieeciie et 37
111.1.3 A Brief Comparison to SGCT and OUI PrOZIam ........ueieeeeieeiciiireeeeeeeeeirtreeeeeeeeeinsteeeeeeeessnssseeesesessssssseeeens 38
111.1.3.1 Comparison of PCM in SGCT and OUI PrOZIaM .....cccccuueeeeeveeeeiieeeesireeesiseseessseeesssreesssssssesssssesssssesesnnns 39
111.1.3.2 Comparison of DIM in SGCT and OUF PrOSIram......cccccuueeeriieeeriuteeeniieeesseeeessseeeessseessssseesssseeesssseeesssnns 42
111.1.3.3 Comparison of CM in SGCT and OUI PrOZIaM .......cccccuieeeeereeeeiieeeesireeeesseseessseeeassreeessssssesssssesssssesennnes 44

111.2 Calculation Of BeNefit .......cccceiiiiiimimmeiiiiiiiiiinmnuiiniiiiiinsiisssissssessssss 45
[11.2.1 Optimized GeNerator OPEratioN ......iiiieiiieiiieerie ettt ettt et e st e s be e e saeesbaeesbeesbeeesbeesbaesnseesane 45
111.2.2 Deferred Generation Capacity INVESTMENTS .....cccuuiiiiiiii e e e e e e e e e e aaeee s 46
[11.2.3 Reduced ANCIllary SEIVICE COSt ...iiiiuiiiiiiiiieeiieeertee e sttt e e eeee e e stre e e st e e e e staeeesateeeesstseeesssaeessnseeeesnsseaannns 46



1 Y=o [0 ol <Y [ @] g F=d Xy o] o T o 1 PR RRS 47

111.2.5 Deferred Transmission Capacity INVESTMENTS .........uuviiiiiiiiiiiiiiiee e e e e e e e e e rnaaeee s 47
111.2.6 Deferred Distribution Capacity INVESTMENTS.......ccuiiiieiiie e ecree e ere e e ree e e e e e e raea e e s sane e e e eereeeeanns 47
111.2.7 Reduced EQUIPMENT FAIIUIES ......uviiiieiieeeeee ettt e et e e e e e e et e e e e e e e e et aa e e e e e e e esnsraaeeeans 48
111.2.8 Reduced Transmission & Distribution Equipment Maintenance CoSt........cccevcuveeeeciieeecieee e eree s 48
I11.2.9 Reduced Transmission& Distribution Operations COSt.......cccviiiiiieiriiiiiiriiee ettt e e sire e 48
111.2.10 Reduced Meter REATING COSt ...uciiiuiiieeiiieeccieee e citeeeeitee e ertee e e streeeette e e e sereeesasaeeesstsesesnsseessnssaaassresennnes 49
[11.2.11 Reduced ElECtriCity TREft .. ..oomeiiiiee ettt et sbeeesnee e 49
1] A 2 0= [0 oY I = =T d T VA o 1YY YRS 49
[11.2.13 REAUCEA ElECEIICITY COSturiiuuriiiiiiiiieitieeeite ettt ettt ettt ettt ettt et ettt et e sb e e sae e e bt e e bt e e sbb e e st e e sbeeenneeenbeeenneeenne 50
111.2.14 Reduced SUSLAINEA OULAZES .....eeeiiurieeeiiieeeeiteeesiteeeeitteeeeetaeeestteeeetteeesesssaeessseaaesreseaasssseessssesasssenannnes 50
[11.2.15 REAUCEA MaJOr OULAZES ...veeeiieiiiieiiieenitee ittt ettt ettt ettt e sttt e st e e sbte e bt e e sbeeesate e beeesaeeesbeeesseeeabeeenneeeabeeenneeenne 51
[11.2.16 REAUCEA RESTOrALION COSt..uviiiiiiriiieriieiniiieriieenie ettt esiee e sttt e siteesteeesseeesbeeesseessseeesaeeesseeesseeenseeenseesnseesnseesnns 51
[11.2.17 Reduced MOMENTArY OULAEES ..ccc.uteiuieiriieeiiieeiiie ettt ettt ettt ste e siee e b ee e bt e e bt e e bt e e sbbeesbeeesbeeesneessbeeenneeenne 51
111.2.18 RedUCEd SAZ5 @NA SWEILS ...cc..eeiiiiiieee ettt e e stre e e e tte e e e ata e e e sbbeeeenbreeeeensaeeesasaaeeansreeennns 52
111.2.19 REAUCEA CO2 EMISSIONS . .viieiutiereiiieeeeitieeeeeitteeestteeesssteeesaseeeessaeeessseessasssaessseeeessseesssssseessssseessnsseeennnes 52
111.2.20 Reduced SOX, NOX, and PIM-2.5 EMiSSIONS..cccciiiiiiieiiiiiiiiiiieeiccieeeeeeeeeeeeeeeeeeeeee e e e e e e e e e e e e e e s e s e s eeeeeseneneeeneeeeas 53
[11.2.21 REAUCEA Ol USAZE . uveieneiieiiieiieeite ettt ettt ettt ettt ettt et e sb et e sae e e bt e sae e e bt e e st e e sbeeesseeebeeenneesnbeeennnennne 54
111.2.22 Reduced Wide-SCale BIACKOULS ......coiviiriieiiieiieeriieeste sttt te st eeesae e e sbeeesaaeesbeeesaneesbeeenaneenes 55
111.2.23 Potential Barriers in Benefit Calculation and in Expansion of SGCT for ISGAN Member Countries ....... 55
111.2.24 Ways t0 OVErCOME the BarTierS...cuiiiiiiiiiiiiiee e eecciittee e e e e sttt e e e e e e settte e e e e e e e e bt aeeeeeeeesanbabaeeeeeeesanssaneneens 60
Not all of the Demonstration projects has reported information available. However there are 6 projects which
have reports on the progress of the related ProjECES:........coc it et e e 60
Advanced Metering INfrastruCture (AMI) ..o it e et e e eee e et e e e s ate e e enaeeeenteeeesnseeeesnneeas 61
Meter Data ManagemeENnt SYSTEMS ... e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eaeaaens 61
Tl COMMUNICATIONS ...ttt ettt ettt st s e st e et e s bt e s ab e s beesab e e s bt e sabeesabeesabeesabeesabeesaseenaseesaseennnes 63
T oY o I Y/ 11 A=Y [ o Y- SPUR 64
SMArt FEERUET SWILCIING ...eviiiciiee ettt e e s e e et e e e s ee e e e s saeeeassteeeesnsaeeesnsseeeansteeesnnseeesannens 65
Conservation Voltage REAUCTION ......c..euiiiiiice et e et e e e e e e st b a e e e e e e e s tbbaeeeeeeesnnsbaaeneeas 66
111.2.25 Summary of the Benefit, Functions, Input Parameters and Monetization of Benefit ..........ccccceevvveeennes 66
111.3 Calculation Of COSE.....cciiiuiiiiiiuiiiiiiiiiiiiiiiieiiiieiiieiisaieeiessssettesssssttessssssesssssssesssssssenssssssnns 74
[11.3.1 Present Valuation Of COSt iN SGCT ....ccuuiiiiiiiieiiieeiie ettt ettt st e st e s saeesbeeesbeesbaessaeesnbaesnseesane 74
111.3.2 Present Valuation of Cost in Replicated TOO! Kit .......ceeiiiieieiiiiiiei e 75
111.4 Expansion of Smart Grid Computational Tool .........ccceceiiiiiiiiiiiiiiiiiii. 76
11 3 R 0 1YY oV 1= 1YY PO UPPPT ORI 76
I11.4.2 Smart Grid Scenario: Socioeconomics, Technical, and Regulatory Context ........ccceeveeeecciveeeiieeeescveeeenns 77
[11.4.3 LOAd CUIVE IMOUEBIIING «.vvveeeeieeiieee ettt ettt e e e et e e e e e e ettt e e e e e e e eeaaabaeeaaeeeenntaaaeeeeeeennsraaeaaens 79
111.4.4 Generation Program MOEHING .........oeiiiiiiiiiiie ettt e et e e et e e e et e e e e aeaeessnnaeeesnsreeennnes 81
I11.4.5 Integration with QUAlitative ASSESSMENT ....cccuiiiiiiieeiiiee ettt e e e s ee e s seaeessabeeessbeeeesanns 82
111.4.6 Detailed CoSt REPIrESENTATION .....iiiicuiieeciie e ettt e ereee e et e e ertee e e srre e e e tr e e e estaeessaseeeesssseeeassseessnsseeessseeannes 83
L2 0=] (=7 (=1 Lo =R 85

Appendix: Default Values for DOE Smart Grid Computational Tool................c.eeeeeurvvencevennens 89



List of Figures

Figure 1 Main Topic of DisCUSSIONS @t BruSSEIS.........cciicuriiiiiiiieeiiiieeeecteee et e e e esree e e aneee s 3
Figure 2 Current QUestionNaire WebSIte......cc.veiiciiiii it 4
Figure 3 First Page of Survey QUESTIONNAINE........ccuviieiiiieee ittt e e e e ae e e s aaeee s 5
Figure 4 Real Options Valuation Process for SG BCA........cooiiiieiiiieee it eereee e ssree e 8
Figure 5 Model Interlinkages Accommodating DSR..........ccocciiieiiiiiieiiiiiee e e 9
Figure 6 Cost Benefit Analysis Framework of JRC........cccuviieiiiieieiiiee e 11
Figure 7 Comparison between EC JRC and US DOE FrameworkK........cccccveeeeeeeecccinieeeeeeeeeccvvneen 11
Figure 8 The Four Major Groups of Smart Grid Benefits according to McKinsey....................... 12
Figure 9 Basic Steps of BCA USING SGIM .....cccoo ittt e et e e e e ataae e e e e e e e e nanree s 14
FigUIre 10 NERC REEIONS ....uvuiuuuiuiuiuuieueuruteeureeuteesesesesesesssssessssssssssssssssssssssssssssssssssssssssssssnsnsnsssnsnnes 21
Figure 11 Illustration of the Translation of Smart Grid Assets to Benefit's Monetary Value .....23
Figure 12 Illustration of Asset, Function, Mechanism, Benefit Mapping (Navigant, 2011)........ 23
Figure 13 Asset, Function, Mechanism and Benefit ..........cccoeeeeiiricciiiiiee e, 26
FIgure 14 SGCT ArChITECEUIE ..uvuiiiee e e e e e e e e et rre e e e e e e e e nnenaaees 27
Figure 15 PCM Project INformation SCre@n ...........uvveieiiiiicciiieieee ettt e e e e 28
Figure 16 Choosing Assets in DOE'S SGCT ......coccciuiiiieee e cccciireee e e e e eccivre e e e e e e e e saraae e e e e e e e e nenaeees 28
Figure 17 Choosing FUNCtions in DOE'S SGCT .....cccuviiiiiiiiieeeiiee et eree e eree e e e savae e e e 29
Figure 18 Choosing Mechanisms in DOE'S SGCT ........ccccviiiiiiiiieeiiiieeecciree e eeiree e eeiree e esveee e e 29
FISUIe 19 DIIM M@iN PAg@ ...uuuuiiiiiuieiiiiiiiiittitiitiiiiteettetetaeasaeaessaessaeeeseeesesaessessasssaaesesesasesssesaraeeersanes 30
FIGUIE 20 DIIM STEP L. ueiiiiiiiiiiiiiiiiitiiitetttttttat ettt ettt ettt ettt ettt e e e et et aaaeseataeaeeannnnns 31
FIGUIE 21 DIIM ST 2. uieietiiiiiiiiiiiiitititttttatttat ettt ettt ettt ettt s ettt ettt et aeaeseaeaeaeeanannnn 32
Figure 22 Data Input Sheet Data ENtry CellS......ccocuiiiiiiiiieiciiiie ettt e 33
FISUIE 23 DIIM STEP B iiiitiiiiiiiiiitittttitittt ettt ettt sttt et et st et et ettt et et et saaesaaeaeaeeenannnn 34
FIGUIE 24 DIIMI STEP ..ottt ettt ettt sttt et e st aaatseaeaeaeeennnnnn 34
FIBUIE 25 CIM IMIIN PG ..uuvviiiiiiiiiiiiiiieiiittitititititetatatetatat et ae et st s et se s tatstaaasaeaesaaessasasaeeenennes 35
FIBUIE 26 CIM IMIN PG ...uvviiiviiiiiiiiiiiutiiititiiiittitttaaeeatatataeaaaaaeaeataeseeteesaeesestasstaeaseseseeasseesasaeeesennes 36
Figure 27 Detailed Architecture of DIM in Replicated Tool Kit..........cccceveeeeeeiiiciiiieeeee e, 38
Figure 34 PCM Project INformation SCre@n ..........uuveieeiei ettt e e e 39
Figure 35 PCM Asset SeleCtion SCrEEN......cuii it e e e e e e 39
Figure 36 PCM Function Selection SCreeN .........euviiiiiei ettt 39
Figure 37 PCM Mechanism Selection SCreen..........uuvevi ittt 39
Figure 38 Project Information and Asset/ Function/Mechanism Selection Screen (Replicated Tool Kit) ............... 40
Figure 39 PCM Benefits SCreen (DOE SGCT) ..uuiiiiiiiiie e eeciteeeectte e eeeiee e e evre e e e aeee e eearaee e e eanes 41
Figure 40 Benefits Screen (Replicated TOOI Kit)....coveeieiuiiieeiiie et e 41
Figure 41 Electricity tariff data and customers served data entry tables..........ccccccevveirrnnnnnneen. 42
Figure 42 Cost calculation iNPUES .........uviiiiiee et e e e e e e e 42
Figure 43 Escalation factor table........couiie i 42
Figure 44 Data iNPUL SHEET........coiiiiiie e e e e et e e e bae e e e ae e e e 42
Figure 45 Data Input Module (DIM) Screen (Replicated Tool Kit) ....cccccvveeeeeiieeiiiiieeeccieeeee 43
Figure 46 CM Main Page (DOE SGCT) c.uuuiiieiiiieeeeiiieeeectte e e eitteeeesitaeesevreesesnseeesssnsaeessnaseeesennnens 44
Figure 47 CM Main Page (Replicated TOOI Kit) ...cccuveeieiiiiiieiiee ettt 44
Figure 54 The Three Dimensions of Benefit and Cost of Smart Grid.........ccccccceveeviieeecicieeeenee. 59
Figure 55 Net Metering Load vs. Generation Profiles - Residential..........ccccccveeevicieeicniieeeenee, 61
Figure 56 Aggregation MT-MDIMS ProVides.......c.cccueiiiiiuiieeiiiiie e cciee e esiree e esvre e e esrree e e 62
Figure 57 If-Then Aggregation LOZIC ....ccuiii ittt e et e e e e e e sarae e e e 62

Figure 58 Cayenta/EU CIS High-Level Architecture and EA Program Member Survey............... 64



Figure 59 Smart Feeder Switching Benefits.........cuveviiiiiiccciie e 65

Figure 60 Summary of Benefit Input Parameters and Calculations (1) .....ccccceeeeeecieeeeccieeeennee. 67
Figure 61 Summary of Benefit Input Parameters and Calculations (2) .....ccccceeeeevcieeeeccieeeenee. 68
Figure 62 Summary of Benefit Input Parameters and Calculations (3) .....cccccvveeeeecieeeeccieeeenee, 69
Figure 63 Summary of Benefit Input Parameters and Calculations (4) ......ccccoeeeeeecieeeeccrieeeenee. 70
Figure 64 Summary of Benefit Input Parameters and Calculations (5) ....ccccccveeeevcieeecnciieeeenee, 71
Figure 65 Summary of Benefit Input Parameters and Calculations (6) ......cccccceeevevveeeeicrieeeenee, 72
Figure 66 Summary of Benefit Input Parameters and Calculations (7) ....ccccccveeevecieeeeeciieeeenee, 73
Figure 67 COSt INPUL iN SGCT IMACIO ..vuvviuiiiiiiiiiiiiiiieieiiietiterereeeeeteerreeeesaeeeeereresereeeeeeeea. 75
Figure 68 the Importance of Escalation Factors which Affects the Benefit Parameters in SGCT ............ 78
Figure 69 Frontier Economics and OFGEM Uses Parametric Network model to Do Load Curve Modelling ............ 80

Figure 70 Smart Grid Investment Model Utilizing Hourly Load Models for Load Curve Modelling......... 81
Figure 71 Integrating Quantitative and Qualitative Appraisal to Provide Smart Grid Project’s Overall Assessment . 82
Figure 72 An Example of Visualization of Merit Deployment MatriX .......cccccevveeeviiieeeeicieeeennee, 83



List of Tables

Table 1 Reference Case and Ideal Case benefit assumptions.........ccocccvveeevciieeicceee e, 15
Table 2 Benefits Comparison from Various BCA REPOItS ......ccceccuveeeeicireieeiiiieeeeveeeeeireeeeeeneeens 19
Table 3 NERC REIONS ...eeiiiiiiieeiiiiee e ettt e ettt e e ettt e e s ette e e s ate e e e ateeesentseeesaasaeeesaasseeeeansseeeeansseeens 22
Table 4 List of SMart Grid BENeFitS......cccviiiiiiiiiiiee et sie e s 25
Table 5 DEMONSTration PrOJECES ....ciiiiciiiiciiiie et ettt e e e e e s e e s e are e e e eabeeeeennaeees 60
Table 6 Costs and Benefits for Re-Regulation of Test Feeder........cccovvvvieiiciieiiiciiee e, 66
Table 7 Cost Calculation INPUL ... e e e e e e e s e e e e e e e e e an 74
Table 8 Default Escalation Factors given in SGCT .........ccviiieiei e e e eeennrrree e e 79
Table 9 Some Potential Costs in Smart Grid Project........cccceeeeieeecciiiieeee e ecreeee e 84
Table 9 Average Hourly GENeration COSt.......ccuuiiiieiiieciiiiiiiee et e e eeecrrre e e e e e e e nnreee e e e e 90
Table 10 Price of Capacity at Annual PEaK (1) ...cc.veeeeeuriieieieie ettt e 90
Table 11 Price of Capacity at Annual PEaAK (2) ......veeeeiuiiie ettt e e 91
Table 12 AVErage PriCe Of RESEIVES .....cuiii ittt e e e e e rre e e e e e s e e annreaeeea e s 91
Table 13 Average Price of Frequency Regulation ..........cccueeeiii i 92
Table 14 Average Price of Voltage Control (1) ....c.eeeccceieeiciiiieecieee ettt e e 92
Table 15 Average Price of Voltage Control (2)....c..eeeecceiee ettt 93
Table 16 Average Price of CONGESLION ...ciiiiiiiiiiciii et e s aaeee s 93
Table 17 Average Price of Wholesale ENEIZY ........eeieceiiieiciiiie ettt 94
Table 18 INflation FACtOr ....cccuiiieiiieiiiee ettt sttt ree e sbe e sba e e sbe e sbaeenaee s 94
Table 19 Restoration Cost Per EVENT (1) ..ccccuviiiiiiiiieiiiiiee ettt e e e e e e s e e e seneee s 95
Table 20 Restoration Cost Per EVENT (2) ..cccueveeieciiiieeciiee ettt e e e e e sre e e e sare e e e saneee s 95
Table 21 Average Fuel Efficiency for Truck Roll VEhicle ........covvciiiiiiiciiiiee e, 96
Table 22 CO2 Emissions per Gallon of FUEL.........c.ueviiiiiiie it 96
Table 23 Valu@ Of CO2....nuiiiiiiiiieecee ettt ettt ettt e be e st e st e e sabe e sbaeesabeesbaeenaseas 97
Table 24 SOx Emissions per Gallon Of Gas ........cccuviiiiiiiii it 97
Table 25 NOx Emissions per Gallon of Gas ........ccueeiiiciiiiiiiiiie e 98
B o] SR A R 1[N o) A © ) OSSPSR 98
TabIE 27 ValUE OF NOX...iiiiiiiiiiiiiiiiie ettt sttt ettt st e e st e e s b e e s st e e s sasaeeessasaeeessnsseeesanssenens 99
Table 28 Value Of PIMI-2.5 ... ettt sttt s e e st e e st e e s ssaae e e s snabeeesnnsnaee s 99
Table 29 Average FUel EFfiCiENCY ......uuviiiiiee et 100

Table 30 Electricity to Fuel Conversion FACtOr.........ciiiiiiiiiiii e 100



Introduction and Executive Summary

The objective of ISGAN's Annex 3 is to develop a global framework and related analyses that can identify,
define, and quantify in a standardized way the benefits which can be realized from the demonstration
and deployment of smart grids technologies and related practices in electricity systems. To meet the
required objective of this Annex, a program of work is designed and it includes the following three tasks:

Task 1: Assess Current Network Maturity Model and Update data
Subtask 1.1: Trial application of two network maturity analysis tools and results discussion
Subtask 1.2: Development of the questionnaire for the assessment of the level of smartness of
transmission and distribution networks
Task 2: Analyze Current Benefit-Cost Analytical Methodologies and Tools
Subtask 2.1: Analyzing benchmark benefit-cost frameworks and tools
Subtask 2.2: Model research to overcome limit of current BCA frameworks and tools
Task 3: Develop Toolkits to Evaluate Benefit-Costs
Subtask 3.1: Development of Simplified cost-benefits analysis tool
Subtask 3.2: Technical Analysis of current BCA took-kit and Modification of Simplified tool-kit

In the previous two year report, initial discussions following the tasks specified above are carried out
and examined.

For Task I, the report goes through several maturity frameworks available, especially those of Software
Engineering Institute (SEl) and Katholieke Universiteit Leuven (KUL). The SElI has developed a
management tool that can be used to measure the current state of a smart grid project, aiming to help
utilities to identify the target and build proper strategies to reach it. The tool, Smart Grid Maturity
Model (SGMM), utilizes a set of surveys called Smart Grid Compass. The drawback of this tool is the
undocumented scoring method of the surveys once a result is obtained. Full assistance of an SGMM
Navigator is required for the utility to understand and analyze the SGMM output. Meanwhile, the KUL
references” introduce the characteristics, categories and key performance indicators of a smart
electricity grid. The previous report also includes own survey methods developed by Annex lll, although
there has not much of progress after that.

For Task Il, an extensive update of the BCA survey has been provided in the previous report. It started
with various frameworks related to BCA, which include Frontier Economics and the Smart Grid Forum
(SGF) in UK, Smart Grid Investment Model (SGIM) of SGRC, IMPLAN Model, McKinsey Tool, and general
overviews of EPRI's methodology to BCA and its subsequent developments by DOE and JRC. After that,
several BCA applications to country-specific or states cases are summarized. Some of the surveyed
countries are Czech Republic, Netherland, Lithuania, Denmark, and USA states. For the comparison
purpose, the summary for each case is carried out following some key points: background of the smart
grid project, the methodology or toolkits used, the scope of the project (location, period, technologies),

! Refer to Dupont and Ronnie Belmans (2010)



the list and definition of benefits and costs, and deliverables (results, recommendations, policy and
regulations). The 1% year’s work of Task Il can be compared with the previous year’s work in the sense
that how EPRI guideline has any impact on the work development of JRC and DOE frameworks,
especially for the Smart Grid Computational Tool (SGCT), a BCA toolkit that is developed by US DOE. This
report summarizes the findings from the previous works with the focus of selecting the benchmark
smart grid tool kit for the development of own ISGAN tool kit for member countries.

For Task lll, a simplified cost-benefit analysis tool is being developed taking SGCT of DOE as a benchmark
tool kit, based on the previous year report on the development plan of ISGAN member countries’ tool
kit. A standalone program based on Object Oriented Programming (OOP) is now being developed
replicating, revising and upgrading the currently available excel-based SGCT. As will be discussed, this
tool kit has various advantages over other tools: First, this tool is open to public and anyone can take a
look inside of the model deep enough to examine the visual basic application modules. JRCEU, McKinsey
models were once discussed in Annex Il before for any potential utilization for ISGAN member countries’
tool kit. However, members acknowledge the fact that JRC works on excel based format and there
seems to be not much difference between JRC's work and DOE. The difference lies in the fact that JRC
never opened up the details of the functionalities and sample calculation of BC in their whole work
process. McKinsey software was discussed but it is not open to public. Rather it is a commercial package
with no specific advantage over to SGCT of DOE. Detailed engine is not fully explained and the scope of

the analysis the tool kit provides does not seem to be very useful (Nigris 2012, Kim 2013).

The new tool kit being developed is named for the time being as ‘Replicated Tool Kit’ for convenience.
Through the replication process, a lot of details have been identified, which, otherwise, would not have
been known to us. Many of the parameters utilized in the process of benefit calculation may be required
to be collected from outside, reflecting the region specific characteristics. Some of the default values
provided by SGCT, although they are from USA case (refer to Appendix), may also be useful until those
detailed information becomes available for ISGAN member countries even when they don’t have them.
In addition, there a at least 12 smart grid projects currently being conducted in USA (refer to 111.2.24),
and those projects are starting to produce some detailed information which might be potentially utilized
by current SGCT. Not only those advantages, there are many interesting researches being conducted
around the world and the work results could be very useful sources of updating this replication effort in
the future, once this replication process allows us to identify the pros and cons of the current model.

The last chapter of the Expansion of Smart Grid Computational Tool is the wild idea of what could be
accomplished in this whole process of simplified own ISGAN tool kit for member countries. Some of the
ideas for the tool kit development become clearer as the process of the replication progresses. By the
time of the completion of this year’s work, we hope to have a very concrete idea on how to proceed to
further develop this current work in the future for the benefit of every member country in ISGAN.



Task I: Assess Current Network Maturity Model and Update data

Subtask 1.1: Trial application of two network maturity analysis tools and results discussion
Subtask 1.2: Development of the questionnaire for the assessment of the level of smartness of
transmission and distribution networks

1.1 Questionnaire of ISGAN’S Annex 3: Chronology

1. Brussels Belgium - On July 2"-3" 2013

A. National experts meeting for Annex 3 of ISGAN was conducted in Brussels, Belgium.

B. In total, there are representatives from five countries (Italy, Korea, Sweden, Switzerland,
USA) and JRC that present on that meeting.

C. One of the main focuses on that meeting is the discussion of the questionnaire of smart
grid maturity measurement that could be disseminated to member countries.

D. The draft of the questionnaire has been prepared by the leading Italian team to be
criticized and reshaped by the national experts.

Focus on the two main chapters;
Chapter 0: state of the art (Ajou, per fissure le basi; Psmart; alter info —» pubblicare)
Chapter 1 — smartness assessment

The state of the art has been suitably illustrated and discussed in the valuable work by AIOU UNIVERSITY
(see attach 2).

Other methods, based on national practices, have been investigated too (Psmart, see attach3); those
practices have proven to be precise and useful for evaluating and comparing homogeneous initiatives, but
it seems very difficult to make a general use of such tools.

The Bellmans method (see attach4) has been extended, and afree access web questionnaire has been
prepared by softeco (see attach5).

This model has been applied to different initiatives, and the relevant results will be discussed during the

meeting.

Figure 1 Main Topic of Discussions at Brussels

E. The other agenda for that meeting is the preparation for the executive meetings of ISGAN
and the other two tasks of the ISGAN Annex 3.

F. From the discussion, a new and updated survey has been produced. This survey would be
disseminated by the member countries and gathered by the Annex 3 team to evaluate its
effectiveness to measure the smartness of smart grid.

v" In the case of Korea, the survey was disseminated to the sole power utility, Korean
Power Company (KEPCO).
v"Initial survey result was reported (Refer to Kim et al. 2014)
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v" Frequent follow-ups after the meeting and the attached survey questionnaire was
drafted (Refer to Appendix)
2. Shanghai, China - 31% to 1* April 2014 (Shanghai Hengshan Hotel, Blossom Hall (3rd floor of the
Hotel)
A. Programme of 4th ISGAN Workshops - "Smart Grid Transition"
v" There is no explicit discussion on network maturity analysis and the measurement of
smartness
3. Montreal, Canada - Wednesday, October 1, 2014
A. IEAISGAN Public WORKSHOP #5: Lessons Learned from Smart Grid Innovations

1.2 Current Status of Questionnaire of ISGAN’S Annex 3: As of Dec. 1%, 2014

Official Website is prepared at IEA-ISGAN home page such as following:

International Smart Grid Action Network (ISGAN) _m

HOME  ABOUT ISGAN SCOPE & PROJECTS  PARTICIPATION WORKSHOP  PUBLICATIONS ANNOUNCEMENTS ENARD REPRESENTATIVES LOGIN

HOME » Announcements

e - (E] £
LOG IH
Secretariat 2014,11.26 14:42 Hit 52 4 Report & Print [5 Scrap [Font~ | + | =
Dear Energy Colleagues,
Latest Post
We warmly encourage ISGAM and broader experts to participate in the Annex 3(Cost-Benefit
{Cuestionnaire) Annex 3 Analysis) questionnaire.

(Callfar papers) Call for papers for The Preface Questionnaire and the Smartness Questionnaire are available at the following links:
3G 2015
https://docs.google.com/forms/d/1wV5MxIFAOXCVgr8_hKyXujo4tMgIt3KK-NVe8sSIG8s/ edit?
2012 13GAN Annual Report usp=sharing
https://docs.google.com/forms/d/1KduloX9rLUhPs2I3ZVRTYLDw7TwdbzaYblVwgND1luc/edit?usp=
2011 13GaN Annual Report sharing

ISGAM Inter-4nnex Yorkshop - 5. Please select one or more test cases on which to apply both questionnaire. This will lead to the
Orline Wrap-up development of a simple excel file in order to obtain an overall picture of the maturity level based

on the answers gathered from the questionnaire for the electric system of one country
I3GAN Inter-Annex Warkshop - 4, (transmission + distribution). The assessment of the maturity of the network is deemed necessary
Report as a benchmark in view of better assessing the costs and benefits of smart grids projects. The

latter activity represents the next step for the Annex 3.

Total : 247,306
Yesterday : 212
Today : 112

For further information, please contact Annex 3 Lead, Dr. Maurizio Delfanti
(maurizio.delfanti@polimi.it) or ISGAN Secretariat (isgan@smartgrid.or.kr).

Thank you for your cooperation.
Fes e | ATOM 0.3

Figure 2 Current Questionnaire Website
Source: http://www.iea-isgan.org/?m=bbs&bid=Announcements&uid=1573



PREFACE QUESTIONNAIRE

* Required

SCAN

mwmm"

_v',

General Information

The following questionnaire is aimed at collecting preliminary information about the level of smartness
of electricity grids.

Name *

Surname *

Job position

Company/Institution ~

Address; City; Country *

email *

The questionnaire is referred to: *
A specific distribution grid (minimum consistence: at least one HV/MV substation)
A specific transmission grid
A whole distribution grid belonging to / operated by a single Company (DSO)
A whole transmission grid belonging to / operated by a single Company (TSO)
A set of distributions grids considered at a national/regional level

A set of transmission grids considered at a national/regional level

Other:
TR T — @
33% completed
Powered by This content is neither created nor endorsed by Google.
E Google Forms Report Abuse - Terms of Service - Additional Terms

Figure 3 First Page of Survey Questionnaire
Source: https://docs.google.com/forms/d/1wV5MxIfAOXCVgr8_hKyXujo4tMglt3KK-

NVe8sSIG8s/viewform?edit_requested=true



Task II: Analyze Current Benefit-Cost Analytical Methodologies and Tools

Subtask 2.1: Analyzing benchmark benefit-cost frameworks and tools
Subtask 2.2: Model research to overcome limit of current BCA frameworks and tools

1.1 Overview: Smart Grid BCA Frameworks

As professor Delfanti (Leader of Annex 3) properly summarized in his presentation material (Oct., 2014),
the review of possible tools for cost benefit analysis has been completed with up-to-date information.
Referring to Ajou (Kim at al., 2014), he summarizes the two Models

v' EA Technology “Transform Model”: provides a detailed representation of a given electricity
network and describes the impact that future scenarios may have on those existing
networks. The Transform Model is based on four steps:

* [OStep 1: Scenarios

* [OStep 2: Existing Networks

e [OStep 3: Solutions

e  [Step 4: Modelling Combinations

v' Synapse Energy Economics “Benefit — Cost Analysis for Distributed Energy Resources”: BCA
results should be reported using the Societal Cost Test, the Utility Cost Test and the Rate
Impact Measure test. The principal characteristics of the model are as follows:

e A parameter-based model, which allows the network to be constructed of
common elements

e |t is based on real data from distribution networks, local authorities, central
government and a range of other sources

* |t can assess and optimize investment over a range of conventional and ‘smart’
strategies, and involving a wide range of solutions

Other frameworks of Smart Grid's Benefit and Cost Analysis available in the literature were surveyed in
Kim et al. (2014).

11.1.1 Smart Grid Forum (SGF) of UK

According to SGF (1 May, 2011), the Smart Grid Forum (SGF) aims to bring together key opinion formers,
experts and stakeholders in the development of GB smart grids to provide strategic input to help shape
Ofgem® and DECC™s thinking and leadership in this area. To help provide the network companies with a

* The Office of Gas and Electricity Markets
*The Department of Energy and Climate Change



common focus in addressing future networks challenges and to provide drive and direction for the

development of smart grids, SGF drives policy change by:

v Developing a common understanding of the value that smart grids can deliver,

v’ Identifying barriers to network companies adopting smart grid solutions, and

v Putting smart grids in the context of wider policy developments.

5 workstreams (WS) identified were followings:

v

AN NI NN

Work Stream 1 “Assumptions and Scenarios”
Work Stream 2 “Evaluation Framework”
Work Stream 3 “The Ideal Network”

Work Stream 4 “Closing doors”

Work Stream 5 “ways of working”

After a long series of DECC/Ofgem SMART GRID FORUM mostly held in London, 11" DECC/Ofgem
SMART GRID FORUM (22nd October 2013, BIS Conference Centre, 1 Victoria Street) identifies the current
workstreams such as followings:

v

ANEANEANER

AN

v

Work Stream 1 “Assumptions and Scenarios”

Work Stream 2 “Evaluation Framework”

Work Stream 3 “The Ideal Network”

Work Stream 4 “Closing doors”

Work Stream 5 “Knowledge management” or development and launch of the
knowledge portal

Work Stream 6 “assessment of the options for the development of smart grids”

Work Stream 7 It is not clear from meeting minutes, but it is likely an extension of WS5.
Work Stream 8 “Vision and Routemap”

For BCA analysis, WS2 of evaluation framework seems to have been successfully accomplished. SGF

meeting minutes of 4" 5" and 6" already declares that. Following the presentation and draft report by

Frontier Economics (March 2011, October 2011), Frontier Economics submitted the result of analysis as

Frontier Economics (November 2011). The developed too is based on real options methodology which

accounts the probability of salvaging option in each of the decision tree within the period of the project

life. It is noted to be circulated within UK utilities.

(To be further updated in the final report)

11.1.2 BCA analysis of Smart Grid by Frontier Economics

Frontier Economics (Oct. 2011) presets the reason for using real options valuation for BCA as “to avoid

lock-in to a particular investment path”. For the investment with option values, it presents example
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cases such as, investments that can be incrementally augmented in future periods; investments that
promote learning, and which may therefore make future investments less costly or more feasible; and
investments that entail high upfront costs, but reduce ongoing investment costs.

Real options-based analysis in the face of uncertainty is chosen to allow the best strategy by factoring in
the impact of new information into the analysis at a decision point in the future; and the possibility that
the investment strategy can adjust when this new information becomes available.

Following diagram describes the methodology adopted by Frontier Economics for SGF.

New
information

Move to best
remaining
strategy for
scenario 1

Move to best
Decision remaining
point 1 strategy for
scenario 2

Move to best
remaining
strategy for
scenario 3

Figure 4 Real Options Valuation Process for SG BCA
Source: Frontier Economics (March 2011)

As the diagram shows, this model adopts two periods (Time 1 and Time 2) for analysis: the first time
period from 2012 until 2023, and the second from 2023 out to 2050. The year 2023 is selected
considering the fact that Government’s Carbon Plan sets out scenarios for meeting the UK’s 4™ carbon
budget covering the period from 2023 to 2027.

Based on three smart grid investment strategies, Top-Down (Top-down smart grid investment strategy),
Incremental (Incremental smart grid investment strategy) and Conventional (Conventional strategy), the
best available strategy is tried to be identified for each different scenarios for each of two different Time
period. That is, some of the strategies chosen for Time period 1 may or may not be available for Time

“DECC (2011)



period 2, since, for example, Top-Down strategy selected for period 1 would prevent other strategies to
be adopted for period 2 since it would strand a number as previously invested assets.

This report is focuses on the benefit, cost calculation of three different investment strategies and
scenarios. Followings are the cost and benefit considered in their model:

v Distribution network reinforcement [ ]
Distribution network interruption costs  []
Distribution network losses [ ]
Generation costs [ ]

DSR “inconvenience” costs [ ]

AN N N N

Transmission network reinforcement

Network model

Generation model

Initial demand profiles & penetrations

Half-hourly load
profiles and
penetrations

Calculate GB demand,
adjust load profiles to
lower generation costs

Demand profiles after DSR for GB
generation costs

Determine headroom,
adjust load profiles for
local DSR

“Profiles after DSR to reduce dist.
Network reinforcement csots

Calculate generation
costs based on mix of
both demand profiles

Network costs Generation costs

Real options CBA

model

Figure 5 Model Interlinkages Accommodating DSR

Source: Frontier Economics (Oct. 2011)

Above diagram depicts how network model, generation model for proper representation of demand, for
intermittent generation facilities such as wind and PV, and Real Options CBA model can be utilized in an
interlinked manner.



Simply reviewing the details of model documentation on these aspects would not reveal the modeling
details of real options CBA. But this report shows a way to overcome the problems of cost and benefit
guantification arising from uncertainty.

As mentioned before, one of the focus of EPRI methodology, as well as other BCAs that follow its lead, is
the benefit quantification. In the DOE's SGCT, the process of transforming smart grid elements (assets)
to the monetized value of benefits is done.

The tool already has a list of Smart Grid assets that can be analyzed, which is divided into five categories:
Customer Assets, AMI Assets, Distribution Assets, Transmission Assets, and Other Assets. In total, there
are 21 possible assets--an increase from the 19 assets in EPRI report--provided by the tool. Then those
assets are translated into 15 functions, such as automatic voltage and VAR control. The mechanism is a
translator between functions and benefits in this toolkit. Each function would have several possible
mechanisms that can be chosen by the user. The toolkit then translates those mechanisms into the
benefits of smart grid. Lastly, the user would need to provide the data and values of the smart grid to fill
out the parameters and variables needed to monetize those benefits.

11.1.3 BCA analysis of Smart Grid by JRC, EU

European Commission (EC)'s Joint Research Centre (JRC) also developed its own BCA framework as an
improvement of the EPRI methodology. The joint effort between Members of EURELECTRIC and JRC
resulted in a methodological framework to systematically estimate the different benefits of smart grid
projects in seven steps, as follow.
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- : )

STEP 1: Review and describe technologies,
elements and goals of the project
- J foa %
- - - Characterization of the project
STEP 2: Identify the smart grid functionalities
W S S/
( E—
STEP 3: Map each functionality onto
a standardized set of benefit types
- J
& 2
STEP 4: Establish the project baseline Quantification and monetization
of benefits
& : y
' i
STEP 5: Quantify and monetize the identified
Benefits and beneficiaries
\; i J
fc t 2
STEP 6: Estimate and quantify the relevant costs
< . .
< Comparison of costs and benefits
STEP 7: Compare costs to benefits
& i _

Source: JRC (2012b)

In some of their reports, JRC outlines the seven steps of this BCA and its application to In Grid, a smart
grid project in Portugal that is used as sample case of this proposed BCA framework. JRC also combines
several of its other researches with the basic EPRI methodology. In "Assessing Smart Grid Benefits and
Impacts: EU and U.S. Initiatives," (2012), EC JRC and US DOE compares the two frameworks developed
by the two institutions. Figure below shows the comparison between the two:

European Union

Ideal Smart Grids defined in terms of Smart Grid Services and Functionalities (ANNEX Il)
Definition of the outcome of the ideal Smart Grid in terms of Benefits (ANNEX II1)

Metrics to measure progresses and outcomes: 54 Key Performance Indicators (ANNEX 1)
USA

Ideal Smart Grids defined in terms of Smart Grid Characteristics (ANNEX I1)

Metrics to measure overall progresses and outcomes: 20 Build/Value metrics (ANNEX I11)

Figure 7 Comparison between EC JRC and US DOE Framework

Source: Giordano (JRC) and Bossart (DOE), 2012
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11.1.4 BCA analysis of Smart Grid by McKinsey and Company

Another framework that was also considered in the ISGAN Executive Committee Meeting™ for the
Annex 3's BCA research is the one from McKinsey and Company. McKinsey already developed a BCA tool
and was under trial within ERDF (European Regional Development Fund) and three other European
DSOs (Distributed System Operators). The drawback of this proposal is the high cost for hiring McKinsey
to do the job of tool development, that is, 70000 Euros.

In their tool, the smart grid elements (applications) are classified into four different groups with
different functionalities, those includes: AMI, customer application, grid automation, and integration of
DG (Distributed Generation) and EV (Electric Vehicle). They also put the smart grid benefits into four
major groups: demand shift and savings, longer life of assets, operational improvement, and reliability
improvement. These categorizations are different than those proposed by EPRI, but still they share
general similarities. In essence, most if not all smart grid benefits is based on the saving, reduced, or
avoided costs of normal grid between the baseline and scenario. Figure below shows the groups of
benefits proposed by McKinsey

-A\mid mpaclty investmenls In gnd

Awld capacity mvestments

;j1 Peak shaving r |n generatmn Reduce fuel cost
| .D mand shift - ~--= | in generation
- &9 I ~ Shift to more efticient generatlun
savings || e Reduce CO.
— i 14 i " A 2
; . Avoid capacity IHVESU:I'_I:E_I_'IIS in grld_ emissions
Demand - Avoid capacity investments in
reduction generatmn Reduce fuel cost
e e e in generation
B —Reduce generatlon vulume
22— Reduce CO,
| | Longer life Avoid capacity inuestmants |I\ Ql'id emissions
of assets due to extension of asset lifetime

Sinarl grid [_
| 3 I I—Reduoe meter readmg cot:ts

| Operational
e LReduce meter |ntervent|ons costs

Reduce grld malntenance costs

1

Increase Reduce cusl from Dutagas due tu

Rgl:abul:ty reliability mcreased rellabnllty -
|mprovemenl Reduce waiting tlme for customel's
convonionco

due to optimized operations

Figure 8 The Four Major Groups of Smart Grid Benefits according to McKinsey

Source: Nigris, 2012

" The framework was proposed in the 4™ Executive Committee Meeting in Nice, France, September 26th-28th, 2012.
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11.1.5 Smart Grid Investment Model (SGIM) of SGRC"?

Initially as a research project to assist cooperative and municipal utilities with smart grid investment
analysis, the SGRC transitioned to an independent research and consulting firm in January 2011. The
model itself is completed on December 2011 and available to non-consortium members on February
2012. The main product of the SGRC is the Smart Grid Investment Model (SGIM). The SGRC has
completed smart grid business case analysis for 16 utilities and is currently engaged in four new
projects™. Each investment analysis project applies the SGIM to provide the most cost-effective and
comprehensive smart grid business case analysis available. These utilizations of the model then has
been maintained by the SGRC for future references so that new analysis of smart grid investment can be
conducted more effectively and efficiently.

SGIM utilizes four basic steps to evaluate the benefits and costs of smart grid project, that includes:

v Identify each technology and program that fits within the smart grid purview,

v' ldentify benefits of each technology/program including cost savings, operational efficiency
and reductions in customer kWh, peak kW and hourly load profiles over the next twenty
years,

v' Identify technology, installation, program and management costs based on utility and
customer characteristics

v' Compare benefits and costs to determine investment returns.

In general, the steps of SGIM utilization are illustrated in the figure below. Although each utility might
have a unique information of load profiles, avoided power costs, and customer characteristics among
others, the same quantitative BCA is applicable to all cases. To take into account the utility-specifics, as
shown in figure below, combination of utility customer data and member utility data would be used to
estimate end-use hourly load model for 20-year horizon. The model then applies various impacts--
technology, program, economic and utility--to estimate the avoided costs (benefits)

2 The SGRC is a research and consulting firm providing smart grid software and financial analysis with
headquarters in Orlando, Florida. It was initiated by Dr. Jerry Jackson at Texas A&M University in 2010,
which is an energy economist with experience in energy technology market analysis, financial model
development, and project management.

3 As mentioned in http://www.smartgridresearchconsortium.org/index.htm, accessed December 27th, 2013
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Figure 9 Basic Steps of BCA using SGIM
Source: Jackson, J. (2012)

On the application of the model, SGRC developed Excel based stand-alone program for the users
inputting various specific data and analyzing the results. The first part of the program is a quantitative
characterization of the base case electricity use. This base case would be later used as a reference point

to the avoided costs calculation.

Then, a specific worksheet called GATEWAY is used to provide some information: selecting the
technologies and/or programs that would be available through the smart grid investments, starting
point to input detailed parameters related to the technologies/programs, showing selected summary
BCA results (IRR, undiscounted breakeven period, discounted breakeven period, NPV) among others.

The detailed BCA results are presented in the DASHBOARD and other worksheets. The DASHBOARD also
provides the user with appropriate buttons to evaluate the parameters applied in the analysis. The users
can also modify the parameters that are supplied by the SGIM.

Some of the smart grid applications that can be analyzed by the SGIM include:

v AMI/Smart Meters

v Distribution Automation

v" VAR Control

v' Customer Technologies and Programs, such as Programmable Communication Thermostats
(PCT), Pricing and Demand Response

v' Communication and IT Application

v" Meter Data Analytics
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Although the model could be very good comparison and base for the improved SGCT program, the fact
that it is a privatized model (not public) deters the possibility. Also, there is not enough documentation
of the model and its utilizations to be based upon.

11.1.6 United States: Smart Grid Consumer Collaborative (SGCC)

By macroeconomic analysis, many researchers have forecast the cost and benefit of Smart Grid. As the
real-world experience is growing, Smart Grid Consumer Collaborative (SGCC) reviewed available
research quantifying benefits — economic, environmental, reliability, and customer choice — and costs
associated with Smart Grid investments.

In this report, benefit cost analysis was fulfilled with reference case and ideal case. Reference (low end)
case embodies conservative assumptions typical of the current average capability deployment. Ideal
(high end) Case is based on the achievable, “the state of the possible” Smart Grid deployment goal. Also
this report describes the benefit drivers for each Smart Grid capability. Benefit-cost analysis is done by
calculation of Net Present Value for 13 year deployment of Smart Grid infrastructure and its operation.
The table below compares the assumptions of Reference and Ideal case.

Table 1 Reference Case and Ideal Case benefit assumptions

Capability Primary Benefit Drivers Reference Case Ideal Case
Assumptions Assumptions
Integrated « Average reduction in peak demand * 3.5% peak reduction | ¢ 3.5% peak
Volt/VAr Py reduction
Control * Average reduction in energy use *n/a
* 2.7% energy
reduction
Remote * Type of meter reading « Routine monthly  Meter reading
Meter (manual or automated) prior to Smart meter reads previously manual
Reading .
Meter rollout previously automated
* Policy regarding move ins/move outs | ¢ Prorating prohibited | ¢ Prorating
(is prorating allowed between meter prohibited
reads or must meters be read on
customer move dates?)
Time-Varying | .cyustomer participation rates (opt in) * 2% participation * 20% participation
Rates
 Customer response level to price * 20% load shift * 20% load shift

differentials * 4% usage reduction | * 4% usage reduction
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* Conservation impact

* Average peak demand

per residential customer

* Value of generation capacity avoided
» Average usage per residential
customer per year

* Value of electricity use avoided

* 2.575kW/customer
(1)

* $134.28/kW year(1)
* 11,280 kWh/ year
(1)

* $50.0682/kWh (1)

* 2.575kW/customer
(1)

* $134.28/kW year
(1)

* 11,280 kWh/year
(1)

+ $0.0682/kWh (1)

Prepay «Customer participation rates * 2.5% participation * 5% participation
and remote
N . . ° 0, 1 ° 0,
disconnect/ Conservation impact 11% usage reduction 11% usage
reconnect « Existence of remote disconnect « No remote reduction
prohibitions disconnect * No remote
prohibitions disconnect
prohibitions
Revenue » Level of electricity theft prior to Smart
Assurance
Meter deployment
» Average age of meters being replaced
Customer «Customer participation rates * 2% participation * 5% participation
Energy ) ) )
Management  Feedback mechanism Type ¢ In-home display ¢ In-home display
» Conservation impact * 5% usage reduction ¢ 5% usage reduction
Service * Value assigned to a minute of * $1.80/minute * $1.80/minute
Outage e . .
g reliability improvement (weighted average (weighted average
Management;

Fault Location
and Isolation

opportunity cost to
residential,
commercial,
industrial)

opportunity cost to
residential,
commercial,
industrial)

Renewable
Generation
Integration

» Difference in cost of relative to central
resources

« Difference in environmental impact
vs. central

* Value of environmental impact
reductions

* Ratio of customer-sited to central

resources over time
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Note: (1) These assumptions are used throughout the report as appropriate.

Source: Smart Grid Consumer Collaborative (SGCC), Smart Grid Economic and Environmental Benefits: A Review
and Synthesis of Research on Smart Grid Benefits and Costs, October 2013.

In this report, the results show that the direct and indirect economic benefit of the grid modernization is
larger than the cost of deployment of Smart Grid infrastructure and its maintenance. Also it indicates
that the grid modernization has a significant benefit on the environment through conservation and
renewable generation integration.

1.2 Summary of BCA Frameworks and Application Cases

The Methodology of EPRI (EPRI, 2010) could be considered as the general approach of estimating
benefits and costs of a smart grid project. Other institutions that built their BCA tools upon the
Methodology are US Department of Energy (DOE) with its Smart Grid Computational Tool (SGCT) and
European Commission's Joint Research Centre (EC JRC) although with integration of its own elements
such as smart grid characteristics, Key Performance Indicators (KPl), and qualitative analysis. Similar
frameworks are developed by McKinsey and Smart Grid Investment Model (SGIM).

The main focus of these BCA is the definition of benefits. In general, most of the smart grid benefits is in
form of reduced costs. As to which benefits are considered and how to quantify those benefits, each
framework could have different interpretations compared to others. Some of the general benefits are
reduced generation cost, reduced CO, emissions, reduced meter reading cost, reduced outages, and
reduced cost of transmission and distribution system.

Interesting framework is presented by Frontier Economics, which works closely with Smart Grid Forum
(SGF) of UK. The model they developed applies real options valuation, which is application of option
valuation techniques to capital budgeting decisions. The reason is to avoid a stuck-in scenario where
only one specified investment path can be chosen. In a sense, it is similar to integrating the advanced
version of sensitivity analysis to the main BC Analysis itself. Also, the Frontier Economics combine their
Real options BCA model with network model and generation model to provide the network and
generation costs to the BCA model.

In IMPLAN discussion (as well as others) it is notified that impacts of smart grid could be more than a
direct economic impact. Utilizing input output data, the model could analyze the indirect economic
impacts and induced economic impacts of smart grid, in addition to the normative direct economic
impacts.

The main focus of the comparison between the studies is the definition of benefits and costs. It can be
observed that depending on the background and scope of each project, the list of benefits and costs
would differ one from another. It must be noted also, that not all studies surveyed here has a clear
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documentation of the exact calculation (quantification and monetization) of the benefits, which could
be tricky sometimes.

Taking Czech Republic case as an example, the smart grid project there focus more on reshaping the
electricity load, thus the smart grid benefits are categorized into load leveling effect, time shifting effect,
and off-peak time shifting effect. The calculation of these benefits, then, would base on the cost
avoidance resulting from the project.

Meanwhile in Denmark, the benefits of smart grid is divided into savings on reserves and regulating
power, savings on electricity generation, and savings on energy-saving initiatives. The method of
benefits quantification--seeing this categorization--would be the reduced cost that stems from the
reduced electricity consumption.

Both Czech Republic and Denmark cases have similarities that they don't consider much the benefits
related with the transmission and distribution. As can be seen, most of the benefits are related with
reduced generation or load saving. Netherland's report also shares the same point of view for benefits
estimation. On the other hand, Lithuania does not consider the savings from generation side, but mostly
deals with benefits related with smart metering.

The environmental benefit of smart grid, which is reduction of CO, emission, also becomes more
important. The BCA report of Ireland is one of those that take this into account. In relation to CO,
emissions, the McKinsey framework also made it into their list of smart grid's major benefits. The same
goes for SGCC report, which covers several utilities.

In conclusion, the list and definition of benefits may differ between cases and a standardized list and
definition that encompass the whole possible benefits must be generated. Table below compares the
benefits definition from various BCA reports. It basically expands the similar table from the previous
report. As usual, the benefits categorization coined by EPRI (2010) is used as the base. But the listed
benefits might have unclear monetization method. The estimation of benefits, then, is quite a delicate
process.

A further discussion is being made for the review of SGCT (Smart Grid Computational Tool Kit)
developed by DOE following the guideline of EPRI (2012) for the selection of benchmark benefit-cost
frameworks and tool.
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Economic

Table 2 Benefits Comparison from Various BCA Reports

BCA REPORTS
EPRI | EPRI | FERC | FSC IEE | McKi | Czec | Den | Irela | Lithu | Netherl [ New SGCC
2004 | 2011 | 2006 | 2008 | 2011 | nsey h mark nd ania and York
Optimized Generator
. X X X X X X X
Operation
Deferred Generation
Improved . X X X X X X X X X
Capacity Investments
Asset
. Reduced Ancillary
Utilization . X X X X X X X X
Service Cost
Reduced Congestion
X X X X X X
Cost
Deferred
Transmission X X X X X X
Capacity Investments
T&D Capital —
] Deferred Distribution
Savings . X X X X X X X
Capacity Investments
Reduced Equipment
. X X X
Failures
Reduced T&D
Equipment X X X X X
Maintenance Cost
T&D O&M
] Reduced T&D
Savings . X X X X X X
Operations Cost
Reduced Meter
. X X X X X X X X X
Reading Cost
Theft Reduced Electricity X
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Reduction

Theft

Energy Reduced Electricity
Efficiency Losses
Electricity Reduced Electricity X
Cost Savings | Cost
Reduced Sustained X
Outages
Power Reduced Major X
Interruptions | Outages
o Reduced Restoration
Reliability X
Cost
Reduced Momentary X
Power Outages
Quality Reduced Sags and
Swells
Reduced CO2 X
Environ- . L Emissions
Air Emissions
mental Reduced SOx, NOx,
and PM-10 Emissions
Reduced Oil Usage
. Energy
Security . Reduced Wide-scale
Security

Blackouts
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11.3 Smart Grid Computational Tool (SGCT)

11.3.1 Overview of SGCT

DOE’s Smart Grid Computational Tools (SGCT) is a benefit cost analysis (BCA) tools developed by DOE
which is strongly based on EPRI’s Methodological Approach for Estimating the Benefits and Costs of
Smart Grid Demonstration Projects (2010).

ﬁQ@ hl /
) NPCC (

MRO f)fﬂ\
RFC
WECC
SPP
SERC
TRE

FRCC

Figure 10 NERC Regions
Source: http://www.kestrelpower.com/services NERC.php

The tool is designed to deliver some answers to smart grid projects’ benefit related questions for the
above designated NETC (North American Electric Reliability Corporation) regions.
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NERC Region
 Abbreviation

Table 3 NERC Regions

NERC Region Name

FRCC Florida Reliability Coordinating Council
MRO Midwest Reliability Organization
NPCC Northeast Power Coordinating Council
RFC Reliability First Corporation
SERC SERC Reliability Corporation
SPP Southwest Power Pool
TRE Texas Regional Entity
WECC Western Electricity Coordinating Council
ASCC Alaska Systems Coordinating Council
HI Hawaii
NA No NERC Region

Source: DOE (2011)

This approach is then modified by SGCT in its own BCA process. The first modification is that SGCT
bypasses or simplifies some of the 10 (ten) steps approach of EPRI. For example, there is no detailed
characteristic needed in SGCT, only a mapping from assets-functions-mechanisms-benefits is needed.

11.3.2 Steps of SGCT

The step of project’s baseli

modification is the addition

ne definition for benefits calculation is given to the user and the tools will
only receive it as an input. Also, the quantified and monetized benefits steps are combined. The second

of several additional analyses in the tools, such as sensitivity analysis.

What are Smart What does the Hoiw does it Wrhat “goodness”  What is the
Grid technologies?  Syart Grid do? do that? results? goodness worth?

Functions Mechanisms Monetary

Value

Example
Dictiibution Automatic Improves feeder  Reduced feecer
3 voltage and VAR voltage losses worth $60  $6,000
Automation :
control regulation per MWh
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Figure 11 lllustration of the Translation of Smart Grid Assets to Benefit's Monetary Value
Source: DOE (2011)

The above diagram of SGCT characterizes smart grid projects by identifying the technology (assets) that
will be installed and identifying what that technology will do (functions and mechanisms). Based on this
characterization, the SGCT identifies the economic, reliability, environmental, and security benefits the
smart grid project will yield.

Figure below shows the illustration of Assets to Functions to Mechanisms to Benefits mapping in SGCT.
It can be seen that the function can be mixed, such as that an asset can have several functions as well as
a function can be done by several assets. The same goes for any of the mapping, up to mechanisms to
benefits mapping.

Agnein Function A Mechanism A . Benefit £1
Function B Mechanism B Benefit 2

Function C 4 Mechanism C Benefit £3

Asset D

Function D Mechanism D Benefit #4

Figure 12 lllustration of Asset, Function, Mechanism, Benefit Mapping (Navigant, 2011)
Source: DOE (2011)

11.3.3 Detailed Steps of SGCT

The relationship between technology and benefit calculation is governed by the choices of functions and
the related mechanisms shown above,

B Assets
The first step is to identify the smart grid assets that a project will implement.

v' Advanced Interrupting Switch
v" Advanced Metering Infrastructure (AMI)/Smart Meter
v' Controllable/regulating Inverter
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Customer EMS/Display/Portal

Distribution Automation

Distribution Management System

Enhanced Fault Detection Technology

Equipment Health Sensor

FACTS Device

Fault Current Limiter

Loading Monitor

Microgrid Controller

Phase Angle Regulating Transformer

Phasor Measurement Technology

Smart Appliances and Equipment (Customer)

Software — Advanced Analysis/Visualization

Two-way communications (high bandwidth)

Vehicle to Grid Charging Station

Very Low Impedance (High Temperature Superconducting ) Cables
Distributed Generator (diesel, PV, wind)

Electricity Storage device (e.g., battery, flywheel, PEV etc.)

NN N N N N N N N N N U N N O N NN

The list of assets could be regarded to expand in the future as there will be technological progress in this
field of smart grid. Currently 22 types asset are defined in SGCT.

B Functions

Followings are the type of functions identified in SGCT and the number of functions is 15.

\

Fault Current Limiting

Wide Area Monitoring and Visualization and Control
Dynamic Capability Rating

Power Flow Control

Adaptive Protection

Automated Feeder and Line Switching

Automated Islanding and Reconnection
Automated Voltage and VAR Control

Diagnosis and Notification of Equipment Condition
Enhanced Fault Protection

Real-time Load Measurement and Management
Real-time Load Transfer

Customer Electricity Use Optimization

Storing Electricity for Later Use

AN NI N NN YN U U N U N NN

Distributed Production of Electricity
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B Mechanism

Once the function is chosen, there will be mapping relation provided by the SGCT to select related
benefit. It will be discussed in the figure to be provided below.

B Benefits

There are four categories of benefits: Economic, Reliability, Environmental, and Security. Total of 22
benefits are calculated as the form of avoided cost due to the introduction of smart grid technologies.
Following is a table of the List of Smart Grid Benefits.

Table 4 List of Smart Grid Benefits
Benefit

Benefit Category ‘ Sl et Benefit

Optimized Generator Operation

Improved Asset Deferred Generation Capacity Investments
Utilization Reduced Ancillary Service Cost

Reduced Congestion Cost

Deferred Transmission Capacity Investments
T&D Capital Savings Deferred Distribution Capacity Investments
Economic Reduced Equipment Failures
Reduced T&D Equipment Maintenance Cost
T&D O&M Savings Reduced T&D Operations Cost
Reduced Meter Reading Cost

Theft Reduction Reduced Electricity Theft
Energy Efficiency Reduced Electricity Losses

Electricity Cost Savings | Reduced Electricity Cost

Reduced Sustained Outages

Power Interruptions Reduced Major Outages
Reliability Reduced Restoration Cost
. Reduced Momentary Qutages
Power Quality Reduced Sags and Swells
Envi tal Air Emissi Reduced CO: Emissions
nvironmenta 1T Bmissions Reduced SOx, NOx, and PM-2.5 Emissions
Security Energy Security Reduced Oil Usage

Reduced Wide-scale Blackouts

Source: DOE (2011)
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Functions

o
=
= c
= = g B
. £ £ 3 s |2
Benefits g S s £ g 2 |g
£ 2 el & = |3
= = ] = =2 |8
£ 3 g = B s =
£ c = gz
E 3 2 H = |22
3 = £ ] g; -] g2 =]
583 §(z¢
Optimized Generator Operation | - -
Improved Asset | Deferred Generation Capacity Investments - - -
Utilization Reduced Ancillary Service Cost - - - - - -
Reduced Congestion Cost - - - - - -
Deferred Transmission Capacity Investments - - - - - - -
T&D Capital .
Savings Deferred Distribution Capacity Investments - - - - - -
" Reduced Equipment Fallures . . . .
Economic 18D O&M Reduced T&D Equipment Maintenance Cost -
Savings Reduced T&D Operations Cost - -
Reduced Meter Reading Cost -
Theft
Reduction Reduced Electricity Theft -
EI.“,‘"V.\" Reduced Electricity Losses - - - - - - -
Efficiency
Electrlc.tv Cost Reduced Electricity Cost - - -
Savings
Reduced Sustained Outages - - - - - - - -
Power n
. Reduced Major Outages - - - -
Interruptions
Reliability Reduced Restoration Cost - - - - - -
b Qualit Reduced Momentary Outages - -
e Ruality Reduced Sags and Swells - -
Reduced CO; Emissions - - - - - - - - -
Environmental Air Emissions
Reduced 50., NO,, and PM-10 Emissions - - - - - - - - -
s " e s . Reduced Oil Usage (not monetized) - - - -
ecurity NETEY SECUNY | poduced widescale Blackouts - -
e H : H : Advanced Interrupting Switch
. . . AMI/Smart Meters
- - Controllable/regulating Inverter
i . H Customer EMS/Display/Partal
. . - - i . ] Distribution Automation
- - I - - - - - Distribution Management System
I . Enhanced Fault Detection Technology
. i H : H e H £ : : - Equipment Health Sensor
- | | | FACTS Device
. ] | | Fault Current Limiter
- i - - H Loading Manitor
- Microgrid Controller
- Phase Angle Regulating Transformer
- - - - - - - Phasor Measurement Technology
* H Smart Appliances and Equipment (Customer)
- - Software - Advanced Analysis/Visualization
- - - - - - - Two-way Communications (high bandwidth)
i i . : Vehicle to Grid Charging Station
- I [ ] Very Low Impedance (High Temperature Superconducing) cables
i - i R Distributed Generator (diesel, PV, wind)
H H . Electricity Storage device (e.g., battery, flywheel, PEV etc)
o3
-]
¢ g £ 5
B E S 1 |5 1T |5|5 - g5
21 E = 5 5 |2:-|812 e < |5
S|z 5% 2 v | 55|88 2z g |z
Bl = |3 = ] £E35 & |2 = |2 z |8
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Figure 13 Asset, Function, Mechanism and Benefit



Above diagram is prepared simply to show the role of mechanism. Mechanism maps the choice of
benefit to be considered when a function is selected. The red box in the above figure is the role of
mechanism linking the choice of technology to the benefits to be calculated.

11.3.4 Overall Architecture of SGCT

There are basically three modules in SGCT, which are: 1. Project Characterization Module (PCM); 2. Data
Input Module (DIM); and 3. Computational Module (CM), see figure below. The first module helps user
determine the functionality of the projects. Basically it maps each assets provided by a smart grid
project to onto a standardized set of benefit categories. It handles the first to fourth steps in EPRI’s ten
step approach. In the second module, user can input the required data to calculate project benefits. The
list of anticipated benefits is derived from the first module and the list of inputs needed depends on the
formula of each benefit’s calculation. The module basically tackles the fifth, sixth and ninth steps of
EPRI’s ten step approach. The last module then calculates the project costs and benefits. It also provides
a mean of sensitivity analysis, by changing the range of some basic inputs, such as costumer number,
electricity price, and various inputs for benefits calculation.

Following diagram show the overall structure of SGCT.

Phase III

Project Characterization
Module (PCM) : Helps user
determine the functionality

of the project. Determines
benefits the project will yield.

Project Assets,
Functions, and
Mechanisms

Project Computational Module
input datz (CM): Calculates project |- JSpIS
costs and benefits; allows
for project sensitivity
Project benefits analysis.

l

Data Input Module (DIM) :
o Facilitates data input
Project input data required to calculate project
benefits.

Sensitivity ranges
|

Kev Sensitivity Analysis Input
£3 Sensitivity Interface (Optional): Allows
. ’ user to set the sensitivit
=User Input : = Input interface ranges i ¥
range for specific variables.
—= =Dataflow - = Calculation engine

Figure 14 SGCT Architecture

Source: DOE (2011)
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11.3.4.1 Project Characterization Module (PCM)

PCM provides a brief overview of SGCT, regarding the project’s characteristics. Following is the PCM
dialog box in SGCT.

PCM - Project Information x|

I Please input project information below. |

Organization Name

Project Mame

I

!
Project Start Year I

[ 1

MERC Region

Previous | Exit | Next |

Figure 15 PCM Project Information Screen

Source: DOE (2011)

The choice for NERC region could be modified to include all the ISGAN member countries in the future.
However, current SGCT can only be specified for either NREC region or non-NERC region. After this
specification of project characteristics, a couple of pages should be managed to choose technologies and
functions with default mechanism provided. The diagrams for such choices are given in the dialog boxes
below.

PCM - Choose Assets El

Fleaze select al assets that wil be instaled as part of the smart grid project. The cheices on this page may represent a group or category

of assets, If a particular asset that is being instaled doss nat appear explcitly in this list choose the asset group that is most closely related to the
asset being instaled. The assets that are chosen on this page wil determine the subset of functions that you wil be able to choose from on the
folowing page.

Customer Assets Transmission Assets

¥ Customer EMS,Display/Fortal Definition [ Phase angle Regulating Transfar mer Definition
¥ Smart &ppliances and Equipment (Customer’) Definition I Phasor Measurement Technology Defirition
I ‘ehicle to Grid Charging Station Definition ¥ Software - Advanced Analysis,/Visualization: Defirition

AMI Assets Other Assets

¥ AMI/Smart Meters Definition ™ Enhanced Fault Detection Technology Defirition
Distribution Assets I Equipment Health Sensor Definition

r Flexible Alternating Current Transmission Definition
I™ Advanced Interrupting Switch Definition System (FACTS) Device

I Controllable/fregulating Inverter Definition I™ Fault Current Limiter Definition
I Distribution Automation Definition [ Two-way Communications thigh bandwidth) Definition
I™ Distribution Management Systam Definition [ ey Low Irnpedance (High Termperature Defirition

Superconducting) cables
I™ Loading Monitor Definition
I Distributed Generator (diesel, PY, wind) Definition
¥ Microgrid Controller Definition
Electricity Storage device (e.g., battery
v ' b
flywheel, PEY etc) Lol

Previous Exit Mext

Figure 16 Choosing Assets in DOE's SGCT
28




Source: DOE (2011)

oose Functions rgl

Please select al functions that you expect the smart grid project to enable. For a definiion of a
function click the button to the right of the function. Certain functions may be disabled
(grayed out) because the necessary project assets were not indicated on the preceding page.

1 Definition
2 ™ wWide Area Monitoring, Visualization, and Control Definition
2 I Dynamic Capability Rating Definition
L Definition
5 Definition
5 Definiition
7 W automated Islanding and Reconnection Definition
8 W automated voltage and VAR Coniral Definition
= Definition
10 Definition
11 |~ Real-Time Load Measurement & Management Definition
12 Defirition
13 W customer Electricity Use Optimization Definition
14 ¥ Storing Electricity for Later Use! Definikion
5 - Definiition

Previous Exit MNext

Figure 17 Choosing Functions in DOE's SGCT

Source: DOE (2011)

Mechanisms describe specifically how each function wil be reslized. In this page the applicable mechanizsms for each ensbled function should be selected. The
pombination of the functions and mechanisms determine which benefits the project may yvisld, Each tab in this page represents one of the enabled functions of
fthis project. Fleass navigare to al enabled tabs and select all applicabls mechanisms for each function. Be sure to navigats to al enabled tabs before procesading
fte the nest page.

| Function 2 | | | | Function 7 | Function & I Function 13 Function 14 |

Storing Electricity for Later Use

¥ Pronvickes olectriciby at ek B o reduce

ibnatices presade oo |

™ Provides electricity at paak time 1o reduce ganaration paak capacity required
¥ Provides electricity at peak time to reduce ransmission pask load

I Enables load followingfmoothing allowing generators to remain in thelr optimum operating zone and avoid the dispatch of less efficient generation

¥ Provides eloctricity at poak timo o roduce ancillay soevico wl 1o paesake o
¥ Provides electricity during tines when price of "grid power" exceeds cost of praviding electricity with the storage aszet
™ acts a8 an uninterruptible power supply during & Momantary outage

I Utilizes uninterrupted power supply capability © enable load to ride through voltage sags and swell

™ Eruakbl

slardiveg o allorrative powes supply
¥ Decreasas bading on congasted transmission pathways
¥ Cptimizes nat load shape o reduce electricity losses

v Reduces emizsions from carbon bazed fuel due o Iosses

[~ PRV s as enorogy storage assots roduce o

W corsmption,

Frevicus Prewious Tab | Eak | et Tab |

Figure 18 Choosing Mechanisms in DOE's SGCT

Source: DOE (2011)
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11.3.4.2 Data Input Module (DIM)

Each steps for the DIM is briefly explained in the following DIM main page.

Data Input Module (DIM) Main Page

Go Back to the PCVI

Instructions

Welcome to the Data Input Module {DIM] phase of the Smart Grid Computational Tool. The DIM will help you navigate
through the process of entering the required data. Its main purpose is to ensure that all the required data is entered in the
proper format so that the benefits can be analyzed successfully. The DIM uses the project benefits identified by the IPSM to
determine and present only a relevant subset of all possible tool inputs to the user. Once all required project data is entered
the DIM will send the data to the next phase of the tool for analysis and calculation.
Progress through the DIM by clicking on the blue buttens below. Each button corresponds to a step in the DIM. The first
three staps prompt the user to enter three different types of data: lnad curve and tariff data, benafit calculation input data,
and project cost data, The fourth step allows the user 10 review their inputs before procesding to the next module, The final
step exits the DIM and brings the user to the Computational Module which uses the inputs provided by this module to
calculate the benefits of the project.

|

Project benefits

i

Data Input Module (DIM) : Project
Facilitates data input input data
Project input data required to calculate project
benefits.
Key
|::>- User Input I:I = Input interface
—> =Dataflow

QOrganization Name tast
Project Mame tost
MERC Region 3. MRD
Project Start Year 2010

: Enter Number of Customers and Electricity Tariff
Data

Step IV: Review DIM Cost and Benefit Calculation Inputs

Step |I: Enter Benefit Calculation Input Data and Escalation Step V: Proceed to the Computational Module (CM)
Factors Maodule to complete Costs and Benefits Calculations

Step lii: Enter Project Cost Data

Figure 19 DIM main Page
Source: DOE (2011)
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DIM Step | : Number of Customers, and Electricity Tariff Data

Directions: In the outlined section below the user should enter the appropriate electricity tariff and customer
population data. The user should refer to the detailed directions in the section below for instruction on how to
enter data. If pasting data from another source into these tables please use the "Paste Value' function to avoid
changing cell formatting or pasting formulas. Once all data has been entered click the button below to finish this
step and return to the DIM Main Page. After finishing this step a new page will become visible which contains all
of the data entered in this step, the user can view this page to review all data entered in this step.

Finish Electricity Tariff and Customer Data Entry and Return to Main Page.

In this section the user should enter electricity tariff rates and information about the number of customers served. For Table

1 at least one energy rate must be entered for each customer class and at least one demand charge must be entered for the
commercial and industrial customer class. If there is no demand charge for a certain customer class a zero should be entered
in the Avg Demand Charge column of Table 1. Similarly for Table 2 a number must be entered for at least one sub-class for
each customer class; if there are no customers served for a certain class a zero should be entered. Once the appropriate data
has heen entered in Tables 1 and 2 click the "Submit Rate and Number of Customers Served Data" button below to submit

and store the entries.

Table 1: Electricity Rates by Customer Class in 2010
Aorg Dremand

Average Energy  Charge [5/lw-
Rate [5fkwh) month]

|

|

I

|

|

|

|

I

|

I

I

I

|

|

| Residential Customer Class

: Residential Rate Sub-Ckass 1
Aesidential Rate Sul-Class 2

! Aesidential Rate Sul-Class 3

! Aesidential Rate Sul-Class 4

! Residential Rate Sub-Class 5

I

|

I

|

|

|

|

I

|

|

|

|

I

|

|

|

|

Awerage Residential Rate

Commercial Customer Class

Comimercial Rate Sub-Class 1
Commercial Rate Sub-Class 2
Commercial Rate Sub-Class 3
commercial Rate Sub-Class 4
Commercial Rate Sub-Class 5
Awerage Commercial Rata
Indhustrial Customer Class
Industrial Sul-Class 1
Industrial Sub-Class 2
Industrial Sub-Class 3
Industrial sub-class 4
Industrial Sub-Class &
Average Industrial Rate
Average Retail Electricity Rate

Table 2: Number of Custemeres Served by Class in 2010

Customers Senved

Residential Customer Class

Residential Rate Suby-Class 1
Residential Rate Sub-Class 2
Residential Rate Sub-Class 3
Residential Rate sub-Class 4
Residential Rate Sub-Class 5
Al Residential Classes -

Commercial Customer Class

Cominercial Rate Sub-Class 1
Commercial Rate Sub-Class 2
Commercial Rate Sub-Class 3
commercial Rate Sub-Class 4
Commercial Rate Sub-Class 5

Al Commercial Classas =

Indhustrial Customer Class

Industrial Sul-Class 1
Industrial Sub-Class 2
Industrial sub-Class 3
industrial sub-Class 4
Industrial Sab-Class 5
Al industrial Classes -

Al Customer Classes -

Submit Rate and Number of Customers Served Data

Figure 20 DIM Step 1

Source: DOE (2011)
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DIM Step II: Enter Benefit Calculation Input Data

Optional inputs

Deferred Generation Capacity Investments

below to learn maore about each of these Important topics.

Directions: Use the table below to enter the project data that will be used to calculate banefits. All inputs are grouped according to the benefits they are used to calculate. For each
Input the user must enter data for all baseline years and data fior at least one project year before being able to submit entries and complete this step. When all data has been
entered click the blue butten at the bottom of the table 1o submit and store the data entries. There are three 1opics conteming this step that deserve special attention: Optional
Inguts, Defaull Values, and "Muror” Inputs.

Click the buttons

“Mirror” Inputs

Price of Capatity at Annual
Peak

The price paid for peak capacity [$/MW), which
represents the capital expenditures for conventional
genaration.

Assumption/Estimate

Use Default

Reduced Ancillary Service Cost

Ancillary Services Cost

Total annual cost of ancillary services, Ancillary services,
intluding spinning reserve and frequency régulation,
could be reduted If: generators could more closely follow
load: peak load on the Sys1em was reduced; power facter,
wvoltage, and VAR control were improved; or information
available to grid operators were improved.

Impact Metric Dats

NiA

Source: DOE (2011)

Reduced Electricity Losses

Distribution Feeder Load

Average apparent powes readings for all feeders
impacted by the project. This input will be used to
calculate electricity lostes o feeders thal have been
made more efficient or feeders that have had peak or
average loadings decreased should be included. if
substations have bewn made more efficienct the average
power lavel of the substation(s) should be input.
Infermation should be based on hourly loads.

Impact Metric Data

N/A

Distribution Losses

Average losses for the portion of the distribution system
impacted by the project expressed as a percentage of
total loading. This can be modeled or caloulated.

impact Metric Data

NiA

Trarsmission Line Load

[Average apparent power readings for all lines impacted
by the project. This information will be utad to caltulate
alectricity losses so lines aver which losses could be
reduced as aresult of the project should be included,
Information should be based on hourly loads.

impact Metric Data

N/A

Trafssmission Lossas

[Average losses for the portion of the transmission systerm
Imipacted by the project expredied as a percentage of
1018l loading. This can be modeled or caleulated.

Impact Metric Data

NiA

Average Price of Wholesale
Energy

Average wholesale market price of electricity. This input

will be uted 10 monetize electricity losses.

Figure 21 DIM Step 2
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Projact

Baseline 2010 Baseline 2011 Baseline 2012 Baseline 2013 Baseline 2014 2010 2012 2013 2014
siw 3 95,700.00 95,700.00 35,700.00 | 5 95,700.00 95,700.00 55,700.00 | 5 95,700.00 95,700.00 95,700.00
3 3 1 1 13 1 1 1
WA 10000 100.00 100.00 100.00 100.00 90.00
% 3% 3% % 3% 3% 3%
NIVA - - - -
Additional

Source: DOE (2011)

input ce"s/

33

Figure 22 Data Input Sheet Data Entry Cells




'
Step lIl: Enter Project Cost Data

Directions: In this page the user can enter project cost information. This information will be used to complete a simple net presant
value cost benefit analysis. The wser can enter total costs, initial and final spending years, and interest rate and the tool will smortize
the cost avenly over the spending period, Or the usar can enter a customized cost schadule, Whnen the cost infarmation has been
entered click the blue button at the botiom to submit and store the entries,

Start ¥ear

stom Cost Schedule

Additional
Years

Capital [%)

Finish Cost Data Entry and Return to Main Page

Figure 23 DIM Step 3

Source: DOE (2011)

b B 1P Lonpf] Gaad [owied, Ralubeg

Step IV: Review DIM Cost and Benefit Calculation Inputs

0 TP w0 B Rl LR

Biveliaee POLY

0

W

Voar
Vearly Capital Expemditure [3) s
L '!lh-ll"—" lwl.m- lﬂ p |

Figure 24 DIM Step 4

Source: DOE (2011)
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11.3.4.3 Computational Module (CM)

The Computational Module is said to be the calculation engine of the SGCT (DOE, 2011). The primary
purpose of the CM is to transform the input data either from the DIM default values or from user
defined inputs into the costs and benefits of the smart grid project being analyzed. According to DOE
(2011), default values are based on the following sources:

v" EIA (Annual Energy Outlook 2009, Form 861, Form 411, etc.)
Global Energy Decisions, Energy Velocity (FERC Form 714, etc.)
SNL (FERC Form 1, etc.)

Public filings, rate cases (PUC, FERC, ISO, etc.)

AR

Then this computation module, CM, calculates costs and benefits on a yearly basis and presents
summaries of these results to the user in tabular and graphical formats.

Computational Module (CM) Main Page

Instructions

Welcome to the Computational Modula (CM) phase of the Smart Grid Computational Tool. The CM is the calculation engine of the tool, it
crunches the numbers and generates the output. Tne CM also allows the user to complete a sensitivity analysis if desired. Before
running the CM the user can review their inputs and the first five years of projected inputs using the tables below. If the user wishes to
change any inouts they can return to the PDIM by clicking the arrow to the right of this directions box.

Running the CM with Reference Inouts - To run the CM with the inputs that were entered in the DIM phase, simply click the button in the
"Reference Case" section that says "Run CM with Reference Case Inputs”. The CM will take about 20 seconds to complete the analysis.
Once the analysis is complete the results can be viewed by clicking the "View Reference Case Results" button.

Running the a Sensitivity Analysis - Before running a sensitivity analysis the CM should be run with the reference case inputs by
following the directions above. To run a sensitivity anzalysis first change the High and Low sensitivity ranges of the desired inputs by
using the toggles that are to the right of every input. After all of the desired sensitivity ranges have been set click the button in the
"Sensitivity Analysis” section that says "Run CM with Sensitivity Case Inputs”. The CM will take about a minute to complete the analysis.
Once the analysis is complete the results can be viewed by clicking the "View Sensitivity Results" button. All of the sensitivity ranges can

be reset to 100% by clicking the button above the toggle switches that says "Reset all values to 100%".

Phase III

Project Computational
aEen  Module(CM): Calculates Ratilie
project costs and benefits;
allows for project
sensitivity analysis

Sensitivity ranges
|
Sensitivity Analysis Input
Interface (Optional):
Allows user to set the
sensitivity range for specific
variables.

Sensitivity
ranges

Key
©= User Input I:’ = Input interface
—> =Dataflow - =Calculation engine

Figure 25 CM Main Page

Source: DOE (2011)
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Reference Case

View Reference Caze

CM with Refe
Run CM with Refer Results

Sensitivity Analysis

Run CM with Sensitivity Case Inputs View Sensitivity Results

Resetallvalues to 100%

Selec sing togele
Input Name Refarence
Number of Custom ers Residential Rate Sub-Class 1 uid 100% 100% 100%
Number of Customers Residential Rate Sub-Class 2 ki 100% 100% 100%
mumbaer of Custom ers Residantial Rate Sub-Class 3 = 100% 100% 100%
mumber of Customers Residantial Rate Sub-Class 4 = 100% 100% 100%
Number of Customers Residentlal Rate sub-Class 5 = 100% 100% 100%
Number of Customers All Residential Classes = 100% 100% 100%
Number of Customers Commercial Rate Sub-Class 1 = 100% 100% 100%
Mumber of Customers Commercial Rate Sub-Class 2 & 100% 100% 100%
Mumber of Customers Commercial Rate Sub-Class 3 & 100% 100% 100%
Mumber of Customers Commercial Rate sub-Class 4 # 100% 100% 100%
Mumber of Customers Commercial Rate sub-Class 5 7 100% 100% 100%
mumber of Custamers all Commerzial Classes = 100% 100% 100%
Mumber of Customers Industrial Sub-Class 1 g 100% 100% 100%
MNumber of Custom ers Industrial Sub-Class 2 i 100% 10055 100%
Mumber of Custom ers Industrial Sub-Class 3 i 100% 1005 100%
Number of Custamers Industrial Sub-Class 4 F 100% 100% 100%
Number of Customers Industrial Sub-Class 5 F 100% 100% 100%
Number of Customers All Industrial Classes F 100% 100% 100%

Figure 26 CM Main Page
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Task Ill: Development of Toolkits to Evaluate Benefit-Costs

Subtask 3.1: Development of Simplified cost-benefits analysis tool
Subtask 3.2: Technical Analysis of current BCA took-kit and Modification of Simplified tool-kit

1.1 Development of Simplified Cost-Benefit Analysis Tool

111.1.1 Overview

In this chapter, a simplified cost-benefit analysis tool is being developed taking SGCT of DOE as a
benchmark tool kit. As will be discussed later, this tool kit has various advantages over other tools: First,
this tool is open to public and anyone can take a look inside of the model deep enough to examine the
visual basic application modules. JRCEU, McKinsey models were once discussed in Annex IIl before for
any potential utilization for ISGAN member countries’ tool kit. However, members acknowledge the fact
that JRC works on excel based format and there seems to be not much difference between JRC’s work
and DOE. The difference lies in the fact that JRC never opened up the details of the functionalities and
sample calculation of BC in their whole work process. McKinsey software was discussed but it is not
open to public. Rather it is a commercial package with no specific advantage over to SGCT of DOE.
Detailed engine is not fully explained and the scope of the analysis the tool kit provides does not seem
to be very useful (Nigris 2012, Kim 2013).

The new tool kit being developed is named for the time as ‘Smart Grid BCA Toolkit Revised by EML’ for
convenience. Through the replication process, a lot of details have been identified, which, otherwise,
would not have been known to us. Many of the parameters utilized in the process of benefit calculation
may be required to be collected from outside in the future, reflecting the region specific characteristics.
Some of the default values provided by SGCT, although they are only for USA cases (refer to
accompanying manual), may also be useful until those detailed information becomes available for ISGAN
member countries even when they don’t have them. As discussed above at 111.2.24, it is being reminded
again that there are at least 12 smart grid projects currently being conducted in USA, and those projects
are starting to produce some detailed information which might be potentially utilized by current SGCT.

Not only those advantages, there are many interesting researches being conducted around the world
and the work results could be very useful sources of updating this replication effort in the future, once
this replication process allows us to identify the pros and cons of the current model.

111.1.2 Detailed Architecture of DIM in Replicated Tool Kit

After the separation of Ul and data, it is possible for us to design flexible and extensible Ul at our
disposal. For example, if data changes to new data or edits some data, Ul does not have to be designed.
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Since the controls in SGCT is fixed already by predefined data set, but controls in our program are

created from data when program begins.

DB structure can be summarized as is shown below. Contents in the colored boxes in the following

diagram

v

\

presents some of data information included in several files.

Data in blue box are PC (Project Characterization) data which consist of definition of assets,
functions and benefits. PC data is defined in ‘sys-def.xml’.

Data in green box are defined data to calculate benefit and it defined in ‘input-def.xml’.

Data in brown boxes are rearranged default values and it is defined in ‘defulat-values.xlsx.
Lastly, data in black box is saved information data of project and it is defined in ‘project-
def.xml’.

Original default values are hidden in SGCT. User can save and load those data information which is being

utilized by the software program.

— Asset Category Input Data If input data n;as default value Default Values
D = Benefit 1D ' »  Input Data ID
+  Name . * Year
D
- Unit User Input Data - Region
- Is Optional? - D . - Value
Assets »  Has Default Value? +  Project Information
. D +  Escalation factor type T Assels
Category 1D > Name L : ::unctl?jns
X = Description = Input data :
. Name_ . p . Escalation Factor Escalatlon Factor
+  Description »  Region
»  Function 1D Customer Tariffs »  Population
Type »  Load
b « Inflation
5 Sub Class »  Energy Price
Functions Benefits »  Energy rate
- D - D +  Demand charge
+  Name - Category - Served customers
+  Description = Sub Category
) »  Name Cost Data
Mechanism * Description Discount rate
- 1D » Is used custom
+  Name +  Initial year
+  Benefit ID - Final year
»  Total capital
/]\ «  Interest rate
|
Figure 27 Detailed Architecture of DIM in Replicated Tool Kit
At the accompanying manual, each of the component boxes in the above diagram are presented in

detail for the information it contains.

111.1.3 A Brief Comparison to SGCT and our program

There are basically three modules in SGCT, which are:

1. Project Characterization Module (PCM)
2. Data Input Module (DIM)
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3. Computational Module (CM)

In the following, each of the modules indicated above will be compared to show its original form of

SGCT and our Replicated Tool Kit.

111.1.3.1 Comparison of PCM in SGCT and our program

First, four dialog boxes from PCM are compiled in a single dialog box in the following page.

PO - Project Information

[Please input project informaton bekow.

=0

Organization Name I—
Project Namme |—
Project Start Year I—
L —

o . T

Figure 28 PCM Project Information Screen

of assets. If a partcular asset that is being nstaled does not appear expiditly in ths Ist choose the asset group that is most dosely related to the
asset being instabed. The assets that are chosen on ths page wil determine the subset of functions that you wil be able to choose from on the

Please select all assets that wil be rstaled as part of the smart gnd project. The choices on this page may represent a group or category
folowing page.

Customer Assets Transmission Assets.
I~ Customer EMS/Display Portal Defintion I™ Phase Angle Regulating Transformer Defineion
I (Customer) Deintion | I~ Phasor Measurement Technology
I~ vehicle o Grid Charging Staton Definition I Software - Advanced Analysis/viualization
AMI Assets. Other Assets.

I AMI/Smart Meters Defntion I™ Enhanced Fault Detection Technology Definkion

Distribution Assets I” Equpment Health Sensor Definkion

L er«nuumw Current Trangmission $|
™ advarced inerrupting Swith| Defotin Srsm FACTS) Devee
I™ Controliable/requlating Inverter Defintion I~ Fault Current Limiter Cefriton
I™ Distribution Automation. Defnron I™ Two-way Communications (hich bandwidn) Definron
I Definkion | - Very Low Imgedance (High Tempersiure ==
I™ Loading Monitoe Oofrton -
I~ Distributed Generator (diesal, PV, wind) Definkion

I™ Microgrid Controlier Definkion

Electricity Storage device (e.g., battery,
™ Aywhes!, PEV ott) —I""‘"“"‘

e | _ = | e |

Figure 29 PCM Asset Selection Screen

PCM - Choose Functions Zj
Flease select al functions that you expect the smart grid project to enable, For a definition of a
function diick the button to the night of the function. Certan functions may be disabled
(grayed out) because the necessary project assets were not indcated on the precedng page.

I Fault Currert Limithg

™ Wwide and Control|

T~ Dynarmic Capabilty Ratieg
I pawer Flow Conrol

1
2

3

4

5 T adaptive Protection
& " Automated Feeder and Line Switching.
7 T automated Islanding and Reconnection
8 T Automated voltage and VAR Control
9 [t q

0 e

11 I~ ReakTime Load

12 I Reaktime Load Transfer
13 [ ciistomer Electr ity

P
15 [ pis

o 3 e e e

s | e | e |

Figure 30 PCM Function Selection Screen

mmmmmmmmmwum(nmwnmmmwmmmumm
Eombination of the functons and mechanisms determine which benefits the project may yeld, Each tab n this page represents one of the ensbied funcions

e project. Please navigate to ol enabled tabs and sslect all applcsble mechansms for each function. Be sure to navigate to ol enabled tabs r:reproceedng
fo the next page.

Furrain | Foricin 2 | Pt s | risien | rueesins | ki | rovasn | manige | ramaion
Real-Time Load &

140 Puncton L1 | £ | ancben 43 | et 1] i 15 | mtedi )

I~ Enablss load mansgement
I~ Improves nad mocsts and forecasts.
™ Reduces truck rolls

I Ontimices tloard control riciy bsses

I~ contfioe Y Possible
™ Followrg major damage to the system, cetects e individuai ousges mars precisely and quickly 1o reduce restoration time Mechanisms

I~ Reduces manual meter oper atons
I™ Enables faster restoration tine

I [Raduces faul locaton solation (FLISR) tma

s e | ]

Figure 31 PCM Mechanism Selection Screen
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AMI/Smart Meters

Customer Assets

Customer EMS/Display/Portal
[] smart Appliances and Equipment (Customer)

[] vehicle to Grid Charging Station

Distribution Assets

Advanced Interrupting Switch

[J Controllable/regulating Inverter
[] Distribution Automation

[[] Distribution Management System
[] Loading Monitor

[ Microgrid Controller

Other Assets

[ Distributed Generator (diesel, PV, wind)

[ Electricity Storage device (e.g., battery, flywheel, PEV etc)

[] Enhanced Fault Detection Technology

[] Equipment Health Sensar

[] Fault Current Limiter

Flexible Alternating Current Transmission System (FACTS) Device
[] Two-way Communications (high bandwidth)

[] Very Low Impedance (High Temperature Superconducting) cables

Transmission Assets

‘Organization : test1 Start Year: 2014

Menu i
Project : test MERC : MPCC

Adaptive Protection
Automated Feeder and Line Switching
Automated Islanding and Reconnection
Automated Voltage and VAR Control
Customer Electricity Use Optimization
Diagnosis & Notification of Equipment Condition
Distributed Production of Electricity
Dynamic Capability Rating
Enhanced Fault Protection
Fault Current Limiting
Power Flow Control
Real-Time Load Measurement & Management
Real-time Load Transfer
Storing Electricity for Later Use

Wide Area Monitoring, Visualization, and Centrol

) MainWindow
Project Informaticn
Project Name | test Organization | testl 2014 MERC Region | NPCC & Complete PCM
Assets Functions Mechanisms
AMI Assets

Automated Voltage and VAR Control

Improves system power factor and voltage reducing the amount of voltage ancillary service required
[] Optimizes voltage and VAR levels to reduce TAD losses

] Reduces emissions from carbon based fuel due to losses

[[] Reduces manual labor hours associated with capacitor switching and/or regulator operation

Customer Electricity Use Optimization

Shifts demand from peak time to reduce distribution peak load

[ Shifts demand from peak time to reduce transmission peak load

[C] shifts demand from peak time to reduce generation peak capacity required

[] shifts demand from peak time to reduce required ancillary services related to peak load
[] Optimizes load shape through customer pricing and incentives to reduce electricity losses
[] Reduces emissions from carbon based fuel due to losses

[] Decreases loading on congested transmission pathways

[ Provides customer with information which encourages alternate usage patterns or conservation resulting in

Enhanced Fault Protection

[] Reduces stress on equipment through faster fault detection or reduced reclosing

[] Reduces or eliminates reclosing for fault clearing

Detects and clears hard-te-detect faults more precisely and quickly to reduce scope of outage

[ Detects and Clears high impedance faults more precisely and quickly to reduce the frequency and severity

Power Flow Control

[] Diverts power so as to avoid overloading lines or equipment
[1 Reduces emissions from carbon based fuel due to losses

] controls power flow around congested system element

-"

Figure 32 Project Information and Asset/ Function/Mechanism Selection Screen (Replicated Tool Kit)
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The SCGT selects the benefits that the smart grid project should yield, given the assets, functions, and
mechanisms user have selected. The PCM Benefits Screen displays related benefits.

x|
’mm of the benefit click
the button to the right of the benefit.
Optirmized Gereraton Operation Explanation Reduced Electricity Losses Explanation
Deferred Generation Capacity Investments Explanation Reduced Electricity Cost Explanation
Reduced Ancillary Service Cost Explanation Redlred Sustained Outages Explanation
Reduced Congestion Cast Explanation Reduced Majar Outages Explanation
Deferred Transrmission Capacity Investments Explanation Reduced Restoration Cast Explanation
Deferred Distribution Capacity Investments Explanation Reduced Maormentary Outages Explanation
Reduced Equipment Failures Explanation Reduced Sags and Swells Explanation
Reduced Ta0 Equipment Maintenance Cost Explanation Reduced CO2 Emissions Explanation
Reduced TED Operatians Cost Explanation Reduced SOx, NOx, and PM-10 Emissions Explanation
Reduced Meter Reading Cost Explanation Reduced Ol Usage (hat manetized) Explanation
Reduced Electricity Theft Explanation Reduced Widescale Blackauts Explanation
Previous | | , Proceed ko Function-Benefit Chart

Figure 33 PCM Benefits Screen (DOE SGCT)

Following dialog box is from Replicated Tool Kit — left hand side of the box is still to be incorporated with
further information on the detailed asset, function, mechanism and benefits. Current diagram is simple
example of what it would be after the details are implemented in the code.

Benefits Review | Clase

F — 7T Reduced Ancillary Service Cost

m

L= e

Figure 34 Benefits Screen (Replicated Tool Kit)
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111.1.3.2 Comparison of DIM in SGCT and our program

In DIM Step |, the user is required to enter information on electricity tariff and customer population. This
data entry is required regardless of which benefits were enabled by the PCM because it used in many of
the benefit calculations. The two tables are the Electricity Rates by Customer Class and the Number of
Customers by Class tables, or Table 1 and 2 respectively in upper left figure in the following table.

DIM Step | & ber of C s, and Electricity Tariff Data O Step IV: Raview POIM Cost and Benafit Calculation Inputs
[Directions: In the autlined section below the user should enter the sppropriate electricity tarifl and customer

[population data, The user should refer to the detailed di i in the section below for on how to
nter data. If pasting data fram anothar soures inte thase tablas please use the “Pasts Valuse” function to avaid

changing cell formatting or pasting formulas. Once all data has been entered click the button below to finish this
step and return to the DIM Main Page, After finishing this step a new page will became visible which contains all
cf the data entered in this step. the user can view this page tc review all data entered in this step |

Sty gl L 5. P

In this saction tha user should anter alactricity tariff rates and Information abaut the number of custamers sanved, For Table
1 at least ona anargy rate muit be antened for i and charge must be entered for the
wommercial and induitrial customen class. If there i ne demand charge for @ certain customer cliss @ awo should be entered
In the Avg Darmand Charge columa of Table 1. Similarty for Tabie 2 & numbar must be antered for 27 &t ans sub-class for
‘wach cussomar clags; If thare are no custamers serded for 3 certaln class a nera shauld be enterad, Onea the appropriate dats
has been entered in Tables 1 and 2 click the "submit Rate and Mumber of Customers bastton bek bmi
and stare the entrigs.

[Ratdartis Cutemar Ehasn

Padarei Ratg Srs-Clon 4
kol Rata St Clan
Frforital Rabe S Ul §
A denilal Radr s Tl &
kel Rabe - Cl &

swmnge
Rt b L ol Rate bob-Chaa L

1| Commaretal b i ool Rt . £ 3

[ = Comerercil ot fu £33
ol Rk Sk a4 Comarereial Rt e o4

|| commmreil v st craa ot Rate e a3

i | Aewage cormeeiat rate ARGl e

H kst ol Sk Clana | et ol b Clans |

1| il s s 2 [

i | el s 8 tl

§ | e e ctossa el b

I ey [——

I ARt s

i
i Submit Rate and Number of Customers Served Data

Figure 35 Electricity tariff data and customers served
data entry tables

Figure 38 Data input sheet

Figure 37 Escalation factor table
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The above four dialog boxes are now compiled in a single box presented in the following in Replicated Tool Kit.

@ Customers & Tariff

Residential Customer Class

Average Energy Rate($/

Average Demand

Comrmercial Customer Class

Customers Served

Average Energy Rate($/

MainWindow

Average Demand

Customers Served

Industrial Customer Class

Average Energy Rate($/

- O
Complete DIM

Average Demand Customers Served

kWh) Charge{$/kWmonth) kWh) Charge{3/kWmonth) kWh) Charge{3/kWmonth)
Sub-Class 1 3 2 3 Sub-Class 1 e 4 2 Sub-Class 1 3 £l 7
Sub-Class 2 1 3 4 Sub-Class 2 o o 0 Sub-Class 2 o o 0
Sub-Class 3 o 0 0 Sub-Class 3 o 0 0 Sub-Class 3 o 0 Q
Sub-Class 4 o 0 0 Sub-Class 4 o 0 0 Sub-Class 4 o 0 0
Sub-Class 5 o o 0 Sub-Class 5 o o 0 Sub-Class 5 o o 0
Average Rate: 271428571428571 25 Total: 7 Average Rate: Total: 2 Average Rater 3 5 Total: 7
Average Energy Rate : 49 Average Demand Charge © 3.83 All Customer Classes @ 16
® Escalation Factors & Cost Data
Enter Escalation Factors Enter Project Cost Data
Escalation Factor Default Value Value Discount Rate 3 %
Population Growth Factor 02 o Use Custom Cost Schedule g v
na i 2013 .
Load Growth Factor 0s o Initial Year of Project Spending yr
- Final ear of Praject Spending 2034 yr
Economic Inflation Factor %
- Total Capital Cost of Project 100 $
Energy Price Factor =3 %
Interest Rate 4 %
. 2030
Final Year of Benefits O : ¥ Yearly Amortized Payment 6.92 3
@ Enter Benefit Caleulation Input Data
Benefit Option  Input Name unit Default Baselined Baselinel Baseline2 Baseline3 Baselined Project0 Projectl Project2 Project3 Projectd
Reduced Ancillary Service Cost [] |Ancillary Services Cost b 5 4 & 2 1 2 0 0 0 0
Deferred Distribution Capacity Investments Capital Carrying Charge of Distribution Upgrade b3 1 2 5 1 8 7 5 4 3 2
Deferred Distribution Capacity Investments Distribution Investment Time Deferred yrs 9 5 7 2 1 5 1 2 3 4
Reduced Sustained Outages [ |sAiDI {system) Index 6 5 7 3 4 2 0 0 0 0
Reduced Sustained Outages, Reduced Major Outages, Walue of Service - Residential $/kwh 3 4 5 2 1 3 7 0 Q Q
Reduced Sustained Qutages, Reduced Major Cutages, Value of Service - Commercial $/kWh [ e R & 6 5 3 0 0 0 0
Reduced Sustained Outages, Reduced Major Outages, alue of Service - Industrial $/kWh 1 8 3 6 8 1 0 0 0 0
Reduced Sustained Qutages, Reduced Major Cutages, Average Hourly Load Mot Served During Qutage per Customer - Residential [kw 2 3 7 4 4 5 2 0 0 Q
Reduced Sustained Outages, Reduced Major Outages, Average Hourly Load Mot Served During Outage per Customer - Commercial | kW 2 4 4 3 2 2 1 Q 0 0

Organization : testl
Menu _
Project - test

Start Year - 2074
NERC - NPCC

Figure 39 Data Input Module (DIM) Screen (Replicated Tool Kit)
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111.1.3.3 Comparison of CM in SGCT and our program

CM Main page allows you to run the cost-benefit analysis with the inputs entered in the DIM,
collectively referred to as the Reference Case, or it allows for an analysis to be run with high and low
sensitivity case inputs, collectively referred to as the Sensitivity Case.

Sensitivity Analysis

umber of Customers Residential Rate Sub-Clais 1 g - B N
Mumber of Customers Residential Fuate Sub-Class 3 o
Mureloer of Custormers Residential Rate Sub-Class & 0
Cuttoeners Residenilial Rate Sub-Cliss § = 100% 100% 100% B .
Cattorners Al Residerial Clavies O 100% 100% 100% - -
Customers Cemenereial Rate Suib-Clats g 100% 100% 100% - -
Customers Comemercial Rate S5b-Clats g 100% 100% 100% - -
Cusbomers Commenclal Rage Sub-Class . L00% 100% 100%
Cuttomees Comenercil Rate Sub-Elass . 100% 100% 100%
Cuttoeners Comenercial Rate Sub-Class 5 = 100% 100% 100% B .
Cuttorners All Commercial Classes O 100% 100% 100% - -
Customers Inusvial Sub-Class = 100% 100% 100% - -
Customers Inciusrial Sub-Clats = 100% 100% 100% - -
Customers industrial Sub-Class . 100% 100% 100%
Customers Industrial Sub-Class . 100% 100% 100%
[urmer of Cuttomers vl Sub-Clats § 0 100% 100% 100% .
[trarmer o Cutomners all ndhustral Classes [ woew | aves 100% - -

Figure 40 CM Main Page (DOE SGCT)

The above dialog box is now compiled as the following in Replicated Tool Kit.

" input tscalation | Reference Case | Sansitity Case |
Input Name [Unit| 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2004 2025 006 WET NEE 226 2030

gz|2¢qnasnauslusssvlnsouass o
(]

td
7
5
t
Valat of Service - Residential 3
3
u
3
2
2

067

n
&

Distribution Restoration Cost
rammissicn Restorstion Cost |
Destribution Feeder Load
Dsribution Losies.

Traramision Line Load
TraramBsion Losses

Swerage Prica of Wholerale Energy
COZ imissiens per Galion of Fusl

083 |oss |47 (089 |09z
oz Joz oz |

ks of COZ
Truzk Rells
4| I
Wikt of 0 42
Valoe of NG 2 |urs Joos [128 18 [144 Jrss Jaez [167 [1m1 [0
wihoe of PM-25 6 |3 [z |5 [z [2180]azns|aars[zase[zase
ber of Customers Resdental Rate e 3 [301 [so [s0e [s0 [son Juos [sos [s0s |sos |
ber of Customers Revdentl Rate Sub-Clasd |8 |4 |ao [402 [a02 [a0d [aos [408 [40s |08 [207 [aca |4
_Mumber of Customins Gesdential Rate Sub-Classs |o o [ ] o o
ber of Customers Reudentul Rate Sub-Classt |8 o o o o o
bt of Cuftomens Rssdmtul Rale Sub-Classd |& o v o o o
bt of Customens All Residential Class a ol EXEN EXE EX T XN EX EXR EXEN EXTN EXTH EXEE AT EX I EX2 X
Mumber of Customers Commercial Rate Sub-Class = 0
ormamire Sub-Class2 |& o
= w3le o
a6 Sub-Classd [
umber of Cuibomens Commercisl Rate Sub-Clans |2
umber Ul Commercial Class 0 201|201 |ac2 [ac2 J2ov (205 [204 |204 Jaod (205 [205 [206 |206 [206
umber of Cuibomens industrial Rate Sub-Clagst |2
umber of Cusibomens industrial Rate Sub-Class? |8
umber of Cusibomens industrial Rate Sub-Classd |8
Hurnber of Customers industrial Rate Sub-Classd 8 o v

Drganzaton ; testl art Year | 2014 | | II' |
Progect © st MERC:  WRCC b o

Figure 41 CM Main Page (Replicated Tool Kit)
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For other dialog boxes in SGCT including those of results, please refer to the accompanying manual for
‘Smart Grid BCA Toolkit Revised by EML’.

111.2 Calculation of Benefit

Once the asset or technology is selected, then the user selected functions from default candidates will
map those over to the benefit through mechanism. In the EPRI Methodological Approach, one of the
focus is the concept of benefit. The term "benefit" is defined as an impact (of a Smart Grid project) that
has value to a firm, a household, or society in general. To measure the size of benefits, quantification is
needed. In addition, the quantified benefits should be expressed in monetary so that it can be compared
with others. Basic formulation of the benefit calculation can be presented such as following:

Benefit = Cost —Cost

baseline Project

Benefit in the above equation represents the ‘avoided cost’ or ‘reduced cost’ due to the introduction

of assets or new technology for smart grid. Cost and Cost represents the cost before the SG

baseline project

and after the SG, respectively.

Followings are the benefit calculation selected:

111.2.1 Optimized Generator Operation

v" Annual Generation Cost ($)

Value (8) = [Annual Generation Cost ($))]y..u — [Annual Generation Cost ($)];,,..

Optional Inputs

v" Average Hourly Generation Cost ($/MWh)
Avoided Annual Generator Dispatch (MWh)
Annual Energy Storage Efficiency (%)
Annual PEV Efficiency (%)

AURNIEN

Value ($) = {[Average Hourly Generation Cost (5/MWh) * Avoided Annual Generator Dispatch
(MWh)]
(MWh)]

paseline — Average Hourly Generation Cost ($/MWh) * Avoided Annual Generator Dispatch
project} * Average Efficiency(%)

Average Efficiency (%) = For projects that yield this benefit as a result of Wide Area
Monitoring, Visualization, and Control, the value will be 100%. For projects that just support

Stationary Electricity Storage or Plug-in Electric Vehicles this value will be equal to the Annual

Efficiency of these technologies. For projects that enable multiple functions which lead to this
benefit an average of all efficiencies will be used.
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*Note: default value of Average Hourly Generation Cost for all NERC regions are provided in the
Appendix.

111.2.2 Deferred Generation Capacity Investments

v" Total Customer Peak Demand (MW)

Energy Storage Use at Annual Peak Time (MW)

Distributed Generation Use at Annual Peak Time (MW) — Impact
PEV Use at Annual Peak Time (MW) — Impact

Price of Capacity at Annual Peak (S/MW),

AN

Value ($) = [Price of Capacity at Annual Peak ($/MW) * Total Customer Peak Demand (MW) - Energy
Storage Use at Annual Peak Time (MW) — Distributed Generation Use at Annual Peak Time (MW) - PEV
Use at Annual Peak Time (MW)]sasciine - [Price of Capacity at Annual Peak ($/MW) * Total Customer Peak
Demand (MW) — Energy Storage Use at Annual Peak Time (MW) — Distributed Generation Use at
Annual Peak Time (MW) - PEV Use at Annual Peak Time (MW)]rroject

Optional Inputs

v' Capital Carrying Charge of New Generation (S/yr)
v" Generation Investment Time Deferred (yrs)

Value ($) = [NPV of Generation Investment Dcfcrral(Ea'}]pmim,l- [NPV of Generation Investment Deferral
(5}]llnl\l'ljlll'

NPV of Generation Investment Deferral (§) = Capital Carrying Charge of New Generation ($)
*[1-(1-discount rate (%)) Time Deferred (yrs)]

*Note: default value of Price of Capacity at Annual Peak for all NERC regions are provided in the
Appendix.

111.2.3 Reduced Ancillary Service Cost
v" Ancillary Services Cost (S)
Value ($) = [Ancillary Service Cost ($)]sascline - [Ancillary Service Cost ($)]project
Optional Inputs

v Average Price of Reserves (S/MW)

Reserve Purchases (MW)

Average Price of Frequency Regulation (S/MW)
Frequency Regulation Purchases (MW)

AN
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v" Average Price of Voltage Control ($/MVAR)
v" Voltage Control Purchases (MVAR)

Value ($) = [ (Price of Ancillary Service ($/MW) * Purchases (MW))]

pacctine ~ 1= (Price of Ancillary Service
($/MW) * Purchases (MW))],.q

*Note: default value of Average Price of Reserves, Average Price of Frequency Regulation, Average
Price of Voltage Control for all NERC regions are provided in the Appendix

111.2.4 Reduced Congestion Cost

v' Congestion Cost ($)

Value ($) = [Congestion Cost($)],, ... - [Congestion Cost($)]

Project

Optional Inputs

v/ Congestion (MW)
v" Average Price of Congestion (S/MW)

Value ($) = [Congestion (MW) * Price of Congestion ($/MW)]sasciine - [Congestion (MW) * Price of
Congestion ($/MW)]rwject

*Note: default value of Average Price of Congestion for all NERC regions are provided in the
Appendix.

111.2.5 Deferred Transmission Capacity Investments

v’ Capital Carrying Charge of Transmission Upgrade (S)
v Transmission Investment Time Deferred (yrs)

Value ($) = [NPV of Transmission Investment Deferral ($)]
Deferral ($)]

project” INPV of Transmission Investment

baseline

111.2.6 Deferred Distribution Capacity Investments

v' Capital Carrying Charge of Distribution Upgrade (S/yr)
v' Distribution Investment Time Deferred (yrs)
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Value ($) = [NPV of Distribution Investment Deferral ($)]

(5}]llnl\l'ljlll'
NPV of Transmission Investment Deferral ($) = Capital Carrying Charge of Distribution
Upgrade ($) *(1-(1-Discount rate (%))"Time Deferred (yrs))

- [NPV of Distribution Investment Deferral

project

111.2.7 Reduced Equipment Failures

v" Capital Replacement of Failed Equipment ($)
v" Portion Caused by Fault Current or Overloaded Equipment (%)
v" Portion Caused by Lack of Condition Diagnosis (%)

Value ($) = [Capital Replacement of Failed Equipment ($) * Portion Caused by Fault Current or
Overloaded Equipment (%)],,..... - [Capital Replacement of Failed Equipment ($) * Portion Caused by

Fault Current or Overloaded Equipment (%)],

roject

111.2.8 Reduced Transmission & Distribution Equipment Maintenance Cost

v' Total Transmission Maintenance Cost ($)
v Total Distribution Maintenance Cost ($)

Value ($) = [Total Distribution Equipment Maintenance Cost ($) + Total Transmission Equipment

Maintenance Cost ($)] —[ Total Distribution Equipment Maintenance Cost (5) + Total Transmission

Baseline

Equipment Maintenance Cost ($)]

Project

111.2.9 Reduced Transmission& Distribution Operations Cost

v Transmission Operations Cost (S)
v" Distribution Operations Cost (S)

Value ($) = [Distribution Operations Cost ($) + Transmission Operations Cost ($)],..i. - [Distribution

Operations Cost ($) + Transmission Operations Cost ($)]

Project
Optional Inputs

v’ Distribution Feeder Switching Operations (S)
v Distribution Capacitor Switching Operations ($)
v Other Distribution Operations Cost (S)
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Value ($) = [Distribution Feeder Switching Operations ($) + Distribution Capacitor Switching Operations
($) + Other Distribution Operations Cost ($) + Transmission Operations Cost ($)],,..me - [= Distribution
Feeder Switching Operations ($) + Distribution Capacitor Switching Operations ($) + Other Distribution

Operations Cost (5) + Transmission Operations Cost ($)]peq

111.2.10 Reduced Meter Reading Cost
v" Meter Operations Cost (S)

Value ($) = [Meter Operations Cost ($)]y,.. - [Meter Operations Cost ($)]p,geq

111.2.11 Reduced Electricity Theft

v Number of Meter Tamper Detections —Residential

Number of Meter Tamper Detections —-Commercial

Number of Meter Tamper Detections — Industrial

Average Annual Customer Electricity Usage —Residential, Commercial, Industrial

AR

Value ($) = [Z{ Number of Meter Tamper Detections by class (#) * Average Annual Customer Electricity
Usage by class (kWh) * Average Percentage of Load not Measured by class (%) * Average Duration of
Theft by class (% of year) * Average Retail Electricity Rate by class ($/kWh)}],,.... - [Z{ Number of Meter
Tamper Detections by class (#) * Average Annual Customer Electricity Usage by class (kWh) * Average
Percentage of Load not Measured by class (%) * Average Duration of Theft by class (% of vear) ¥ Average
Retail Electricity Rate by class ($/kWh)} ],

*Note: default value of Average Price of Wholesale Energy, Value of Service - Residential (Inflation
Factor), Value of Service - Commercial (Inflation Factor), Value of Service - Industrial (Inflation
Factor) for all NERC regions are provided in the Appendix.

111.2.12 Reduced Electricity Losses

v Distribution Feeder Load (MW)

Distribution Losses (%)

Transmission Line Load (MW)

Transmission Losses (%)

Average Price of Wholesale Energy (S/MWh)

AN NI
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Value (%) = [(Distribution feeder load (MW) * Distribution losses (%) + Transmission line load (MW) *
Transmission losses (%)) * 8760 (hr/yr)* Average Price of Wholesale Energy ($/MWh)],..cime -
[(Distribution feeder load (MW) * Distribution losses (%) + Transmission line load (MW) * Transmission

losses (%)) * 8760 (hr/yr)* Average Price of Wholesale Energy ($/MWh)]

Project

111.2.13 Reduced Electricity Cost

v" Total Residential Electricity Cost (S)
v" Total Commercial Electricity Cost (S)
v" Total Industrial Electricity Cost (S)

Value ($) = [Total Residential Electricity Cost ($) + Total Commercial Electricity Cost ($) + Total
Industrial Electricity Cost ($)]s.uime - [Total Residential Electricity Cost ($) + Total Commercial Electricity
Cost ($) + Total Industrial Electricity Cost ($)]

Project

*Note: default value of Average Price of Wholesale Energy, Value of Service - Residential (Inflation
Factor), Value of Service - Commercial (Inflation Factor), Value of Service - Industrial (Inflation
Factor) for all NERC regions are provided in the Appendix.

111.2.14 Reduced Sustained Outages

v SAIDI (System)
v" Value of Service (VOS) ($/kWh) — Residential, Commercial, Industrial
v Average Hourly Load Not Served During Outage per Customer by class (kW)

Value ($) = Z{ [SAIDI (System) * Total Customers Served within a class (#) * Average Hourly Load Not
Served During Outage per Customer by class (kW) * VOS by class ($/kWh)],..ie - [SAIDI (System) *
Total Customers Served within a class (#) * Average Hourly Load Not Served During Outage per
Customer by class (kW) * VOS by class ($/kWh)], .|

Optional Inputs

v" SAIDI (Impacted Feeders or Lines)

v" Total Customers Served by Impacted Feeders or Lines (#) — Residential, Commercial

Value ($) = Z{ [SAIDI (Impacted Feeders or Lines) * Total Customers Served by Impacted Feeders or
Lines (#) * Average Hourly Load Not Served During Outage per Customer by class (kW) * VOS by class
($/kWh)],eime - [SAIDI (Impacted Feeders or Lines) * Total Customers Served by Impacted Feeders or

Lines (#) * Average Hourly Load Not Served During Outage per Customer by class (kW) * VOS by class

(Sfrkvvvh}]l’wiv&'l}
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*Note: default value of Average Price of Wholesale Energy, Value of Service - Residential (Inflation
Factor), Value of Service - Commercial (Inflation Factor), Value of Service - Industrial (Inflation
Factor), Value of Service - PQ (Inflation Factor) for all NERC regions are provided in the Appendix.

111.2.15 Reduced Major Outages

v" Outage Time of Major Outage (hr) — Residential, Commercial, Industrial
v" Average Hourly Load Not Served During Outage per Customer by class (kW)
v" Value of Service (VOS) ($/kWh) — Residential, Commercial, Industrial

Value ($) = Z{ [Outage Time of Major Outage by class(hr) * Average Hourly Load Not Served During
QOutage per Customer by class (kW) * VOS by class (5/kWh)],, ... - [Outage Time of Major Outage by
class(hr) * Average Hourly Load Not Served During Outage per Customer by class (kW) * VOS by class

($/KWh)]p,giect

111.2.16 Reduced Restoration Cost

v"  Distribution Restoration Cost (S)
v" Transmission Restoration Cost ($)

Value ($) = [Distribution Restoration Cost ($) + Transmission Restoration Cost ($)],,.me - [Distribution

Restoration Cost ($) + Transmission Restoration Cost ($)]p,eq

Optional Inputs

v" Number of Outage Events (#)
v" Restoration Cost per Event (S/event)

Value ($) = [Number of Outage Events (# of events) * Restoration Cost per Event ($/event)];, . -

[Number of Outage Events (# of events) * Restoration Cost per Event ($/event)], . .

111.2.17 Reduced Momentary Outages

v" MAIFI (System)
v" Value of Service (VOS) — Power Quality ($/interruption)
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Value ($) = [Momentary Interruptions (# of interruptions) * VOS — Power Quality ($ per

interruption)|y ;.. - [Momentary Interruptions (# of interruptions) * VOS ($ per interruption)], .

Momentary Interruptions ( of interruptions) = MAIFI (Index) * Z{Total Customers Served by
class (#)}

Optional Inputs

v" MAIFI (Impacted Feeders)
v" Total Customers Served on Impacted Feeders (momentary) (#) — Residential, Commercial,
Industrial

Value ($) = [Momentary Interruptions (# of interruptions) * VOS - Power Quality ($ per

interruption)]y,. ;.. - [Momentary Interruptions (£ of interruptions) * VOS ($ per interruption)], ..,

Momentary Interruptions ( of interruptions) = MAIFI of Impacted Feeders (Index) * Z{Total

Customers Served by class on the Impacted Feeders (#)}

*Note: default value of Value of Service - PQ (Inflation Factor) for all NERC regions are provided in the
Appendix.

111.2.18 Reduced Sags and Swells

v" Number of High Impedance Faults Cleared (# of events)
v" Value of Service (VOS) — Sags and Swells (S/event)

Value ($) = [Number of High Impedance Faults Cleared (# of events) * VOS — Sags and Swells
($/event)]saseiine - [Number of High Impedance Faults Cleared (# of events) * VOS - Sags and Swells
($/event)]rojec

111.2.19 Reduced CO2 Emissions

For Automated Feeder and Line Switching; Real Time Measurement and Management; Diagnosis &
Notification of Equipment Condition

v" Truck Rolls (# of events)
Average Miles Travelled per Truck Roll (miles/event)
Average Fuel Efficiency for Truck Roll Vehicle (gallons/mile)

ARNIEN

CO2 Emissions per Gallon of Fuel(tons/gallon)
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Value ($) = Z{Net CO2 Emissions Avoided (tons)}* Value ot CO2 ($/ton)
Net CO2 Emissions Avoided (tons) = [CO, Emissions (tons)],, ... - [CO, Emissions (tons)] ..,

Net CO2 Emissions Avoided (tons) = [CO2 Emissions Avoided(tons)] - [CO2 Emissions

Project

Avoided (tons) | 4.ine

*Note: default value of Average Fuel Efficiency for Feeder Service Vehicle, Average Fuel Efficiency
for Diagnosis/Notification Service Vehicle, Average Fuel Efficiency for Real Time Load
Measurement/Management Service Vehicle for all NERC regions are provided in the Appendix.

Optional Inputs

v" Number of Operations Completed (# of events) — Feeder Switching and Maintenance, Diagnosis
and Notification, Meter Reading

v" Average Miles Traveled per Operation (miles/event) — Feeder Switching and Maintenance,
Diagnosis and Notification, Meter Reading

v" Average Fuel Efficiency for Service Vehicle (miles/gallon) — Feeder Switching and Maintenance,
Diagnosis and Notification, Meter Reading

v For PEV with Reduced Gasoline Consumption Mechanism

v" kWh of Electricity Consumed by PEVs (kwWh)

v’ Electricity to Fuel Conversion Factor (gallons/kWh)

For all other Functions (Including PEV with Offset Central Generation Mechanism)

v" CO2 Emissions (tons)
v" Value of CO2 (S/ton)

*Note: default value of Electricity to Fuel Conversion Factor, CO2 Emissions per Gallon of Fuel,
Value of CO2 for all NERC regions are provided in the Appendix.

111.2.20 Reduced SOX, NOX, and PM-2.5 Emissions

For Automated Feeder and Line Switching; Real Time Measurement and Management; Diagnosis &
Notification of Equipment Condition

v Truck Rolls (# of events)
Average Miles Travelled per Truck Roll (miles/event)
Average Fuel Efficiency for Truck Roll Vehicle (gallons/mile)

AN

Emissions per Gallon of Fuel(tons/gallon) — SOx, NOx
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Value ($) = Z{Net Emissions Avoided (tons)* Value of Emissions ($/ton)]

Net Emissions Avoided (tons) = [Emissions (tons)] - [Emissions (tons)]

Baseline Project

Net Emissions Avoided (tons) = [Emissions Avoided(tons)] - [Emissions Avoided (tons) |

Project

Baseline

Optional Inputs

v" Number of Operations Completed (# of events) — Feeder Switching and Maintenance, Diagnosis
and Notification, Meter Reading

v" Average Miles Traveled per Operation (miles/event) — Feeder Switching and Maintenance,
Diagnosis and Notification, Meter Reading

v" Average Fuel Efficiency for Service Vehicle (miles/gallon) — Feeder Switching and Maintenance,
Diagnosis and Notification, Meter Reading

For PEV with Reduced Gasoline Consumption Mechanism

v' kWh of Electricity Consumed by PEVs (kWh)

Electricity to Fuel Conversion Factor (gallons/kWh)

For all other Functions (Including PEV with Offset Central Generation Mechanism)
SOx Emissions (tons)

NOx Emissions (tons)

PM-2.5 Emissions (tons)

Value of Emissions (S/ton) — SOx, NOx, PM-2.5

AN NN AN

*Note: default value of SOx Emissions per Gallon of Gas, NOx Emissions per Gallon of Gas, PM-2.5
per Gallon of Gas for all NERC regions are provided in the Appendix.

111.2.21 Reduced Oil Usage
For PEVs (with reduced gasoline consumption mechanism):

v" kWh of Electricity Consumed by PEVs (kwWh)
v" Electricity to Fuel Conversion Factor(gallons/kWh)

Value (gallons of oil) = Net Avoided Fuel Use (gallons)* Fuel to Oil Conversion Factor (gallons
oil/gallon fuel)
Net Avoided Fuel Use (gallons) = [Fuel Use (gallons)],, ... - [Fuel Use (gallons)]
Net Avoided Fuel Use (gallons) = [Avoided Fuel Use (gallons)],

Project

- [Avoided Fuel Use

‘roject

(gallons) ]

Baseline
For all other Functions

v Truck Rolls (# of events)
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v
v

Average Miles Travelled per Truck Roll (miles/event)
Average Fuel Efficiency for Truck Roll Vehicle (gallons/mile)

Optional Inputs

v

v

v

*

p

Number of Operations Completed (# of events) —Feeder Switching and Maintenance, Diagnosis
and Notification, Meter Reading

Average Miles Traveled per Operation (miles/event) — Feeder Switching and Maintenance,
Diagnosis and Notification, Meter Reading

Average Fuel Efficiency for Service Vehicle (miles/gallon) — Feeder Switching and Maintenance,
Diagnosis and Notification, Meter Reading

Note: default value of Average Fuel Efficiency for Truck Roll Vehicle for all NERC regions are
rovided in the Appendix.

111.2.22 Reduced Wide-scale Blackouts

v
v

Number of Wide-scale Blackouts (# of events)
Estimated Cost of each Wide-scale Blackout (S/event)

Value ($) = [Number of Wide-scale Blackouts (# of events) * Estimated Cost of each Wide-scale Blackout

(S/event)], ... - [Number of Wide-scale Blackouts (# of events) * Estimated Cost each Wide-scale

Blackout ($/event)],, .

111.2.23 Potential Barriers in Benefit Calculation and in Expansion of SGCT for ISGAN Member Countries

In the

<\

AN N N NN U N U N N NN

Appendix, all the default values for the followings are summarized:

Average Hourly Generation Cost

Price of Capacity at Annual Peak

Average Price of Reserves

Average Price of Frequency Regulation
Average Price of Voltage Control

Average Price of Congestion

Average Price of Wholesale Energy

Value of Service - Residential (Inflation Factor)
Value of Service - Commercial (Inflation Factor)
Value of Service - Industrial (Inflation Factor)
Restoration Cost per Event

Value of Service - PQ (Inflation Factor)
Average Fuel Efficiency for Truck Roll Vehicle
CO2 Emissions per Gallon of Fuel
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Value of CO2

SOx Emissions per Gallon of Gas

NOx Emissions per Gallon of Gas

PM-2.5 per Gallon of Gas

Value of SOx

Value of NOx

Value of PM-2.5

Average Fuel Efficiency for Feeder Service Vehicle

Average Fuel Efficiency for Diagnosis/Notification Service Vehicle

Average Fuel Efficiency for Real Time Load Measurement/Management Service Vehicle

AN N N N N N N NN

Electricity to Fuel Conversion Factor
It is noted, however, there are a couple of things to be discussed.

First, there are many parameters in the benefit calculation which is not given for NERC regions.
Examples for such are provided in the following:

[11.2.2 Deferred Generation Capacity Investments

[l Total Customer Peak Demand (MW)

[l  Energy Storage Use at Annual Peak Time (MW)

[] Distributed Generation Use at Annual Peak Time (MW) — Impact
[l  PEV Use at Annual Peak Time (MW) — Impact

[]  Price of Capacity at Annual Peak (S/MW),

[11.2.5 Deferred Transmission Capacity Investments
[] Capital Carrying Charge of Transmission Upgrade ($)
[] Transmission Investment Time Deferred (yrs)

[11.2.6 Deferred Distribution Capacity Investments
[l  Capital Carrying Charge of Distribution Upgrade (S/yr)
[ 1 Distribution Investment Time Deferred (yrs)

[11.2.7 Reduced Equipment Failures

[l  Capital Replacement of Failed Equipment ($)

[l  Portion Caused by Fault Current or Overloaded Equipment (%)
[l  Portion Caused by Lack of Condition Diagnosis (%)

[11.2.8 Reduced Transmission & Distribution Equipment Maintenance Cost
[l Total Transmission Maintenance Cost (S)
[l Total Distribution Maintenance Cost (S)
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111.2.9 Reduced Transmission& Distribution Operations Cost
Transmission Operations Cost (S)
Distribution Operations Cost (S)

L]

L]

[] Distribution Feeder Switching Operations ($)
[] Distribution Capacitor Switching Operations (S)
[0  Other Distribution Operations Cost (S)

I11.2.11 Reduced Electricity Theft

| Number of Meter Tamper Detections —Residential
| Number of Meter Tamper Detections -Commercial
[l  Number of Meter Tamper Detections — Industrial

111.2.15 Reduced Major Outages

[l Outage Time of Major Outage (hr) — Residential, Commercial, Industrial

[l Average Hourly Load Not Served During Outage per Customer by class (kW)
[0  Value of Service (VOS) ($/kWh) — Residential, Commercial, Industrial

I11.2.16 Reduced Restoration Cost
[ Distribution Restoration Cost (S$)
[0 Transmission Restoration Cost (S)

[  Number of Outage Events (#)
[] Restoration Cost per Event (S/event)

Second, even if some of default values are given for NERC regions, it would not be easy for users not in
USA to find such values out of scratch. Examples for such include:

111.2.3 Reduced Ancillary Service Cost

[0  Average Price of Reserves (S/MW)

[0 Reserve Purchases (MW)

1 Average Price of Frequency Regulation (S/MW)
[]  Frequency Regulation Purchases (MW)

[l Average Price of Voltage Control (5/MVAR)
Voltage Control Purchases (MVAR)

[

[11.2.17 Reduced Momentary Outages
[1 MAIFI (System)
[1 Value of Service (VOS) — Power Quality ($/interruption)
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[l Total Customers Served on Impacted Feeders (momentary) (#) — Residential,
Commercial, Industrial

I11.2.19 Reduced CO2 Emissions

For Automated Feeder and Line Switching; Real Time Measurement and Management;
Diagnosis & Notification of Equipment Condition

Truck Rolls (# of events)

Average Miles Travelled per Truck Roll (miles/event)

Average Fuel Efficiency for Truck Roll Vehicle (gallons/mile)

CO2 Emissions per Gallon of Fuel(tons/gallon)

O Oodd

Number of Operations Completed (# of events) — Feeder Switching and Maintenance,
Diagnosis and Notification, Meter Reading

[1 Average Miles Traveled per Operation (miles/event) — Feeder Switching and
Maintenance, Diagnosis and Notification, Meter Reading

[l Average Fuel Efficiency for Service Vehicle (miles/gallon) — Feeder Switching and
Maintenance, Diagnosis and Notification, Meter Reading

] For PEV with Reduced Gasoline Consumption Mechanism

[l  kWh of Electricity Consumed by PEVs (kWh)

[l Electricity to Fuel Conversion Factor (gallons/kWh)

111.2.20 Reduced SOX, NOX, and PM-2.5 Emissions

For Automated Feeder and Line Switching; Real Time Measurement and Management;
Diagnosis & Notification of Equipment Condition

[0  TruckRolls (# of events)

] Average Miles Travelled per Truck Roll (miles/event)

[  Average Fuel Efficiency for Truck Roll Vehicle (gallons/mile)

[ Emissions per Gallon of Fuel(tons/gallon) — SOx, NOx

Optional Inputs

[ Number of Operations Completed (# of events) — Feeder Switching and Maintenance,
Diagnosis and Notification, Meter Reading

[1 Average Miles Traveled per Operation (miles/event) — Feeder Switching and
Maintenance, Diagnosis and Notification, Meter Reading

[1 Average Fuel Efficiency for Service Vehicle (miles/gallon) — Feeder Switching and
Maintenance, Diagnosis and Notification, Meter Reading

For PEV with Reduced Gasoline Consumption Mechanism

kWh of Electricity Consumed by PEVs (kWh)

Electricity to Fuel Conversion Factor (gallons/kWh)

For all other Functions (Including PEV with Offset Central Generation Mechanism)
SOx Emissions (tons)

NOx Emissions (tons)

PM-2.5 Emissions (tons)

Value of Emissions ($/ton) — SOx, NOx, PM-2.5

OOooogoo

[11.2.21 Reduced Oil Usage
For PEVs (with reduced gasoline consumption mechanism):
[0  kWh of Electricity Consumed by PEVs (kWh)
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[l Electricity to Fuel Conversion Factor(gallons/kWh)

For all other Functions

[1  Truck Rolls (# of events)

[l Average Miles Travelled per Truck Roll (miles/event)

[0  Average Fuel Efficiency for Truck Roll Vehicle (gallons/mile)

Optional Inputs

[l  Number of Operations Completed (# of events) —Feeder Switching and Maintenance,
Diagnosis and Notification, Meter Reading

[] Average Miles Traveled per Operation (miles/event) — Feeder Switching and
Maintenance, Diagnosis and Notification, Meter Reading

[0  Average Fuel Efficiency for Service Vehicle (miles/gallon) — Feeder Switching and
Maintenance, Diagnosis and Notification, Meter Reading

111.2.22 Reduced Wide-scale Blackouts
[1 Number of Wide-scale Blackouts (# of events)
[l Estimated Cost of each Wide-scale Blackout (S/event)

To estimate the benefit according to EPRI guideline as is the case of DOE SGCT, as well as the cost, there
are three dimensional frameworks that must be analyzed upon, as shown in figure below.

Perspectives
Ut|||t_|_q_§_x-"' Customers Externalities e =
Economic [ i
o Environmental -
@D
2
lz" Reliability
Safety and Security |-
Levels of
Precision

Figure 42 The Three Dimensions of Benefit and Cost of Smart Grid

Source: EPRI, 2010

The first dimension is the four fundamental categories (types) of benefits, that is economic,
environmental, reliability, and safety and security. The second is the different perspectives of the
benefits themselves, as seen by three beneficiaries: utilities, customers, and society as a whole. The
third dimension, though, is proven to be the most difficult one to tackle: the levels of precision. The only
reasonable way of characterizing the general level of precision is to use broad categories such as (EPRI,
2010):
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Modest level of uncertainty in quantitative estimates and/or in monetization
Significant uncertainty in quantitative estimates and/or in how to monetize
Highly uncertain

AN

Cannot be quantified

In the following, it is discussed that DOE has some carefully designed projects to overcome such
difficulties as the precision of the required answers increases.

111.2.24 Ways to Overcome the Barriers

According to NRCEA and CRN (2013), the National Rural Electric Cooperative Association (NRECA) has
organized the NRECA-U.S. Department of Energy (DOE) Smart Grid Demonstration Project to install and
study a broad range of advanced Smart Grid technologies in a demonstration that involves 23 electric
cooperatives in 11 states. For purposes of evaluation, the technologies deployed have been classified
into three major sub-classes, each consisting of four technology types. Following is the list of
demonstration projects:

Table 5 Demonstration projects
Advanced Metering Infrastructure

Enabling Meter Data Management Systems

Technologies

Telecommunications

Supervisory Control and Data Acquisition
In-Home Displays & Web portals
Demand Response Over AMI

Demand - -

Response Prepaid Metering
Interactive Thermal Storage
Renewables Integration
Smart Feeder Switching

Distribution

Automation Advanced Volt/VAR Control
Conservation Voltage Reduction

Note: Bold types are applied for the cases with information available.

Not all of the Demonstration projects has reported information available. However there are 6 projects
which have reports on the progress of the related projects:
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Advanced Metering Infrastructure
Meter Data Management Systems
Telecommunications

Prepaid Metering

Smart Feeder Switching

NANENENENEN

Conservation Voltage Reduction

In the following, a brief summary of those projects are provided and the information gathered from
those demonstration projects will further provide more accurate parameters for SGCT in the future.

Advanced Metering Infrastructure (AMI)
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Figure 43 Net Metering Load vs. Generation Profiles - Residential.
Source: Cody (2014a)

"Average net load and generation profiles of selected net metering consumers on the KIUC system from
March 2013 are shown above. The data represent net delivered and net received energy, rather than
the full load requirements and total generation of the net metering customers." (Cody, 2014a)

Meter Data Management Systems

MDMS systems have four potential values which are Real-Time Information Sharing, Bidding Demand
Response and Other Storage Resources into MISO, Monitoring Line Losses and Power Theft, and Load
Forecasting. The below is an example of one of the types of aggregation the MT-MDMS provides.
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Meter C is owned by GRE and is the
total transmission for both wind farms.

Wind Farm owned by Utility 1 Wind Farm owned by Utility 2
Meters1,2,3 Meters 6,7,8
Meter Data > < Meter Data
Meter Data > MeterC |« Meter Data
Meter Data——— [4——Meter Data
Meter Data
Meter 1 Meter 2 Meter 3 Meter 6 Meter 7 Meter 8

Meter Data » Meter Data
“Meter Data » Meter Data
Meler Data Meter Data
Virtual Meter D Virtugl Meter E
Configuration ia Configuration is
comprised of all of comprised of all of
the above meters the above meters

Figure 44 Aggregation MT-MDMS provides
Soruce: Walker (2014)

If sum(meters(1+2+3+6+7+8)) + Meter C = 0 then
Virtual Meter D =0
Virtual Meter E=0

Else If sum(meters(1+2+3+6+7+8)) = 0 AND Meter C > 0 then
Virtual Meter D = Meter C * .5
Virtual Meter E = Meter C * .5

Else

Virtual Meter D = Meter C / sum(meters (1+2+3+6+7+8)) * sum(meters (1+2+3))
Virtual Meter E = Meter C / sum(meters (1+2+3+6+7+8)0 * sum(meters (6+7+8))

Figure 45 If-Then Aggregation Logic
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Source: Walker (2014)

Telecommunications
In the Smart Grid, communication has a distinct role which enables other technologies to be valid.

Communication thus plays a unique role in the Smart Grid—it is the enabling technology for other
enabling technologies. In other words, benefits from communication are difficult to measure. It surely
does not direct impact on others such as utility, the end user, or society in general. And it is related with
multiple functions.

This ambiguous value has challenges to measure. Cody (2014f) listed four types of challenges: The first
thing comes up toward someone interested in estimating the value of a potential communication
upgrade. The second thing comes up because just one communication system can enable multiple
smart grid functions. Cody (2014f) gave us an example that a single radio network may support both
prepaid metering and demand response. Calculating the return on investment (ROI) of a communication
up grade requires knowing the value of each supported Smart Grid function, any of which may be
uncertain. In some cases, the communication upgrade may end up supporting functions that are
implemented only later. Perhaps these functions would not even be considered until after the new
communications are in place—the available bandwidth inspires system planners to consider functions
that previously were unfeasible. For example, a utility that installs fiber to support smart feeder
switching may find itself with excess bandwidth and later elect to use that bandwidth to support
volt/VAR control. A utility with excess bandwidth is likely to look for ways to derive value from it. The
third thing arises because it is moving target. As time goes by, the communication upgrade will be need
periodically. So we might decide whether installing a new one or upgrading the old one continuously. In
this context, a fourth thing is that the Smart Grid functions supported by communications are also
moving targets. Those functions need to have bandwidth.
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Prepaid Metering

Sioboda (2014) review three prepayment program under development at three distribution
cooperatives as a part of the National Rural Electric Cooperative Association-U.S. Department of Energy
(NRECA-DOE) Smart Grid Demonstration Project (SGDP)%. The report provides an overall status for each
program design. But this report present the statistics gathered on the Energy Advantage Program
Member Survey from EnergyUnited because the programs at DMEA and KEA are not yet in operation.

The level of participation for of EnergyUnited prepayment program is roughly about 1% of meter-based
members. And the systems involved in offering prepayment to EU members are the Customer
Information System (CIS) from Cayenta, and the advanced metering infrastructure (AMI) solution from
Cooper Power Systems. The figure below shows the how the program designed and what EnergyUnited
asked for their customer to assess the Energy Advantage Program Member Survey.

H EnergyAdvantage Program Member Survey

The following is 3 survey for EnergyAdvantage customars. information gathered will be uzed 1o publish a

& y report on the effectiveness of the program
ﬁﬁﬁ{c‘, 1. How long have you been using EnergyAdvantage?
*&‘c‘z\(‘ﬁﬁ 2. How would you rate your averall satisfaction with EnengyAdvantage? [1-low, 5-High) 123465
%{@a 0\ 3. 'What is the reason that you are on the EnergyAdvantage program?
o ‘6‘\2 Members
QY
4. Has EnergyAcvantage allowed you 1o save money on your bill? (Circle One) Yas No
5. Has EnergyAdvantage made it easier for you to pay for your electric usage? (Circle Onie) Yes No
Meter Readings
6. How often do you make purchases on Energy Advantage? Daily Weekly Two Weeks Monthiy
< 7. What is the Bigigest thing yau like about EnergyAdvantags?
B, All Disconnects and /
R R ect
G, \/)Gc‘ econnects &/
S oCesse
@C‘/ :’@G Pr d Mary uall\,r QQéJé:.‘}% 8. '\What is the biggest thing you dislike about EnergyAdvantage?
N P
» GP: o
@
S

9. If possible, what would you change about EnergyAdvantage?

10, Please 3dd any other commants you have about the EnergyAdvantage Program,

EnergyUnited
Personnel

Figure 46 Cayenta/EU CIS High-Level Architecture and EA Program Member Survey
Source: Sioboda (2014)

The results are based on the 2,554 prepayment contracts which include purchase frequency,
consumption pattern before and after the program participation. The result shows that some customers
perceive that they conserve energy and also save money. But the statistical validity of data,
effectiveness energy efficiency and conservation, and the other problems has to be solved.

> The three cooperatives are EnergyUnited (EU), Delta-Montrose Electric Association (DMEA), and
Kotzebue Electric Association (KEA).
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Smart Feeder Switching

Pinney (2014) discusses the deployment experience of Smart Feeder Switching (SFS) applications at nine
rural which experienced natural disasters and damaged the electric distribution system. They
investigated models to represent and predict the benefits of these technologies, with extensions to
automating screening and engineering analysis for future deployments. This study defines an analytical
methodology for quantifying the value of two SFS operational benefits: (1) more rapid restoration
following a fault and (2) reduced losses through feeder load balancing.

The benefits of SFS can be disaggregated into 4 parts which including Operational Benefits, Utility

Benefits, Customer Benefits, and Society Benefits. The figure below shows the benefits realized.

Smart Feeder Switching

Fault Location, Isolation, Restoration

Feeder Switching for Load Balancing

.

v

A 4

.

Reduced Sustained

Increased Situational

ggﬁg?ittl:nal Outages Awareness (# of Loss Reducfion Peak Reduction
(Rapid Restoration) equipment monitored)
Enhanced Reduced Supply Avoided/
Azmezel . e ' Planning and - Cost I Deferred Capital
Costs Revenues 5 F
. Engineering (Energy Charges) Costs
Utility
Benefits
Avoided
Penalties/
Regulatory T
Compliance
Reduced
Customer - Customer
Benefits Customer Qutage - Satisfaction I Reduced Rates
Cost
Society Improved Public - Reduced
Benefits Safety « [ First Order Impacts > Emissions [

Note: Benefits were categorized as having either first or second order impacts. First order impacts are
considered to be the main drivers of SFS systems.

Source: Pinney (2014)

[1 Second OrderImpacts

Figure 47 Smart Feeder Switching Benefits
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1. Gaining experience with increasingly prevalent distribution automation technology was an important
driver behind cooperative participation in these demonstrations.

2. Non-labor costs were consistent per automated switch, but costs per customer average interruption
duration index (CAIDI) minute of improvement, when calculable, were variable due to the diverse
system types under study.

3. Multiple cooperatives were able to bring large percentages (30%-50%) of their feeders into
configurations that enabled self-healing through back-feeds and automatic source transfers.

Conservation Voltage Reduction

Lowering system voltage save energy at low cost without risking on end-users’ appliances. Pinney(2014
a) investigated the conservation voltage reduction (CVR) technology in 4 rural area. In this report, the
benefits of conservation voltage reduction has examined primarily for the utility and customers. The
CVR benefits are peak demand reduction, loss reduction. And the principal cost is hardware
implemented for the project. Also the cost includes energy sales loss of utility. The table below shows
the cost and benefit on the monthly basis.

Table 6 Costs and Benefits for Re-Regulation of Test Feeder

0 > pad D o R e nerov Red 0 R e

pnth EASOI Avg Pe

January Winter 2740 4236 0 0 19.45 -778 0.06 4 -774
February Winter 2483 3312 0 0 10.20 -408 | 0.03 2 -406
March Spring 2031 2964 0 0 22.59 -904 | 0.17 10 -893
April Spring 2107 3025 0 0 26.58 -1063 | 0.20 12 | -1051
May Spring 2344 4076 0 0 5.19 -208 | 0.02 1 -206
June Summer 2769 5811 0 0 20.50 -820 | 0.07 4 -816
July Summer 3967 6746 0 0 0.00 0 0.00 0 0

August Summer 3274 5204 0 0 0.00 0 0.00 0 0

September |Fall 2130 4904 0 0 27.78 -1111 | 0.21 13 | -1099
October Fall 1752 2337 4.94 |29613| 7.97 -319 | 0.06 4 29297
November |Fall 2208 3545 0 0 0.29 -12 0.00 0 -11

December |Winter 2482 3365 0 0 10.16 -406 | 0.03 2 -404

Source: Pinney (2014 a)

111.2.25 Summary of the Benefit, Functions, Input Parameters and Monetization of Benefit
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Benefit

Functions & Enabled Energy Resources

Input Parameters

Monetization Calculation

Optimized
Generator
Operation

Deterred
Generation
Capacity
Investments

Reduced
Ancillary
Service Cost

Wide Area Monitoring, Visualization, & Control
Distributed Generation

Stationary Electricity Storage

Plug-in Electric Vehicles

Customer Electricity Use Optimization
Distributed Generation

Stationary Electricity Storage

Plug-in Electric Vehicles

Wide Area Monitoring Visualization and Control
Automated V::llag-,‘- and VAR Control

Real-Time Load Measurement & Management
Distributed Generation

Stationary Electricity Storage

Plug-in Electric Vehicles

Customer Electricity Use Optimization

* Annual Generation Cost (%)

Jptional Inputs

* Average Hourly Generation Cost ($/MWh)

* Avoided Annual Generator Dispatch (MWh)
*» Annual Energy Storage Efficiency (%)

o Annual PEV Efficiency (%)

e+ Total Customer Peak Demand (MW)

* Energy Storage Use at Annual Peak Time (MW)

* Distributed Generation Use at Annual Peak Time
(MW) - Impact

® PEV Use at Annual Peak Time (MW) - Impact

* Price of Capacity at Annual Peak ($/MW),

Jptional Inputs

+ Capital Carrying Charge of New Generation
(Sf_\'r]

o Generation Investment Time Deferred (yrs)

* Ancillary Services Cost ($)

Jptional Inputs

* Average Price of Reserves (S/MW)

» Reserve Purchases (MW)

* Average Price of Frequency Regulation ($/MW)
¢ Frequency Regulation Purchases (MW)

o Average Price of Voltage Control (S/MVAR)

¢ Voltage Control Purchases (MVAR)

Standard Calculation:

Value (S) = [Annual Generation Cost (5) - |Annual Generation Cost (S)]p,,..

IIL]-":\'

Optional Calculation:
Value ($) = [Average Hourly Generation Cost ($/MWh}* Avoided Annual Generator Dispatch (MWHh) * Average
Efficiency (%)],..,.., — [Average Hourly Generation Cost ($/MWh) * Avoided Annual Generator Dispatch (MWh)*
Average Efficiency (%)],.p
Average Efficiency (%) = For projects that vield this benefit as a result of Wide Area Monitoring,
Visualization, and Control, the value will be 100%. For projects that just support Stationary Electricity
Storage or Plug-in Electric Vehicles this value will be equal to the Annual Efficiency of these technologies.
For projects that enable multiple functions that lead to this benefit an average of all efficiencies will be
used.
Standard Calculation:
Value ($) = [I'rice of Capacity at Annual Peak (S/MW) * {Total Customer Peak Demand (MW} - Energy Storage Use
at Annual Peak Time (MW) - Distributed Generation Use at Annual Peak Time (MW) - PEV Use at Annual Peak
Time (MW)} s - [Price of Capacity at Annual Peak ($/MW) * {Total Customer Peak Demand (MW) - Energy
Storage Use at Annual Peak Time (MW) - Distributed Generation Use at Annual Peak Time (MW) - PEV Use at
Annual Peak Time (MW)]]rrge

Optional Calculation:

Value (5)= [Capital Carrying Charge of New Generation (5) *(1-(1-Discount rate (%))"Time Deferred (vrs))],, .. -
[Capital Carrving Charge of New Generation (5) *(1-(1-Discount rate (%)) Time Deferred (vrs))],..

Standard Calculation:

Value ($) = [Ancillary Services Cost ($}].,. - [Ancillary Services Cost (] F—-

Optional Calculation:

Value ($) = [E (Price of Ancillary Service ($/MW) * Purchases (MW))],... - [Z (Price of Ancillary Service (S/MW) *
Purchases (MW)) ],

Reduced
Congestion Cost

Wide Area Monitoring, Visualization, & Control
Dynamic Capability Rating

Power Flow Control

Distributed Generation

Stationary Electricity Storage

Plug-in Electric Vehicles

Customer Electricity Use Optimization

* Congestion Cost (5)

Jptional Inputs

+ Congestion (MW)

* Average Price of Congestion ($/MW)

Standard Calculation:
Value (S) = [Congestion Cost($)]........ - [Congestion Cost(S)],.....,

Optional Calculation:
Value (8) = [Congestion (MW) * Average Price of Congestion ($/MW)],.... - [Congestion (MW) * Average Price of
Congestion (5/MW)], ..,

Figure 48 Summary of Benefit Input Parameters and Calculations (1)
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Benefit

Functions & Enabled Energy Resources

Input Parameters

Monetization Calculation

¢ Fault Current Limiting

¢ Capital Carrying Charge of Transmission

Failures

*  Diagnosis & Notification of Equipment
Condition

* Enhanced Fault Protection

Equipment (%)
« Portion Caused by Lack of Condition Diagnosis

(%)

Deferred Value ($)= [Capital Carrying Charge of Transmission Upgrade (%) *(1-(1-Discount rate (%))"Time Deferred
. . *  Wide Area Monitoring, Visualization, & Control | Upgrade ($) © .Pi . '\".n . geo . " JI.\\_[_[." I:,bi de (8) t, { “L unt e u.]} “ v e
Iransmission o I | o ) (V18)) ] - [Capital Carrying Charge of Transmission Upgrade ($) *(1-(1-Discount rate (%)) Time Deferred
Capacity *  Dynamic Capability Rating * Transmission Investment Time Deferred (vrs) ’ " ’
In\'uslrr{cnls +  Power Flow Control (V030 e
*  Customer Electricity Use Optimization Note: this should only be calculated once since all vears of deferral are included
s Distributed Generation . !
»  Stationary Electricity Storage
*  Plug-in Electric Vehicles
Deferred y E-‘"‘I";‘?‘C “I"P“'i"{’ih' Kating o " ;“P‘“a]'u;’““g Charge of Distribution Value (5)= [Capital Carrying Charge of Distribution Upgrade () *(1-(1-Discount rate (%)) Time Deferred
. N o . *al= ] Aeas P! M vanage ¥ ue -] /| - . - . - . , . - B . ; .
Distribution o 1_m‘ -Oad Neasuremant anagement !11,1‘.1\ ‘ _{ fyr) ) (¥78)) ]y - [Capital Carrying Charge of Distribution Upgrade ($) *(1-(1-Discount rate (%)) Time Deferred
Capacity ¢ Real-Time Load Transfer  Distribution Investment Time Deferred (yrs) : ¥ :
Investments | * Customer Clectricity Use Optimization (73 e
¢ Distributed Generation Note: this should only be calculated once since all years of deferral are included
*  Stationary Electricity Storage )
¢ Plug-in Electric Vehicles
Reduced +  Fault Current Limiting * Capital Replacement of Failed Equipment (5)
Equipment ¢ Dynamic Capability Rating * Portion Caused by Fault Current or Overloaded | Value (8) = [Capital Replacement of Failed Equipment ($) * Portion Caused by Fault Current or Overloaded

Equipment (%)],,.... - [Capital Replacement of Failed Equipment ($) * Portion Caused by Fault Current or
Overloaded Equipment (%)],,

‘oject

For Diagnosis & Notification of Equipment Condition:
Value (5) = [Capital Replacement of Failed Equipment ($) * Portion Caused by Lack of Condition Diagnosis
(%)) = [Capital Replacement of Failed Equipment ($) * Portion Caused by Lack of Condition Diagnosis {‘!-i;}]mw

Reduced
Transmission &
Distribution
Equipment
Maintenance
Cost

Reduced
Transmissiond&
Distribution
Operations Cost

*  Diagnosis & Notification of Equipment
Condition

+  Automated Feeder and T.inl-.‘i\\'ilk‘hinr,
*  Automated Voltage and VAR Control

* Total Transmission Maintenance Cost ($)
# Total Distribution Maintenance Cost ($)

* Transmission Operations Cost (3)
» Distribution Operations Cost ($)
Jptional Inputs
* Distribution Feeder Switching Operations ($)
* Distribution Capacitor Switching Operations (5)
* Other Distribution Operations Cost (3)

Value (§) = [Total Distribution Equipment Maintenance Cost ($) + Total Transmission Equipment Maintenance
Cost (5] e =[ Total Distribution Equipment Maintenance Cost (5) + Total Transmission Equipment Maintenance

Cost (5)]ppen

Standard Calculation:
Value (§) = [Distribution Operations Cost ($) + Transmission Operations Cost ($)]y,.q,. - [Distribution Operations

Cost ($) + Transmission Operations Cost (5)],.q

Optional Calculation:

Value (8) = [Distribution Feeder Switching Operations (5) + Distribution Capacitor Switching Operations (5) +
Other Distribution Operations Cost ($) + Transmission Operations Cost ($)],,.,. - [= Distribution Feeder Switching
Operations ($) + Distribution Capacitor Switching Operations ($) + Other Distribution Operations Cost (5) +
Transmission Operations Cost (5)],..,.,

Reduced Meter
Reading Cost

*  Real-Time Load Measurement & Management

* Meter Operations Cost (S)

Value (5) = [Meter Operations Cost ()],,,...,. - [Meter Operations Cost ($)],.....,

Figure 49 Summary of Benefit Input Parameters and Calculations (2)
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Benefit

Functions & Enabled Energy Resources

Input Parameters

Monetization Calculation

Reduced ¢ Real-Time Load Measurement & Management @ Number of Meter Tamper Detections - Value ($) = [£| Number of Meter Tamper Detections by class (%) * Average Annual Customer Electricity Usage by
Electricity Theft Residential class (kWh) * Average Percentage of Load not Measured by class (%) * Average Duration of Theft by class (% of
* Number of Meter Tamper Detections - vear) * Average Retail Electricity Rate by class ($/kWh)l]y,,. - [Z] Number of Meter Tamper Detections by class (%)
Commercial * Average Annual Customer Electricity Usage by class (KWh) * Average Percentage of Load not Measured by class
* Number of Meter Tamper Detections - Industrial | (%) * Average Duration of Theft by class (% of yvear) * Average Retail Electricity Rate by class (S/KWh)]],.....
* Average _’\““f’“l Costomes E]c.ctr_mty Usage - Average Percentage of Load not Measured by class (%) = This is a DOE assumption that varies by class
Residential, Commercial, Industrial Average Duration of Theft by class (% of year) = This is a DOT assumption that varies by class
Average Retail Electricity Rate by class (S/kWh) = Weighted Average of electricity rate by customer class
Reduced ' I:U\\'i:r F]ﬂ\l\"(’_(;nlml IVARC ! X g.lﬁ.trl.Eull.\m [L‘c_dcr ]T:.md (MW) Value ($) = [(Distribution feeder load (MW) * Distribution losses (%) + Transmission line load (MW) * Transmission
Electricity *  Automated Voltage and VAR Contro * Distribution Losses (7o) losses (%)) * 8760 (hr/yr)* Average Price of Wholesale Energy (SMWh)],..... - [(Distribution feeder load (MW) *
! «  Real-Time Load Measurement & Management o Transmission Line Load (MW) ’ 8 8 Mo _
Losses e Real-Time Load Transfer v Transmission Losses (%) Distribution losses (%) + Transmission line load (MW) ™ Transmission losses (%)) * 8760 (hr/yr)* Average 'rice of
¢ Customer Electricity Use Optimization » Average Price of Wholesale Energy ($/MWh) Wholesale Energy (S/MWh)lye
s Distributed Generation
* Stationary Electricity Storage
“us or Elec Jse Oplimizati ssidentia stricity Cost ($ . . . - . - - . .
Reduced : l(-;“‘tl‘_’;‘“;" iL_dl g Use Optimization : I‘Jla: Ewdq_nll fl lli:;tlrl"jlt_}h(—;“i_:b; Value ($) = [Total Residential Electricity Cost ($) + Total Commercial Electricity Cost ($) + Total Industrial
Electricity Cost ‘ilmt'r] Y LLEIM:L_]‘{'h](:: T”tall E:imn:"_rilgl :C I_‘:CI('__ :‘:!5]( ) Electricity Cost (%)), - [Total Residential Electricity Cost (8) + Total Commercial Electricity Cost ($) + Total
*  Stationary Electricity Storage » Total Industrial Electricity Cos . o
* Plug-in Flectric Vehicles ° Industrial Electricity Cost ($)];,,..,
Reduced * ?daph\'e I;r;.:tuc'lmn { Line Switchi ’ :AII bl t:}:hm] VOS) (/kWh) - Residential. Standard Calculation:
Sustained ' \thnmalﬂ{ I LI“ L{fli!ﬂl ;r]t_: e ”:lg i (‘a Heo . ? ;cn_]{ . }]t ! ) - Residential, Value ($) = Z[ [SAIDI (System) * Total Customers Served within a class (2) * Average Hourly Load Not Served
Outages "D I‘"""mf"‘& “\"’“t“ffni;“m‘ E‘Emn'mmﬂtn \nmm[ r?]“' . T!“ E""TN N During Outage per Customer by class (kW) * VOS by class ($/KWh)],,p.. - [SAIDI (System) * Total Customers
¢ Diagnosis & Notification of Equipmen e Average Hourly Load Not Served During
Cuniililiun o Dulayii per Cu;lumn:r by class (kW) § Served within a class (%) * Average Hourly Load Not Served During Outage per Customer by class (kW) * VOS5 by
+  [Fnhanced Fault Protection Jptional Inputs - class (SN pujed
*  Real-Time Load Measurement & Management o SAIDI (Impacted Feeders or Lines) Optional Calculation:
¢ Distributed Generation * Total Customers Served by Impacted Feeders or Value (8) = L[ [SAIDI (Impacted Feeders or Lines) * Total Customers Served by Impacted Feeders or Lines (7)
* Stationary Electricity Storage Lines (#) - Residential, Commercial Average Hourly Load Not Served During Outage per Customer by class (kW) * VOS by class (SAWh) ]y, -
¢ Plug-in Electric Vehicles [SAIDI (Impacted Feeders or Lines) * Total Customers Served by Impacted Feeders or Lines (£) * Average Hourly
Load Not Served During Outage per Customer by class (kW) * VOS5 by class ($/kWh)],, .|
i 2 ! i i f'."." X age i of ! l. i : - sside II - . . ~ - .
Reduced Major ’ \: idearca :;”Im";.rmf" ‘t;hl:ﬂ”m[m .& Control ¢ glmz’l Tl.m; ;‘f d\h'n.r ;ﬂuhg‘ (hr) - Residential, Value ($) = Z[ [Outage Time of Major Outage by class(hr) * Average Hourly Load Not Served During Outage per
L ] 3 T ) " -
Qutages JRLll]El?aluLh aln;;ni, an Lc:}:cn\c;tmn . \Ummu;a ‘ ]: :hmla‘ 'S | Duri Customer by class (kW) * VOS by class ($/kWh)]m - [Outage Time of Major Cutage by class(hr) * Average
+  Real-Time Load Measurement & Managemen v Average Hourly Load Not Served Durin, : :
«  Real-Time Load Tm‘n:\'fi‘l‘ s 5 i s Hourly Load Not Served During Outage per Customer by class (kW) * VOS by class ($/kWh)],,..|

COutage per Customer by class (kW)
* Value of Service (VOS) ($/kWh) - Residential,

Commercial, Induslrial

Figure 50 Summary of Benefit Input Parameters and Calculations (3)
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Functions & Enabled Energy Resources

Input Parameters

Monetization Calculation

Adaptive Protection

# Distribution Restoration Cost ($)

Reduced Auicnsied Feoder and Line Suitchi Tmsission R on Cast § Standard Calculation:
Restoration Cost Aulomale mU‘d“ e Swil mfg Ild“h“m“m estoration Cost () Value (§) = [Distribution Restoration Cost (§) + Transmission Restoration Cost (§)],...... - [Distribution Restoration
+  Aufomated Islanding and Reconnection Optional Inputs . . o
+  Diagnosis & Notification of Equipment * Number of Outage Events (7) Cost (3) + Iransmission Restoration (st (§)yeq
Condition * Restoration Cost per Event ($/event) Optional Calculation:
¢ Fnhanced Fault Protection Value (§) = [Number of Qutage Events (% of events) * Restoration Cost per Event (§/event)],..... - [Number of
* Real-Time Load Measurement & Management Outage Fvents (£ of events) * Restoration Cost per Fvent (§fevent)], .
Reduced ¢ Enhanced Fault Protection » MAIFI (System) Standard Calculation:
Momentary +  Stationary Electricity Storage » Value of Service (VOS) - Power Quality Value ($) = [Momentary Interruptions (£ of interruptions) * VOS - Power Quality ($ per interruption),,.. -
Outages ' ($/interruption) [Momentary Interruptions (# of interruptions) * VOS ($ per interruption)],, .,
Optional Inputs Momentary Interruptions (# of interruptions) = MAIFI (Index) * E{Tolal Customers Served by class (%)}
* MAIFI (Impacted Feeders) Optional Calcal i on: '
p :
* Total Cuslﬂmurs Served on Impacted Feeders Value (§) = [Momentary Interruptions (7 of interruptions) * VOS - Power Quality ($ per interruption)];, ;.. -
(momentary) (£) - Residential, Commercial, S . . . . ’ '
Industrial [Momentary Interruptions (# of interruptions) * VOS (5 per interruption)], . ,
bl
Momentary Interruptions (< of interruptions) = MAIFT of Impacted Feeders (Index) * Z{Total Customers
Served by class on the Impacted Feeders (£)]
Reduced Sags - Enhanced Fault Protection ¢ Number of igh Impedance Faults Cleared (: o Value (8) = [Number of High Impedance Faults Cleared ( of events) * VOS - Sags and Swells (Sfevent)],, .. -

and Swells

» Stationary Electricity Storage

events)
* Value of Service (VOS) - Sags and Swells

($/event)

[Number of High Impedance Faults Cleared (% of events) * VOS - Sags and Swells (S/event)]y, ...

Figure 51 Summary of Benefit Input Parameters and Calculations (4)
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Benefit

Functions & Enabled Energy Resources

Input Parameters

Monetization Calculation

Reduced CO:
Emissions

Power Flow Control

Automated Feeder and Line Switching
Automated Voltage and VAR Control
Diagnosis & Notification of Equipment
Condition

Real-Time Load Measurement & Management
Real-time Load Transter

Customer Electricity Use Optimization
Distributed Generation

Stationary Electricity Storage

Plug-in Electric Vehicles

[For Automated Feeder and Line Switching: Real

Time Measurement and Management; Diagnosis

& MNotification of Equipment Condition

* Truck Rolls (# of events)

e Average Miles Travelled per Truck Roll
(miles/event)

= Average Fuel Efficiency for Truck Roll Vehicle
(gallons/mile)

* CO, Emissions per Gallon of Fuel{tons/gallon)

Oplional Inputs

* Number of Operations Completed (# of events) -
Feeder Switching and Maintenance, Diagnosis
and Notification, Meter Reading

e Average Miles Traveled per Operation
(miles/event) - Feeder Switching and
Maintenance, Diagnosis and Notification, Meter
Reading

» Average Fuel Efficiency for Service Vehicle
(miles/gallon) - Feeder Switching and
Maintenance, [Jia&;nnr.i.»-. and Notification, Meter
Reading

For PEV with Reduced Gasoline Consumption

Mechanism

* kWh of Electricity Consumed by PEVs (kWh)

* Electricity to Fuel Conversion Factor
(gallons/kWh)

[For all other Functions (Including PEV with

Offset Central Generation Mechanism)

e (0, Emissions (tons)

» Value of CO, ($/ton)

Value () = £{Net CO2 Emissions Avoided (tons)}* Value of CO2 (%/ton)
Net CO2 Emissions Avoided (tons) = [CO, Emissions (tons) ], ... - [CO, Emissions (tons)] , .
Net CO2 Emissions Avoided (tons) = [CO2 Emissions Avoided(tons)],,, - [CO2 Emissions Avoided
(tons) ] ocine

For Automated Feeder and Line Switching: Real Time Measurement and Management; Diagnosis &
Naotification of Equipment Condition:

CO2 Emissions (tons) = Truck Rolls (£ of events) " Average Miles Travelled per Truck Roll (miles/event) + Average
Fuel Efficiency for Truck Roll Vehicle (miles/gallon) * CO2 Emissions per Gallon of Fuel (tons/gallon)

Optional Calculation:

CO2 Emissions (tons) = Z{Number of Operations Completed(# of events) * Average Miles Traveled per Operation
(miles/event) + Average Fuel Efficiency for Service Vehicle (miles/gallon)] * CO2 Emissions per Gallon of Fuel
(tons/gallon)

For PEV with Reduced Gasoline Consumption Mechanism:

C02 Emissions Avoided (tons) = kWh of Elwlririry Consumed h\ PEVs (kWh) * F.]v(tririt_\' to Fuel Conversion
Factor (gallons/kWh) * CO2 Emissions per Gallon of Fuel (tons/gallon)

For all other Functions (Including PEV with offset central generation):

CO2 Emissions (tons) = Calculated and reported by the project directly.

Figure 52 Summary of Benefit Input Parameters and Calculations (5)
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Benefit

Functions & Enabled Energy Resources

Input Parameters

Monetization Calculation

Reduced SOx,
NOh, and PM-
2.5 Emissions

Power Flow Control

Automated Feeder and Line Switching
Automated Voltage and VAR Control
Diagnosis & Notification of Equipment
Condition

Real-Time Load Measurement & Management
Real-time Load Transter

Customer Electricity Use Optimization
Distributed Generation

Stationary Electricity Storage

Plug-in Electric Vehicles

For Automated Feeder and Line Switching; Real

Time Measurement and Management; Diagnosis
& Notification of Equipment Condition

# Truck Rolls (2 of events)

* Average Miles Travelled per Truck Roll
(milesfevent)

® Average Fuel Efficiency for Truck Roll Vehicle
(gallons/mile)

® Emissions per Gallon of Fuel{tons/gallon) - 505,
NO:

Optional Inputs

* Number of Operations Completed (# of events) -
Feeder Switching and Maintenance, Diagnosis
and Notification, Meter Reading

® Average Miles Traveled per Operation
(miles/event) = Feeder Switching and
Maintenance, Diagnosis and Notification, Meter
Reading

* Average Fuel F.ffiril-nr}' for Service Vehicle
(miles/gallon) - Feeder Switching and
Maintenance, Diagnosis and Notification, Meter
Reading

For PEV with Reduced Gasoline Consumption

Mechanism

* kWh of Electricity Consumed by PEVs (KWh)

* Electricity to Fuel Conversion Factor
(gallons/kWh)

For all other Functions (Including PEV with

Otffset Central Generation Mechanism)

 SOx Emissions (tons)

® NOx Emissions (tons)

® PM-2.5 Emissions (tons)

» Value of Emissions ($/ton) = 50, NO,, PM-2.5

Value (8) = £|Net Emissions Avoided (tons)* Value of Emissions ($/ton)|

Net Emissions Avoided (tons) = [Emissions (tons)],,..... - [Emissions (tons)] .,
Nel Emissions Avoided (tons) = [Emissions Avoided{tons)], ., - [Emissions Avoided (tons) | ...

r and Line Switching; Real Time Measurement and Management; Diagnosis

Efficiency for Truck Roll Vehicle (miles/gallon) * Emissions per Gallon of Fuel {tons/gallon)

Optional Calculation:

Emissions (tons) = £{Number of Operations Completed(# of evenls) * Average Miles Traveled per Operation
(miles/event) = Average Fuel Efficiency for Service Vehicle {milc:;,-‘gallun]l " Emissions per Gallon of Fuel
(tons/gallon)

For PEV with Reduced Gasoline Consumption Mechanism:

Emissions Avoided (tons) = kWh of Electricity Consumed by PEVs (kWh) * Electricity to Fuel Conversion Factor
(gallons/kWh) * Emissions per Gallon of Fuel (tons/gallon)

For all other Functions (Including PEV with offset central generation):

Emissions (lons) = Calculated and reported by the project directly.

Figure 53 Summary of Benefit Input Parameters and Calculations (6)
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Benefit

Reduced Oil

Functions & Enabled Energy Resources

Automated Feeder and Line Switching

Input Parameters

Monetization Calculation

Value (gallons of oil) = Net Avoided Fuel Use (gallons)* Fuel to Oil Conversion Factor (gallons oil/gallon fuel)

scale Blackouts

Dynamic Capability Rating

(S/event)

Usage ¢ Diagnosis & Notification of Equipment : Net Avoided Fuel Use (gallons) = [Fuel Use (gallons)], . - [Fuel Use (gallons)]
Condition * kWh of Electricity Consumed by PEVs (kWh) Net Avoided Fuel Use (gallons) = [Avoided Fuel Use (gallons)],,., ., - [Avoided Fuel Use (gallons) | ...
¢ Real-Time Load Measurement & Management Electricity to Fuel Conversion Factor
*  Plug-in Electric Vehicles (gallons/kWh) . For PEVs (with reduced gasoline consumption mechanism):
For all other Functions Avoided Fuel Use (gallons) = kWh of Flectricity Consumed by PEVs (kWh) * Electricity to Fuel Conversion Factor
i Truck Rolls (£ of events) Nons/kKWi ’ -
i (gallons/kWh)
o Average Miles Travelled per Truck Roll For all other Functions:
(milesfevent) o o Fuel Use (gallons) = Truck Rolls (# of events) * Average Miles Travelled per Truck Roll (miles/event) + Average
* Average }—'I.I[L'] Efficiency for Truck Roll Vehicle Fuel Efficiency for Truck Roll Vehicle (miles/gallon)
(gallons/mile) Optional Calculation:
QME“—E o 1 of Fuel Use (gallons) = Z[Number of Operations Completed(# of events) * Average Miles Traveled per Operation
i fgumbu'.u_OPLmtume, Lu.mph_h_d ¢ (f L\Ln?h] | (milesfevent) + Average Fuel Efficiency for Service Vehicle (miles/gallon)]
Feeder Switching and Maintenance, Diagnosis :
and Notification, Meter Reading
* Average Miles Traveled per Operation
(miles/event) - Feeder Switching and
Maintenance, Diagnosis and Notification, Meter
Rmding
* Average Fuel Efficiency for Service Vehicle
(miles/gallon) - Feeder Switching and
Maintenance, Diagnosis and Notification, Meter
Reading
Reduced Wide- * Wide Area Monitoring & Visualization " hup‘lerof :ﬂ ide-scale Bla.ck.outs{ of events) Value ($) = [Number of Wide-scale Blackouts (# of events) * Estimated Cost of each Wide-scale Blackout
. i Estimated Cost of each Wide-scale Blackout

(Slevent)],, ... - [Number of Wide-scale Blackouts (# of events) * Estimated Cost each Wide-scale Blackout

(Sfeven t}]n.:'.\'l

Figure 54 Summary of Benefit Input Parameters and Calculations (7)
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111.3 Calculation of Cost

111.3.1 Present Valuation of Cost in SGCT
Current SGCT calculates the cost in following 3 steps:

1. Determine a nominal cost schedule — this is accomplished in two ways:
A. the user can directly enter a nominal cost schedule
B. SGCT can calculate a cost schedule based on user inputs.

Determine a present value cost schedule
Determine the NPV of the project

According to DOE (2011), the cost entered into the SGCT should represent the total installed cost of the
project and should include all capital costs and direct labor costs, i.e. construction, installation,
integration, testing, and commissioning. Cost input made by the user of SGCT even allows two year prior
from the project start until 2040. Followings are the cost calculation related inputs:

Table 7 Cost Calculation Input

Input Description

Initial Year of Project Spending The first year in which payments for project capital
costs are made.

Final Year of Project Spending The last year that payments for project capital costs
are made

Total Capital Cost of the Project The total capital cost of the project including direct

labor costs, i.e. construction, installation,
integration, testing, and commissioning.

Interest Rate The interest rate that would be paid on financing

the total capital cost of the project.

Source: DOE (2011)

Input nominal cost schedule is calculated by amortizing total capital cost evenly over the period of the
project according to the following equation:

ra+r) .
(1+r) -1
where A, P, I, t represents Yearly Amortize Cost, Total Capital Cost of the Project, Interest Rate,

Total time (years) over which cost is amortized, respectively. Yearly nominal value is treated with
additional discount factor such as

>* This equation’s discount factor for the project starting year is 1.
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d=@aQ-r)

where dt A t represents Discount factor in year t, Discount rate, Discount year, (year O correspond

to the project starting year. Negative year values are used for expenditures that occur before the project
starting year). Even if it is not explicitly noted, this discount rate may reflect the inflation rate so that it
can treat the nominal value in terms of real one.

Following is the cost calculation section of DOE SGCT.

DIM Step lll: Enter Project Cost Data

Directions: In this page the user can enter project cost information. This informatien will be used te complete a simple net
presentvalue cost benefit analysis. The user can enter total costs, initial and final spending years, and the interest rate and the
ool will amortize the cost evenly over the spending period. Or the user can enter a customized cost schedule. If pasting data
from another source into these tables please use the "Paste Value" function to avoid changing cell formatting or pasting
formulas. When the cost information has been entered click the blue button at the bottom to submit and store the entries.

Project Start Year
Discount Rate
Use Custom Cost Schedule
Initial Year of Project Spending
Final Year of Project Spending.
Total Capital Cost of Project
Interest Rate

Yearly Amortized Payment

v Amortized Cost

SOTVTOT

Custom Cost Schedule

Year ; ; : : : : 2014
Capital (5) ! ! ! ! ! !
—

T R | veory ot |

Figure 55 Cost Input in SGCT Macro

111.3.2 Present Valuation of Cost in Replicated Tool Kit

Current formulation of cost calculation is simple total cash flow calculation without any direct link to the
implementation of technology specific investment. Replicated Tool kit can accommodate a new cost
calculation module with its direct linkage to the technology specific investment and related variable cost
to be handled separately for each technology.

A further discussion will be given in the next chapter for future revision of such representation of cost
related cash flow calculation.
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111.4 Expansion of Smart Grid Computational Tool
111.4.1 Overview

The main purpose of Smart Grid Computational Tool (SGCT) development is to assist the smart grid
players on conducting the benefit and cost analysis of smart grid project based on the guidelines made
by the EPRI. For this purpose, the SGCT is made focusing on:

e Defining the boundaries of a smart grid project, such as project period, area of implementation,
technologies to be deployed, etc.

e Identification of the potential benefits from the project based on the relationship of assets,
functions, mechanisms and benefits

e Quantification and monetization® of the identified benefits

e Inputting the project costs

e The comparison and analysis of the costs and benefits of the project

In order to properly conduct the smart grid Benefit Cost Analysis, the SGCT is equipped with several
mappings (assets to functions, functions to mechanisms, mechanisms to benefits), functions and forms
to calculate the benefit calculations, some default parameters, project cost form, up to the results’
visual presentation and some sensitivity analysis options.

In SGCT, most if not all benefit calculation is based on the avoided cost principle. Therefore, the user is
required to define and estimate the baseline scenario for its smart grid project and derive the
parameters needed to calculate the benefits. Since the Benefit Cost Analysis of a smart grid project is
usually conducted for a certain time period to the future, the baseline scenario and its parameters for
those years must be estimated, too. Then, to calculate the avoided costs (benefits) resulting from the
smart grid project, the similar set of avoided cost parameters must be gathered and/or estimated, too.
Then the comparison between the Baseline and Project costs is set as smart grid benefits.

Since the SGCT is more focused on the smart grid BCA itself, the users are needed to input many
parameters exogenously. Unfortunately, not all parameters are easy to be gathered or estimated by the
users. Sometimes, those parameters can only be provided through some calculation processes or
simulation running utilizing other software/model.

One of the possible paths of the SGCT expansion is to make the users of the toolkit more comfortable in
assessing the BCA of their smart grid projects. This might include the integration with other simple

>* The difference of quantification and monetization lie in the benefits units. Quantification gives a
measurable quantity of the smart grid benefit; meanwhile monetization calculates the monetary value
of the benefit. For example, the quantification of CO, emission reduction would show how many tons of
CO, is reduced due to smart grid project. Then using the carbon price information, benefit is monetized.
It must be noted, though, that quantification can also be done in terms of monetary value.
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models

to assist users on providing benefit calculation’s parameters, more details in cost input form,

and addition of qualitative analysis to make the output of the tool more comprehensive.

111.4.2 Smart Grid Scenario: Socioeconomics, Technical, and Regulatory Context

One of the main parts in conducting smart grid Benefit and Cost Analysis is the project scenario

development. In his paper, Chardonnet and de Boissezon (2013) create several scenarios (or visions)

that are built under two assumptions of socioeconomics context and three assumptions of smart grid

technical and regulatory deployment. For the socioeconomics context, the two scenarios are based on

Grenelle de I’Environnement and NegaWatt scenarios. Each scenario has its own parameters. The listed

parameters are:

On the

GDP Growth Rate

Population

Fuel Prices

Electricity retail tax rate

CO, Emission Price

Electric vehicles

Nuclear energy in the electrical mix
BBC standard share in buildings
Power quality standard

other hand, the EPRI Report also mentions several ‘escalation factor’s that would affect the

benefit parameters, which in turn affecting the Benefits and Costs Analysis. The escalation factors are:

Population

In the case of AMI application, the population would be important to determine the number of
AMI operation and cost, etc.

Load growth

The load growth would affect greatly the utilization of transmission and distribution related
parameters, such as the need of voltage regulation devices, as well as the generation
parameters such as storage needed, etc.

Inflation

The inflation is one of the main escalation factors that could affect the various cost values, such
as emission, blackout, maintenance cost, etc.

Energy price

Since the electricity generation needs various forms of energy, these prices would be important,
especially for parameters like average generation cost.

The combination of those parameters could also contribute to the other parameters such annual

generation cost and total electricity cost. Figure below shows the complete list of parameters that

would be affected by the aforementioned escalation factors. In addition to those factors, there are also
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several important parameters that must be inputted by the users such as the number of power
consumer (could be derived from population) and price of electricity (could be part of energy price).

Escalation Factor Inpuets that are projected by escalation factor
Population MNumber of Meter Tamper Detections — Residental,
Commerdial, Industrial

Number of Meter Reading Operations

kWh of Electricity Consumed by PEVs

Load Growth Avoided Annual Generator Dispatch

Energy Storage Use at Annual Peak Time
Distributed Generation Use at Annual Peak Time
PEV Use at Annual Peak Time

Reserve Purchases

Frequency Regulation Purchases

Voltage Control Purchases

Congestion

Distribution Feeder Load

Transmission Line Load

Inflation Capital Replacement of Failed Equipment

Total Transmission Equipment Maintenance Cost
Total Distribution Equipment Maintenance Cost
Distribution Operations Cost

Transmission Operations Cost

Distribution Feeder Switching Operations
Distribution Capacitor Switching Operations
Other Distribution Operations Cost

Meter Operations Cost

Value of Service — Residental, Commercial, Industrial
Distribution Restoration Cost

Transmission Restoration Cost

Restoration Cost per Event

Value of Service - PQ

WValue of Service - Sags & Swells

Value of CO2, S50x, NOx, PM=2.5

Estimated Cost of each Wide-scale Blackout
Energy Price Average Hourly Generation Cost

Price of Capacity at Annual Peak

Average Price of Reserves

Average Price of Frequency Regulation
Average Price of Voltage Control

Average Price of Congestion

Average Price of Wholesale Energy

Energy Price & Annual Generation Cost
Load Growth Ancillary Services Cost
Congestion Cost
Energy Price & Total Electricity Cost — Residential, Commercial, Industrial

Population Grotwth
Figure 56 the Importance of Escalation Factors which Affects the Benefit Parameters in SGCT
Source: Navigant Consulting, 2011

Combining the two cases above, the current SGCT can be expanded to allow better representation and
utilization of the socioeconomics parameters listed. For example, the tool can be expanded to provide
option of population percentage for defining the number of electric customers in residential,

78



commercial, and industrial sectors. It can also be expanded to as much consumer class as possible
depending on the electric price structure.

Table 8 Default Escalation Factors given in SGCT

Region Population (%) Load (%) Inflation (%) Energy Price (%)
NPCC 0.2 0.8 2.7 33
REC 0.3 14 21 25
MRO 04 23 21 15
FRCC 20 2.6 29 25
SERC 0.9 2.2 24 1.8
SPP 04 1.8 21 14
TRE 16 22 23 39
WECC 13 16 24 2.2
ASCC 11 22 2.6 25
HI 0.6 0.6 0.6 0.6
Empty 0 0 0 0

In the scenario building, a solid definition of technology to be applied is another important factor in
conducting smart grid benefit cost analysis. For the example of Chardonnet and de Boissezon (2013), the
technology parameters include: penetration of distributed generation monitoring and control, active
demand participation rate, storage capacity, dynamic pricing structures, distribution grid self-healing,
and penetration of electric vehicle off peak load management.

Each technology above would have different parameters to be inputted by the users. The current SGCT
can be expanded to reduce the confusion of the users by providing some potential parameters (probably
with some default/example value). Also, the tool can help by guiding the users to provide the
parameters using embedded models, which are explained next.

111.4.3 Load Curve Modelling

The load curve is an important parameter in the calculation of smart grid benefits. The reason for this is
that a lot of smart grid benefits come from the load related avoided costs. For example, the smart grid
can reduce the costly peak load. Then, to quantify this benefit, the users must know the load profile of
the grid system in the baseline and after the project is conducted. It must be noted that the separate
modelling of load curve can be seen as the expansion of the load growth escalation factor mentioned
before.
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It must be noted that the other Smart Grid BCA programs also put an emphasis on modelling the load
curve of a power system. For example, the UK case of Frontier Economics utilizes a parametric network
model called WinDebut developed by EA Technologies. Figure below shows how the BCA integrates the
BCA (real options model) with the network model and generation model (to be discussed later) and the
interactions between the models.

Network model Generation model

Half-hourly load
profiles and
penetrations

Initial demand profiles & penetrations

Calculate GB demand,
adjust load profiles to
lower generation costs

Demand profiles after DSR for GB
generation costs

Determine headroom,
adjust load profiles for
local DSR

“Profiles after DSR to reduce dist.
Network reinforcement csots

Calculate generation
costs based on mix of

both demand profiles

Network costs Generation costs

Real options CBA

model

Figure 57 Frontier Economics and OFGEM Uses Parametric Network model to Do Load Curve Modelling
Source: Frontier Economics (March 2011)

Another example is the Smart Grid Investment Model (SGIM) that utilizes member utility data such as
historical billing data, historical 8760 system loads, weather data and other parameters to forecast the
monthly kWh and hourly loads for the whole smart grid BCA period. Figure below shows the utilization
of utility energy and hourly load models in SGIM.
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Member Utility Data:

Historical Billing Data — Energy,
Demand by Customer Class

Historical 8760 System Loads, Utility Customer
Weather Data, ... Hourly Load Databases

(MAISY Customer Class/End-Use

l l— www.maisy.com)
Customer Class Zip-detailed Service Area
End-Use Hourly Customer Characteristics

Load Model
Estimation

!

| Utility Energy and Hourly Load Models |

Hourly Load Forecasts
L ~ Monthly kWh and hourly loads
31 ot e Customer class, end-use detail (space
:: [ Cetr heat, central Ac, non-central AC, water
. heat, other)
13343 €7805W0EGMEETIIEHN TN 20-year forecast horizon

Figure 58 Smart Grid Investment Model Utilizing Hourly Load Models for Load Curve Modelling
Source: Jackson (2012)

Knowing the load pattern would enable the users to properly calculate the benefits parameter into the
toolkit. It can also help them to visualize the concept of avoided cost as a form of smart grid benefit. A
good example is showing the comparison of load curve in the baseline and project case so that the user
can see the actual reduction (probably most change must happen in the peak load) and the value of this
reduction (or the benefit).

The current SGCT should be developed further to be able to model the load curve integrally within the
toolkit. Then the tool must be able to automate the parameters input of the BCA from the output of the
load curve model. The modeling of the curve itself can range from a simple estimation from the current
load curve, parametric network model, to a nodal network model. It must be noted that to do this,
various parameters are still needed.

111.4.4 Generation Program Modelling

In the generation program modelling, the users should be able to determine the mix of electricity
generation for the whole period of the project. This information is important for many parts of benefit
calculation, such as the generation cost. As seen in the previous section, the UK case of Frontier
Economics also utilizes the generation model integrally within their BCA. In the paper by Chardonnet
and de Boissezon, the generation assets optimization software called EUROSTAG — SCANNER is used to
do the computation. Another software that might do similar work is the WASP (Wien Automatic System
Planning).

Other important benefit parameters that can be affected by the proper generation modelling is emission
and electricity price. The different power generation mix would result in different emission. The policy
available could also provide different scenario of the smart grid analysis. For example, the renewable
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policy could reduce the CO, emission even without the smart grid deployment. But on the other hand,
the smart grid is needed to improve the quality of the transmission sector so that the intermittent
renewable energy can be fully integrated into the power system.

The current SGCT can be expanded to include this generation mix modelling. Some of the important
parameters could be the energy price forecast. Different energy forecast could result in different energy
mix. A simple cost minimization program could be embedded into the current toolkit. Basically the
points up to now are dealing with the creation of proper baseline scenario and parameters before even
putting smart grid project scenario.

111.4.5 Integration with Qualitative Assessment

The current SGCT only focuses on the quantitative assessment of the smart grid project. Meanwhile, the
qualitative assessment of project itself is not touched. The users are expected to do this kind of analysis
separately from the BCA itself. Some models that can be used to analyse the qualitative aspect of the
smart grid project is Smart Grid Maturity Model (SGMM) or other ‘smartness’ measurement. To
comprehensively understand the smart grid project, both of these analyses must be conducted by the
smart grid players.

Another approach to this duality problem is proposed by the European Commission Joint Research
Centre (EC JRC). The JRC first take out the EPRI Methodology of smart grim BCA Assessment and modify
it with its own benefits definition. To do so, they developed similar yet unique mapping from smart grid
assets or technologies to the benefits through functionality. Then, they add the qualitative analysis that
is the Key Performance Index (KPIl) into the same BCA. This KPI is another product of JRC specifically
designed to assess the performance of a smart grid. In other words, this is just yet another form of
smartness measurement. Figure below shows the concept of overall assessment concept of JRC applied
to smart metering roll-out project.

Economic appraisal Qualitative impact analysis

(CBA on behalf of society) (Non-monetary appraisal)

Smart metering roll-out overall assessment

Figure 59 Integrating Quantitative and Qualitative Appraisal to Provide Smart Grid Project’s Overall Assessment
Source: JRC (2012b)

Although the details of the smartness assessment of smart grid cannot be quantified directly, there are
several ways to somehow show the level of smartness using some numbers. In the SGMM case, they
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already developed a set of surveys (questionnaires) for the smart grid players who want to assess their
own smart grid ‘level’. With this, the same user can properly estimate its current position within 6 smart
grid categories five possible levels. Then it can also project a desired level of improvement that must be
achieved using the smart grid project.

Another option is to use some Key Performance Indexes or points that are deemed important for the
Smart Grid project’s target and assign some weighted values to them. In the case of JRC, they utilize the
Merit Deployment Matrix, which can be visualized in the figure below.

Efficiency and service
450 —
Grid connection & acces;-.-.""' —Security & QoS
.30.04 ’

; AN
Support for EU IEM / -/

| Consumer participation

nism for new services T A 7 7 Informed cons. decisions

Grid development ___.:3":Increased sustainability

Mitigated consumer bil Is“—Grid ca pacity

Figure 60 An Example of Visualization of Merit Deployment Matrix
Source: JRC (2012b)

The current SGCT can be expanded in such a way so that the users can also do some quantitative
analysis using the same toolkit as the quantitative assessment. The toolkit can integrate either the
surveys type of analysis such as the case of SGMM or the Key Performance Index type of analysis such as
the case of JRC. Since both types are actually quite similar, the toolkit can actually use the combination
of both methods. Although for this case to be realized, more research still needs to be done.

111.4.6 Detailed Cost Representation

The cost representation in the current SCCT is a bit too simplified. The good thing is the users only need
to input the overall project cost and the discount rate to calculate the NPV of the costs during the whole
project period. But the downside is that the users need to do the actual calculation of smart grid project
cost outside of the toolkit. This was probably done originally due to the possible difficulty on putting the
complicated cost calculation in the macro form. But utilizing the new version of the toolkit that is
developed using C++ (Object Oriented Programming) the detailed process of cost calculation can be
integrated in the toolkit.

There are many costs that can be attributed to smart grid project. Below is the potential list of costs
from one of the smart metering roll-out cases in Europe.
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Table 9 Some Potential Costs in Smart Grid Project

General category Type of cost to be tracked for roll-out and to be estimated for the baseline

Investment in the smart metering system
Investment in IT
Investment in communications
Investment in in-home displays (if applicable)
CAPEX Generation
Transmission
Distribution
Avoided investment in conventional meters (negative cost, to be added to the
list of benefits)
IT maintenance costs
Network management and front-end costs
Communication/data transfer costs (inc. GPRS, Radio Communications, etc)
Scenario management costs
Replacement/failure of smart metering systems (incremental)
OPEX Revenue reductions (e.g. through more efficient consumption)
Generation
Distribution
Transmission
Meter reading
Call centre/customer care
Training costs (e.g. customer care personnel and installation personnel)
Reliability Restoration costs
Environmental Emission costs (CO, control equipment, operation and emission permits)
Energy security Cost of fossil fuels consumed to generate power
Cost of fossil fuels for transportation and operation
Other Sunk costs of previously installed (traditional) meters

Source: JRC (2012b)

The current SGCT can be expanded to expand the cost input form so that it can fully model and calculate
the complete calculation of smart grid project costs. As shown in the figure above, the overall cost of
smart grid project can be divided into several categories: capital cost, operation and maintenance cost,
reliability cost, environmental cost, energy security cost, and other cost.
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Table 10 Average Hourly Generation Cost

2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030

NPCC | 916 | 87.1 | 724 | 73.0 | 724 | 732 | 744 | 773 | 775 | 77.6 | 809 | 833 | 842 | 832 | 833 | 847 | 859 | 839 | 91.0 | 927 | 945 | 956 | 96.2

RFC 69.0 | 67.0 | 586 | 583 | 57.7 | 581 | 585 | 59.1 | 599 | 604 | 614 | 62.7 | 63.0 | 63.2 | 640 | 652 | 665 | 684 | 701 | 719 | 733 | 73.6 | 75.0

MRO | 382 | 391 | 398 | 387 | 388 | 389 | 388 | 381 | 375 | 372 | 369 | 36.7 | 364 | 359 | 358 | 358 | 358 | 354 | 351 | 352 | 356 | 36.6 | 37.8

FRCC | 875 | 916 | 80.0 | 83.2 | 853 | 854 | 854 | 858 | 86.1 | 86.0 | 86.6 | 884 | 90.7 | 90.7 | 90.6 | 90.8 | 91.6 | 929 | 94.7 | 96.8 | 98.0 | 99.0 | 99.6

SERC | 56.7 | 574 | 54.0 | 533 | 526 | 52.1 | 51.5 | 50.9 | 51.0 | 51.2 | 516 | 51.6 | 51.7 | 51.7 | 52.1 | 52,5 | 53.6 | 54.8 | 56.1 | 57.5 | 584 | 59.3 | 60.0

SPP 56.9 | 60.0 | 54.5 | 55.8 | 53.5 | 53.7 | 53.7 | 53.7 | 545 | 549 | 554 | 56.0 | 56.0 | 55.6 | 55.8 | 564 | 57.5 | 589 | 60.0 | 615 | 624 | 63.3 | 64.1

TRE 76.7 | 740 | 62.2 | 62.0 | 615 | 64.0 | 649 | 649 | 664 | 696 | 71.8 | 754 | 779 | 784 | 79.5 | 80.7 | 819 | 84.6 | 88.0 | 915 | 93.7 | 946 | 955

WECC | 632 | 644 | 59.8 | 57.7 | 55.5 | 54.2 | 534 | 533 | 539 | 55.2 | 559 | 56.7 | 56.7 | 56.2 | 56.0 | 58.1 | 59.4 | 60.7 | 624 | 63.8 | 65.0 | 66.3 | 67.2

ASCC | 63.2 | 644 | 598 | 57.7 | 555 | 54.2 | 534 | 533 | 539 | 55.2 | 559 | 56.7 | 56.7 | 56.2 | 56.0 | 58.1 | 594 | 60.7 | 624 | 63.8 | 650 | 66.3 | 67.2

HI 63.2 | 644 | 59.8 | 57.7 | 55.5 | 54.2 | 534 | 533 | 539 | 55.2 | 559 | 56.7 | 56.7 | 56.2 | 56.0 | 581 | 594 | 60.7 | 624 | 63.8 | 65.0 | 663 | 67.2

Table 11 Price of Capacity at Annual Peak (1)

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

NPCC 46,829 46,829 50,144 39,137 29,167 35,958 50,224 63,772 63,466 63,136 62,831 64,199
RFC 40,150 40,150 40,150 40,150 39,194 50,795 64,377 66,021 70,702 75,091 79,833 84,813

MRO 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700

FRCC 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700
SERC 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700
SPP 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700

TRE 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700

WECC 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700
ASCC 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700
HI 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700
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Table 12 Price of Capacity at Annual Peak (2)

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
NPCC 76,909 89,004 100,504 100,478 100,472 100,484 100,510 100,475 100,454 100,513 100,509
RFC 96,727 102,203 110,401 114,992 114,133 105,800 105,515 109,794 114,412 119,436 124,817
MRO 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700
FRCC 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700
SERC 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700
SPP 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700
TRE 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700
WECC 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700
ASCC 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700
HI 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700 95,700
Table 13 Average Price of Reserves

2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030
NPCC 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
RFC 163 | 163 | 163 | 163 | 163 | 163 | 163 | 163 | 163 | 163 | 163 | 163 | 163 | 163 | 163 | 163 | 163 | 163 | 163 | 163 | 163 | 163 | 16.3
MRO 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 10.3
FRCC | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103
SERC | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 10.3 | 10.3
SPP 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 10.3 | 103 | 103 | 103 | 103
TRE 128 | 127 | 127 | 127 | 127 | 127 | 127 | 127 | 127 | 12.7 | 12.7 | 127 | 127 | 127 | 127 | 127 | 127 | 127 | 127 | 127 | 127 | 127 | 127
WECC 54 54 54 54 54 54 54 54 54 54 54 54 54 54 54 54 54 54 54 54 54 54 54
ASCC | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 10.3 | 10.3
HI 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 10.3
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Table 14 Average Price of Frequency Regulation

2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030
NPCC | 334 | 334 | 341 | 348 | 355 | 356 | 357 | 357 | 358 | 358 | 358 | 359 | 359 | 359 | 36.0 | 360 | 361 | 362 | 362 | 363 | 36.3 | 364 | 36.5
RFC 369 | 40.2 | 402 | 406 | 410 | 411 | 412 | 412 | 413 | 414 | 415 | 416 | 41.7 | 41.8 | 419 | 419 | 420 | 421 | 421 | 422 | 422 | 423 | 423
MRO 261 | 285 | 285 | 288 | 290 | 291 | 291 | 292 | 293 | 293 | 294 | 295 | 295 | 296 | 29.7 | 29.7 | 29.7 | 298 | 298 | 299 | 299 | 299 | 30.0
FRCC | 26.1 | 285 | 285 | 288 | 29.0 | 29.1 | 29.1 | 292 | 293 | 293 | 294 | 295 | 295 | 296 | 29.7 | 29.7 | 29.7 | 29.8 | 29.8 | 29.9 | 29.9 | 299 | 300
SERC | 261 | 285 | 285 | 288 | 29.0 | 291 | 291 | 292 | 293 | 293 | 294 | 295 | 295 | 296 | 29.7 | 29.7 | 29.7 | 298 | 298 | 299 | 299 | 299 | 30.0
SPP 261 | 285 | 285 | 288 | 29.0 | 291 | 291 | 292 | 293 | 293 | 294 | 295 | 295 | 296 | 29.7 | 29.7 | 29.7 | 298 | 29.8 | 299 | 299 | 299 | 30.0
TRE 149 | 162 | 162 | 164 | 165 | 166 | 166 | 166 | 16.7 | 167 | 168 | 168 | 168 | 169 | 169 | 169 | 169 | 170 | 170 | 170 | 170 | 171 | 171
WECC | 193 | 211 | 211 | 213 | 215 | 215 | 216 | 216 | 21.7 | 21.7 | 21.8 | 21.8 | 219 | 219 | 220 | 220 | 220 | 221 | 221 | 221 | 221 | 222 | 222
ASCC | 261 | 285 | 285 | 288 | 290 | 291 | 291 | 292 | 293 | 293 | 294 | 295 | 295 | 296 | 29.7 | 29.7 | 29.7 | 29.8 | 29.8 | 299 | 299 | 299 | 30.0
HI 261 | 285 | 285 | 288 | 290 | 291 | 291 | 292 | 293 | 293 | 294 | 295 | 295 | 296 | 29.7 | 29.7 | 29.7 | 298 | 298 | 299 | 299 | 299 | 30.0
Table 15 Average Price of Voltage Control (1)
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
NPCC 2,187.5 2,220.3 2,253.6 2,287.4 2,321.7 2,356.6 2,391.9 2,427.8 2,464.2 2,501.2 2,538.7 2,576.8
RFC 2,187.5 2,220.3 2,253.6 2,287.4 2,321.7 2,356.6 2,391.9 2,427.8 2,464.2 2,501.2 2,538.7 2,576.8
MRO 2,187.5 2,220.3 2,253.6 2,287.4 2,321.7 2,356.6 2,391.9 2,427.8 2,464.2 2,501.2 2,538.7 2,576.8
FRCC 2,187.5 2,220.3 2,253.6 2,287.4 2,321.7 2,356.6 2,391.9 2,427.8 2,464.2 2,501.2 2,538.7 2,576.8
SERC 2,187.5 2,220.3 2,253.6 2,287.4 2,321.7 2,356.6 2,391.9 2,427.8 2,464.2 2,501.2 2,538.7 2,576.8
SPP 2,187.5 2,220.3 2,253.6 2,287.4 2,321.7 2,356.6 2,391.9 2,427.8 2,464.2 2,501.2 2,538.7 2,576.8
TRE 2,187.5 2,220.3 2,253.6 2,287.4 2,321.7 2,356.6 2,391.9 2,427.8 2,464.2 2,501.2 2,538.7 2,576.8
WECC 2,187.5 2,220.3 2,253.6 2,287.4 2,321.7 2,356.6 2,391.9 2,427.8 2,464.2 2,501.2 2,538.7 2,576.8
ASCC 2,187.5 2,220.3 2,253.6 2,287.4 2,321.7 2,356.6 2,391.9 2,427.8 2,464.2 2,501.2 2,538.7 2,576.8
HI 2,187.5 2,220.3 2,253.6 2,287.4 2,321.7 2,356.6 2,391.9 2,427.8 2,464.2 2,501.2 2,538.7 2,576.8
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Table 16 Average Price of Voltage Control (2)

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
NPCC 2,615.4 2,654.6 2,694.5 2,734.9 2,775.9 2,817.5 2,859.8 2,902.7 2,946.2 2,990.4 3,035.3
RFC 2,615.4 2,654.6 2,694.5 2,734.9 2,775.9 2,817.5 2,859.8 2,902.7 2,946.2 2,990.4 3,035.3
MRO 2,615.4 2,654.6 2,694.5 2,734.9 2,775.9 2,817.5 2,859.8 2,902.7 2,946.2 2,990.4 3,035.3
FRCC 2,615.4 2,654.6 2,694.5 2,734.9 2,775.9 2,817.5 2,859.8 2,902.7 2,946.2 2,990.4 3,035.3
SERC 2,615.4 2,654.6 2,694.5 2,734.9 2,775.9 2,817.5 2,859.8 2,902.7 2,946.2 2,990.4 3,035.3
SPP 2,615.4 2,654.6 2,694.5 2,734.9 2,775.9 2,817.5 2,859.8 2,902.7 2,946.2 2,990.4 3,035.3
TRE 2,615.4 2,654.6 2,694.5 2,734.9 2,775.9 2,817.5 2,859.8 2,902.7 2,946.2 2,990.4 3,035.3
WECC 2,615.4 2,654.6 2,694.5 2,734.9 2,775.9 2,817.5 2,859.8 2,902.7 2,946.2 2,990.4 3,035.3
ASCC 2,615.4 2,654.6 2,694.5 2,734.9 2,775.9 2,817.5 2,859.8 2,902.7 2,946.2 2,990.4 3,035.3
HI 2,615.4 2,654.6 2,694.5 2,734.9 2,775.9 2,817.5 2,859.8 2,902.7 2,946.2 2,990.4 3,035.3
Table 17 Average Price of Congestion
2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030
NPCC 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8
RFC 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6
MRO 132 | 132 | 132 | 13.2 | 13.2 | 13.2 | 132 | 13.2 | 13.2 | 13.2 | 13.2 | 13.2 | 13.2 | 13.2 | 13.2 | 132 | 13.2 | 13.2 | 13.2 | 13.2 | 13.2 | 13.2 | 13.2
FRCC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
SERC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
SPP 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TRE 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4
WECC | 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3
ASCC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HI 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Table 18 Average Price of Wholesale Energy

2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030

NPCC | 0.06 | 0.06 | 0.07 | 0.08 | 0.09 | 0.09 | 0.09 | 0.09 | 0.10 | 0.10 | 0.10 | 011 | 0.11 | 0.11 | 0.12 | 0.12 | 012 | 0.13 | 0.13 | 0.14 | 0.14 | 0.14 | 0.15

RFC 0.07 | 0.05 | 0.06 | 0.06 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07 | 0.08 | 0.08 | 0.08 | 0.08 | 0.09 | 0.09 | 0.09 | 0.09 | 0.10 | 0.10 | 0.10 | 0.10 | 0.11 | 0.11

MRO | 0.04 | 0.03 | 0.04 | 0.04 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.06

FRCC | 0.09 | 0.07 | 0.08 | 0.09 | 0.11 | 011 | 0.11 | 010 | O.11 | 011 | 0.11 | O.11 | 012 | 012 | 013 | 013 | 0.13 | 013 | 0.14 | 0.14 | 0.14 | 0.14 | 0.15

SERC | 0.06 | 0.04 | 0.05 | 0.06 | 0.07 | 0.06 | 0.06 | 0.06 | 0.06 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07 | 0.08 | 0.08 | 0.08 | 0.08 | 0.08 | 0.09 | 0.09

SPP 0.06 | 0.04 | 0.05 | 0.06 | 0.07 | 0.07 | 0.07 | 0.06 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07 | 0.08 | 0.08 | 0.08 | 0.08 | 0.08 | 0.09 | 0.09 | 0.09 | 0.09 | 0.10

TRE 0.08 | 0.05 | 0.06 | 0.07 | 0.08 | 0.08 | 0.08 | 0.08 | 0.08 | 0.09 | 0.09 | 0.10 | 0.10 | 0.11 | 0.11 | 011 | 012 | 012 | 0.13 | 0.13 | 0.14 | 0.14 | 0.14

WECC | 0.06 | 0.05 | 0.06 | 0.06 | 0.07 | 0.07 | 0.06 | 0.06 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07 | 0.08 | 0.08 | 0.08 | 0.08 | 0.09 | 0.09 | 0.09 | 0.09 | 0.10 | 0.10

ASCC | 0.06 | 0.05 | 0.06 | 0.06 | 0.07 | 0.07 | 0.06 | 0.06 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07 | 0.08 | 0.08 | 0.08 | 0.08 | 0.09 | 0.09 | 0.09 | 0.09 | 0.10 | 0.10

HI 0.06 | 0.05 | 0.06 | 0.06 | 0.07 | 0.07 | 0.06 | 0.06 | 0.07 | 0.07 | 0.07 | 0.07 | 0.07 | 0.08 | 0.08 | 0.08 | 0.08 | 0.09 | 0.09 | 0.09 | 0.09 | 0.10 | 0.10

Table 19 Inflation Factor

Residential Commercial Industrial

NPCC 2.20 282.00 15.30
RFC 2.20 282.00 15.30
MRO 2.20 282.00 15.30
FRCC 2.20 282.00 15.30
SERC 2.20 282.00 15.30
SPP 2.20 282.00 15.30
TRE 2.20 282.00 15.30
WECC 2.20 282.00 15.30
ASCC 2.20 282.00 15.30
HI 2.20 282.00 15.30
Empty 2.20 282.00 15.30
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Table 20 Restoration Cost per Event (1)

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
NPCC 3,000.0 3,081.0 3,081.0 3,164.2 3,164.2 3,249.6 3,249.6 33374 33374 3,427.5 3,427.5 3,520.0
RFC 3,000.0 3,063.0 3,063.0 31273 31273 3,193.0 3,193.0 3,260.0 3,260.0 3,328.5 3,328.5 3,3984
MRO 3,000.0 3,063.0 3,063.0 31273 31273 3,193.0 3,193.0 3,260.0 3,260.0 3,3285 3,3285 3,3984
FRCC 3,000.0 3,087.0 3,087.0 3,176.5 3,176.5 3,268.6 3,268.6 3,3634 3,363.4 3,461.0 3,461.0 3,561.3
SERC 3,000.0 3,072.0 3,072.0 3,145.7 3,145.7 32212 3,221.2 3,298.5 3,298.5 3,377.7 3,377.7 3,458.8
SPP 3,000.0 3,063.0 3,063.0 31273 31273 3,193.0 3,193.0 3,260.0 3,260.0 3,328.5 3,3285 3,3984
TRE 3,000.0 3,069.0 3,069.0 3,139.6 3,139.6 32118 3,211.8 3,285.7 3,285.7 3,361.2 3,361.2 3,4385
WECC 3,000.0 3,072.0 3,072.0 3,145.7 3,145.7 3,221.2 3,221.2 3,298.5 3,298.5 3,377.7 3,377.7 3,458.8
ASCC 3,000.0 3,078.0 3,078.0 3,158.0 3,158.0 3,240.1 3,240.1 33244 33244 3,410.8 3,410.8 3,499.5
HI 3,000.0 3,000.0 3,000.0 3,000.0 3,000.0 3,000.0 3,000.0 3,000.0 3,000.0 3,000.0 3,000.0 3,000.0

Table 21 Restoration Cost per Event (2)

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

NPCC 3,520.0 3,615.1 36151 3,712.7 3,712.7 3,812.9 38129 39158 39158 4,021.6 4,021.6
RFC 3,3984 3,469.8 3,469.8 3,542.6 3,542.6 3,617.0 3,617.0 3,693.0 3,693.0 3,770.5 3,770.5
MRO 3,398.4 3,469.8 3,469.8 3,542.6 3,542.6 3,617.0 3,617.0 3,693.0 3,693.0 3,770.5 3,770.5
FRCC 3,561.3 3,664.6 3,664.6 3,770.9 3,770.9 3,880.2 3,880.2 3,992.8 3,992.8 4,108.6 4,108.6
SERC 3,458.8 3,541.8 3,541.8 3,626.8 3,626.8 37138 3,713.8 3,803.0 3,803.0 3,894.2 3,894.2
SPP 3,398.4 3,469.8 3,469.8 3,542.6 3,542.6 3,617.0 3,617.0 3,693.0 3,693.0 3,770.5 3,770.5
TRE 3,4385 3,517.6 3,517.6 3,598.5 3,598.5 3,681.3 3,681.3 3,766.0 3,766.0 3,852.6 3,852.6
WECC 3,458.8 3,541.8 3,541.8 3,626.8 3,626.8 3,7138 37138 3,803.0 3,803.0 3,894.2 3,894.2
ASCC 3,499.5 3,590.5 3,590.5 3,683.8 3,683.8 3,779.6 3,779.6 3,877.9 3,877.9 3,978.7 3,978.7
HI 3,000.0 3,000.0 3,000.0 3,000.0 3,000.0 3,000.0 3,000.0 3,000.0 3,000.0 3,000.0 3,000.0
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Table 22 Average Fuel Efficiency for Truck Roll Vehicle

2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030

NPCC | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3

RFC 203 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3

MRO 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3

FRCC | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3

SERC | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3

SPP 203 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3

TRE 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3

WECC | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3

ASCC | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3

HI 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3

Empty | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3 | 20.3

Table 23 CO2 Emissions per Gallon of Fuel

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021-'30

NPCC 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 null
RFC 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 null
MRO 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 null
FRCC 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 null
SERC 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 null
SPP 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 null
TRE 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 null
WECC 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 null
ASCC 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 null
HI 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 null
Empty 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 0.0097 null
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Table 24 Value of CO2

2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030
NPCC 20 20 20 20 20 20 20 20 20 20 20 20 20 204 | 208 | 21.2 | 216 | 22.1 | 225 | 23.0 | 234 | 239 | 244
RFC 20 20 20 20 20 20 20 20 20 20 20 20 20 204 | 208 | 21.2 | 216 | 22.1 | 225 | 23.0 | 234 | 239 | 244
MRO 20 20 20 20 20 20 20 20 20 20 20 20 20 204 | 208 | 21.2 | 21.6 | 221 | 225 | 23.0 | 234 | 239 | 244
FRCC 20 20 20 20 20 20 20 20 20 20 20 20 20 204 | 208 | 21.2 | 21.6 | 221 | 225 | 23.0 | 234 | 239 | 244
SERC 20 20 20 20 20 20 20 20 20 20 20 20 20 204 | 208 | 21.2 | 21.6 | 221 | 225 | 23.0 | 234 | 239 | 244
SPP 20 20 20 20 20 20 20 20 20 20 20 20 20 204 | 208 | 21.2 | 216 | 22.1 | 225 | 23.0 | 234 | 239 | 244
TRE 20 20 20 20 20 20 20 20 20 20 20 20 20 204 | 208 | 21.2 | 216 | 22.1 | 225 | 23.0 | 234 | 239 | 244
WECC 20 20 20 20 20 20 20 20 20 20 20 20 20 204 | 208 | 21.2 | 216 | 22.1 | 225 | 23.0 | 234 | 239 | 244
ASCC 20 20 20 20 20 20 20 20 20 20 20 20 20 204 | 208 | 21.2 | 21.6 | 221 | 225 | 23.0 | 234 | 239 | 244
HI 20 20 20 20 20 20 20 20 20 20 20 20 20 204 | 20.8 | 21.2 | 21.6 | 221 | 225 | 23.0 | 234 | 239 | 244
Empty 20 20 20 20 20 20 20 20 20 20 20 20 20 204 | 208 | 21.2 | 21.6 | 221 | 225 | 23.0 | 234 | 239 | 244
Table 25 SOx Emissions per Gallon of Gas
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021-'30
NPCC 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 null
RFC 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 null
MRO 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 null
FRCC 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 null
SERC 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 null
SPP 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 null
TRE 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 null
WECC 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 null
ASCC 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 null
HI 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 null
Empty 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 2.2E-07 null
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Table 26 NOx Emissions per Gallon of Gas

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
NPCC 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 null
RFC 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 null
MRO 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 null
FRCC 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 null
SERC 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 null
SPP 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 null
TRE 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 null
WECC 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 null
ASCC 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 null
HI 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 null
Empty 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 0.00017 null
Table 27 Value of SOx
2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030
NPCC | 520 | 520 | 520 | 520 520 | 520 | 520 | 520 | 520 | 520 | 520 | 520 | 520 | 531 | 542 | 553 | 565 | 577 | 589 | 601 614 | 627 640
RFC 520 | 520 | 520 | 520 520 | 520 | 520 | 520 | 520 | 520 | 520 | 520 | 520 | 531 | 542 | 553 | 565 | 577 | 589 | 601 614 | 627 640
MRO 520 520 520 520 520 520 520 520 520 520 520 520 520 531 542 553 565 577 589 601 614 627 640
FRCC | 520 520 520 520 520 520 520 520 520 520 520 520 520 531 542 553 565 577 589 601 614 627 640
SERC | 520 520 520 520 520 520 520 520 520 520 520 520 520 531 542 553 565 577 589 601 614 627 640
SPP 520 | 520 | 520 | 520 520 | 520 | 520 | 520 | 520 | 520 | 520 | 520 | 520 | 531 | 542 | 553 | 565 | 577 | 589 | 601 614 | 627 640
TRE 520 | 520 | 520 | 520 520 | 520 | 520 | 520 | 520 | 520 | 520 | 520 | 520 | 531 | 542 | 553 | 565 | 577 | 589 | 601 614 | 627 640
WECC | 520 | 520 | 520 | 520 520 | 520 | 520 | 520 | 520 | 520 | 520 | 520 520 531 | 542 | 553 | 565 | 577 | 589 | 601 614 | 627 640
ASCC | 520 520 520 520 520 520 520 520 520 520 520 520 520 531 542 553 565 577 589 601 614 627 640
HI 520 520 520 520 520 520 520 520 520 520 520 520 520 531 542 553 565 577 589 601 614 627 640
Empty | 520 520 520 520 520 520 520 520 520 520 520 520 520 531 542 553 565 577 589 601 614 627 640
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Table 28 Value of NOx

2008-12 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
NPCC 3000 3063.0 3127 3193 3260 3329 3398 3470 3543 3617 3693
RFC 3000 3063.0 3127 3193 3260 3329 3398 3470 3543 3617 3693
MRO 3000 3063.0 3127 3193 3260 3329 3398 3470 3543 3617 3693
FRCC 3000 3063.0 3127 3193 3260 3329 3398 3470 3543 3617 3693
SERC 3000 3063.0 3127 3193 3260 3329 3398 3470 3543 3617 3693
SPP 3000 3063.0 3127 3193 3260 3329 3398 3470 3543 3617 3693
TRE 3000 3063.0 3127 3193 3260 3329 3398 3470 3543 3617 3693
WECC 3000 3063.0 3127 3193 3260 3329 3398 3470 3543 3617 3693
ASCC 3000 3063.0 3127 3193 3260 3329 3398 3470 3543 3617 3693
HI 3000 3063.0 3127 3193 3260 3329 3398 3470 3543 3617 3693
Empty 3000 3063.0 3127 3193 3260 3329 3398 3470 3543 3617 3693
Table 29 Value of PM-2.5
2008-20 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
NPCC 36000 36756.0 37527.9 38316.0 39120.6 39942.1 40780.9 41637.3 42511.7 43404.4 44315.9
RFC 36000 36756.0 37527.9 38316.0 39120.6 39942.1 40780.9 41637.3 42511.7 43404.4 44315.9
MRO 36000 36756.0 37527.9 38316.0 39120.6 39942.1 40780.9 41637.3 42511.7 43404.4 44315.9
FRCC 36000 36756.0 37527.9 38316.0 39120.6 39942.1 40780.9 41637.3 42511.7 43404.4 44315.9
SERC 36000 36756.0 37527.9 38316.0 39120.6 39942.1 40780.9 41637.3 42511.7 43404.4 44315.9
SPP 36000 36756.0 37527.9 38316.0 39120.6 39942.1 40780.9 41637.3 42511.7 43404.4 44315.9
TRE 36000 36756.0 37527.9 38316.0 39120.6 39942.1 40780.9 41637.3 42511.7 43404.4 44315.9
WECC 36000 36756.0 37527.9 38316.0 39120.6 39942.1 40780.9 41637.3 42511.7 43404.4 44315.9
ASCC 36000 36756.0 37527.9 38316.0 39120.6 39942.1 40780.9 41637.3 42511.7 43404.4 44315.9
HI 36000 36756.0 37527.9 38316.0 39120.6 39942.1 40780.9 41637.3 42511.7 43404.4 44315.9
Empty 36000 36756.0 37527.9 38316.0 39120.6 39942.1 40780.9 41637.3 42511.7 43404.4 44315.9
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Table 30 Average Fuel Efficiency

Feeder Service Vehicle Diagnosis/Notification Service Vehicle Real Time Load Measurement/Management Service Vehicle

NPCC 20.3 20.3 20.3
RFC 20.3 20.3 20.3
MRO 20.3 20.3 20.3
FRCC 20.3 20.3 20.3
SERC 20.3 20.3 20.3
SPP 20.3 20.3 20.3
TRE 20.3 20.3 20.3
WECC 20.3 20.3 20.3
ASCC 20.3 20.3 20.3
HI 20.3 20.3 20.3
Empty 20.3 20.3 20.3

Table 31 Electricity to Fuel Conversion Factor

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021-'30

NPCC 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 null
RFC 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 null
MRO 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 null
FRCC 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 null
SERC 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 null
SPP 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 null
TRE 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 null
WECC 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 null
ASCC 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 null
HI 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 null
Empty 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 null
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