NP
VOLUME 3

LOAD ANALYSIS AND LOAD FORECASTING

THE EMPIRE DISTRICT
ELECTRIC COMPANY — A LIBERTY UTILITIES COMPANY
(LIBERTY-EMPIRE)

4 CSR 240-22.030

FILE NO. EO-2019-0049

June 2019

Liberty Utilities

EMPIRE DISTRICT

** Denotes Confidential **



NP

TABLE OF CONTENTS
SECTION 1  SELECTING LOAD ANALYSIS METHODS......cccuiiiiiiniiinineniissssasssesssssssssssssnsssans 10
1.1 RV T g F= T oI 0= To [ U =T P 11
1.2 Special CoNtEMPOIArY [SSUBS .....ccicvrrreeeieeeeiieiitieeeee e e e eeeseirareeeeeeeeeseasrreeeeeeeessennes 12
SECTION 2  HISTORICAL DATABASE FOR LOAD ANALYSIS ....ccvuiiiriennienrenniesassnsssssassssesens 14
2.1 Customer Class DEtail ......ccccuueeeieiieiee ettt et e e e e e e 14
2.2 (Mo r Lo [ D F | =T D= - 1| S 14
2.2.1 Actual and Weather-Normalized Energy, and Number of Customers................. 14
2.2.2 Historical Estimated Actual and Weather-Normalized Demands at System Peaks
............................................................................................................................... 17
2,23 Weather-Normalized Net System Loads...........oeieiiiiiiiiiiiiiieriieeeeieeee e 19
2.3 Load Component Detail .......ccccurveeiiiiiiiiiiiieeeee et 20
2.3.1 UNits COMPONENT .. ..t e e e e ee s s e e e e s ssssssnnnnneeeesssssnnnnns 20
2.3.2 UpPdate ProCEAUIE. ... .. et ee e e e ernsee e e e e e e eeesansnnaneeaeeenennnns 20
233 Weather Measures and Estimation of Weather Effects Description and
DOCUMEBNTATION L.t e e e e e e ettt e e e e e e e s saab b eeaaeeasnanses 21
2.4 FANY Y T 0 01T ) AP PPUTPPPSR 22
241 Historic End-Use Drivers of Energy Usage and Peak Demand............cccccceeuneenn 22
24.2 Weather Sensitivity of Energy and Peak Demand ..........c.cccooieeiiiiiiiiciiiiieciieeene 23
243 Plots ustrating Trends ... 23
2.5 Adjustments to Historical Data Description and Documentation...........ccceeenee 28
2.6 Length of Historical Database ......cccccuieiiiiiiiiiiiiieec e 29
SECTION 3  ANALYSIS OF NUMBER OF UNITS.....ccouiiiiiiiiiininranininnsseissssssssssssssssssssssnsssses 30
3.1 Identification of Explanatory Variables.........cccocuueiiiiiiieeiniiiiee e 30
3.2 Statistical Model Documentation ..........cecoiiecciiiiiie e 34
SECTION 4  USE PER UNIT ANALYSIS ...coeiiiiieeiieeiienrecrtansttanernnseessssssssssesssssssnssssnssssnsanns 35
4.1 End-Use Load Detail......ccccei ittt ere e e e 35
4.1.1 RESIAENTIAI SECEON ettt e e e e e e e e msananaee s 35
4,1.2 COMMEICIAl SECEOT ... ittt e er e e e e e s e e s abanbaeaeeeeesanns 36
4.1.3 INAUSEIIAl SBCEOT oottt ettt ettt eeereeesaers e ssaessasssanssasssansssnsssnsssnssnnssanssnnssnns 36
4.1.4 Modifications of ENd-Use LOads .........ceeeeiuiiiiiiiiiiiieiiiiiiie et e esine e sana e snnaeas 36
4141 Removal or Consolidation of End-Use Loads.........cccccueeeeeciiiieccciiee e, 36
4,1.4.2 Additions 10 ENd-USE LOAAS ....uevieiiiiiciiiiiieee et e e e evnrree e e e 37
4.1.4.3 Modification of End-Use Documentation..........cccceeeecveeeeeciiiee e 37
4 CSR 240-22.030 Vol.3-1 File No. EO-2019-0049

Load Analysis and Load Forecasting



4.1.5 Schedule for Acquiring End-Use Load Information ...........cccceeeiiiiiiiiiciiiicineeennn.. 38
4.1.6 Weather Effects 0N LOad.......uiiiiiiiiiiiiiieiieee ettt snrae e e e e e s 38
4.2 ENd-USE DEVEIOPMENT c.coeciiiiiireieeee ettt e e e e sarreee e e e e e s seasaraneees 38
421 Measures of the Stock of Energy-Using Capital Goods .........ccocveiiiiiciiiiceniiennns 39
4,22 End-Use Energy and Demand Estimates........ccccoviiiiiiiiiiiiiiiiiicccineesciece s 39
SECTION 5 SELECTING LOAD FORECASTING MODELS.......cccttiiiemmmmnininmanssesssassssienssssnssnns 41
51 Consumption Drivers and Usage Patterns........ccccovuveviivciieeiiniiiee e csieee e 41
5.2 LONG-Term LOAd FOr@CASES ..cccvvuuiieiiiiiiieeciiieee ettt e sare e s e e s s aaaee s 41
53 [0 [0 AN F= 1 Y] PP 43
SECTION 6 LOAD FORECASTING MODEL SPECIFICATIONS.......ccotttumrienrnnnseransnssssssassssssens 44
6.1 Description and DOcUMENtatioN.....cc.uuiiiiiiiiee e 44
6.1.1 Determination of Independent Variables..........ccccooiiiiiiiiiiiiiiiiiiciiicciecee. 44
6.1.1.1 Historical Explanatory Variables by Class ........ccccvvviviiieeiniiiiee e 47
6.1.1.2 Independent and Historical Explanatory Variable Difference........ccccccccvvevvunnennn. 52
6.1.2 Mathematical or Statistical EQUAtiONS.........ooviieeiiiieeeeeeecccceeeee e e ceieaeeeee. DD
6.1.2.1 RESIAENTIAl Class......uuriiiieeeie et e e e er e e e e e e e nreeeeas 55
6.1.2.2 COMMEICIAl ClaSS ceeieeieiiiiiee et e e e e e e e e e e e e e e e e e e anrraeeeeeeeeeennes 60
6.1.2.3 WHhOIESAIE ClASS ...uvveieeeiiiieeeeieee ettt e e tre e e et e e e e e e e e e e nraeeeensaeeeeanes 63
6.1.2.4 Street and HIZhWay Class........coiviiiiieeiiee et searreee e e e e e s eeanes 68
6.1.2.5 INterdepartMental Class .......coccvveeeiieeiiiieieeeee et e e s e nanaraeees 72
6.1.2.6 PUDBIIC AULNOFIEY Class veveviiiiiieiiiiiiiieiee ettt eesarreee e e e e e s seanaraeeees 74
6.1.2.7 [a o [V A g = | I = 11U 76
6.1.2.8 SYSTEM PEAK MOUEL.......eeiieieiiiiieeetteeeee et e e e e e e e e e e e eeanes 81
6.1.2.9 Profile MOGEI ....ooeieeeeeeeee e e e e e aaaeeean 83
6.1.3 Models by Others...... e e e et re e e e e e e e e nnnennees S0
6.2 [DTC3Y ) o] [P RPR PP PRPOPPPPRPRPPPRPPRE 87
6.3 Historical Database ......ccccueeeiieiiiee e e e et anae e s 87
6.3.1 Independent Variables. .. ... iiiieeiiieriieiiieseierseesseesseesssssasssass s ssassanssansssnssanssanes &7
6.3.2 AJUSTMENTS ...t e e e et e e e e e e e e e nsasaaeeaeeee e nsnnsanaeaeaaaanns 88
6.3.3 Comparison of Historical Independent Variable Projections..............ccc.u.......... 88
6.3.4 Comparison of Historical Energy and Peak Demand Projections......................... 95
SECTION 7  BASE-CASE LOAD FORECAST ....ccuuiiiitniiinirennsiesssassssssssssssssssssssssssssesssssssnsssses 105
7.1 Major Class and Total Load Detail ..........c.c.ovvveeeeeiiieceeee e 105
7.1.1 Describe and Document Relevant Economic and Demographics ..........cccc........ 105
7.1.2 Describe and Document Effects of Legal Mandates..........cccccceeeeciveieiciiieeenenen. 105
7.1.3 Describe and Document Consistency ...........c......... cerrreereeaeeeeeransnnaneneees 100
7.1.4 Describe and Document Weather- Normallzed Class Loads cerrrreeeernneeeennenes. 106
7.1.5 Describe and Document Modification of Modules ...........cccccoeieiiiiiiiiiiiniccnnen. 108
4 CSR 240-22.030 Vol.3-2 File No. EO-2019-0049

Load Analysis and Load Forecasting



7.1.6 Plots of Class Monthly Energy and Coincident Peak Demand..........ccccceeeenneee. 108
7.1.6.1 Energy Forecast: Residential ANNual ......cc.vveeveiiiiiiiiiiiieeeeec e 109
7.1.6.1.2 Energy Forecast: Commercial Energy Annual.......cccoovveeeiiiiiiiiiiiiieeeecceeeeeinneeen, 112
7.1.6.1.3 Energy Forecast: Wholesale Energy Annual.......ccccoovviieeiiniiieeeiniieee e 115
7.1.6.14 Energy Forecast: Street and Highway Annual........cccoccveeiiniiiiiiniiiieiee e, 117
7.1.6.1.5 Energy Forecast: Interdepartmental Annual........cccoovvveeiiniiieiiniieee e 119
7.1.6.1.6 Energy Forecast: Public Authority Annual ........ccceeeiviiiiiiiniiieeee e 122
7.1.6.1.7 Energy Forecast: Industrial Energy FOrecast ........cccovvuveeiiniiieeiiniiiee e 125
7.1.6.2 Class Level Coincident Peak Forecasts: System Level Peak.......ccccoccuveeiviiiennnnnns 130
7.1.6.2.2 Class Level Coincident PEAKS........cccccuuiiiiieee ettt e e vrrree e e e 131
7.1.7 Plots of Net System Load Profiles.. S I 1 |
7.2 Describe and Document Forecasts of Independent Varlables ........................... 144
7.2.1 Documentation of Mathematical Models ..........oooiiiiiiiiiieeeeceeee 144
7.2.2 Documentation of Adopted Forecasts Developed by Another Entity................ 145
7.2.3 Comparison of Forecast from Independent Variables to Historical Trends....... 145
7.24 Judgment Applied to Modify ReSUIS.......ccc.eeiiiiiieee e 145
7.3 Net System LOad FOr@CASt....ccuvuiiiiiiiiiie ettt e e 147
SECTION 8 LOAD FORECAST SENSITIVITY ANALYSIS....ccuuiiiimiieicinirnsiisssssnsssssssnssssssnsans 148
8.1 Normal Weather Load Forecast SCENArios ........ccveeeeviieeeecciiee e 148
8.1.1 High and Low Case.. SRR RUPRRRSRSUPRPPRNS I L |
8.1.2 Electric Vehicle Adoptlon Cases ettatttssstssstsssssnssanssnnsbanssnsssnnssnsssnsssnsssassanns L1
8.14 Normal Weather Scenario Results ...................................................................... 154
8.2 Estimate of Sensitivity of System Peak Load Forecasts to Extreme Weather.... 160
8.3 Energy Usage and Peak Demand PIOtS .........cceevuiieeeiiiiiee e 174
8.3.1 Energy and Peak Plots... e eeeeereeeeeeaaeeeeaantaeaeesataeaeannreeeasansnaeesesssnaeasassneeennes L1
8.3.2 Scenario Forecast Results Summary eeeettrreeeeeetreeeeesnnaseeesnnseeeesnnseessnnaeeeennes 119
4 CSR 240-22.030 Vol.3-3 File No. EO-2019-0049

Load Analysis and Load Forecasting



TABLE OF FIGURES

Figure 3-1 - Weather-NormaliZed ENEIZY ......eeeei ittt e e eeseirreee e e e e e s senbrareeeeeeeeas 17
Figure 3-2 - Weather-Normalized Summer and Winter System Peaks ........ccccceeeeeeeiiiicinneeenneeenn. 20
Figure 3-3 - Annual Summary of a Major Trend - Economic INdIiCeS ........covvuvrreeeeeieeiiiicirrreeeeeeenn, 24
Figure 3-4 - Annual Summary of a Major Trend — Commercial vs. Residential Electric Prices .... 25
Figure 3-5 - Annual Summary of a Major Trend - Residential SAE INdiCeS.......uevvveeevieicrrveeenneenn. 25
Figure 3-6 - Annual Summary of a Major Trend - Heating and Cooling Degree Days.................. 26
Figure 3-7 - Annual Summary of a Major Trend - Commercial SAE INdices ......cceeeevvvvvcrrvveennnnnnn. 26
Figure 3-8 - Annual Summary of a Major Trend — Photovoltaics (Behind-the-Meter)................. 27
Figure 3-9 - Annual Summary of a Major Trend — Electric Vehicles .......cccoeevvvveeeiieeiiiicinveeennenenn, 27
Figure 3-10 - Comparison 2013, 2016, and 2019 IRP Employment INdeX........ccccveeevreecnrrvveenneenn. 89
Figure 3-11 - Comparison 2013, 2016, and 2019 IRP Population IndeX.........ccccceeeeeereccrrvrennneenn. 89
Figure 3-12 - Comparison 2013, 2016, and 2019 IRP Household IndeX .......ccccuveeeeeeiivicrrvreenneenn. 90
Figure 3-13 - Comparison 2013, 2016, and 2019 IRP Residential Heating Index........ccccvvveeereeenn. 91
Figure 3-14 - Comparison 2013, 2016, and 2019 IRP Residential Cooling Index..........cccvveeeeene.n. 91
Figure 3-15 - Comparison 2013, 2016 IRP, and 2019 Residential Other IndeX ........ccccevvveeeennnen. 92
Figure 3-16 - Comparison 2013, 2016, and 2019 IRP Commercial Heating IndeX.............ccccuu...e. 93
Figure 3-17 - Comparison 2013, 2016, and 2019 IRP Commercial Cooling IndeX.....c..cccveeernnene. 94
Figure 3-18 - Comparison 2013, 2016, and 2019 IRP Commercial Other Index........ccccccvveeernnene. 94
Figure 3-19 - Comparison of Total Electric Customers Actual Historical and 2007 through 2019
IRP BasS FOMECaASTS cuuuuiiiiiiiiiiiiiieie ettt e e e e e et ta s e s e e e e e e atabaseseeeeeeaeesaaaaesaaannns 99
Figure 3-20 - Comparison of Energy Net System Input (MWh) .....ccoovviieiiieeniieciiee e 102
Figure 3-21 - Comparison of System Peak (MW) Actual Historical 2007, 2010, and 2013 IRP Base
o] =T oF= 1 £ PP PP 104
Figure 3-22 - Residential Energy ANNUal FOreCast ......ccuuvviiriieieiiiiiiee e esieee e ssieee e e 110
Figure 3-24 - Residential UPC FOr@CASt ....cuiiiiviiiiiiiiiiiie i eriieee st e s e e s siae e e s araee e e 111
Figure 3-25 - Commercial ENErgy FOr@CASt....cccviiuuiiiiriiiieeiriieee st siree et e e siae e e s araee e s 113
Figure 3-27 - Commercial UPC FOrECASE ....uiiiiiiiiiiiiiiiiieeeriieee e ssinee et e e ssaae e e s s svae e e s s sasaeeesnnes 114
Figure 3-28 - Wholesale ENErgy FOr@CASt .....cuiiiiiiiiiiriiiieeiriieee e ssiiee e siree s e e s s siae e e s saraeeesnnes 116
Figure 3-29 - Street and Highway Annual Energy FOrecast ......coovvvevieiiiiiciiireeeeeeeeeeeiiirveeeeee e 117
Figure 3-31 - Street and Highway UPC FOIECASt.....cccvuviriiiiieiiiiiiiieeeeee e eeecitreeee e e e e eennrnreeeeee e 118
Figure 3-32 - Interdepartmental Annual Energy FOrecast.......covvveeeieiiiiiciiireeeeee e eeeriinreeeeeeenn 120
Figure 3-34 - Interdepartmental UPC FOr@Cast.......covvvurieiiiiiiiiiiiireeeee e eeeeirreeeee e e eesirrreeeeee e 121
Figure 3-35 - Public Authority Annual Energy FOrecast.......cccovvvvrvieiieiiiiiciiirieeeeeee e 123
Figure 3-37 - Public AUthority UPC FOr@Cast........ccivivuririiiiei ettt eesnrrreee e e e 124
Figure 3-38 - Industrial Energy ANNUal FOrECaST......cccvvvieiiieiiiiiiireeiiee et eeeeenrirreeeeee e 126
Figure 3-40 - INdUSTrial UPC FOFECAST ....ccvvvviiiieiiiiieiiiieeeee e e eeiciirree e e e e eeeenrreeeeeeeessennsbsaereeeeeens 127
Figure 3-41 - Peak Summer Calendar Month Energy (MWNh) .......uueeviiiiiiiiiiireeeeeeeeeeireeeeeeeenn 128
Figure 3-43 - System SUMMEr PEAK FOIrECASE .....covvvrurririiiieee ettt re e e e 130
Figure 3-45 - Residential Coincident Summer Peak FOrecast......oovvvvveieviecinreeeeeeeeiieininreeeeeeenn 131
Figure 3-47 - Commercial Coincident Summer Peak FOrecast .......cccccccvvvevvreeeeeieeiieicinreeeneeen, 133
Figure 3-49 - Industrial Coincident Summer Peak FOrecast .......ccccccveiiiivccinreeeeeiceieciinreeeeeeenn 134
4 CSR 240-22.030 Vol.3-4 File No. EO-2019-0049

Load Analysis and Load Forecasting



Figure 3-51 - Forecasted Residential Summer Peak Day Profiles.........cccevvmreeeeeiieiiiiciineeennenenn, 139
Figure 3-53 - Forecasted Commercial Summer Peak Day Profiles .......cccceevvvreveeiiieiiiicinneennneeenn. 140
Figure 3-55 - Forecasted Industrial Summer Peak Day Profiles ......ccccccooevvvmrreeeeiieiiiiciinreeeneeenn, 141
Figure 3-57 - Forecasted System Summer Peak Day Profiles.......ccccccvvviieiiiniiieiiiniieec i 142
Figure 3-59 - High and Low Scenario — GDP SCeNaArios...........ccccccuveeiiriiieeeiniiieeesnieee e ssiiee e 149
Figure 3-60 - High and Low Scenario — Non-Manufacturing Employment........cccccccceeviviiineeenns 150
Figure 3-61 - High and Low Scenario — Population.........cccoeuueieiiiiiieiiniiee e 150
Figure 3-62 - High and Low Scenario — HOUSEhOIS .........coocuiiiiiiiiiiiiniieeccieec e 151
Figure 3-63 — Electric VEhicle SCENAios .......uuiiiiiiiiiiiiiie ettt e e e e 152
Figure 3-65 - Base, High, and Low, Scenario System Annual Billed Sales........cccccccoeeeuvrrvinnnnnnn. 154
Figure 3-66 - Base, High, and Low Scenario — System Winter Peak .........cccoevvveeiniiieeiiniiiieecnnnns 157
Figure 3-67 - Base, High, and Low Scenario — System Summer Peak........cccoccveeinviiieiiniiieeennns 159
Figure 3-68 - Mild and Extreme Annual HDD Base 65 SCENANiOS......cccocvveeerriiieeisniiieeeesiiieeeennns 162
Figure 3-69 - Mild and Extreme Annual CDD Base 65 SCENATIOS ......ccovvuvreeeiriieeeeiniieeeesiieeeeenans 163
Figure 3-70 - Mild and Extreme Monthly HDD Base 65 SCENAIiOS .......ccveeevriiveeeieiiieeeiniiieeeenns 164
Figure 3-71 - Mild and Extreme Monthly CDD Base 65 SCENAriOS........ccvveevriivieeisniiieeeeiiiieeeenns 165
Figure 3-72 - Mild and Extreme Peak Temperature SCENArios........ccccvvvveeiiriieeeesiiieeeeesiiee e 166
Figure 3-73 - Base, Mild and Extreme Weather Scenario: System Annual Billed Sales.............. 167
Figure 3-74 — Base, Mild and Extreme Weather Scenario — System Annual Winter Peak (MW)170
Figure 3-75 - Base, Mild and Extreme Weather Scenario — System Annual Summer Peak ....... 172
Figure 3-76 - Historical and Forecast Summer and Winter Calendar Energy Use...........ccc........ 178
Figure 3-78 - Historical and Forecast Summer and Winter PEaks ........cccceevvrvveeeiieiiiicinrveenneeenn, 179
Figure 3-79 - Historical and Forecast Summer Billed Energy for Base, Low, High, High-High,
Aggressive EV, Mild, and EXtreme SCENAIIOS.......coccvvveeeieieeiiiiiieeeeeeeeeeereirreeeeeeeeseennareeeees 180
Figure 3-81 - Historical and Forecast Annual Billed Energy for Base, Low, High, Mild, and
= 0 g [=INYol =T g = 1 Lo 3PP PPPPRPPPRPRRS 182
Figure 3-83 - Historical and Forecast Winter Peak for Base, Low, High, Mild, and Extreme
Lol -1 Lo PP P P PP PP PP PPPPPPPPPPPPPN 183
4 CSR 240-22.030 Vol.3-5 File No. EO-2019-0049

Load Analysis and Load Forecasting



NP

TABLE OF TABLES

Table 3-1 - Historical Actual Weather-Normalized Energy (MWHh) .......cooooviiiviiiiiieeiiieecieeeeen, 16
Table 3-2 - Class Level Estimated Actual Peaks (MW) ......cccuuiriieiiiie et 18
Table 3-3 - Historical Weather-Normalized System Peaks (MW).......cccoueeeeeiiiiieeciieee e 19
Table 3-4 - Key Drivers for FOrecast MOAEelS.........ooovvurviieiiiiiiiiiiiieeeecc et eerrreee e 30
Table 3-5 - Variable Differences Between the 2016 and 2019 IRP Models..........ccccceeeecrreeeennene. 52
Table 3-6 - Residential CuUStOMEr MOAEl ......ccocuviieiieiiee e e 56
Table 3-7 - Residential Customer Model StatistiCs.........ciiviiiieiiiiiiie e 56
Table 3-8 - Residential UPC IMOE! .......coouuiiieiiiiie ettt e et e e e e e e e 57
Table 3-9 - Residential UPC Model StatistiCS .......uuiiiiiiiieeiiiiie et 58
Table 3-10 - Commercial CustomMer MOdEl..........uueiiiiiieeiceee e e 60
Table 3-11 - Commercial Customer Model Statistics .........ccceeiiiiieieiciiee e, 60
Table 3-12 - Commercial UPC MOAEl.....cc..uuieiiiiiiee ettt et e e e e 61
Table 3-13 - Commercial UPC Model StatiStiCs .......cccvvieeiriiiieicciiiee e e 61
Table 3-14 - Monett ENErgY MOUEL......coocuuvvieiiiiiiieeteeeee et e e e s e ebbareeeeee e 65
Table 3-16 - Mt. Vernon ENergy MOUE .......uueeeeiiiiiiiiiiieeiie ettt e e s enbbrreee e e e 65
Table 3-18 - Lockwood ENErgy MOEI .......uuveeiiiiiiiiiiiiieeiee ettt eenbbrreee e e e 67
Table 3-20 - Chetopa ENErgY MOAEl ........uuuvvieiiiiiiiicieeeeee et ee e e e e 68
Table 3-22 - Street and Highway Customer Model ........cooociiiiiiiiieiiieee e 69
Table 3-23 - Street and Highway Customer Model StatistiCs ......ccveevrviieeiiniiieeeirieee e 69
Table 3-24 - Street and Highway UPC MOdEl ........cooviiiiiiniiiieiiiiiee et 70
Table 3-25 - Street and Highway UPC Model StatistiCs ......ccuviviviiieeiiiiieeiiriiiee e 71
Table 3-26 - Interdepartmental UPC MOdEl .........ooiiiiiiiiiiiiiiecteee et 72
Table 3-27 — Interdepartmental UPC Model StatistiCS .......ccvvviiriieeeiiiiieeiiriiee e 73
Table 3-28 - Public Authority Customer Model ........ccuueiiiviieiiiiiieeee e 74
Table 3-29 - Public Authority Customer Model StatistiCs.......ccvvvvieeiiiiieiiiniiiee e 74
Table 3-30 - Public Authority UPC MOAEL .......cocviiiiiiiiiiiiiiee et e 75
Table 3-31 - Public Authority UPC Model StatistiCS.......ccoovviiiiiiiiiiieiiiieee e 75
Table 3-32 - PraXair MOGEL.........uuiiieeee ettt e e e e e e et r e e e e e e e e enrrreeeeeaaeeas 77
Table 3-34 - Oil and Pipelin@ MOAEL......ciovuiiiiiiiiiieieie et e e e e e 78
Table 3-35 - Oil and Pipeline UPC Model StatistiCS........cuvuviiiiiiiriiieeiiiieeecieee e 79
Table 3-36 - Other Industrial UPC MOEL.........ooiiriieeeeee ettt 80
Table 3-37 - Other Industrial UPC Model Statistics ........ccoecuieeiiiiieie e 80
Table 3-38 - SYStem PEAK MOEL........cooiiiiiiieiiee et e s e e e e e e e 82
Table 3-39 - System Peak Model STatiStiCS ...uuuviiiiiiiiiiiiieiie e 82
Table 3-40 - Load Research to Class Profile Mapping......cccccccuevvireveeiieeiiiicireeeeee e eeerrveeeeee e 84
Table 3-41 - Model Variable Classes ... iiiieeiciiee ettt et e e e e e e 85
Table 3-42 - Historical and IRP Normal Heating Degree Days and Cooling Degree Days............. 95
Table 3-43 - Historical and Base Forecasts for 2007 through 2019 IRPs - Total Customers........ 97
4 CSR 240-22.030 Vol.3-6 File No. EO-2019-0049

Load Analysis and Load Forecasting



NP

Table 3-44 - Historical and Base Forecasts for 2007 through 2019 IRPs - Energy Net System Input

Y7L o ) USSR 100
Table 3-45 - Historical and Base Forecasts for 2007 through 2019 IRPs - Net Peak (MW)........ 102
Table 3-46 - Annual Heating, Cooling, and Base Load Components of the R, C, and | Classes

MWAh (Billed YEAI BASIS).....eeeeeiuiieeieiiiieeeeiirieeeeeite e e eeeitee e e eetree e e e eatae e e e sasaeeeeenreeeeesasaseeeennnens 107
Table 3-47 - Industrial Forecast AdjuStMENt .........oeiviiiiiiiiiiiiee e e 108
Table 3-48 - Residential Energy FOrecast SUMMArY .......ccoovciieeiniiieeeiniiiee e sniieeeessiieesssiineeesnnns 111
Table 3-50 - Commercial Energy FOrecast SUMMaAry .......cooccvieiiiiiieeeeniiieeesrieeeeesieeee s sienee e s 114
Table 3-52 - Wholesale Energy FOrecast SUMMaAry ........coovvieeeiiiiieeeeniiee e ssieeeessieee e s seeee e s 116
Table 3-53 - Wholesale Energy Forecast Average Annual Growth Rates........ccccccoevevnivinneenn. 116
Table 3-54 - Street and Highway Energy Forecast SUMmMary ......ccccccevvcieeeeinieieeeennineeesssieeee e 119
Table 3-56 — Interdepartmental Energy Forecast SUMMary .......cccccevvciieeeiniieeeesniieeeesieee e 121
Table 3-58 - Public Authority Energy Forecast SUMmMary .......cccovvuveeiiniiiee s ceiieeeesieee e 124
Table 3-60 - Industrial Energy FOrecast SUMmMaAry ......ccccceivviiieeiiiiieee et sieee e s snee e 127
Table 3-62 - Summer Coincident Peak by Class.......coocuiiiiiiiiiiiiiiiiiie e 135
Table 3-64 - Industrial Post Forecast AdjuStmMeNntsS.........ccovvuiieeiriiiiei et 147
Table 3-65 - Base, High, and Low Scenario Annual Billed Sales (MWh) ........ccceeeeiiiieeeeiiieeeenns 154
Table 3-66 - Base, High, and Low Scenario — Net System Input (MWh).....ccccccevveeviiiiiinnveennenenn. 156
Table 3-67 - Base, High, and Low Scenario — Winter Peak (MW) ........cccovevvmreeereeeeiiiicinnreeeeeeen, 158
Table 3-68 - Base, High, and Low Scenario — Summer Peaks (MW)......cccoovvvveeeeieeiiiicinnreenneeenn, 160
Table 3-69 - Scenario ANNUAl DEEIEE DaYS......ccccviiccirreeiieeieeieiiiiireee e eeseirreeeeeeeeeeesetrrreeeeeseeas 163
Table 3-70 - Scenario Monthly Peak Producing TEMPeratures.......ccccccceveevvveeeeeeeeeeiicinvreeeneeeen 166
Table 3-71 — Base, Mild and Extreme Weather Scenario — Annual Billed Sales (MWh) ............ 168
Table 3-72 - Base, Mild and Extreme Scenario — Net System Input (MWh).........coovvvvvnvvvnnneenn. 168

Table 3-73 - Base, Mild and Extreme Weather Scenario — System Annual Winter Peak (MW). 171
Table 3-74 — Base, Mild and Extreme Weather Scenario — System Annual Summer Peak (MW)

............................................................................................................................................. 173
Table 3-75 — Historical and Forecast Summer, Winter, and System Energy (Calendar) ............ 174
Table 3-76 - Historical and Forecast Summer and Winter Peaks .........cccoevvuvvvvereiieiiiicinvveenneeenn, 176
4 CSR 240-22.030 Vol.3-7 File No. EO-2019-0049

Load Analysis and Load Forecasting



TABLE OF RULE REQUIREMENTS

(1) tevr e eees e e e e st s e e e st eee e e et e st ee e e ee e et e e e e st eeeene et et e et ee e e e et ene e e s ee et ene e e eeeeeeee e rereeeee 11
(1) (AA) evreeereer et ettt eese e e e et e ee st ee e e st e et e et s et e et ereee e ee e reerees 11
(1) (B)rvreeeereeeeeeeeseeseee e eseseeseeseeseseseese e s ee st ese s esaee st ane s e s eeesesee e e s et ene e s eeeeeeee e s e s ee e ee e saeeees 11
(1) () revreeereereeee e sees e et eee et seese e s s et e ee s e s e st ne e s e e st s ee e e et eee e s e e eeene e s e s ee e re e reerees 11
(1) (D) evreeereereee e eeeeees e e et eee e e seese s e e e st e ee st ee e e st e et e e et et e et e e e s ee e e seeeees 12
(2) sttt ettt ettt ettt ettt ettt e et et et en et eseeeees 15
(2) (AA) evreeeeeee ettt ettt ettt e sttt e ettt e ettt er et ee e e s erees 15
(2) (B)rvreeereereeeeeeeeseeseeee e seseeee e e e seese e s s st ese s e st se e e st e et e e e et ee et e e ee et e e e s et ee e senrees 15
(2) (B) Luvveeereeeeeeeeseeseeee e eeseeee e e seeseese e s e seese s esaeeeseane e s esesesee e ese et ene e e s es e e e e ee s e s ee e e ereeeees 16
(2) (B) 2ureereereeeeeeeseee et eee et s e ese e s st ee et e st e et e ettt e et e e e e et ereerees 18
(2) (B) Bureeeeeeeeeeeesees e eeseeee e e eeeseese e s et eee e st ee e e ettt e e et ne s e et et e s e s ee et re e reerees 20
(2) () eevreeereereeee et et e et eee et s e et ee st ee e e et e et ee et e et n e e e s et ereerees 21
(2) (C) Luvevereereeeeeeeeees ettt ese e e s seese s e st e e s eeeeesee e s et ene s e s e s ee et ee s e s ee e re e s erees 22
(2) (€) 2ureeeeee ettt ettt e et s ettt e sttt e s et re e s erees 22
(2) (€) B et e e e e e e e e et e e e e e et e e e ee et e e e e e e eeeee e 22
(2) (D) eeeeeeee e eee e et e e ee e et e e et eee e e e e e et e e e ee et e e e e ee e e eeee 23
(2) (D) Ls eeeeee et ee et e e e e et e e e e ee et e e e ee e reeeeree 23
2 () 12O 24
2 (2 JE TSSO 24
(2) () eeeeeeeeeeeee e eee e e e e e eeee e e e e e e eee e e e e e e e e e e e e e e e e e e et e e e e et e e e e eeeeeeeereeree 29
(2) (F) eeereeeeeee e e e e e e eee e e e e e e e eee e e e e e e e e e e e e e e e e e e e e ee e e e eeeee e e ee e eereeeaeee 30
(3) see et et e e et e e e e et e e et e e e e e e e e et e e e e e et e e e e eeeeeeeeree 31
(3) (AA) +eereeee et e e et ee e et e e e e e e e e et e et e e e e et e e ee e eereeeaeeee 31
(3) (B)rveeeeeeeeeee e seeseeee e eeseese e e eee e eee e e e e eee e e e e e e e e e e e e e e e et e e e e et e e e e eereeeeeree 35
(B) oot e et e e e et e et e e e e e e e e e e e e e eee e e e ee e eeeeeree 36
(8) (AA) +eereeeeeee et e e ettt e e e e e ee et e e e e e et e e e e ee et e e e eeeeeeeeeaeree 36
(8) (A) L eeeeeeeeee e e et e e e e e e e e ee e e e e e e e e e et e e e e ee et e e e e ee e eaeree 36
(8) (A) L A oot e et e e e et e et e e e e et e e e e ee e e e 36
(8) (A) 1. B oottt ee e et ee et s ettt ee e sttt e et et ee e e e ee et ereerees 37
(8) (A) 1. Ce oottt e e et ee et se e e s ee et s e e s et ene e s e e ee et ee e enaeeene e e seerees 37
(8) (A) 2 teeeeeeeeeeeeee ettt ettt e e ettt e ettt e et et et e e ee et eseerees 37
(8) (A) 22 A oottt ettt ettt sttt ettt ettt e st e e e s et ee e s e 37
(8) (A) 2. B oottt ettt e ettt s ettt e et e e er et ee e s erees 38
(8) (A) 2. Ce oottt e et e et s e et e e s ettt e et et et en et re e s erees 38
(8) (A) 3. ceeeeeeeeee ettt ettt ee ettt ettt s ettt et et e e e e ee et re e s erees 39
(8) (A) B eeoeeeeeeeeeeeee ettt ettt ettt ettt ettt e et et e e e et et ererees 39
(8) (B) Luvveeeeereeeeeeseeseeeeeeeseseese e e eseseese e s eseseese s e s eseseane s eseeeesesee s ese et eneese s eeeeeene e s e s eeeee e reseeeees 40
(8) (B) 2ureveeereeeeeeesees e e eeseeee e e e ese e s s st se st se e e st e et e sttt e et et e e enaee e e s erees 40
(8) (B)-eveeeereereeeeeeesees e e eeeseese e e eeeseese e s s sesee s e s e st ne e st s et e s et et e e et ee e e s ee e ee e raeeees 39
(5) tev e eeeseee et ee ettt e et e e e sttt ee ettt e et e e e e e s ee e e e reneees 42
(5) (AA) evreeereer e eee et s et eee e et seese e e e et e ee st ee e e e et e e st e s e et et e e e s et ee e ereneees 42
4 CSR 240-22.030 Vol.3-8 File No. EO-2019-0049

Load Analysis and Load Forecasting



(5) (B)eveeeeereereeeeeeseeseee e eseseeseeeeessseseese s esaeeesesse s eseee st ene e s e esesesee e e s et ne e et e e eeeee e e e s ee e e e eseeeees 43
(5) (C) revreeereereeeeeeeesees e e seseeee e e e seese s e s e seese s e s e st ne e s e eeeeesee e s et ne e s e e e ee e e e s ee e se e reeeees 44
() (AA) eveeeeeee e eee et ee ettt s e e ettt e e e sttt e et e s e et et et e s ee et sereeeees 45
() (AA) L eeeeeeee e et e e e e e e e ee e e e e e e e e et e et e e e e e e e e e e eeeeeeeeeeeee 45
() (A) L A cereeeeeeeeee et e e e e et et e et e e e e e e et e e e e e reeeaeree 48
() (A) L. B oo e e e e e e et e et e e e ee et e e e e ee e e ere 53
() (AA) 2 weeeeeeeee et e et e et e e e e et e et e e e e et e e e e e eee e eeee 56
() (AA) 3. tevee e e e e e e e e e e e ee et e e et e e et e et e e e e et e e ee e eeeeeeaeeee 86
() (B)eveeveeeeeeee e seeseeee e eeeseeseeeseseeeeeese e e e e eeeseeee e e eeene e e e e e e e e e e e et e e e e ee e e e ee e eeeeeeeeree 87
() (C) rvreee e eeeseeee e e e e eee e e eee e eee e e e e e eeeeee e e ee e e e e e e e e e e e e e et e e e e ee e e e ee e eereeeeere 87
(23 o) T OSSOSO 87
() (€) 21 e e et e e e e e e e e ee e e e e e e e e e e et e et e e e e et e e ee e eeeeeeeeeee 88
(23 o) J TSP 88
() (C) Bt e e ee e e e e e e et e e et e e e e ee et e e e e e eeeeaeree 95
(7) oo e e e ee et e et e e e e e e e e e e s e e e et ee e ee e e e e e et ee e e ee e e e e ee e eeeeeereeees 105
(7) (/) +eeeeeeee et e e e e e e e e e e e s e e e et ee e e e e e s e e et ee e e ee e s e e eeeeeeeeeeereeees 105
(7) (/) L oo e e e e e e s et e e et ee e e e ee s e ee et eeeeeeee e s e e e eeeeeeeeeeeees 105
(7) (AA) 2 oottt ettt e ettt ettt et et ee ettt et e ee s s et ee e neeeenens 106
(7) (AA) 3. eeeeeeeeee ettt ettt e et e ettt e ettt ettt e s et et e ee s s e ee e s eeenens 106
(7) (A) B oottt ettt ettt ettt ettt et ettt s et ee e e s erenens 106
(7) (AA) 5. oottt ettt s et e st es ettt e e ee et ee s s et ee e s erenens 108
(7) (AA) B eeeeeeeeee et eee et e e et e st ee e e s et et es et ee e et et e s ee et ee e s s et ee e reesenens 108
(7) (AA) 7. eeeeeeeeeeee ettt ettt ettt es ettt et e s ee et e ee s s ene e e s erenens 138
(7) (B)eveeeeeereereeeeeeseeseeeeeeeeeseeseeeeeseeseese e s e ese e ese et e se s et esaeeese s e s et eeaee e esees et eeene s e s ne e eeseesenens 142
(7) (B) Luveeeeeeeeeeeseeseeeeeeeeesees e e seese e e s s e se e e s eeese s et esaeeesesee s esesease s esees st eseneeseeseseseeeeseesenens 143
(7) (B) 21 eeeeeeeeeeeees e eees e e ee e e e e s e se e e se et e e s s et s ettt ee et et et ee e s e s ee e eeeseerenens 143
(7) (B) Bueeeeeeeeeeeeeseeseeeeeeeeeseese e e e se e e s e se e e se et e se s et st ee s et e s e et ee et ee et ee e s e st ee e s erenens 143
(7) (B) Bt ettt e ettt ee ettt e s es et e ee e s s e ee e s erenens 144
(7) () reeeeeereeeeeee et eee et e ettt e e s e e e se et se et es e se s e et eeaee e s ee et eee e s e s ee e e s eeenens 145
(8) tevreeeeeeeeeeeeee e et ese e e e e e e st ettt e e e e et ee et e ettt ee ettt et et ee et ee et e ee et e s e eee e s erenens 146
(8) (AA) eveeeeereee e eeeeeee et ee e st e et ee e ettt e et et et e et ettt e et ee et et es et e ee e s s e ee e s enenens 146
(8) (B)eveeeeeeeeeeeeeseeeeeeseeseeseeseeeseeeeeeeesseee e e e ee s ese e e ee e e e ee e e eeeeee e e s e eeeee et ee et eee e e e s eeeeeeeeeeereeees 159
(8) () rveeeeereeeeee e eee e e e e e e e e e e e e e e e et eeeee e s e e e ee e e e e e eeeeee e e s e e ee et ee e e ee e e e s eeeee e e erenees 172
(8) (€) Luveeeeeeeee e eee e ee e e e e e e e e e e e e e eeeee e se e e se e e eeeeeeeeeee e e s e e eeeeeeeeeeeseee e s e e eeeeeeeeseereeees 172
(8) (€) 21 et e e e e e e e e e s e et ee et e e s ee et ee e ee e s e e e ee e e eeeeees 180
4 CSR 240-22.030 Vol.3-9 File No. EO-2019-0049

Load Analysis and Load Forecasting



NP
LOAD ANALYSIS AND LOAD FORECASTING

4 CSR 240-22.30 Load Analysis and Load Forecasting

PURPOSE: This rule sets minimum standards for the maintenance and updating of
historical data, the level of detail required in analyzing loads, and the purposes, to be
accomplished by load analysis and by load forecast models. The load analysis
discussed in this rule is intended to support both demand-side management efforts of
4 CSR 240-22.050 and the load forecast models of this rule. This rule also sets the
minimum standards for the documentation of the inputs, components, and methods

used to derive the load forecasts.

SECTION 1 SELECTING LOAD ANALYSIS METHODS

(1) The utility may choose multiple methods of load analysis if it deems doing so is
necessary to achieve all of the purposes of load analysis and if the methods are consistent
with, and calibrated to, one another. The utility shall describe and document its intended
purposes for load analysis methods, why the selected load analysis methods best fulfill
those purposes, and how the load analysis methods are consistent with one another and
with the end-use consumption data used in the demand-side analysis as described in 4 CSR
240-22.050. At a minimum, the load analysis methods shall be selected to achieve the

following purposes:

(A) To identify end-use measures that may be potential demand-side resources,
generally, those end-use measures with an opportunity for energy and/or demand
savings;

(B) To derive a data set of historical values from load research data that can be
used as dependent and independent variables in the load forecasts;

(C) To facilitate the analysis of impacts of implemented demand-side programs
and demand-side rates on the load forecasts and to augment measurement of the

effectiveness of demand-side resources necessary for 4 CSR 240-22.070(8) in the
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evaluation of the performance of the demand-side programs or rates after they
are implemented; and

(D) To preserve, in a historical database, the results of the load analysis used to
perform the demand-side analysis as described in 4 CSR 240-22.050, and the load
forecasting described in 4 CSR 240-22.030.

The load forecast documented in this volume is intended to achieve the purposes of rule 4 CSR
240-22.30 (“IRP Rule”). These purposes are identified in Sections 1.1 through 1.4 below. Except
for the approved Variance Request described in Section 1.5, the forecast is consistent with the
load forecast methods prescribed in the IRP Rule. Special contemporary issues are described in

Section 1.6.

1.1 Variance Request

On September 20, 2018, The Empire District Electric Company, A Liberty Utilities Company
(“Liberty-Empire”), filed a Variance Request identifying expected deviations from the IRP Rule.
The filing included two requests which are identified below. On November 25, 2018, the variance

request was granted.

Request 1: Forecast by Major Class

Various rules in 4 CSR 240-22 identify that the data and forecast should be performed by “major

class.” 4 CSR 240-22.020 (37) defines “major class” as a cost-of-service class for the utility.

The Variance Request called for the IRP forecast to be developed by the following revenue

classes:

e Residential

e Commercial
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e Industrial

e Wholesale

e Street and Highway
e Interdepartmental

e Public Authority

The revenue class approach aggregates customers into groups that improve data stability and
align with economic drivers. In 2015, Liberty-Empire filed the same Variance Request, which was
granted. This request is consistent with Liberty-Empire’s 2013 and 2015 IRP filings. A breakdown

of revenue classes by rate class appears in Table 3-40.

Request 2: End-Use Information for the Industrial Class

4 CSR 240-22.030 (4)(A)(1) requires that analysis for each major class include information by end-

use to the extent possible.

The Variance Request asked to exempt the industrial class from end-use analysis. While Liberty-
Empire includes end-use information for the residential and commercial class based on Energy
Information Administration (“EIA”) data, no end-use data are available for the industrial class. In
2015, Liberty-Empire filed the same Variance Request, which was granted. This request is

consistent with Liberty-Empire’s 2013 and 2015 IRP filings.

1.2 Special Contemporary Issues

On October 24, 2018, the Commission issued the Order Establishing Special Contemporary
Resource Planning Issues (“Order”). In this Order, the Commission required Liberty-Empire to
analyze the impacts of electric vehicles in the low, base, and high growth cases. The Order states

the following:
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(C) When complying with 4 CSR 240-22.060(5)(A), analyze and document the impact of electric
vehicle usage for the 20-year planning period upon the low-case, base-case, and high-case load

forecasts.

Liberty-Empire included an electric vehicle forecast in the base, high, and load forecasts.
Discussion of the electric vehicle forecast in the base case is included in Section 2.5. The
implications of the electric vehicle forecast in the low and high growth cases are discussed in

Section 8.
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SECTION 2  HISTORICAL DATABASE FOR LOAD ANALYSIS

(2) The utility shall develop and maintain data on the actual historical patterns of
energy usage within its service territory. The following information shall be maintained
and updated on an ongoing basis and described and documented in the triennial

compliance filings:
2.1 Customer Class Detail

(A) Customer Class Detail. At a minimum, the historical database shall be maintained

for each of the major classes;

Liberty-Empire maintains historic data by major revenue class (i.e., Residential, Commercial, and
Industrial). Liberty-Empire’s database is maintained with at least 10 years of data and includes

historic load and customers for the following customer classes:

Residential

Commercial

Wholesale

Street and highway
Interdepartmental (company use)

Public authority

N oo »n kW N

Industrial (Praxair, oil and pipeline, and others)

2.2 Load Data Detail

(B) Load Data Detail. The historical load database shall contain the following data:

221 Actual and Weather-Normalized Energy, and Number of Customers
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1. For each jurisdiction for which it prepares customer and energy and demand
forecasts, for each major class, to the actual monthly energy usage and number

of customers and weather-normalized monthly energy usage;

Liberty-Empire maintains actual customer and energy data by class for each month. The

historical database is maintained with at least 10 years of data.

Weather-normalized energy by class is developed each forecast cycle based on the final energy
models. The weather normalization process determines how actual energy consumption

changes under normal weather conditions.

Liberty-Empire weather-normalizes energy sales using the energy models described in Section
6.1.2 and weather from the Springfield, Missouri airport. Normal weather is defined as the 30-

year average from 1988 to 2017. Weather-normalization is performed by month.

Table 3-1 shows actual and normal energy sales for the major classes and system summarized by
year. Figure 3-1 graphically displays normal energy sales. In these figures, the system includes

additional classes such as Street and Highway, Public Authority, and Interdepartmental.
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Annual Sales (MWNh) - Billed Sales Basis

Residential Commercial Industrial System

Year Normal Actual Normal Actual Normal Actual Normal Actual

5005 1,860,466 | 1,893,691 | 1,475,325 | 1,495,868 | 1,103,292 | 1,108,069 | 4,880,054 | 4,939,350
2006 1,872,058 | 1,880,028 | 1,524,685 | 1,532,371 | 1,139,157 | 1,144,016 | 4,987,667 | 5,006,800
2007 1,865,201 | 1,901,855 | 1,557,281 | 1,586,029 | 1,098,409 | 1,105,924 | 4,977,669 | 5,052,907
5008 1,937,208 | 1,934,723 | 1,622,156 | 1,615,030 | 1,078,494 | 1,075,254 | 5,113,883 | 5,093,341
5009 1,928,644 | 1,865,690 | 1,604,321 | 1,573,688 | 997,480 | 991,660 | 4,999,013 | 4,886,508
5010 1,929,129 | 2,069,460 | 1,603,203 | 1,652,292 | 1,003,064 | 1,007,518 | 5,011,579 | 5,211,531
So11 1,851,307 | 2,008,128 | 1,544,977 | 1,594,638 | 1,020,735 | 1,025,085 | 4,902,984 | 5,121,397
5012 1,837,636 | 1,838,353 | 1,531,365 | 1,544,380 | 1,019,294 | 1,026,864 | 4,864,270 | 4,886,854
2013 1,894,720 | 1,922,317 | 1,537,237 | 1,543,701 | 1,016,659 | 1,015,908 | 4,924,188 | 4,954,395
>o14 1,858,739 | 1,957,659 | 1,559,982 | 1,583,796 | 1,030,393 | 1,030,770 | 4,913,701 | 5,036,558
5015 1,871,005 | 1,861,541 | 1,590,170 | 1,593,006 | 1,062,624 | 1,064,848 | 4,989,951 | 4,981,270
2016 1,858,825 | 1,814,242 | 1,570,455 | 1,581,255 | 1,064,971 | 1,072,627 | 4,958,553 | 4,931,840
So17 1,888,364 | 1,755,726 | 1,589,896 | 1,565,684 | 1,077,524 | 1,080,975 | 5,020,692 | 4,857,440
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Figure 3-1 - Weather-Normalized Energy

Annual Billed Normalized Sales

6,000,000
5,000,000 e —
=
2
S 4,000,000
e
2
a3
2 3,000,000
o
o
8 2,000,000
=
o
<L
1,000,000
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
I Residential mE Commerical — B Industrial —esSystem
2.2.2 Historical Estimated Actual and Weather-Normalized Demands at System Peaks

2.  For each jurisdiction and major class, estimated actual and weather-

normalized demands at the time of monthly system peaks; and

Class level estimated actual and normalized peaks are derived each forecast cycle using load

research data and the net system loads.

Estimated actual class peaks are developed using a two-step process. First, class coincident peaks
are identified by aggregating historic load research data into classes, calibrating the load research
data to historic calendar month sales, and identifying the annual class coincident peak. Where
historic load research data are missing, modeled values are substituted. Second, the coincident

peaks are scaled based on the ratio of gross net system peak to the modeled system peak. Gross
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net system peaks have been adjusted to remove estimated curtailments. The estimated actual

peaks are shown in Table 3-2.

Table 3-2 - Class Level Estimated Actual Peaks (MW)

Estimated Actual Peaks (MW)
Year Residential Commercial Industrial System Peak
2005 582 268 152 1,095
2006 622 284 165 1,167
2007 606 308 164 1,181
2008 590 310 165 1,161
2009 536 290 162 1,093
2010 697 302 123 1,205
2011 639 278 167 1,209
2012 575 281 174 1,142
2013 450 358 170 1,080
2014 686 267 118 1,162
2015 643 280 141 1,149
2016 613 283 137 1,114
2017 486 330 173 1,075

Class-level normalized peaks are derived by multiplying the ratio of class coincident peak to gross
net system peak by the weather-normalized system peak. Table 3-3 shows the weather-
normalized peaks. In this table, the weather-normalized system peaks maintain the season in

which the peak occurred. The system peak normalization process is described in Section 2.2.3.
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Table 3-3 - Historical Weather-Normalized System Peaks (MW)

Weather-Normalized Class Peaks (MW)

Weather-Normalized
Residential Commercial Industrial System Peak
2005 621 286 162 1,170
2006 623 284 165 1,169
2007 606 308 164 1,182
2008 595 313 166 1,172
2009 574 311 173 1,172
2010 658 285 116 1,137
2011 604 263 158 1,144
2012 580 283 176 1,151
2013 482 383 182 1,158
2014 682 266 117 1,155
2015 693 302 152 1,240
2016 655 302 146 1,191
2017 523 354 186 1,155

2.23 Weather-Normalized Net System Loads

3. For the system, actual and weather-normalized hourly net system load;

Liberty-Empire maintains actual hourly net system loads. The historical database is maintained

with at least 10 years of data.

While Liberty-Empire does not weather-normalize hourly net system loads, Liberty-Empire does
weather-normalize monthly sales and peaks. This level of weather-normalization identifies the
major system load characteristics and may be used to develop normal load shapes. Weather-

normalized sales are discussed in Section 2.2.1.

Weather-normalized peaks are developed using the peak model described in Section 6.1.2.8 and
from normal peak-producing weather from the Springfield, Missouri airport. Normal peak-

producing weather is defined as a 5-year average. Normal summer peak weather is defined from
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2013 to 2017 by month and season. Normal winter peak weather is defined from 2014 to 2018
by month and by season. Using 2018 captures the last available winter system peak at the time
of model development. Summer and winter weather-normalized net system peaks are shown in

Figure 3-2.

Figure 3-2 - Weather-Normalized Summer and Winter System Peaks
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2.3 Load Component Detail

(C) Load Component Detail. The historical database for major class monthly energy
usage and demands at time of monthly peaks shall be disaggregated into a number-
of-units component and a use-per-unit component, for both actual and weather-

normalized loads.
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23.1 Units Component

1. The number-of-units component shall be the number of customers, square feet,
devices, or other units as appropriate to the customer class and the load analysis
method selected by the utility. The utility shall select the units component with
the intent of providing meaningful load analysis for demand-side analysis and

maintaining the integrity of the database over time.

The number-of-units component selected by Liberty-Empire is “customers” and the use-per-unit

is “energy-per-customer.” Use-per-customer is calculated by dividing energy by customers.

2.3.2 Update Procedure

2. The utility shall develop and implement a procedure to routinely measure and
regularly update estimates of the effect of departures from normal weather on
class and system electric loads. The estimates of the effect of weather on
historical major class and system loads shall incorporate the nonlinear response

of loads to daily weather and seasonal variations in loads.

Liberty-Empire’s load forecast is revised annually. During each forecast cycle, the historic dataset

is reviewed for data anomalies.

233 Weather Measures and Estimation of Weather Effects Description and

Documentation

3. The utility shall describe and document the methods used to develop weather
measures and the methods used to estimate the effect of weather on electric
loads. If statistical models are used, the documentation shall include at least: the
functional form of the models; the estimation techniques employed; and the

relevant statistical results of the models, including parameter estimates and tests
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of statistical significance. The data used to estimate the models, including the
development of model input data from basic data, shall be included in the work

papers supplied at the time the compliance report is filed;

The load forecast is produced using regression models that capture the effect of weather on
electric loads. The regression models use multi-part splines to capture the nonlinear relationship
between load and weather. The spline variable’s statistical significance is considered in the
overall context of the regression model. The models and relevant statistics are described in

Section 6.1.2.

2.4 Assessments

(D) For each major class specified pursuant to subsection (2)(A), the utility shall provide,

on a seasonal and annual basis for each year of the historical period—

24.1 Historic End-Use Drivers of Energy Usage and Peak Demand

1. Its assessment of the historical end-use drivers of energy usage and peak

demand, including trends in numbers of units and energy consumption per unit;

The residential and commercial models use ltron’s Statistically Adjusted End-Use (“SAE”)
modeling framework. The SAE model includes annual end-use drivers obtained from Itron based
onthe EIA 2018 Annual Energy Outlook (“AEQ”). These data capture changing end-use saturation
and energy efficiency trends for each census region based on known energy efficiency standards

and codes.

Behind-the-meter solar and electric vehicles are included in the SAE modelling framework.
These drivers are also generated based on the EIA’s 2018 AEO forecast but calibrated into actual

installed solar data and estimated electric vehicle registrations from the Auto Alliance.
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2.4.2 Weather Sensitivity of Energy and Peak Demand
2. Its assessment of the weather sensitivity of energy and peak demand.

Liberty-Empire’s energy and peak demands are sensitive to weather. Weather sensitivity is
modeled using historical weather data from the National Oceanic and Atmospheric
Administration (“NOAA”) for the Springfield, Missouri airport. These data are transformed into
monthly heating degree days (“HDD"”), cooling degree days (“CDD”), and peak-producing weather
variables. The variables are included in the forecast models to capture weather response. The

models and relevant statistics are described in Section 6.1.2.

243 Plots lllustrating Trends

3. Plots illustrating trends materially affecting electricity consumption over the

historical period;

The major trends affecting electric consumption are economic indicators, prices, weather, and
end-use trends. Included in the end-use trends are the forecasts for behind-the-meter solar and
electric vehicles. Figure 3-3 through Figure 3-9 show annual summaries of the major trends used

in the forecast models.
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Figure 3-3 - Annual Summary of a Major Trend - Economic Indices

Economic Indices

1.60
1.50

1.40
1.30

1.0)

1.20

1.10
1.00
0.90
0.80

Index (January 2001

0.70
0.60
0.50

0.40

2001
2003
2005
2007
2009
2011
2013
2015
2017
2019
2021
2023
2025
2027
2029
2031
2033
2035
2037
2039
2041
2043
2045
2047

e Households ~— esssss Population — esss== Emp_NonMan

4 CSR 240-22.030 Vol.3-24 File No. EO-2019-0049
Load Analysis and Load Forecasting



NP

Figure 3-4 - Annual Summary of a Major Trend — Commercial vs. Residential Electric Prices
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Figure 3-5 - Annual Summary of a Major Trend - Residential SAE Indices
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Figure 3-6 - Annual Summary of a Major Trend - Heating and Cooling Degree Days

Heating and Cooling Degree Days

6,000

5,000

4,000
3,000

2,000

1000 W—\_/\/\

Degree Days Per year (Base 65 Degrees)

= T I - T T T s T - S R SR« B N W I BN, B - ) ~

g g8 2 8 28 ¢ g 2 &2 & 8 2@ &4 8 8 929 838 2 838 2 3 F g 3

 © &6 6 & ©o ©6 © 0 © ©o © o O 0O O O o ©o o

o~ ~ ~ ~ ~ ~ o~ o~ o~ o~ o~ o~ ~ ~ ~ ~ ~ o~ ~ o~ ~ o~ o~ o~
—— CDD —— HDD

Figure 3-7 - Annual Summary of a Major Trend - Commercial SAE Indices
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Figure 3-8 - Annual Summary of a Major Trend — Photovoltaics (Behind-the-Meter)
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Figure 3-9 - Annual Summary of a Major Trend — Electric Vehicles
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2.5 Adjustments to Historical Data Description and Documentation

(E) The utility shall describe and document any adjustments that it made to historical
data prior to using it in its development or interpretation of the forecasting models;

and

The forecast uses historical sales, peak, customers, weather, economic, and end-use data to
develop the forecast models. Of these data, no adjustments were made to the sales or customer

data.

Monthly peak data are derived from hourly net system loads. Hourly net system loads are
reconstructed with estimated curtailment data prior to calculating the monthly peak data (gross

peaks).

Economic data are provided by Moody’s for Joplin and Springfield MSAs. These data are
combined, applying 66% weight to the Joplin MSA and 34% weight to the Springfield MSA. These
weights are consistent with Liberty-Empire’s 2016 IRP filing and based on residential and
commercial energy consumption between April 2014 and March 2015 for counties in the Liberty-
Empire service territory and for the two MSAs. Non-manufacturing employment data between

2018 and 2020 is adjusted to remove the forecasted recession.

End-use data are provided from Itron’s 2018 SAE data and adjusted to reflect Liberty-Empire’s
2008 Potential Study and 2015 Saturation Survey. Further adjustments to historic and forecast
saturations smooth the transition between known Liberty-Empire saturation levels and EIA

trends.

Residential adjustments include changes to the saturation levels of heating, cooling, water

heating, cooking, refrigeration, dishwashing, clothes washing, and clothes drying technologies.
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Additional changes to end-use intensities for heating, cooling, and lighting reflect actual DSM

programs and smooth transitions between years.

Commercial adjustments include changes to heating saturations and adjustments for the
historical DSM program. Heating changes are made for consistency with Liberty-Empire’s 2016
IRP filing and smooth anomalous historic data. DSM adjustments reflect implemented programs

and savings for heating, cooling, and lighting.

The behind-the-meter solar forecast is derived for the residential and non-residential classes
based on actual installations identified from Liberty-Empire’s Solar Rebate program and the EIA’s
national solar forecast. 80% of the EIA’s annual growth rates are applied to Liberty-Empire’s

actual installation base to create the solar forecast.

The electric vehicle forecast is derived based on EIA’s vehicle sales per household for the West
North Central region and the Auto Alliance’s Missouri electric vehicle registration data. Data
prior to 2018 is the average of the EIA’s vehicle per household ratio applied to Liberty-Empire’s
residential customer count and the share of the Auto Alliance’s Missouri electric vehicle
registrations based on the ratio of Joplin’s population to the state population. The long-term

forecast of electric vehicles applies the EIA growth rates to the historical data.

2.6 Length of Historical Database

(F) Length of Historical Database. The utility shall develop and retain the historical

database over the historical period.

Liberty-Empire retains the historical database for a minimum of 10 years.
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SECTION 3  ANALYSIS OF NUMBER OF UNITS

(3) For each major class, the utility shall describe and document its analysis of the
historical relationship between the number of units and the economic and/or
demographic factors (explanatory variables) that affect the number of units for that
major class. The analysis may incorporate or substitute the results of secondary
analyses, with the proviso that the utility analyze and verify the applicability of those
results to its service territory. If the utility develops primary analyses, or to the extent
they are available from secondary analyses, these relationships shall be specified as
statistical or mathematical models that relate the number of units to the explanatory

variables.

3.1 Identification of Explanatory Variables

(A) Choice of Explanatory Variables. The utility shall identify appropriate explanatory
variables as predictors of the number of units for each major class. The critical
assumptions that influence the explanatory variables shall also be identified and

documented.
The key explanatory variables for each forecast model are listed and described in Table 3-4.

Table 3-4 - Key Drivers for Forecast Models

Key Drivers for Forecast Models

Major Class Model Key Explanatory Description
Variable
Residential
Customer Population Historical and forecast population is
based on Moody’s forecasts for the
Joplin and Springfield MSAs.
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Key Drivers for Forecast Models

Major Class Model Key Explanatory Description
Variable
Average Use End Use Efficiency | End-use efficiencies by technology
Trends type are based on 2018 EIA data.
(SAE Model)
End Use End-use saturations by technology
Saturation Trends | type are based on EIA data and
calibrated to Liberty-Empire’s
technology saturation information.
Housing Stock Housing information is based on EIA
data calibrated to Liberty-Empire’s
2008 Potential Study and 2015
Saturation survey.
Household Size & | Historical and forecast household size
Income and income are based on Moody’s
forecasts for the Joplin and
Springfield MSAs.
Price Energy prices are based on historical
revenues and kWh consumption.
Energy price forecasts are forecast to
be flat in real dollars.
End Use End-use intensities are based on the
Intensities SAE West North Central region and
adjusted to reflect Liberty-Empire’s
2008 Potential Study and 2015
Saturation Surveys.
HDD and CDD Heating and cooling degree days are
based on NOAA data.
Commercial
Customer Nonmanufacturing | Historical and forecast

employment

nonmanufacturing employment
based on Moody’s forecasts for the
Joplin and Springfield MSAs.
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Key Drivers for Forecast Models

Major Class Model Key Explanatory Description
Variable
Average Use HDD and CDD Heating and cooling degree days are
based on NOAA data.
(SAE Model)

End Use Efficiency | End-use efficiencies by technology

Trends type are based on 2018 EIA data.

End Use End-use saturations by technology

Saturation Trends | type are based on 2018 EIA data.

Price Energy prices are based on historical
revenues and kWh consumption.
Energy price forecasts are forecast to
be flat in real dollars.

Employment Historical and forecast employment
are based on Moody’s forecasts for
the Joplin and Springfield MSAs.

Industrial
Energy CDD Heating and cooling degree days are
- OPP based on NOAA data.
- Praxair
- Other
Industrial
Municipals
Energy Population Historical and forecast population is
- Monett based on Moody’s forecasts for the
- Mt. Vernon Joplin and Springfield MSAs.
- Lockwood
- Chetopa

End Use Efficiency | End-use efficiencies by technology

Trends type are based on 2018 EIA data.

End Use End-use saturations by technology

Saturation Trends | type are based on EIA data and
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Key Drivers for Forecast Models

Major Class Model Key Explanatory Description
Variable
calibrated to Liberty-Empire’s
technology saturation information.
Housing Stock Housing information is based on EIA
data, Liberty-Empire’s 2008 Potential
Study and Liberty-Empire’s 2015
Saturation survey.
Household Size Historical and forecast household size
and Income and household income are based on
Moody’s forecasts for the Joplin and
Springfield MSAs.
Price Energy prices are based on historical
revenues and kWh consumption.
Energy price forecasts are forecast to
be flat in real dollars.
End Use End-use intensities are derived based
Intensities on the SAE West North Central zones
and adjusted to reflect Liberty-
Empire’s 2008 Potential Study and
2015 Saturation Survey findings.
HDD and CDD Heating and cooling degree days are
based on NOAA data.
Street Highway
Customer Population and The weighted index of population and
Non- non-manufacturing employment for
Manufacturing the Joplin and Springfield MSA areas.
Employment
Average Use Outside Lighting The outside lighting efficiency index is
Efficiency based on the 2018 SAE West North
Central zone commercial dataset
developed by Itron based on EIA
data.
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Key Drivers for Forecast Models

Major Class Model Key Explanatory Description
Variable
Interdepartmental
Average Use HDD and CDD Heating and cooling degree days are
based on NOAA data.

Public Authority

Customer Government Historical and forecast government
Employment employment is based on Moody’s
forecasts for the Joplin and
Springfield MSAs.

Average Use HDD and CDD Heating and cooling degree days are
based on NOAA data.

3.2 Statistical Model Documentation

(B) Documentation of statistical models shall include the elements specified in sub-
section (2)(C) of this rule. Documentation of mathematical models shall include a
specification of the functional form of the equations if the utility develops primary
analyses, or to the extent they are available if the utility incorporates secondary

analyses.

The model functional form of equations and statistical results are shown in Sections 6.1.2.
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SECTION 4  USE PER UNIT ANALYSIS

(4) For each major class, the utility shall describe and document its analysis of historical

use per unit by end use.

4.1 End-Use Load Detail

(A) End-Use Load Detail. For each major class, use per unit shall be disaggregated,
where information permits, by end-uses that contribute significantly to energy use or
peak demand.

1. The utility shall consider developing information on at least the following end-

use loads:

4.1.1 Residential Sector

A. For the residential sector: lighting, space cooling, space heating, ventilation,
water heating, refrigerators, freezers, cooking, clothes washers, clothes dryers,

television, personal computers, furnace fans, plug loads, and other uses;

The residential energy forecast model uses the SAE modeling framework. This framework
accounts for residential end-uses including space heating, space cooling, water heating, cooking,
refrigeration, freezers, dishwashers, clothes washers, clothes dryers, televisions, lighting, electric

vehicles, photovoltaics, and miscellaneous end-uses.

Except for photovoltaics and electric vehicles, these data are obtained from the 2018 EIA AEO for
the West North Central region and developed by Itron. End-use saturations are modified by
incorporating the Liberty-Empire 2008 Potential Study and 2015 Saturation Survey. Photovoltaic
and electric vehicle forecasts are developed by Itron based on the EIA’s long-term growth

projections calibrated into Liberty-Empire district historic data.
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4.1.2 Commercial Sector

B. For the commercial sector: space heat, space cooling, ventilation, water heat,

refrigeration, lighting, office equipment, cooking equipment, and other uses; and

The commercial energy forecast model uses the SAE modeling frameworks. This framework
accounts for commercial end-uses including space heating, space cooling, water heating, cooking,
refrigeration, outside lighting, inside lighting, office equipment and miscellaneous end-uses.
These data are obtained from the 2018 EIA AEO for the West North Central region and developed
by Itron. The photovoltaic forecast is developed by Itron based on the EIA’s long-term growth

projections calibrated into Liberty-Empire district historic data.

413 Industrial Sector

C. For the industrial sector: machine drives, space heat, space cooling, ventilation,

lighting, process heating, and other uses.

The industrial energy forecast is developed from three independent regression models. These
models do not include end-use information. Liberty-Empire submitted a Variance Request
specifying that end-use information was not available for the industrial class. The request was

approved on November 25, 2018.

4.1.4 Modifications of End-Use Loads

2. The utility may modify the end-use loads specified in paragraph (4)(A)1.

4.1.4.1 Removal or Consolidation of End-Use Loads

A. The utility may remove or consolidate the specified end-use loads if it

determines that a specified end-use load is not contributing, and is not likely to
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contribute in the future, significantly to energy use or peak demand in a major

class.

The SAE model consolidates end-use information into three explanatory variables: XHeat, XCool
and XOther. Each variable is created to include end-use saturation and efficiency data, economic
trends, and weather information. The aggregated variables describe the changes for each

technology through time.

4.1.4.2 Additions to End-Use Loads

B. The utility shall add to the specified end-use loads if it determines that an end-
use load currently not specified is likely to contribute significantly to energy use or

peak demand in a major class.

There were no additions to specified end-use loads.

4.1.4.3 Modification of End-Use Documentation

C. The utility shall provide documentation of its decision to modify the specified
end-use loads for which information is developed, as well as an assessment of how
the modifications can be made to best preserve the continuity and integrity of the

end-use load database.

End-use variable construction is maintained in Excel databases and the MetrixND forecasting
software. End-use input data are obtained from Itron’s annual SAE data updates. Modifications

to the end-use data are described in Section 2.5.
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Schedule for Acquiring End-Use Load Information

3. Foreach major class and each end-use load, including those listed in paragraph (4)(A)1.,
if information is not available, the utility shall provide a schedule for acquiring this end-
use load information or demonstrate that either the expected costs of acquisition were
found to outweigh the expected benefits over the planning horizon or that gathering the

end-use load information has proven to be infeasible.

This is not applicable.

4.1.6

Weather Effects on Load

4. The utility shall determine the effect that weather has on the total load of each major
class by disaggregating the load into its cooling, heating, and non-weather-sensitive
components. If the cooling or heating components are a significant portion of the total
load of the major class, then the cooling or heating components of that load shall be

designated as end uses for that major class.

NP

Weather effects have a significant impact on most revenue classes. Weather is modeled with the

XHeat and XCool variables. The XHeat and XCool variables include representations of heating

and cooling degree days based on temperature reference points applicable to the residential and

commercial classes. The model variables may be viewed in Section 6.1.2.

4.2

End-Use Development

(B) The database and historical analysis required for each end use shall be developed from
a utility-specific survey or other primary data. The database and analysis may incorporate
or substitute the results of secondary data, with the proviso that the utility analyze and
verify the applicability of those results to its service territory. The database and historical

analysis required for each end use shall include at least the following:
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4.2.1 Measures of the Stock of Energy-Using Capital Goods

1. Measures of the stock of energy-using capital goods. For each major class and end-use
load identified in subsection (4)(A), the utility shall implement a procedure to develop and
maintain adequate data on the energy-related characteristics of the building, appliance,
and equipment stock including saturation levels, efficiency levels, and sizes, where

applicable. The utility shall update the data before each triennial compliance filing;

Liberty-Empire does not maintain a database of equipment stock for use in the SAE model.
Instead, Liberty-Empire relies upon the equipment stock in the SAE dataset which is based on

EIA’s datasets.

4.2.2 End-Use Energy and Demand Estimates

2. Estimates of end-use energy and demand. For the end-use loads identified in
subsection (4)(A), the utility shall estimate monthly energies and demands at the time of
monthly system peaks and shall calibrate these energies and demands to equal the
weather-normalized monthly energies and demands at the time of monthly peaks for each

major class for the most recently available data.

End-use energy information is included in the residential, commercial, and wholesale SAE
models. These models calibrate base, heating, and cooling end-use loads to historic billed sales
(on a total sales or use per customer basis) through the model coefficients. For example, if the
cooling end-use load estimate is larger than seen in the historic sales, the SAE model will calibrate
to the historical sales (i.e. identify a coefficient that reduces the cooling end-use estimate to

match historical sales).

The monthly demand forecast includes end-use information by incorporating the end-use sales

trends into the peak model. Because the calibrated end-use data are included in the sales trends,
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the end-use data influences the peak model. Within the peak model, calibration is included by
allowing the regression model coefficients to adjust the sales trends (which include end-use

estimates) for base, summer, and winter loads to the historic peak values.
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SECTION 5  SELECTING LOAD FORECASTING MODELS

(5) The utility shall select load forecast models and develop the historical database
needed to support the selected models. The selected load forecast models will include
a method of end-use load analysis for at least the residential and small commercial
classes, unless the utility demonstrates that end-use load methods are not practicable
and provides documentation that other methods are at a minimum comparable to end-
use methods. The utility may choose multiple models and methods if it deems doing
so is necessary to achieve all of the purposes of load forecasting and if the methods
and models are consistent with, and calibrated to, one another. The utility shall
describe and document ijts intended purposes for load forecast models, why the
selected load forecast models best fulfill those purposes, and how the load forecast
models are consistent with one another and with the end-use usage data used in the
demand-side analysis as described in 4 CSR 240-22.050. As a minimum, the load

forecast models shall be selected to achieve the following purposes:

5.1 Consumption Drivers and Usage Patterns

(A) Assessment of consumption drivers and customer usage patterns—to better
understand customer preferences and their impacts on future energy and demand

requirements, including weather sensitivity of load;

Liberty-Empire’s load forecast uses SAE models for the residential and commercial classes and
econometric models for the remaining classes. The SAE models capture residential and
commercial consumption patterns based on weather and end-use information. The econometric
models capture consumption patterns based on historical use, economic drivers, and weather.

The models are described in 6.1.2.

5.2 Long-Term Load Forecasts
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(B) Long-term load forecasts—to serve as a basis for planning capacity and energy
service needs. This can be served by any forecasting method or methods that produce
reasonable projections (based on comparing model projections of loads to actual

loads) of future demand and energy loads;

The forecast contains three main modeling processes: (1) monthly class level sales; (2) monthly
system peaks; and (3) class level hourly profiles, which are calibrated to the monthly sales and
peak. The forecast model results in hourly load forecasts from 2019 through 2048. The process

is summarized below.

Step 1 - Energy Models: The energy forecast models use Itron’s SAE method for the residential
and commercial classes and the econometric method for the remaining classes. Liberty-Empire

models the following classes:

a. Residential.

b. Commercial.

C. Wholesale (Monett, Mt. Vernon, Lockwood, and Chetopa).
d. Street and highway.

e. Interdepartmental.

f. Public authority.

g. Industrial (oil and pipelines, Praxair, and other).

Step 2 — Peak Model: The peak model forecasts system monthly peaks (Net System). This

econometric model uses the energy forecast as a primary driver.

Step 3 — Load Profile Models: Hourly load profile models are created for each class. The profile
models are econometric models based on load research data. The load profiles are calibrated to
the monthly energy and system peak forecasts resulting in an hourly forecast for each class. The

aggregation of the hourly forecasts comprises the hourly net system load.
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5.3 Policy Analysis

(C) Policy analysis—to assess the impact of legal mandates, economic policies, and rate
designs on future energy and demand requirements. The utility may use any load
forecasting method or methods that it demonstrates can adequately analyze the

impacts of legal mandates, economic policies, and rate designs.

The load forecasting method described above considers the impact of legal mandates, economic
policies, and rate designs on future energy and demand requirements by including known

changes in end-use codes and standards. These changes are included in the SAE dataset.

4 CSR 240-22.030 Vol.3-43 File No. EO-2019-0049
Load Analysis and Load Forecasting



NP

SECTION 6 LOAD FORECASTING MODEL SPECIFICATIONS

6.1 Description and Documentation

(A) For each load forecasting model selected by the utility pursuant to section 4 CSR
240-22.030(5), the utility shall describe and document its—

6.1.1 Determination of Independent Variables

1. Determination of appropriate independent variables as predictors of energy
and peak demand for each major class. The critical assumptions that influence

the independent variables shall also be identified.

As described in Section 5.2, the forecast is developed in three steps. This section describes the

critical assumptions in each step.

Step 1 - Energy Models. Weather, end-use trends, and economic trends are critical in developing

the energy models. These assumptions are described below.

a. Weather Variables. For each class, Liberty-Empire determined whether
temperature is critical in the forecast model. After evaluating scatter plots
and statistical model results, temperature is incorporated into most class
energy models. When temperature is included, weather variables are
constructed using multi-part HDD and CDD splines weighted to approximate
billing cycle impacts. Forecasted HDD and CDD are based on 30-year normal
temperatures for Springfield, Missouri.

b. End-Use Variables. For the residential and commercial classes, Liberty-
Empire uses the SAE model. End-use trends calibrated to Liberty-Empire

specific saturation and efficiency data are crucial in determining the change
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in average use over time. An evaluation of statistical fit is used to determine
the appropriateness of the model calibration.

C. Economic Variables. Economic variables are used in the customer and
energy models. Selection of these variables is based on statistical fit and the

relationship between the economic driver and class consumption.

Step 2 — System Peak Models. In the system peak model, the peak dataset, weather, and growth

trends are critical in developing the peak model. These assumptions are described below.

a. Peak Dataset. The peak dataset is developed by extracting historic monthly
peaks and associated peak producing weather from the hourly system loads.

b. Weather. A key driver in the peak forecast is the forecasted (or normal)
monthly peak producing weather. The weather calculation uses the
following steps:

1) Average daily temperatures, prior day temperatures, and two-prior day
temperatures for the monthly peak days from 2001 through 2017 are
developed from the Peak Dataset.

2) The April average temperature is defined as a heating peak (i.e., driven
by cold weather). This step removes historic peak producing weather
occurrences above 65 degrees from the average.

3) The May average temperature is defined as a cooling peak (i.e. driven
by hot weather). This step removes historic peak producing weather
occurrences below 65 degrees from the average.

4) The October average temperature is defined as a cooling peak (i.e.
driven by hot weather). This step removes historic peak producing
weather occurrences below 65 degrees from the average.

5) January is defined as the winter seasonal peak month. The January
average temperature is replaced with the seasonal average calculated

over the last five (2014-2018) seasonal winter peak producing events.
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The winter season peak event could occur in December, January, or
February.

6) August is defined as the summer seasonal peak month. The August
average temperature is replaced with the seasonal average calculated
over the last five (2013-2017) seasonal summer peak producing events.
The summer season peak event could occur in July, August, or
September.

7) Calculate the three-day weighted average temperature (“TDWT”) using
70 percent for the current day, 20 percent for the prior day, and 10
percent for the two days prior.

C. Growth Trends. Peak growth depends on the growth drivers included in the
model. Liberty-Empire uses the energy forecast to drive the peaks. The
energy forecast is decomposed into heating, cooling, and base load energy
which allows the monthly peak growth to vary based on the underlying end-
use changes. Statistical evaluation of the growth drivers is used to identify

the most appropriate variables.

Step 3 — Load Profile Models. Load profile models are used to convert the energy and peak
forecast to the hourly net system load shape and to calculate coincident class peaks. The key

driver in the load profile models is the weather assumption. This assumption is described below.

a. Weather. The load profile models use daily average temperatures divided
into HDD and CDD splines to capture the nonlinear weather response. The
temperature forecast is calculated using a rank-and-average method with
30-years (1988 to 2017) of historic data. The rank-and-average result is

mapped to the 2003 temperature calendar year.
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6.1.1.1 Historical Explanatory Variables by Class

A. The utility shall assess the applicability of the historical explanatory variables

pursuant to subsection (3)(A) to its selected forecast model.

The applicability of historical explanatory variables is primarily driven by statistical significance.
The key drivers included in each class model are summarized in Table 3-4. Detailed information
about the driver’s statistical significance is included in Section 6.1.2. This section summarizes the

broad modeling method approach for each class.

Residential Class

Residential electric consumption is highly weather sensitive and subject to changing usage
patterns over time based on the saturation and efficiency of end-use appliances. To capture
these changes, two models are used to develop the residential electric forecast. These models

are defined below:

1. Customer Model: This model forecasts the number of residential customers in
each month. The customer model is designed to capture customer count growth
based on a macroeconomic driver.

2. UPC Model: This model forecasts the average use-per-customer (“UPC”) for a
month. The UPC model is designed to capture how an average customer

consumes electricity.

The class forecast is calculated by multiplying the customer forecast with the UPC forecast to
obtain the total energy in each month. Using two models to develop the residential class forecast
captures both the class growth based on a changing number of customers (“customer model”)

and changes in customer usage patterns (“UPC model”).
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Commercial Class

As with the residential class, commercial energy is modeled using two models. These models
capture both the growth based on the number of customers and the changing usage of the

average customer based on end-use information. These models are defined below:

1. Customer Model: This model forecasts the number of commercial customers in
each month. The customer model is designed to capture customer count growth
based on a macroeconomic driver.

2. UPC Model: This model forecasts the average UPC for a month. The UPC model

is designed to capture how an average customer consumes electricity.

The class forecast is calculated by multiplying the customer forecast with the UPC forecast to
obtain the total energy in each month. Using two models to develop the commercial class
forecast captures both the class growth based on a changing number of customers (“customer

model”) and changes in customer usage patterns (“UPC model”).

Wholesale Class

The wholesale class is composed of four municipal utilities (Monett, Mt. Vernon, Lockwood, and
Chetopa). The forecast is developed with four energy models, one for each municipal utility. All
wholesale models use the SAE model framework applied to total wholesale customer sales. The

models in this class forecast are defined below:

1. Monett Energy Model: This model forecasts the total kWh for Monett in a
month.
2. Mt. Vernon Energy Model: This model forecasts the total kWh for Mt. Vernon in

a month.
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3. Lockwood Energy Model: This model forecasts the total kWh for Lockwood in a
month.
4. Chetopa Energy Model: This model forecasts the total kWh for Chetopa in a

month.

The class forecast is calculated by summing the four energy model forecasts in each month.

Street and Highway Class

Street and highway class consists primarily of outside lighting accounts. Two models are used to

forecast this class as defined below:

1. Customer Model: This model forecasts the number of street and highway
customers in each month. The customer model is designed to capture customer
count growth based on a macroeconomic driver.

2. UPC Model: This model forecasts the average UPC for a month. The UPC model

is designed to capture how an average customer consumes electricity.

The class forecast is calculated by multiplying the customer forecast with the UPC forecast to
obtain the total energy in each month. Using two models to develop the street and highway class
forecast captures both the class growth based on a changing number of customers (“customer

IlI

model”) and changes in customer usage patterns (“UPC model”).
Interdepartmental Class

The interdepartmental class is modeled with two models:

1. Customer Model: This model forecasts the number of interdepartmental

customers in each month. The forecast holds the number of customers constant
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based on the last monthly customer count because this class is not correlated

with a macroeconomic driver.

2. UPC Model: This model forecasts the average UPC for a month. This model is

designed to capture variations in monthly usage through time based on weather.

The class forecast is calculated by multiplying the customer forecast with the UPC forecast to
obtain the total energy in each month. Using two models to develop the interdepartmental class
forecast captures both the class growth based on a changing number of customers and changes

in customer usage patterns.

Public Authority Class

The public authority class is modeled with the following two models:

1. Customer Model: This model forecasts the number of public authority customers
in each month. The customer model is designed to capture customer count

growth based on a macroeconomic driver.

2. UPC Model: This model forecasts the average UPC for a month. This model is

designed to capture variations in monthly usage through time based on weather.

The class forecast is calculated by multiplying the customer forecast with the UPC forecast to
obtain the total energy in each month. Using two models to develop the public authority class
forecast captures both the class growth based on a changing number of customers and annual

customer usage patterns.
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The industrial class is composed of large customers. The forecast for this class is developed with

three separate models as described below:

1.

Praxair: Praxair is a large individual customer. A single energy model is
developed to forecast monthly energy based on the customer’s most recent
consumption.

Oil and Pipeline: The oil and pipeline segment has consisted of 12 customers
since 2014. Two models are developed to forecast the oil and pipeline energy
forecast. The customer model is designed to maintain the 12 customers in the
planning period. The UPC model is created to capture the seasonal variations of
the class.

Other Industrial: Two models are used to forecast the remaining industrial
customers. A customer model is used to capture the existing number of
customers and project those customers into the planning period. The UPC model

is created to capture the monthly variations of the segment.

The class forecast is calculated by summing the energy forecast for Praxair, oil and pipeline, and

other industrial energy forecasts.

System Peak Model

The system peak model is a regression model designed to forecast monthly peaks for the net

system load. The peak model consists of two main drivers, energy growth and weather. The

growth is driven by the energy forecast to maintain consistency between peak and energy. The

weather drives monthly variation based on historical and forecast peak producing weather.
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Profile Model

Twelve hourly profile models are developed as the basis for determining the class level monthly
shapes. These models are hourly regression models and use similar structures to capture the

load shape based on weather and time of year.

6.1.1.2 Independent and Historical Explanatory Variable Difference

B. To the extent that the independent variables selected by the utility differ from the
historical explanatory variables, the utility shall describe and document those

differences;

Variable selection is reviewed each forecast cycle. Final variable selection is based on historical
energy and customer data as well as available data (e.g. new economic regions). Model changes
include updated estimation periods, new shift variables, altered construction of existing
variables, or new economic drivers. Table 3-5 summarizes the main drivers in the 2016 IRP model
and changes made in the 2019 IRP models. The 2019 IRP column briefly highlights the motivation

for the change.

Table 3-5 - Variable Differences Between the 2016 and 2019 IRP Models

Key Drivers Changes for Forecast Models

Class Model 2016 IRP 2019 IRP

Residential

Customer Population (Joplin and | No change
Springfield MSAs)

Average Use | 2015 SAE Data 2018 SAE Data

e Update end-use data
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Key Drivers Changes for Forecast Models
Class Model 2016 IRP 2019 IRP
Commercial
Customer Residential Customers | Nonmanufacturing
Employment
e Remove decelerating
population trend.
Average Use | 2015 SAE Data 2018 SAE Data
e Update end-use data
Additional Binary Shifts
e Add shift variables to
adjust trends to
recent data
Industrial
Energy Binary Shifts Additional Binary Shifts
- OPP
- Praxair e Add shift variables to
- Other adjust level to recent
data
Municipals
Energy 2015 SAE Data 2018 SAE Data
- Monett
- MLt. e Update end-use data
Vernon
- Lockwood
- Chetopa
Street and Highway
Customer Population and Non- No Change
Manufacturing
Employment
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Key Drivers Changes for Forecast Models

Class Model 2016 IRP 2019 IRP

Average Use | Lighting efficiency Add solar variable

e Include behind-the-
meter solar variable
based on historic
class penetration

Interdepartmental

Customer Binary Shifts Additional Binary Shifts

e Added shift variables
to adjust trends to
recent data

Average Use | Binary Shifts Additional Binary Shifts

HDD and CDD e Added shift variables
to adjust trends to
recent data

Public Authority

Customer Government Additional Binary Shifts

Employment
e Added shift variables

to adjust trends to
recent data

Average Use | HDD Base 55 No change
CDD Base 55
System Peak CDD Trend Interaction | Change CDD80 Spline to
CDD85 Spine.

HDD Trend Interaction
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Key Drivers Changes for Forecast Models

Class Model 2016 IRP 2019 IRP
Other (Baseload) e Refine changing
Trend cooling slope for high

temperatures
January 2012 Plus

Winter Energy Trend Add Monthly Binaries

CDDB80 Spline e Add shoulder month
binaries to adjust for
low weather
condition months.

Hourly Profile Weighted Average No change
Models HDD and CDD splines
6.1.2 Mathematical or Statistical Equations

2. Development of any mathematical or statistical equations comprising the load fore-

cast models, including a specification of the functional form of the equations; and

6.1.2.1 Residential Class

1. Customer Model: The customer model is a regression model estimated with
historical data from July 2011 through July 2018. Table 3-6 shows the customer model

specification and Table 3-7 shows the customer model statistics.
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Variable Coefficient StdErr T-Stat P-Value
Constant 8,526.543 8,066.329 1.057 29.41%
Index_Population | 115,792.293 | 6,898.698 16.785 0.00%
March -144.530 37.737 -3.830 0.03%
April -481.530 50.073 -9.617 0.00%
May -637.804 57.273 -11.136 0.00%
June -581.003 61.353 -9.470 0.00%
July -521.786 63.017 -8.280 0.00%
August -569.622 60.852 -9.361 0.00%
September -724.533 56.805 -12.755 0.00%
October -613.251 49.794 -12.316 0.00%
November -239.199 37.642 -6.355 0.00%
May2011Tornado -164.742 109.417 -1.506 13.66%
AR(1) 0.870 0.025 35.016 0.00%

Table 3-7 - Residential Customer Model Statistics

Statistics Residential
Customer Model

Estimation 7/2011-7/2018

R2 0.997

Adj. R2 0.997

MAPE 0.05%

DW 1.425

a. Model Variables: The customer

model’s primary driver is population. A

binary shift captures the impact of the Joplin tornado in 2011. Monthly

binary variables capture the season pattern and the auto-regressive (AR)

term corrects for serial correlation.

1) Population: Population is calculated as the weighted average of the

Joplin and Springfield MSAs based on 2014 residential and commercial

energy sales. The data are provided by Moody’s Analytics.

2) May2011Tornado: This variable takes the value “1” from May 2011

through December 2011 and the value of “0” beginning in 2012.
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3) Monthly Binary Variables: Binary variables for March through
November are included to capture seasonal customer effects. These
variables take the value of “1” in their month and a “0” for all other
months.

4) AR1: The inclusion of the AR1 term corrects the serial correlation
problems with the model and does not impact the strength of the

population driver.

2. UPC Model: The UPC model is an SAE model estimated with historical data from
January 2000 through July 2018. Table 3-8 shows the UPC model specification

and Table 3-9 shows the UPC model statistics.

a. Residential SAE Model Summary: The SAE model contains end-use
information for heating, cooling, and other technologies. The data for the
SAE model is from Itron’s 2018 SAE West North Central region modified for
Liberty-Empires’ 2008 Potential Study and 2015 Saturation Survey. SAE data
contains adjustments for DSM programs and includes forecasts of

photovoltaics and electric vehicles.

Table 3-8 - Residential UPC Model

Variable Coefficient StdErr T-Stat P-Value
XHeat 1.036 0.029 36.044 0.00%
XCool 1.075 0.046 23.372 0.00%
XOther 1.007 0.013 74.752 0.00%
XHeatShift2007 0.108 0.024 4.455 0.00%
September 145.629 19.320 7.538 0.00%
January 112.593 16.376 6.875 0.00%
July 146.285 21.205 6.899 0.00%
August 115.564 25.343 4.560 0.00%
November -86.988 13.768 -6.318 0.00%
Year2014Plus -41.032 8.744 -4.693 0.00%
Year2012 -55.543 16.049 -3.461 0.07%
FebMar2013 -85.967 37.207 -2.311 2.18%
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Variable Coefficient StdErr T-Stat P-Value
FebMar2015 -149.400 37.221 -4.014 0.01%
JanFeb2011 -108.683 38.075 -2.854 0.48%
JanFeb2010 128.508 38.097 3.373 0.09%
Dec2006Jan2007 165.022 53.143 3.105 0.22%

Table 3-9 - Residential UPC Model Statistics

Statistics Residential
Customer Model

Estimation 1/2000-7/2018

R2 0.966

Adj. R2 0.963

MAPE 3.71%

DW 2.041

b. Model Variables: The UPC model includes the three standard SAE variables
(XHeat, XCool, and XOther) as well as monthly binary variables, shift

variables, and trinary variables.

1) XHeat: This variable captures the general heating response for a typical
residential customer. The response includes the effects of heating
technology efficiencies, saturation, thermal shell, weather, price,
income, household size, and DSM programs.

2) XCool: This variable captures the general cooling response for a typical
residential customer. The response includes the effects of cooling
technology efficiencies, saturation, thermal shell, weather, price,
income, household size, and DSM programs.

3) XOther: This variable captures the general response for all non-heating
and cooling technologies including photovoltaics and electric vehicles.
The response includes the effects of hours of light, price, income, billing

cycles, household size, and DSM programs.
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4) XHeatShift2007: This variable is used to capture a general heating
response shift beginning in 2007. The shift occurs near the end of the
housing market boom in the mid-2000 time-frame and captures the
rapid growth in new electric-heated homes.

4) September, January, July, August, and November: These binary
variables are included to capture a patterned residual for each month.

5) Year2014Plus: This shift variable adjusts the model to ensure that the
forecast is consistent with recent history beginning in 2014.

6) Year2012: This binary variable deduced consumption in 2012 capturing
the residual effects of the 2011 tornado.

7) FebMar2013, FebMar2015, JanFeb2011, JanFec2010,
Dec2006Jan2007: These variables are trinaries and take the form of a
“1” in the first period and an “-1” in the second period. For example,
FebMar2013 contains all “0” values except for February and March
2013. February 2013 is a “1” and March 2013 is a “-1”. Trinaries

variables capture the offsetting effects of errant billing data.
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6.1.2.2 Commercial Class
1. Customer Model: The customer model is a regression model estimated with
historical data from July 2011 through July 2018. Table 3-10 shows the customer model

specification and Table 3-11 shows the customer model statistics.

Table 3-10 - Commercial Customer Model

Variable Coefficient StdErr T-Stat P-Value
Constant 6,673.491 1,408.909 4.737 0.00%
Index_Nonmanufacturing | 14,950.293 | 1,191.428 12.548 0.00%
employment
AR(1) 0.805 0.058 13.760 0.00%

Table 3-11 - Commercial Customer Model Statistics

Statistics Commercial
Customer Model

Estimation 7/2011-7/2018

R2 0.980

Adj. R2 0.980

MAPE 0.10%

DW 2.581

a. Model Variables: The primary driver in the customer model is

nonmanufacturing employment. The AR term corrects for serial correlation.

1) Index Nonmanufacturing Employment: Nonmanufacturing
employment is calculated as the weighted average of the Joplin and
Springfield MSAs based on 2014 residential and commercial energy
sales. The data are provided by Moody’s Analytics.

2) AR1l: The inclusion of the AR1 term corrects the serial correlation
problems with the model and does not impact the strength of the

economic driver.
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2. UPC Model: The UPC model is an SAE model estimated with historical data from
January 2000 through July 2018. The SAE model is based on the same theoretical
foundation as the residential SAE model but is modified for commercial end-use
information. Table 3-12 shows the UPC model specification and Table 3-13

shows the UPC model statistics.

a. Commercial SAE Model Summary: The SAE model contains end-use
information for heating, cooling, and baseload technologies. The data for
the SAE model is from Itron’s 2018 SAE West North Central region. SAE data
contains adjustments for DSM programs and includes a forecast of

photovoltaics.

Table 3-12 - Commercial UPC Model

Variable Coefficient StdErr T-Stat P-Value
XHeat 1,150.885 49.808 23.106 0.00%
XCool 959.326 28.570 33.579 0.00%
XOtherPV 890.681 6.980 127.613 0.00%
Year2006 -419.118 59.687 -7.022 0.00%
Year2007 -369.580 59.556 -6.206 0.00%
Year2006Plus 441.008 32.635 13.514 0.00%
FebMar2015 -401.130 133.388 -3.007 0.30%
JanFeb2010 420.466 133.097 3.159 0.18%
Jul 238.597 52.962 4.505 0.00%
Sep 266.683 53.329 5.001 0.00%
Nov -215.451 48.462 -4.446 0.00%
Year2013Plus 244,794 45,535 5.376 0.00%
Year2015Plus 140.964 48.106 2.930 0.38%

Table 3-13 - Commercial UPC Model Statistics

Statistics Commercial
UPC Model
Estimation 1/2000-7/2018
R2 0.925
Adj. R2 0.920
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Statistics Commercial
UPC Model

MAPE 2.70%

DW 1.755

b. Model Variables: The UPC model includes the three standard SAE variables

(XHeat, XCool, and XOther) as well as monthly binary variables and annual

shift

1)

2)

3)

4)

5)

6)

variables:

XHeat: This variable captures the general heating response for a typical
commercial customer. The response includes the effects of heating
technology efficiencies, saturation by technology and building types,
weather, price, employment, output indices, and DSM programs.
XCool: This variable captures the general cooling response for a typical
commercial customer. The response includes the effects of cooling
technology efficiencies, saturation by technology and building types,
weather, price, employment, output indices, and DSM programs.
XOtherPV: This variable captures the general response for all non-
heating and cooling technologies. The response includes the effects of
other base load technology efficiencies, saturation by technology and
building types, price, employment, output indices, DSM programs, and
photovoltaics.

July, September, and November Binary: These binary variables are
included to capture a patterned residual.

Year2006 and Year2007: These independent binary variables are
included to capture the quick growth in average use during the high
economic growth period.

Year2006Plus, Year2013Plus, and Year2015Plus: These binary variables

are used to calibrate recent historical shifts into the planning period.

NP
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The binary variable consists of a “1” value beginning in the designated

year and continues throughout the planning period.

6.1.2.3 Wholesale Class

1. Energy Models: The models forecast total energy and are not divided into a

custome

r and UPC models. However, the energy models apply the SAE model

framework to forecasting total energy by including an economic variable to

capture customer growth. The SAE model variable construction is identical to

the construction used in the residential class with two exceptions. First, the

XOther variable includes Population as a growth driver. Second, the weather

variables use temperature splines directly related to each municipal’s weather

response.

a. Model Variables. The energy models include the three standard SAE

variables (XHeat, XCool, and XOther) and an economic driver (population)

as well as annual binary and shift variables. The general definitions of the

variables are listed below:

1)

2)

3)

XHeat: This variable captures the general heating response for a typical
wholesale customer. The response includes the effects of heating
technology efficiencies, saturation, thermal shell, weather, price,
income, and household size.

XCool: This variable captures the general cooling response for a typical
wholesale customer. The response includes the effects of cooling
technology efficiencies, saturation, thermal shell, weather, price,
income, and household size.

XOther: This variable captures the general response for all non-heating

and cooling technologies. The response includes the effects of hours of
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light, price, income, billing cycles, and household size. XOther also
includes population changes which capture the long-term growth in
energy caused by economic expansion.

4) Annual Binaries: These binary variables (e.g., Year2004, Year2005) are
included to capture variations in energy growth through the historical
time period. In some cases, the set of binary variables capture rapid
energy growth beyond the growth obtained by the SAE variables.

5) Annual Plus Binaries: These binary variables (e.g. Year2012Plus,
Year2013Plus) capture an ongoing shift in base load which is expected
to continue in the future.

6) Time Period Binaries: Time period binaries (e.g. JulToSep2001_2002
and JanDec2007Plus) capture month and year specific shifts in the data.

b. Monett Energy Model: The Monett energy model is summarized in Table 3-14
and Table 3-15.
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Table 3-14 - Monett Energy Model

** Confidential in its Entirety**!

Table 3-15 - Monett Energy Model Statistics

**Confidential in its Entirety**!

c. Mt.Vernon Energy Model: The Mt. Vernon energy model is summarized in Table

3-16 and Table 3-17.

14 CSR 240-2.135(2)(A)1 allows information to be marked as confidential when it is customer specific information.
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Table 3-16 - Mt. Vernon Energy Model

** Confidential in its Entirety**2

Table 3-17 - Mt. Vernon Energy Statistics

**Confidential in its Entirety**?2

24 CSR 240-2.135(2)(A)1 allows information to be marked as confidential when it is customer specific information.
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d.Lockwood Energy Model: The Lockwood energy model is summarized in Table 3-18 and
Table 3-19.
Table 3-18 - Lockwood Energy Model

**Confidential in its Entirety**3

Table 3-19 - Lockwood Energy Model Statistics

**Confidential in its Entirety**3

e. Chetopa Energy Model: The Chetopa energy model is summarized in Table 3-20
and Table 3-21.

34 CSR 240-2.135(2)(A)1 allows information to be marked as confidential when it is customer specific information.
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Table 3-20 - Chetopa Energy Model

**Confidential in its Entirety**4

Table 3-21 - Chetopa Energy Model Statistics

**Confidential in its Entirety***

6.1.2.4 Street and Highway Class

1. Customer Model: The customer model is a regression model
estimated with historical data from January 2001 through July
2018. Table 3-22 shows the customer model specification and

Table 3-23 shows the customer model statistics.

44 CSR 240-2.135(2)(A)1 allows information to be marked as confidential when it is customer specific information.
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Table 3-22 - Street and Highway Customer Model

NP

Variable Coefficient | StdErr T-Stat P-Value
Constant 192.461 7.877 24.432 0.00%
Oct2007ToDec2008 Binary -19.515 1.491 -13.090 0.00%
Population & Non-Manufacturing 247.839 7.139 34.718 0.00%
Employment

Year2016Plus 8.700 1.741 4.998 0.00%
Year2017Plus 7.446 2.230 3.339 0.10%
Year2018Plus 13.330 2.598 5.131 0.00%

a. Model Variables:

Table 3-23 - Street and Highway Customer Model Statistics

Statistics Street and Highway
Customer Model

Estimation 1/2001 -7/2018

R2 0.932

Adj. R2 0.930

MAPE 0.95%

DW 0.503

The street and highway model includes an economic

driver, three data end-shift variables, and a binary variable. The primary

driver is the weighted population and non-manufacturing employment

inde

1)

2)

X.

Population and Non-Manufacturing Employment Index: This variable is

the weighted average of the population and non-manufacturing

employment forecast for the Joplin and Springfield MSAs. The variable

is constructed using 1/3 population index and 2/3 employment index.

Oct2007ToDec2008 Binary: This variable takes the value of “1” from

October 2007 through December 2008. This binary variable captures

the dramatic reduction in customer counts during the 2007 to 2008

timeframe.
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3) Annual Plus Binaries: The annual binary plus variables (e.g.
Year2016Plus, Year2017Plus, and year2018Plus) capture the
accelerated customer increases after 2016. These shifts are expected

to remain into the future.

2. UPC Model: The UPC model is a regression model estimated
with historical data from January 2003 through July 2018. Table
3-24 shows the UPC model specification and Table 3-25 shows

the UPC model statistics.

Table 3-24 - Street and Highway UPC Model

Variable Coefficient StdErr T-Stat P-Value
Constant 3,714.463 49.230 75.451 0.00%
January 1,421.059 45.136 31.484 0.00%
February 761.491 44.107 17.265 0.00%
March 613.067 42.084 14.568 0.00%
April 138.261 42.043 3.289 0.12%
May 22.064 40.450 0.545 58.62%
July 266.608 39.674 6.720 0.00%
August 426.756 40.313 10.586 0.00%
September 530.191 40.628 13.050 0.00%
October 913.823 41.879 21.821 0.00%
November 1,129.486 44.546 25.355 0.00%
December 1,452.219 45.570 31.868 0.00%
OutsideLightEfficiency -41.300 11.387 -3.627 0.04%
Sep2007ToMay2008 147.876 39.379 3.755 0.02%
AprilMay2014 386.009 81.936 4,711 0.00%
OctNov2012 409.550 82.131 4,987 0.00%
Photovoltaic UPC 329.062 200.640 1.640 10.29%
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Table 3-25 - Street and Highway UPC Model Statistics

Statistics Street and Highway
UPC Model

Estimation 1/2003 —7/2018

R2 0.952

Adj. R2 0.948

MAPE 1.93%

DW 1.665

a. Model Variables: The UPC model captures both the reducing average usage
of the class and the seasonal pattern. The following variables are used in

the model:

1) Monthly Binaries: This set of binary variables captures the general

seasonal response due to the changing sunrise and sunset times.

2) Outside Light Efficiency: This variable captures the increasing energy
efficiency of outside lighting technology. The variable is derived from
the commercial SAE model, outside lighting efficiency index provided
by the EIA. The increasing value of the index implies that lighting
technologies are becoming more efficient and use less energy over

time.

3) Sep2007ToMay2008: This binary variable captures a residual pattern
that shows a short-term increase in lighting energy through this time

period.

4) Trinaries (AprMay2014, OctNov2012): Trinary and take the form of a
“1” in the first period and an “-1” in the second period. For example,

AprMay20142013 contains all “0” values except for April and May 2014.
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April 2014 is a “1” and May2014 is a “-1”. Trinaries variables capture

the offsetting effects of errant billing data.

5) Photovoltaic UPC. This variable captures the installed behind-the-

meter photovoltaic consumption for the street and highway class

customers on a use-per-customer basis. The data values are negative

which estimates energy savings due to installed solar systems.

6.1.2.5 Interdepartmental Class

1. Customer Model: The customer model is a regression model that is designed to

provide a flat forecast based on the last actual value. The model uses end-shift

binary variables to capture the value of the last actual data point and project that

value through the planning

period.

2. UPC Model: The UPC model is a regression model estimated with historical data

from January 2001 through July 2018. This model is designed to capture

seasonal fluctuations based on weather response and forecast loads based the

recent history from 2014 forward. Table 3-26 shows the UPC model specification

and Table 3-27 shows the UPC model statistics.

Table 3-26 - Interdepartmental UPC Model

Variable Coefficient StdErr T-Stat P-Value
Constant 10,622.575 331.170 32.076 0.00%
Year2008Plus -4,879.925 454.818 | -10.729 0.00%
Year2007Plus -2,850.452 455.087 -6.264 0.00%
Year2014Plus 3,757.718 324.904 11.566 0.00%
May2016Plus -2,886.754 394.931 -7.310 0.00%
HDD55 4.976 0.674 7.379 0.00%
CDD55 2.521 0.619 4.075 0.01%
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Table 3-27 — Interdepartmental UPC Model Statistics

Statistics Interdepartmental UPC
Model

Estimation 1/2001-7/2018

R2 0.852

Adj. R2 0.881

MAPE 12.65

DW 1.800

a. Model Variables. The UPC model is designed to capture the seasonal
variations of the usage. The variation is driven by the heating and cooling
response. The remaining variables capture general shifts to the underlying

average use:

1) Weather Variables: This set of variables (HDD55 and CDD55) capture

the weather response of the interdepartmental class.

2) Annual Shift Variables: This set of variables (Year2007Plus,
Year2008Plus, Year2014Plus, and May2016Plus) capture annual shifts
in the average use which continue through the planning period. These
shifts capture the rapid decline through 2008, the sudden increase in

2014, and decline in May 2016.

4 CSR 240-22.030 Vol.3-73 File No. EO-2019-0049
Load Analysis and Load Forecasting



NP

6.1.2.6  Public Authority Class

1. Customer Model: The customer modelis a regression model designed to capture
growth for the class. Table 3-28 shows the customer model specification and
Table 3-29 shows the customer model statistics. The model is primarily driven
by the government employment forecast and includes an end-shift binary

variable to calibrate the forecast to the last actual data point.

Table 3-28 - Public Authority Customer Model

Variable Coefficient | StdErr T-Stat P-Value
Constant 308.081 26.298 11.715 0.00%
Government Employment 980.421 21.036 46.607 0.00%
July 2012 to August 2014 171.473 2.608 65.759 0.00%
Year2018Plus 14.352 4.623 3.104 0.23%

Table 3-29 - Public Authority Customer Model Statistics

Statistics Public Authority
Customer

Model

Estimation 1/2000 - 7/2018

R2 0.983

Adj. R2 0.982

MAPE 0.58%

DW 0.425

a. Model Variables: The customer model is primarily driven by the
government employment forecast and calibrated to the last actual number

of customers. The variables are discussed below:

1) Government Employment: This variable is the weighted Joplin and

Springfield MSAs forecast for government employment.
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2) Annual Shift Variables: This variables (Sept2018Plus) captures annual

shifts in the average use and calibrates the forecast to the most recent

data.

3) Binary Shift: This variable (Jul12toAugl14) captures a dramatic shift in

customer counts for the two-year period.

2. UPC Model: The UPC model is a regression model estimated with historical data

from January 1999 through July 2018. This model captures seasonal fluctuations

based on weather response but does not attempt to capture long-term changes

in average use. Table 3-30 shows the UPC model specification and Table 3-31

shows the UPC model statistics.

Table 3-30 - Public Authority UPC Model

Variable Coefficient StdErr T-Stat P-Value
Constant 4,426.176 61.385 72.106 0.00%
Year2008Plus 308.919 44,941 6.874 0.00%
Year2002Plus -201.215 49.953 -4.028 0.01%
Year2012Plus -407.520 83.147 -4.901 0.00%
Year2015Plus 347.399 83.477 4.162 0.01%
HDD55 2.177 0.121 17.946 0.00%
CDD55 2.156 0.098 21.897 0.00%
February -349.735 65.871 -5.309 0.00%
June 129.081 57.598 2.241 2.60%
July 2012 to -267.064 88.826 -3.007 0.30%
August 2014
Table 3-31 - Public Authority UPC Model Statistics

Statistics Public Authority UPC Model

Estimation 1/1999 - 7/2018

R2 0.747

Adj. R2 0.737

MAPE 3.45%

DW 1.849
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a. Model Variables: The UPC model is forecasts the monthly shape of the class.

The following variables are used in the model:

1) Weather Variables: These variables (HDD55 and CDD55) capture the
weather response of the public authority class.

2) Annual Shift Variables: These variables (Year2002Plus, Year2008Plus,
Year2012Plus, and Year2015Plus) capture annual shifts in the average
use which continue through the planning period.

3) Monthly Binaries: The February and June binary variables capture the
patterned residuals which contribute to the seasonal shape.

4) Binary Shift: This variable (Jul12toAugl4) matches the dramatic shift in

customer counts for the two-year period.

6.1.2.7 Industrial Class

1. Praxair Model: The Praxair model is a regression model that forecasts monthly
energy. The model provides a forecast based on the 2015 through 2018 average
annual energy usage and the seasonal pattern created by the varying number of

days in each month. The model results are shown in Table 3-32 and Table 3-33.
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Table 3-32 - Praxair Model

**Confidential in its Entirety**°

Table 3-33 - Praxair Model Statistics

**Confidential in its Entirety**>

a. Model Variables: The Praxair model consists of five annual shift variables and

monthly binary variables.

1) Annual Shift Variables: The annual shift variables (Year2008Plus,
Year2009Plus, Year2010Plus, Year2011Plus, and Year2015Plus) are
designed to capture the average energy load for the year and project

the 2015 through 2018 average energy load through the planning

period.

54 CSR 240-2.135(2)(A)1 allows information to be marked as confidential when it is customer specific information.
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Monthly binary variables (February, April, June,

September, and November) capture monthly variations due to the

changing number of days per month.

2. Oil and Pipeline Model: The Qil and Pipeline model uses two regression models

to forecast energy. Because there have been no recent changes to the number

of customers, the customer model forecasts the existing 12 customers

throughout the planning period. The UPC model captures the most recent

average customer usage and monthly variation. The UPC model results are

shown in Table 3-34 and Table 3-35.

Table 3-34 - Oil and Pipeline Model

Variable Coefficient StdErr T-Stat P-Value
Constant 369731.312 25311.533 14.607 0.00%
Year2003Plus -206865.520 61828.338 -3.346 0.10%
Year2004Plus 477539.036 66311.832 7.201 0.00%
Year2005Plus -79241.070 31958.744 -2.479 1.39%
Year2008Plus -128125.525 22598.245 -5.670 0.00%
Year2011Plus 47840.686 22598.245 2.117 3.54%
Year2014Plus 67969.014 22598.245 3.008 0.30%
Year2003Trend 56943.439 8235.034 6.915 0.00%
January 34943.280 31128.538 1.123 26.29%
February 4595.809 31069.000 0.148 88.25%
March 58984.064 31014.815 1.902 5.85%
April 84018.768 30966.010 2.713 0.72%
May 122560.869 30922.612 3.963 0.01%
June 137706.229 30884.643 4.459 0.00%
July 163987.450 30852.122 5.315 0.00%
August 155282.409 31154.633 4.984 0.00%
September 119364.725 31133.521 3.834 0.02%
October 72488.768 31118.433 2.329 2.08%
November 32395.968 31109.377 1.041 29.89%
Year2017Plus -128694.192 31958.744 -4.027 0.01%
Year2018Plus 103235.155 45925.719 2.248 2.56%
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Table 3-35 - Oil and Pipeline UPC Model Statistics

Statistics Oil and Pipeline
UPC
Model
Estimation 1/1999 — 7/2018
R2 0.575
Adj. R2 0.535
MAPE 14.10%
DW 1.378

a. Model Variables: The Qil and Pipeline UPC model consists of annual shift

variables, monthly binary variables, and a trend variable.

1) Annual Shift Binary: These variables (Year2003Plus through
Year2018Plus) capture the average energy load for the year and project
the average energy shift through the planning period.

2) Year2003Trend: This variable is a trend variable that applies only in
2003. The variable is designed to capture the rapid consumption
change in 2003.

3) Monthly Binary: These independent binary variables capture

seasonality through the year.

3. Other Industrial Model: The remaining industrial customers (“other industrial”)
are modeled using two models to forecast energy. The customer model
forecasts the existing 338 customers throughout the planning period. The UPC
model captures monthly variation for these customers. The model results are

shown in Table 3-36 and Table 3-37.
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Variable Coefficient StdErr T-Stat P-Value
Constant 204662.613 1774.057 115.364 | 0.00%
January 10663.030 2177.844 4.896 0.00%
February 147.837 2171.677 0.068 94.58%
March 7837.981 2130.450 3.679 0.03%
April 4645.794 1978.630 2.348 1.98%
May 10086.847 2230.054 4.523 0.00%
June 11672.320 3652.330 3.196 0.16%
July 12910.480 5298.714 2.437 1.57%
August 15788.144 5897.125 2.677 0.80%
September 3007.096 4832.639 0.622 53.45%
October 6977.549 2773.653 2.516 1.27%
November 1433.068 2175.331 0.659 51.08%
CDD55 42.281 9.250 4.571 0.00%
Year2003 -8801.518 1809.958 -4.863 0.00%
Year2006 6168.166 1815.721 3.397 0.08%
Year2009 -12980.190 1842.920 -7.043 0.00%
Year2010Plus -12552.666 1814.390 -6.918 0.00%
Year2011Plus 7119.268 1852.167 3.844 0.02%
MarApr2003 18452.843 4256.736 4.335 0.00%
NovDec2002 28425.377 4258.738 6.675 0.00%
MarApr2008 12649.758 4258.842 2.970 0.33%
Year2016Plus 7555.979 1869.310 4.042 0.01%
Year2017Plus 8734.687 2164.336 4.036 0.01%

Table 3-37 - Other Industrial UPC Model Statistics

Statistics Other
Industrial
Model
Estimation 1/2000-7/2018
R2 0.896
Adj. R2 0.884
MAPE 2.01%
DW 1.687
4 CSR 240-22.030 Vol. 3 - 80 File No. EO-2019-0049

Load Analysis and Load Forecasting



NP

a. Model Variables: The Other Industrial UPC model consists of annual shift
variables, weather variables, annual binaries, monthly binaries, and a trinary

variable

1) Annual Shift Binary: The shift variables (Year2010Plus, Year2011Plus,
Year2016Plus, and Year2017Plus) capture the average energy load for
the year and project the 2017 to 2018 average energy load through the
planning period.

2) Weather Variables: This variable (CDD55) captures the cooling weather
response of the industrial customers.

3) Annual Binaries: These binary variables (Year2003, Year2006, and
Year2009) capture underlying shifts in the average use for industrial
customers.

4) Monthly Binary: These independent binary variables capture the
seasonality of the industrial class.

5) Trinaries (AprMay2003, OctNov2002, and MarApr2008): Trinary

variables capture the offsetting effects of errant billing data.

6.1.2.8 System Peak Model

The system model forecasts monthly system peaks. The model is estimated with historical data

from January 2004 through July 2018. The model is summarized in Table 3-38 and Table 3-39.
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Table 3-38 - System Peak Model

Variable Coefficient | StdErr T-Stat P-Value
CONST 346.129 142.472 2.429 1.63%
HDD x Heating Trend 9.957 0.359 27.746 0.00%
CDD x Cooling Trend 27.012 0.789 34.235 0.00%
Cooling Peak CDD 85 -19.527 4.077 -4.790 0.00%
Other Trend Index 328.126 129.758 2.529 1.25%
January 2012 Plus x Winter | 12.226 13.536 0.903 36.79%
Energy Trend

April -30.180 12.128 -2.488 1.39%
May -11.979 10.548 -1.136 25.79%
October -26.381 12.157 -2.170 3.16%

Table 3-39 - System Peak Model Statistics

Statistics Public Authority
Customer
Model

Estimation 1/2004 - 7/2018

R2 0.945

Adj. R2 0.942

MAPE 3.10%

DW 1.597

1. Model Variables: The system peak model is primarily driven by the energy

forecast and peak producing weather. The variables are discussed below:

a. HDD x Heating Trend: Thisis an interacted variable combining the effects of
weather and changes in heating technologies. The weather effect is
modeled as the number of degrees the three-day weighted average
temperature falls below 45 degrees (HDD). The changes in heating
technologies (Heating Trend) are obtained from the weather-normalized
heating components of the class energy models. The Heating Trend is

smoothed and interacted with the HDD variable.
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b. CDD x Cooling Trend: This is an interacted variable combining the effects of
weather and changes in cooling technologies. The weather effect is
modeled as the number of degrees the three-day weighted average
temperature exceeds 70 degrees (CDD). The changes in cooling
technologies (Cooling Trend) are obtained from the weather-normalized
cooling components of the class energy models. The Cooling Trend is

smoothed and interacted with the CDD variable

c. Cooling Peak CDD85: The variable captures a flattening of the summer peak
weather response when the three-day weighted average temperature

exceeds 85 degrees.

d. Other Trend Index: The Other Trend Index captures the non-HVAC growth

trends of the energy models.

e. January 2012 Plus x Winter Energy Trend: The winter energy trend variable
is created by the interaction of the energy trend with a binary variable that
is active in Januarys after 2012. This variable is designed to capture
additional growth in the winter peak above the energy trend and maintain

modeling consistency between the 2016 and 2019 IRP.

f.  Monthly Binaries: The April, May, and October binaries capture minor

seasonal shifts due to shoulder month impacts.
6.1.2.9 Profile Model
1. Data Development: Liberty-Empire maintains an active load research program.

Unfortunately, the program is not designed to forecast load shapes by the

classes identified in this forecast process. To obtain historical load shape data
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for the profile models, the load research data are aggregated based on the

annual average 2017 customer counts associated with each rate in the class.

Table 3-40 shows the class and the weights used for each load research profile.

Table 3-40 - Load Research to Class Profile Mapping

Class Load Research Weight
Residential Residential 100.00%
Commercial CB 77%
GP - Secondary 7%
SH 13%
TEB 4%
Wholesale Monett, Mt. Vernon, | NA
Lockwood, Chetopa
Street Highway CB 80%
Generic Lighting Shape 19%
SH 1%
Interdepartmental CB 85%
GP - Secondary 15%
Industrial: CB 25%
Other Industrial GP - Secondary 56%
LP - Primary 9%
SH 5%
TEB 5%
Industrial: Praxair Praxair NA
Industrial: OPP GP - Primary 55%
LP - Primary 45%

2. Profile Models: The profile models consist of a standard set of variables that
identify hourly shapes based on the time of the year and weather response. All
models are regression models. Table 3-41 identifies the sets of variables used in

each profile model. Definitions of the variables are summarized below:
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Class HDD Day of | Month | Year | Holiday | Hours
CDD Week of Light

Residential X X X X X X

Commerecial X X X X X

Wholesale (Monett, Lockwood,

Chetopa, Mt. Vernon) X X X X X

Street Highway X X X X X

Interdepartmental X X X X

Industrial: Other Industrial X X X X

Industrial: Praxair

Industrial: OPP X X X X

Heating and Cooling Splines: HDD and CDD spline variables are weighted
multi-part variables used to capture the nonlinear load-weather response.
For each class, 5-degree break points were examined to identify changes in
the weather response. Statistically significant breakpoints are weighted

together to create the weighted average HDD and CDD variables.

Day of Week Binaries: These variables capture variations in the profile

shape based on the day of the week.

Annual Binaries: Annual binaries capture load growth contained in the load
research data. When modeling load shape over the long-term horizon, the
profile models assume no load growth in the profile shape. As such, the
annual binary variables capture historic changes so that these changes do

not influence the other variables.

Holidays: Key holidays are identified using this set of binary variables. These

holidays capture the unique shape for specific holidays.
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e. Monthly Binaries: Monthly binary variables are used to capture the

underlying load shape variation through the seasons of the year.

f.  Hours of Light: This variable is calculated based on the sunrise and sunset
time at Springfield, Missouri. The hours of light variable contain the number

of sunlight hours in each day.

3. Model Exceptions: The following three exceptions are made in the profile

modeling process:

a. Wholesale Class: Each wholesale customer is modeled separately based on

their actual load data, not load research data.

b. Street Highway Class: The street and highway class includes a large
percentage of outside lighting accounts. Because no load research data
were available for lighting accounts, a generic commercial outside light

shape from Itron’s shape library was used in developing the historical data.

c. Industrial - Praxair: Praxair is a single large industrial customer. Because
historical data were available for this customer, no load research data were
used. Due to the unpredictable nature of the Praxair hourly consumption, a

flat profile is used as an approximation of the load profile.

6.1.3 Models by Others

3. Assessment of the applicability of any load forecast models or portions of models
that were utilized by the utility but developed by others, including a specification of the

functional forms of any equations or models, to the extent they are available.
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The forecast models were developed by Itron for Liberty-Empire.

6.2

Deviations

(B) If the utility selects load forecast models that include end-use load methods, the
utility shall describe and document any deviations in the independent variables or
functional forms of the equations from those derived from load analysis in sections (3)

and (4).

There were no deviations in the independent variables or functional forms of the equations.

6.3

6.3.1

Historical Database

(C) Historical Database for Load Forecasting. In addition to the load analysis database,
the utility shall develop and maintain a database consistent with and as needed to run
each forecast model utilized by the utility. The utility shall describe and document its
load forecasting historical database in the triennial compliance filings. As a minimum,

the utility shall—

Independent Variables

1. Develop and maintain a data set of historical values for each independent variable
of each forecast model. The historical values for each independent variable shall be
collected for a period of ten (10) years, or such period deemed sufficient to allow the

independent variables to be accurately fore-casted over the entire planning horizon;

Liberty-Empire maintains a historical data set of more than 10 years of historical values for

independent variables.
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6.3.2 Adjustments

2. Explain any adjustments that it made to historical data prior to using it in its

development of the forecasting models;

Adjustments to the historical data are described in Section 2.5.

6.3.3 Comparison of Historical Independent Variable Projections

3. Archive previous projections of all independent variables used in the energy usage
and peak load forecasts made in at least the past ten (10) years and provide a
comparison of the historical projected values in prior plan filings to actual historical

values and to projected values in the current compliance filing; and

Over the past 12 years, Liberty-Empire has filed IRP forecasts in 2007, 2010, 2013, and 2016.
Because the 2007 and 2010 IRP filings employed a substantially different method than the 2013,
2016 and 2019 filings, key driver comparisons are not possible. However, the 2013 through 2019
filings use a similar structure and class definitions which provide a reasonable basis for

comparisons.

For the economic data, comparisons of employment, households, and population drivers are
shown in Figure 3-10 through Figure 3-12. In 2013, the economic drivers are based on state-level
economics. In 2016 and 2019, the economics drivers are based on Joplin and Springfield MSA-

level economics. All drivers are indexed for comparative purposes.
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Figure 3-10 - Comparison 2013, 2016, and 2019 IRP Employment Index

Employment Index

1.60
1.50
1.40
= 1.30
-
n 1.20
—
8 1.10
o
% 1.00
2
= 090
0.80
0.70
0.60
o) m (] M~ [=1] i m w M~ [=)] — m [%s] M~ [=a] — m w M~ [=2] = m (] M~
[==] (=] o o o =l = = -l =l [ od od od od o o [11] o o = =t =t =t
[=] [=] (=] [=] (=] (=] [=] [=] [=] [=] [=] [=] [=] (=] (=] [=] [=] [=] [=] [=] [=] =] =] =]
~ ~ (] (o] (o] (] (] (] ™~ ~ ~ (] (o] (o] (] (] (] ™~ ~ ~ ™~ (o] (o] (]
= 2019 IRP === 2016 [PR = 2013 IRP
Figure 3-11 - Comparison 2013, 2016, and 2019 IRP Population Index
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Figure 3-12 - Comparison 2013, 2016, and 2019 IRP Household Index
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The SAE data captures end-use changes in technology saturation and efficiencies. These data are
obtained from Itron and developed into the end-use driver variables for the models. The 2013
IRP uses data from Itron’s 2011 SAE database. The 2016 IRP uses data from Itron’s 2015 SAE
database, and the 2019 IRP uses data from Itron’s 2018 SAE database. Figure 3-13 through Figure
3-15 compare the SAE intensity indexes for residential heating, cooling, and other (baseload).
The residential other index includes electric vehicles and behind-the-meter solar. Figure 3-16
through Figure 3-18 compare SAE indices for commercial heating, cooling, and other (non-HVAC).

The commercial other includes behind-the-meter solar.
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Figure 3-13 - Comparison 2013, 2016, and 2019 IRP Residential Heating Index
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Figure 3-14 - Comparison 2013, 2016, and 2019 IRP Residential Cooling Index
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Figure 3-15 - Comparison 2013, 2016 IRP, and 2019 Residential Other Index
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Figure 3-16 - Comparison 2013, 2016, and 2019 IRP Commercial Heating Index
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Figure 3-17 - Comparison 2013, 2016, and 2019 IRP Commercial Cooling Index
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Figure 3-18 - Comparison 2013, 2016, and 2019 IRP Commercial Other Index
Commercial Non-HVAC Index
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The weather assumptions for the 2019 IRP is updated to reflect a new historic period for normal
weather. Table 3-42 shows historic annual heating and cooling degree days from 2001 through
2017 compared with the 2013, 2016, and 2019 normal assumptions. Heating and cooling degree

days are based on a 65-degree reference point.

Table 3-42 - Historical and IRP Normal Heating Degree Days and Cooling Degree Days

Year HDD Base 65 CDD Base 65
2001 4,407 1,294
2002 4,650 1,369
2003 4,575 1,231
2004 4,219 1,095
2005 4,316 1,616
2006 3,889 1,609
2007 4,229 1,612
2008 4,889 1,145
2009 4,673 1,036
2010 4,788 1,612
2011 4,693 1,716
2012 3,736 1,695
2013 4,899 1,319
2014 4,900 1,360
2015 4,142 1,434
2016 3,768 1,666
2017 3,566 1,365
2019 IRP 4,458 1,345
2016 IRP 4,528 1,333
2013 IRP 4,510 1,305
6.3.4 Comparison of Historical Energy and Peak Demand Projections
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4. Archive all previous forecasts of energy and peak demand, including the final data
sets used to develop the forecasts, made in at least the past ten (10) years. Provide a
comparison of the historical final forecasts to the actual historical energy and peak

demands and to the current forecasts in the current triennial compliance filing.

A comparison of historical customers, energy net system input (MWh) and system peak (MW) to
forecasts in the 2007 through 2019 IRPs are shown in Table 3-43 through Table 3-45. In these
tables, actual values are not weather-normalized. Figure 3-19 through Figure 3-21 compare the

five IRP forecasts against actual values.

The range of historic forecasts captures the evolution of customer usage and the changing
economic and end-use assumptions over the past 12 years. Specific modeling differences
between the 2016 and 2019 IRP forecasts can be seen in Table 3-5. Assumption differences can

be viewed in Section 6.3.3.
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Table 3-43 - Historical and Base Forecasts for 2007 through 2019 IRPs - Total Customers

**Confidential in its Entirety**®
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Figure 3-19 - Comparison of Total Electric Customers Actual Historical and 2007 through 2019

IRP Base Forecasts

**Confidential in its Entirety**’
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Table 3-44 - Historical and Base Forecasts for 2007 through 2019 IRPs - Energy Net System

Input (MWHh)
Year Actual 2019IRP  2016IRP  2013IRP  2010IRP 2007 IRP
1990 3,029,425
1991 3,208,554
1992 3,151,977
1993 3,552,901
1994 3,720,515
1995 3,937,177
1996 4,204,598
1997 4,250,155
1998 4,471,314
1999 4,473,229
2000 4,794,585
2001 4,800,756
2002 4,917,875
2003 4,950,161
2004 4,972,159
2005 5,293,643
2006 5,330,214
2007 | 5,485,658 5,537,354
2008 5,493,653 5,702,917
2009 5,263,206 5,864,927
2010 5,584,282 5,475,998 6,044,727
2011 5,452,111 5,572,170 6,219,337
2012 5,221,481 5,681,231 6,398,012
2013 5,314,210 5,324,210 5795281 6,579,619
2014 5,379,836 5,354,520 5911,622 6,764,775
2015 5,281,346 5,388,547 6,038,721 6,953,604
5,290,273 5,374,142 5,429,509 6,171,573 7,145,991
5,143,008 5,396,328 5,473,270 6,313,519 7,341,880
5,612,302 5,406,325 5,519,525 6,465,044 7,540,943
2019 5,484,665 5,413,159 5,568,083 6,626,670 7,743,765
2020 5,279,656 5415984 5,612,778 6,792,337 7,951,030
2021 5,154,776 5,420,751 5,659,982 6,962,145 8,162,735
2022 5,177,325 5,429,974 5708978 7,136,199 8,379,486
2023 5,200,864 5,440,860 5,759,197 7,314,604 8,600,629
2024 5,228,965 5,454,227 5,812,596 7,497,469 8,826,436
2025 5,255,290 5,468,732 5,864,549 7,684,905 9,056,088
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Year Actual 2019 IRP 2016 IRP 2013 IRP 2010 IRP 2007 IRP
2026 5,274,228 5,481,519 5,919,206 7,877,028 9,290,588
2027 5,293,576 5,496,648 5,976,005 8,073,954
2028 5,315,110 5,513,520 6,037,165 8,275,802
2029 5,338,465 5,531,126 6,096,783 8,482,698
2030 5,351,778 5,546,889 6,158,261
2031 5,365,222 5,564,385 6,220,513
2032 5,378,583 5,583,240 6,285,480
2033 5,392,921 5,603,514
2034 5,409,641 5,624,242
2035 5,427,969 5,646,261
2036 5,446,817
2037 5,466,466
2038 5,486,734
2039 5,507,074
2040 5,520,090
2041 5,533,929
2042 5,546,660
2043 5,560,309
2044 5,574,524
2045 5,589,007
2046 5,604,316
2047 5,621,303
2048 5,638,809
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Figure 3-20 - Comparison of Energy Net System Input (MWh)
Actual Historical and 2007 through 2019 Base Forecasts

Net System Energy: Actual and IRP Base Forecasts
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Table 3-45 - Historical and Base Forecasts for 2007 through 2019 IRPs - Net Peak (MW)

Year Actual 2019IRP  2016IRP 2013 IRP 2010IRP 2007 IRP
1990 668

1991 678

1992 680

1993 739

1994 741

1995 815

1996 842

1997 876

1998 916

1999 979

2000 993

2001 1,001

2002 987
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Year Actual | 2019IRP  2016IRP  2013IRP  2010IRP 2007 IRP
2003 1,041
2004 1,014
2005 1,087
2006 1,159
2007 | 1173 1,149
2008 1,152 1,180
2009 1,085 1,211
2010 1,199 1,179 1,242
2011 1,198 1,196 1,273
2012 1,142 1,216 1,306
2013 1,080 1,179 1,240 1,341
2014 1,162 1,187 1,265 1,377
2015 1,149 1,194 1,290 1,414
1,114 1,143 1,203 1,316 1,451
1,075 1,151 1,212 1,343 1,490
1,211 1,157 1,221 1,370 1,529
2019 1,185 1,162 1,231 1,397 1,569
2020 1,188 1,165 1,240 1,426 1,610
2021 1,158 1,168 1,250 1,454 1,651
2022 1,161 1,170 1,260 1,483 1,694
2023 1,165 1,172 1,270 1,513 1,739
2024 1,169 1,175 1,281 1,544 1,785
2025 1,173 1,178 1,292 1,575 1,832
2026 1,176 1,181 1,303 1,606 1,881
2027 1,179 1,184 1,315 1,639
2028 1,183 1,187 1,327 1,672
2029 1,186 1,191 1,339 1,705
2030 1,189 1,194 1,352
2031 1,192 1,198 1,365
2032 1,195 1,201 1,378
2033 1,198 1,204
2034 1,201 1,208
2035 1,204 1,212
2036 1,207
2037 1,210
2038 1,213
2039 1,216
2040 1,219
2041 1,221
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Year Actual 2019I1RP 2016 IRP 2013 IRP  2010IRP 2007 IRP
2042 1,224
2043 1,226
2044 1,229
2045 1,231
2046 1,234
2047 1,236
2048 1,239

Figure 3-21 - Comparison of System Peak (MW) Actual Historical
2007, 2010, and 2013 IRP Base Forecasts

System Peak: Actual and IRP Base Forecasts
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SECTION 7 BASE-CASE LOAD FORECAST

7.1

7.1.1

(7) The utility’s base-case load forecast shall be based on projections of the
independent variables that utility decision-makers believe to be most likely. All
components of the base-case load forecast shall assume normal weather conditions.
The load impacts of implemented demand-side programs and rates shall be
incorporated in the base-case load forecast, but the load impacts of proposed demand-

side programs and rates shall not be included in the base-case forecast.

Major Class and Total Load Detail

(A) Major Class and Total Load Detail. The utility shall produce forecasts of monthly
energy usage and demands at the time of the summer and winter system peaks by
major class for each year of the planning horizon, and shall describe and document
those forecasts in its triennial compliance filings. Where applicable, these major class

forecasts shall be separated into their jurisdictional components.

Describe and Document Relevant Economic and Demographics

1. The utility shall describe and document how the base-case forecasts of energy
usage and demands have taken into account the effects of real prices of electricity,
real prices of competitive energy sources, real incomes, and any other relevant
economic and demographic factors. If the methodology does not incorporate
economic and demographic factors, the utility shall explain how it accounted for

the effects of these factors.

NP

The forecast models include the effects of real electricity prices, demographic factors, and

economic factors. These components are documented in the model variables in Section 6.1.2.

7.1.2

Describe and Document Effects of Legal Mandates
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2. The utility shall describe and document how the forecasts of energy usage and
demands have taken into account the effects of legal mandates affecting the

consumption of electricity.

Liberty-Empire uses the SAE model for the residential and commercial classes. The SAE model
uses the EIA AEO 2018 as the foundation for long term energy efficiency trends. The EIA AEO

accounts for appliance efficiency standards and building codes.

7.1.3 Describe and Document Consistency

3. The utility shall describe and document how the forecasts of energy usage and
demands are consistent with trends in historical consumption patterns, end uses,
and end-use efficiency in the utility’s service area as identified pursuant to sections

4 CSR 240-22.030(2), (3), and (4).

The forecast models are developed by estimating statistical models over a historical time period.
Consistency with historical consumption patterns is shown in the model statistical fit. The

statistics for each model are shown in Section in 6.1.2.

7.14 Describe and Document Weather-Normalized Class Loads

4. For at least the base year of the forecast, the utility shall describe and
document its estimates of the monthly cooling, heating, and non-weather-

sensitive components of the weather-normalized major class loads.

Weather sensitive components of the residential, commercial and industrial classes are obtained
by applying the weather variable coefficient from the statistical models to the normal weather
data. The results of this calculation are the energy associated with heating and cooling. Non-
heating and cooling loads are assumed to be base load (non-weather-sensitive load). Table 3-46

summarizes the monthly data heating and cooling data for the major classes into annual values.
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Table 3-46 - Annual Heating, Cooling, and Base Load Components

of the R, C, and | Classes MWh (Billed Year Basis)

**Confidential in its Entirety**8
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84 CSR 240-2.135(2)(A)1 allows information to be marked as confidential when it is customer specific information.

7.1.5 Describe and Document Modification of Modules

5. Where judgment has been applied to modify the results of its energy and peak
forecast models, the utility shall describe and document the factors which caused

the modification and how those factors were quantified.

The final industrial forecast is adjusted to reflect known customer expansions. Beginningin 2018,
the forecast is increased by 89,959 kWh to reflect additional sales after July 2018 from customer
expansions. The full impact of these customer expansions results in an increase of 111,155 kWh
above the sales reflected through 2030. This increase is shown in Table 3-47. After 2030, the

increase continues at the same level through the planning period.

Table 3-47 - Industrial Forecast Adjustment

Year Energy (kWh) Capacity (kW)

2018 89,959 9,263
2013 111,155 9,263
2020 111,155 9,263
2021 111,155 9,263
2022 111,155 9,263
2023 111,155 9,263
2024 111,155 9,263
2025 111,155 9,263
2026 111,155 9,263
2027 111,155 9,263
2028 111,155 9,263
2023 111,155 9,263
2030 111,155 9,263

7.1.6 Plots of Class Monthly Energy and Coincident Peak Demand
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6. For each major class specified pursuant to subsection (2)(A), the utility shall
provide plots of class monthly energy and coincident peak demand at the time of
summer and winter system peaks. The plots shall cover the historical database
period and the forecast period of at least twenty (20) years. The plots of
coincident peak demands for the historical period shall include both actual and
weather-normalized peak demands at the time of summer and winter system
peaks. The plots of coincident peak demand for the forecast period shall show the
class coincident demands for the base-case forecast at the time of summer and

winter system peaks.

7.1.6.1 Energy Forecast: Residential Annual

The residential energy forecast is developed as the product of the customer model and UPC
forecast. Figure 3-22 through Figure 3-24 show the annual energy forecast, customer forecast,
and UPC forecast. Both the energy and UPC figures show normalized energy and UPC for
comparative purposes. Table 3-48 and Table 3-49 summarize the energy, customer, and UPC
forecasts with annual energy for selected years and average annual growth rates. In the tables,
2017 is the last full year of actual data, and 2019 is the first full year of forecast data. When
shown, 2018 values consist of actual values through July and forecast values from August through

December.
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Figure 3-22 - Residential Energy Annual Forecast
** . . . . . **9

Figure 3-23 - Residential Customer Forecast
**Confidential in its Entirety**°

94 CSR 240-2.135(2)(A)1 allows information to be marked as confidential when it is customer specific information.

4 CSR 240-22.030 Vol.3-110 File No. EO-2019-0049
Load Analysis and Load Forecasting




NP

Figure 3-24 - Residential UPC Forecast

**Confidential in its Entirety**10

Table 3-48 - Residential Energy Forecast Summary

**Confidential in its Entirety**10
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Table 3-49 - Residential Energy Forecast Average Annual Growth Rates

**Confidential in its Entirety**1!

7.1.6.1.2 Energy Forecast: Commercial Energy Annual

The commercial energy forecast is developed as the product of the customer model and UPC
forecast. Table 3-25 through Table 3-27 show the annual energy forecast, customer forecast,
and UPC forecast. Both the energy and UPC figures show normalized energy and UPC for

comparative purposes.

Table 3-50 and Table 3-51 summarize the energy, customer, and UPC forecasts with annual
energy for selected years and average annual growth rates. In the tables, 2017 is the last full
year of actual data, and 2019 is the first full year of forecast data. When shown, 2018 values

consist of actual values through July and forecast values from August through December.

114 CSR 240-2.135(2)(A)1 allows information to be marked as confidential when it is customer specific information.
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Figure 3-25 - Commercial Energy Forecast
**Confidential in its Entirety**12

Figure 3-26 - Commercial Customer Forecast
**Confidential in its Entirety**12
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Figure 3-27 - Commercial UPC Forecast

**Confidential in its Entirety**!3

Table 3-50 - Commercial Energy Forecast Summary

**Confidential in its Entirety**!3
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Table 3-51 - Commercial Energy Forecast Average Annual Growth Rates

**Confidential in its Entirety**14

7.1.6.1.3 Energy Forecast: Wholesale Energy Annual

The wholesale energy forecast is developed as the sum of the four municipal utility energy
models. In July 2020, the contracts with Monett, Mt. Vernon, and Chetopa will end. This
forecast removes these three municipals from the forecast beginning in August 2020. As a
result, the 2020 sales show a significant decrease with no sales to these three municipals
beginning in 2021. Figure 3-28 shows the total energy forecast is shown. Table 3-52 and Table
3-53 summarize the annual energy forecast and show the forecasts for each municipal utility

for comparative purposes.
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Figure 3-28 - Wholesale Energy Forecast

**Confidential in its Entirety**>

Table 3-52 - Wholesale Energy Forecast Summary

** Confidential in its Entirety**>
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Table 3-53 - Wholesale Energy Forecast Average Annual Growth Rates

**Confidential in its Entirety**16

7.1.6.1.4 Energy Forecast: Street and Highway Annual
The street and highway energy forecast is developed as the product of the customer model and
UPC forecast. Figure 3-29 through Figure 3-31 show the annual energy forecast, customer
forecast, and UPC forecast. Table 3-54 and Table 3-55 summarize the energy, customer, and
UPC forecasts with annual energy for selected years and average annual growth rates.

Figure 3-29 - Street and Highway Annual Energy Forecast

**Confidential in its Entirety**16
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Figure 3-30 - Street and Highway Customer Forecast
**Confidential in its Entirety**1’

Figure 3-31 - Street and Highway UPC Forecast
**Confidential in its Entirety**1’
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Table 3-54 - Street and Highway Energy Forecast Summary

**Confidential in its Entirety**18

Table 3-55 - Street and Highway Energy Forecast Average Annual Growth Rates

**Confidential in its Entirety**18

7.1.6.1.5 Energy Forecast: Interdepartmental Annual

The interdepartmental energy forecast is developed as the product of the customer model and
the UPC forecast. The forecast is designed to be flat with no expected addition of customers or
change in annual UPC. Figure 3-32 through Figure 3-34 shows the annual energy forecast,
customer forecast, and UPC forecast. Table 3-56 and Table 3-57 summarize the energy,
customer, and UPC forecasts with annual energy for selected years and average annual growth
rates.
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Figure 3-32 - Interdepartmental Annual Energy Forecast
**Confidential in its Entirety**1°

Figure 3-33 - Interdepartmental Customer Forecast
**Confidential in its Entirety**1°

194 CSR 240-2.135(2)(A)1 allows information to be marked as confidential when it is customer specific information

4 CSR 240-22.030 Vol. 3 -120 File No. EO-2019-0049
Load Analysis and Load Forecasting



NP

Figure 3-34 - Interdepartmental UPC Forecast
**Confidential in its Entirety**2°

Table 3-56 — Interdepartmental Energy Forecast Summary
**Confidential in its Entirety**2°
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Table 3-57 - Interdepartmental Energy Forecast Average Annual Growth Rates

**Confidential in its Entirety**2!

7.1.6.1.6  Energy Forecast: Public Authority Annual

The public authority energy forecast is developed as the product of the customer model and the
UPC forecast. The forecast grows based on government employment. However, average usage
remains. Figure 3-35 through Figure 3-37 show the annual energy forecast, customer forecast,
and UPC forecast. Table 3-58 and Table 3-59 summarize the energy, customer, and UPC forecasts

with annual energy for selected years and average annual growth rates.
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Figure 3-35 - Public Authority Annual Energy Forecast

**Confidential in its Entirety**22

Figure 3-36 - Public Authority Customer Forecast

**Confidential in its Entirety**22
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Figure 3-37 - Public Authority UPC Forecast
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Table 3-58 - Public Authority Energy Forecast Summary
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234 CSR 240-2.135(2)(A)1 allows information to be marked as confidential when it is customer specific information.

Table 3-59 - Public Authority Energy Forecast Annual Growth Rates
**Confidential in its Entirety**24

7.1.6.1.7 Energy Forecast: Industrial Energy Forecast

The industrial energy forecast is the sum of the Praxair, the oil and pipelines, and other industrial
forecasts. For all sectors, the forecast models are designed to hold the number of customers and
use-per-customer constant through the planning period. However, the other industrial segment

forecast is increased by customer expansions totaling 111,155 MWh/year by 2019.

Figure 3-38 through Figure 3-40 show the annual energy forecast, customer forecast, and UPC
forecast. Table 3-60 and Table 3-61 summarize the energy, customer, and UPC forecasts with

annual energy for selected years and average annual growth rates.
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244 CSR 240-2.135(2)(A)1 allows information to be marked as confidential when it is customer specific information.

Figure 3-38 - Industrial Energy Annual Forecast
**Confidential in its Entirety**2°

Figure 3-39 - Industrial Customer Forecast
**Confidential in its Entirety**2°
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254 CSR 240-2.135(2)(A)1 allows information to be marked as confidential when it is customer specific information.

Figure 3-40 - Industrial UPC Forecast
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Table 3-60 - Industrial Energy Forecast Summary
**Confidential in its Entirety**2¢
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264 CSR 240-2.135(2)(A)1 allows information to be marked as confidential when it is customer specific information.
Table 3-61 - Industrial Energy Forecast Average Annual Growth Rates
**Confidential in its Entirety**?’

7.1.6.1.8 Peak Summer/Winter Month Energy

The peak summer and winter month energy forecast, coincident with the seasonal peak, by
residential, commercial, industrial, and other classes are shown in Figure 3-41 and Figure 3-42,
respectively. Other classes consist of municipals, public authority, interdepartmental, and
streets/highways. These classes are aggregated due to the small sizes.

Figure 3-41 - Peak Summer Calendar Month Energy (MWh)
**Confidential in its Entirety**?7
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Figure 3-42 - Peak Winter Calendar Month Energy (MWh)
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7.1.6.2 Class Level Coincident Peak Forecasts: System Level Peak

System level peaks are shown in Figure 3-43 and Figure 3-44 for each season.

284 CSR 240-2.135(2)(A)1 allows information to be marked as confidential when it is customer specific information.

Figure 3-43 - System Summer Peak Forecast

**Confidential in its Entirety**2°
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Figure 3-44 - System Winter Peak Forecast
**Confidential in its Entirety**29

294 CSR 240-2.135(2)(A)1 allows information to be marked as confidential when it is customer specific information.

7.1.6.2.2 Class Level Coincident Peaks

Class level coincident peaks are estimated by calibrating an hourly profile model forecast to the
monthly energy and peak forecast. The models used are described in Section 6.1.2. The results
are shown in Figure 3-45 through Figure 3-50 for the residential, commercial, and industrial
classes. Coincident peak values are shown in Table 3-62 and Table 3-63. Year-to-year
variations in class peaks occur based on class growth and variations in the consumption
patterns based on the days of the week.

Figure 3-45 - Residential Coincident Summer Peak Forecast

**Confidential in its Entirety**30
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Figure 3-46 - Residential Coincident Winter Peak Forecast
**Confidential in its Entirety**3!
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Figure 3-47 - Commercial Coincident Summer Peak Forecast
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Figure 3-48 - Commercial Coincident Winter Peak Forecast
**Confidential in its Entirety**32

Figure 3-49 - Industrial Coincident Summer Peak Forecast
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Figure 3-50 - Industrial Coincident Winter Peak Forecast
**Confidential in its Entirety**33
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Table 3-62 — Summer Coincident Peak by Class
**Confidential in its Entirety**34
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Table 3-63 - Winter Coincident Peak by Class
**Confidential in its Entirety**35
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7.1.7 Plots of Net System Load Profiles

7. The utility shall provide plots of the net system load profiles for the summer
peak day and the winter peak day showing the contribution of each major class.
The plots shall be provided in the triennial filing for the base year of the forecast
and for the fifth, tenth, and twentieth years of the forecast. Plots for all years

shall be included in the work papers supplied at the time of the triennial filing.

Forecasted hourly load profiles for the base, 5, 10t", and 20 years broken out by summer and
winter peak days for each major class and system level are shown in Figure 3-51 through Figure

3-58.

Figure 3-51 - Forecasted Residential Summer Peak Day Profiles

1 **Confidential in its Entirety**36
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Figure 3-52 - Forecasted Residential Winter Peak Day Profiles

**Confidential in its Entirety**37

Figure 3-53 - Forecasted Commercial Summer Peak Day Profiles

**Confidential in its Entirety**37
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Figure 3-54 - Forecasted Commercial Winter Peak Day Profiles
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Figure 3-55 - Forecasted Industrial Summer Peak Day Profiles
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Figure 3-56 - Forecasted Industrial Winter Peak Day Profiles
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Figure 3-57 - Forecasted System Summer Peak Day Profiles
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Figure 3-58 - Forecasted System Winter Peak Day Profiles
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7.2 Describe and Document Forecasts of Independent Variables

(B) Forecasts of Independent Variables. The forecasts of independent variables shall

be specified, described, and documented.

The independent variables used in the model are documented in Section 6.1.2. Six classes of
independent variables are used in the forecast. Two classes (economic data and end-use data),
are obtained from external vendors. Economic data are obtained from Moody’s Analytics. End-
use data are obtained from Itron. The remaining four classes (prices, weather, solar, and electric
vehicles) are calculated internal to the forecasting process. Prices are assumed flat in real dollars.
Temperatures are calculated as 30-year normal values. Solar and electric vehicle forecasts are

developed based on EIA growth rates. Plots of the variables are shown in Section 2.4.3.

7.2.1 Documentation of Mathematical Models
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1. Documentation of mathematical models developed by the utility to forecast
the independent variables shall include the reasons the utility selected the models

as well as specification of the functional form of the equations.

Documentation of the forecast models are shown in Section 6.1.2. Models are selected based

on statistical fit and overall descriptive power of the independent variables.

7.2.2 Documentation of Adopted Forecasts Developed by Another Entity

2. If the utility adopted forecasts of independent variables developed by another
entity, documentation shall include the reasons the utility selected those
forecasts, an analysis showing that the forecasts are applicable to the utility’s
service territory, and, if available, a specification of the functional form of the

equations used to forecast the independent variables.

The forecast is developed by Itron on behalf of Liberty-Empire.

7.23 Comparison of Forecast from Independent Variables to Historical Trends
3. These forecasts of independent variables shall be compared to historical trends
in the variables, and significant differences between the forecasts and long-term

and recent trends shall be analyzed and explained.

The forecasts are compared to historical trends in Section 2.4.3.

7.24 Judgment Applied to Modify Results

4. Where judgment has been applied to modify the results of a statistical or
mathematical model, the utility shall specify the factors which caused the

modification and shall explain how those factors were quantified.
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Judgment is applied to the industrial class forecast. After developing the industrial forecast
models, the industrial forecast is increased to known project expansions. The customer

expansions are added to the customer counts and industrial energy forecast. Table 3-64 shows

the additions to the industrial class.
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Table 3-64 - Industrial Post Forecast Adjustments

Year Energy (kwh) Capacity (kW)

2013 89,959 9,263
2019 111,155 9,263
2020 111,155 9,263
2021 111,155 9,263
2022 111,155 9,263
2023 111,155 9,263
2024 111,155 9,263
2025 111,155 9,263
2026 111,155 9,263
2027 111,155 9,263
2028 111,155 9,263
2029 111,155 9,263
2030 111,155 9,263

7.3 Net System Load Forecast

(C) Net System Load Forecast. The utility shall produce a forecast of net system load
profiles for each year of the planning horizon. The net system load forecast shall be
consistent with the utility’s forecasts of monthly energy and peak demands at time of

summer and winter system peaks for each major class.

The net system load forecast is constructed by calibrating hourly load profiles with monthly peaks
and energy. This calibration step ensures that the net system load forecast is consistent with the

overall energy and peak forecast.

4 CSR 240-22.030 Vol. 3 - 147 File No. EO-2019-0049
Load Analysis and Load Forecasting



NP

SECTION 8 LOAD FORECAST SENSITIVITY ANALYSIS

(8) Load Forecast Sensitivity Analysis.
The utility shall describe and document its analysis of the sensitivity of the dependent
variables of the base-case forecast for each major class to variations in the

independent variables identified in subsection 4 CSR 240-22.030(6)(A).

Liberty-Empire created four scenarios. The high and low scenarios capture changes to the
economic assumptions and use normal weather. The high and low scenarios are discussed in
Section 8.1.1. The extreme and mild scenarios capture changes to weather and use base case
economic assumptions. The weather scenarios are discussed in Section 8.2. In addition, Liberty-
Empire reviewed the implications of the electric vehicle forecast included in the high and low
scenarios. The electric vehicle review is in Section 8.1.2 and includes a discussion of alternative

adoption cases.

8.1 Normal Weather Load Forecast Scenarios

(A) The utility shall produce at least two (2) additional normal weather load forecasts
(a high-growth case and a low-growth case) that bracket the base-case load forecast.
Subjective probabilities shall be assigned to each of the load forecast cases. These
forecasts and associated subjective probabilities shall be used as inputs to the risk

analysis required by 4 CSR 240-22.060.

Two normal-weather scenarios are created to construct reasonable planning bounds around the
base forecast. The high and low scenarios are created in direct compliance to the Commission’s
rule directing Liberty-Empire to create two additional normal weather load forecasts. These
forecasts are created to capture economic uncertainty. The subjective probabilities assigned to

these scenarios are listed below.
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e High Case 25%
e Base Case 50%

e Low Case 25%

8.1.1 High and Low Case

The high and low case bounds are created by increasing or decreasing the annual growth rate for
each economicdriver by 50%. Forinstance, if the annual population growth rate in 2020 is 0.53%,
the high case growth rate for 2020 is increased to 0.79% and the low case growth rate for 2020
is decreased to 0.25%. Figure 3-59 through Figure 3-62 show the key economic drivers for the

high and low scenarios.

Figure 3-59 - High and Low Scenario — GDP Scenarios
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Figure 3-60 - High and Low Scenario — Non-Manufacturing Employment
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Figure 3-61 - High and Low Scenario — Population
Population Index Comparison
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Figure 3-62 - High and Low Scenario — Households

Household Index Comparison
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8.1.2 Electric Vehicle Adoption Cases

On October 24, 2018, the Commission issued its Order Establishing Special Contemporary

Resource Planning. In this Order, the Commission states:

(C) When complying with 4 CSR 240-22.060(5)(A), analyze and document the impact of
electric vehicle usage for the 20-year planning period upon the low-case, base-case, and

high-case load forecasts.

Liberty-Empire included an electric vehicle forecast in the base, high, and load forecasts. The
electric vehicle forecast is summarized in Section 2.5 and shown in Figure 3-9. The impact of the
electric vehicle forecast is included in Figure 3-79 through Figure 3-81 and Table 3-65 through
Table 3-68.
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In addition to including the electric vehicle forecast into the base, high, and low forecasts, Liberty-
Empire explored alternative adoption cases to understand the sensitivity of the electric vehicle
forecast. The adoption cases are shown in Figure 3-63. In this figure, the high adoption case
assumes that the EIA vehicle per household ratio applied to Liberty-Empire’s residential
customers yields the correct starting vehicle count in 2018. This high adoption case assumes 633
vehicles in 2018 growing to 20,081 vehicles in 2048. The low adoption case assumes the Auto
Alliance ratio of registered electric vehicles is correct in 2018. The low adoption case assumes
169 vehicles in 2018 growing to 5,364 in 2048. Both adoption cases grow at the EIA’s annual

growth rates.

In 2048, the difference between high and base adoption cases is 7,358 vehicles, which amounts
to approximately 350 GWh/year. The difference is the same between the low and base adoption
cases. These differences are well within the bounds set by the high and low case scenarios and

do not warrant a specific set of scenarios.

Figure 3-63 — Electric Vehicle Scenarios
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While electric vehicles do not require new scenarios, monitoring advances in electric vehicle
technology and charging patterns is important as this technology grows. Currently, the electric
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vehicle forecast is not expected to impact the peak forecast. Incentive charging programs tend
to move peak charging hours to after midnight. Non-incentive charging tends to follow
residential consumption patterns with charging after people return home from work. As an
example, Figure 3-64 shows Los Angeles Department of Water and Power’s (“LADWP”) actual
electric vehicle charging shape aggregated into weekday and weekend patterns. These patterns
include both incentive and non-incentive charging and show the main load impact is in the
evening and after midnight away from system peak hours. While these patterns are indicative of
today’s market, they cannot be assumed in the future during mass market adoption. As the
market evolves, Liberty-Empire expects to update this analysis to improve its understanding of

electric vehicle system impacts.

Figure 3-64 — Electric Vehicle Charging Profile
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8.1.4 Normal Weather Scenario Results

Scenario results for billed sales of energy are shown in Figure 3-65 and Table 3-65. Scenario
results for Net System Input (“NSI”) are shown in Table 3-66. NSI energy is calculated as class-
level billed sales multiplied by an annual average loss factor. Scenario system peaks are shown

in Table 3-67, Table 3-68, Figure 3-66, and Figure 3-67.

Figure 3-65 - Base, High, and Low, Scenario System Annual Billed Sales

**Confidential in its Entirety**4°
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Table 3-65 - Base, High, and Low Scenario
Annual Billed Sales (MWh)

**Confidential in its Entirety**4!
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Table 3-66 - Base, High, and Low Scenario — Net System Input (MWh)

Year Base Low High

2019 5,484,665 5,457,802 5,507,244
2020 5,279,656 5,238,081 5,323,040
2021 5,154,776 5,095,203 5,217,190
2022 5,177,325 5,095,826 5,260,949
2023 5,200,864 5,098,278 5,307,476
2024 5,228,965 5,103,919 5,358,413
2025 5,255,290 5,109,719 5,407,008
2026 5,274,228 5,110,629 5,446,542
2027 5,293,576 5,112,828 5,485,889
2028 5,315,110 5,116,398 5,527,686
2029 5,338,465 5,121,306 5,571,846
2030 5,351,778 5,117,229 5,605,244
2031 5,365,222 5,114,171 5,638,264
2032 5,378,583 5,111,730 5,670,890
2033 5,392,921 5,110,116 5,704,664
2034 5,409,641 5,110,383 5,741,409
2035 5,427,969 5,111,985 5,780,306
2036 5,446,817 5,114,263 5,819,942
2037 5,466,466 5,117,518 5,860,471
2038 5,486,734 5,121,434 5,901,712
2039 5,507,074 5,125,539 5,943,168
2040 5,520,090 5,123,017 5,976,352
2041 5,533,929 5,121,931 6,009,966
2042 5,546,660 5,120,867 6,041,636
2043 5,560,309 5,121,083 6,073,840
2044 5,574,524 5,122,139 6,106,544
2045 5,589,007 5,123,490 6,139,803
2046 5,604,316 5,125,254 6,174,532
2047 5,621,303 5,128,006 6,211,724
2048 5,638,809 5,131,302 6,249,983

4 CSR 240-22.030 Vol. 3 -156 File No. EO-2019-0049
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Figure 3-66 - Base, High, and Low Scenario — System Winter Peak

Winter Peak
1,400
1,200
Loco \/_//\/\/%-k
S s00
£
=
E 600
400
200
(1]
8 8§ &8 &8 B 8 B 8 § § £ 8 8 d 8§ 8 R B B % 8 & 8
e Base e====|QW ===High == Actual
4 CSR 240-22.030 Vol. 3 - 157 File No. EO-2019-0049

Load Analysis and Load Forecasting



NP

Table 3-67 - Base, High, and Low Scenario — Winter Peak (MW)

Year Base Low High

2019 1,185 1,183 1,188
2020 1,188 1,184 1,191
2021 1,158 1,149 1,167
2022 1,161 1,149 1,172
2023 1,165 1,150 1,180
2024 1,169 1,150 1,187
2025 1,173 1,151 1,195
2026 1,176 1,152 1,201
2027 1,179 1,152 1,207
2028 1,183 1,153 1,214
2029 1,186 1,154 1,221
2030 1,189 1,154 1,227
2031 1,192 1,154 1,233
2032 1,195 1,155 1,238
2033 1,198 1,155 1,244
2034 1,201 1,156 1,250
2035 1,204 1,156 1,256
2036 1,207 1,157 1,262
2037 1,210 1,158 1,268
2038 1,213 1,159 1,274
2039 1,216 1,159 1,280
2040 1,219 1,160 1,285
2041 1,221 1,160 1,290
2042 1,224 1,161 1,295
2043 1,226 1,161 1,300
2044 1,229 1,162 1,305
2045 1,231 1,163 1,310
2046 1,234 1,164 1,314
2047 1,236 1,165 1,320
2048 1,239 1,166 1,325

4 CSR 240-22.030 Vol. 3 -158 File No. EO-2019-0049
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Figure 3-67 - Base, High, and Low Scenario — System Summer Peak
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Table 3-68 - Base, High, and Low Scenario — Summer Peaks (MW)

Year Base Low High

2019 1,130 1,126 1,134
2020 1,092 1,084 1,101
2021 1,081 1,071 1,091
2022 1,085 1,071 1,098
2023 1,088 1,072 1,106
2024 1,092 1,072 1,113
2025 1,097 1,073 1,121
2026 1,100 1,074 1,128
2027 1,104 1,075 1,135
2028 1,108 1,076 1,142
2029 1,112 1,077 1,150
2030 1,116 1,078 1,157
2031 1,120 1,079 1,164
2032 1,123 1,080 1,170
2033 1,127 1,081 1,178
2034 1,131 1,083 1,185
2035 1,136 1,084 1,193
2036 1,140 1,086 1,201
2037 1,145 1,088 1,209
2038 1,150 1,090 1,218
2039 1,155 1,092 1,226
2040 1,159 1,094 1,234
2041 1,163 1,095 1,241
2042 1,167 1,097 1,248
2043 1,171 1,099 1,256
2044 1,175 1,100 1,263
2045 1,179 1,102 1,270
2046 1,184 1,104 1,278
2047 1,188 1,106 1,286
2048 1,193 1,108 1,294

8.2 Estimate of Sensitivity of System Peak Load Forecasts to Extreme Weather
4 CSR 240-22.030 Vol.3-160 File No. EO-2019-0049
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(B) The utility shall estimate the sensitivity of system peak load forecasts to extreme
weather conditions. This information shall be considered by utility decision-makers to
assess the ability of alternative resource plans to serve load under extreme weather
conditions when selecting the preferred resource plan pursuant to 4 CSR 240-

22.070(1).

The mild and extreme weather scenarios capture the uncertainty associated with weather

conditions. The weather scenarios are based on a 1in 10 occurrence.

The base case is driven by normal monthly HDDs and CDDs based on a 30-year average (1988 to
2017) using Springfield, Missouri daily average temperatures. The mild and extreme weather
scenarios are developed using the same historical weather data but identify a 1-in-10 scenario

above and below the base forecast normal temperatures.

Monthly HDD and CDD scenarios are created by ranking historic annual HDD and CDD values
(base 65 degrees) from lowest to highest values. The mild case is determined by using the 3rd
lowest year in the ranked list (i.e. 1 in 10 occurrences). The extreme case is determined by using
the 3rd highest year in the ranked list. Figure 3-68 and Figure 3-69 show the ordered annual HDD
and CDD with the mild and extreme scenarios. Table 3-69 shows the annual HDD and CDD

scenario values.

4 CSR 240-22.030 Vol.3-161 File No. EO-2019-0049
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Figure 3-68 - Mild and Extreme Annual HDD Base 65 Scenarios
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Figure 3-69 - Mild and Extreme Annual CDD Base 65 Scenarios

CDD65

1,900
1,300
1,700 ==
1,600

1,500 /[
1,400 "j

1,300 e

1,200

1,100 /

1,000
900 /
800
700
600
500
400
300

200
100

3%
7%
10%
13%
17%
20%
23%
27%
30%
33%
37%
40%
43%
47%
50%
53%
57%
60%
63%
67%
70%
73%
77%
80%
83%
87%
90%
93%
97%
100%

Table 3-69 - Scenario Annual Degree Days

Scenario HDDG65 CDD65
Base 4,458 1,345
Mild 3,736 1,035
Extreme 4,901 1,616

Annual HDD and CDD scenario values are converted to monthly HDD and CDD scenarios by
calibrating the distributing the annual HDD and CDD values based on the normal monthly pattern.

Figure 3-70 and Figure 3-71 show the monthly HDD and CDD scenarios.

4 CSR 240-22.030 Vol. 3 - 163 File No. EO-2019-0049
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Figure 3-70 - Mild and Extreme Monthly HDD Base 65 Scenarios
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Figure 3-71 - Mild and Extreme Monthly CDD Base 65 Scenarios
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Peak Producing Temperatures: The mild and extreme monthly peak scenarios are derived from
17 years of historical peak producing weather (2001 to 2017). The extreme case is obtained by
selecting the lowest temperatures in the winter months and the highest temperatures in the
summer months. The mild case is obtained by selecting the highest temperatures in the winter

month and the lowest temperatures in the summer months.

Four exceptions were made in the mild scenario. In January, the 2006 year is removed due to its
extreme mild temperature. April is defined as a heating month and the mild scenario is based on
temperatures that produce a heating peak. October is defined as a cooling month and the mild
scenario is based on temperatures that produce a cooling peak. Finally, May is defined as a

cooling month and created to be two degrees lower than the base case due to the lack of

4 CSR 240-22.030 Vol. 3 - 165 File No. EO-2019-0049
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variation in the historic data. Figure 3-72 and Table 3-70 show the extreme and mild peak

temperature scenarios.

Figure 3-72 - Mild and Extreme Peak Temperature Scenarios
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Table 3-70 - Scenario Monthly Peak Producing Temperatures

Month Base Extreme Mild

Jan 9.37 (2.58) 26.75
Feb 19.69 6.54 31.88
Mar 31.85 13.25 45.71
Apr 41.02 29.83 51.54
May 72.21 79.58 70.21
Jun 81.69 86.13 77.26
Jul 83.90 89.71 79.23
Aug 85.11 93.04 77.83
Sep 78.70 87.79 73.79
Oct 72.99 76.83 68.17
Nov 29.50 23.58 53.38
Dec 21.38 13.33 34.75

4 CSR 240-22.030 Vol. 3 - 166 File No. EO-2019-0049
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Scenario results for billed sales of energy are shown in Figure 3-73 and Table 3-71. Scenario
results for NSI are shown in Table 3-72. NSI energy is calculated as class-level billed sales
multiplied by an annual average loss factor. Scenario results for peaks are shown in Figure 3-74

and Figure 3-75. Numerical values for the peaks are shown in Table 3-73 and Table 3-74.

Figure 3-73 - Base, Mild and Extreme Weather Scenario: System Annual Billed Sales

**Confidential in its Entirety**42
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424 CSR 240-2.135(2)(A)1 allows information to be marked as confidential when using reports, work papers, or other

documentation related to work produced by internal or external auditors or consultants.

Table 3-71 — Base, Mild and Extreme Weather Scenario — Annual Billed Sales (MWh)
**Confidential in its Entirety**43
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434 CSR 240-2.135(2)(A)1 allows information to be marked as confidential when using marketing analyses or other market-specific

information relating to services offered in competition with others.

Table 3-72 - Base, Mild and Extreme Scenario — Net System Input (MWh)

Year Base Mild Extreme

2019 5,484,665 5,262,972 5,652,429
2020 5,279,656 5,063,942 5,442,208
2021 5,154,776 4,939,828 5,316,805
2022 5,177,325 4,961,027 5,340,363
2023 5,200,864 4,983,578 5,364,663
2024 5,228,965 5,010,450 5,393,709
2025 5,255,290 5,035,599 5,420,943
2026 5,274,228 5,053,390 5,440,767
2027 5,293,576 5,071,536 5,461,045
2028 5,315,110 5,091,712 5,483,635
2029 5,338,465 5,113,637 5,508,113
2030 5,351,778 5,125,515 5,522,543
2031 5,365,222 5,137,453 5,537,167
2032 5,378,583 5,149,439 5,551,609
2033 5,392,921 5,162,387 5,567,048
2034 5,409,641 5,177,663 5,584,919
2035 5,427,969 5,194,463 5,604,464
2036 5,446,817 5,211,787 5,624,531
2037 5,466,466 5,229,885 5,645,421
2038 5,486,734 5,248,592 5,666,939
2039 5,507,074 5,267,353 5,688,547
2040 5,520,090 5,278,848 5,702,779
2041 5,533,929 5,291,173 5,717,833
2042 5,546,660 5,302,455 5,731,729
2043 5,560,309 5,314,648 5,746,544
2044 5,574,524 5,327,416 5,761,926
2045 5,589,007 5,340,473 5,777,559
2046 5,604,316 5,354,347 5,794,024
2047 5,621,303 5,369,836 5,812,220
2048 5,638,809 5,385,819 5,830,956

4 CSR 240-22.030 Vol. 3 - 169 File No. EO-2019-0049
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Figure 3-74 — Base, Mild and Extreme Weather Scenario — System Annual Winter Peak (MW)
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Table 3-73 - Base, Mild and Extreme Weather Scenario — System Annual Winter Peak (MW)

Year Base Mild Extreme
2019 1,185 1,006 1,281
2020 1,188 1,008 1,284
2021 1,158 979 1,254
2022 1,161 981 1,256
2023 1,165 984 1,261
2024 1,169 988 1,265
2025 1,173 991 1,270
2026 1,176 993 1,273
2027 1,179 996 1,277
2028 1,183 998 1,281
2029 1,186 1,001 1,285
2030 1,189 1,003 1,289
2031 1,192 1,005 1,292
2032 1,195 1,007 1,295
2033 1,198 1,009 1,299
2034 1,201 1,011 1,302
2035 1,204 1,013 1,305
2036 1,207 1,015 1,309
2037 1,210 1,018 1,312
2038 1,213 1,020 1,316
2039 1,216 1,022 1,320
2040 1,219 1,024 1,323
2041 1,221 1,026 1,326
2042 1,224 1,028 1,328
2043 1,226 1,029 1,331
2044 1,229 1,031 1,334
2045 1,231 1,033 1,337
2046 1,234 1,035 1,340
2047 1,236 1,037 1,343
2048 1,239 1,039 1,346
4 CSR 240-22.030 Vol.3-171 File No. EO-2019-0049
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Figure 3-75 - Base, Mild and Extreme Weather Scenario — System Annual Summer Peak
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Table 3-74 — Base, Mild and Extreme Weather Scenario — System Annual Summer Peak (MW)

Year Base Mild Extreme
2019 1,130 1,002 1,195
2020 1,092 995 1,163
2021 1,081 960 1,143
2022 1,085 963 1,147
2023 1,088 966 1,151
2024 1,092 969 1,155
2025 1,097 973 1,160
2026 1,100 976 1,164
2027 1,104 978 1,168
2028 1,108 982 1,172
2029 1,112 985 1,177
2030 1,116 988 1,181
2031 1,120 990 1,186
2032 1,123 993 1,190
2033 1,127 996 1,194
2034 1,131 999 1,199
2035 1,136 1,002 1,204
2036 1,140 1,006 1,209
2037 1,145 1,009 1,214
2038 1,150 1,013 1,220
2039 1,155 1,017 1,225
2040 1,159 1,020 1,230
2041 1,163 1,023 1,235
2042 1,167 1,026 1,239
2043 1,171 1,029 1,244
2044 1,175 1,032 1,249
2045 1,179 1,035 1,253
2046 1,184 1,038 1,258
2047 1,188 1,041 1,263
2048 1,193 1,045 1,269
4 CSR 240-22.030 Vol.3-173 File No. EO-2019-0049
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8.3 Energy Usage and Peak Demand Plots

(C) The utility shall provide plots of energy usage and peak demand covering the

historical database period and the forecast period of at least twenty (20) years.
8.3.1 Energy and Peak Plots

1. The energy plots shall include the summer, non-summer, and total energy usage for
each calendar year. The peak demand plots shall include the summer and winter peak

demands.

The historical and forecast summer, winter, and total energy use (sales) are listed in Table 3-75
and Table 3-76 and shown in Figure 3-76 and Figure 3-77. Summer is defined as June, July and
August. Winter is defined as January, February, and December. Figure 3-78 shows the
historical and forecast summer and winter peak demands.

Table 3-75 — Historical and Forecast Summer, Winter, and System Energy (Calendar)

4 CSR 240-22.030 Vol.3-174 File No. EO-2019-0049
Load Analysis and Load Forecasting



NP

Year Winter Summer Total

2005 450,236 507,265 4,914,330
2006 447,699 548,459 4,996,412
2007 429,822 543,824 5,092,994
2008 490,485 478,894 5,169,158
2009 531,165 440,778 4,934,310
2010 568,300 536,786 5,206,974
2011 513,915 520,053 5,165,865
2012 451,432 469,910 4,863,689
2013 401,103 420,430 5,033,823
2014 521,069 490,876 4,993,530
2015 488,618 512,439 4,949,948
2016 462,396 493,295 5,037,660
2017 467,671 530,587 4,895,203
2018 535,368 485,231 5,254,849
2019 515,876 488,104 5,135,497
2020 517,427 456,987 4,943,547
2021 490,402 458,295 4,826,451
2022 492,743 460,364 4,847,731
2023 494,846 462,563 4,869,755
2024 497,459 465,154 4,895,980
2025 500,075 467,589 4,920,805
2026 502,053 469,388 4,938,385
2027 503,940 471,277 4,956,416
2028 505,991 473,444 4,976,781
2029 508,160 475,786 4,998,519
2030 509,608 477,337 5,011,072
2031 511,044 478,946 5,023,696
2032 512,408 480,506 5,036,077
2033 513,772 482,205 5,049,511
2034 515,337 484,125 5,065,244
2035 517,036 486,187 5,082,324
2036 518,798 488,313 5,100,105
2037 520,593 490,492 5,118,413
2038 522,424 492,724 5,137,276
2039 524,297 494,986 5,156,485
2040 525,535 496,646 5,168,613
2041 526,900 498,360 5,181,624
2042 528,165 499,956 5,193,589
2043 529,471 501,604 5,206,247
2044 530,818 503,305 5,219,523

4 CSR 240-22.030 Vol.3-175 File No. EO-2019-0049
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Year Winter Summer Total

2045 532,172 505,034 5,233,190
2046 533,542 506,817 5,247,438
2047 535,082 508,770 5,263,435
2048 536,702 510,747 5,279,845

Table 3-76 - Historical and Forecast Summer and Winter Peaks
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Year Winter Peak | Summer Peak
2005 1,032 1,095
2006 1,031 1,167
2007 1,059 1,181
2008 1,100 1,161
2009 1,090 1,093
2010 1,205 1,156
2011 1,145 1,209
2012 955 1,142
2013 997 1,080
2014 1,162 1,083
2015 1,149 1,094
2016 1,114 1,104
2017 1,027 1,075
2018 1,211 1,126
2019 1,185 1,130
2020 1,188 1,092
2021 1,158 1,081
2022 1,161 1,085
2023 1,165 1,088
2024 1,169 1,092
2025 1,173 1,097
2026 1,176 1,100
2027 1,179 1,104
2028 1,183 1,108
2029 1,186 1,112
2030 1,189 1,116
2031 1,192 1,120
2032 1,195 1,123
2033 1,198 1,127
2034 1,201 1,131
2035 1,204 1,136
2036 1,207 1,140
2037 1,210 1,145
2038 1,213 1,150
2039 1,216 1,155
2040 1,219 1,159
2041 1,221 1,163
2042 1,224 1,167
2043 1,226 1,171
2044 1,229 1,175
4 CSR 240-22.030 Vol.3-177 File No. EO-2019-0049
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2045 1,231 1,179
2046 1,234 1,184
2047 1,236 1,188
2048 1,239 1,193
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Figure 3-76 - Historical and Forecast Summer and Winter Calendar Energy Use
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Figure 3-77 - Historical and Forecast Total Calendar Energy Use
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Figure 3-78 - Historical and Forecast Summer and Winter Peaks
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2. The historical period shall include both actual and weather-normalized values. The

forecast period shall include the base-case, low-case, and high-case forecasts.

The historical (actual and normalized) and forecast for summer, winter, and annual energy
under the four scenarios are shown in Figure 3-79 through Figure 3-81. The extreme and mild
cases are weather scenarios using the base case economic forecast. The high and low cases are
economic scenarios using the normal weather. Data are revenue month sales. The historic and
forecast for the summer, winter, and system peak demands for all four scenarios are shown in

Figure 3-82 and Figure 3-83.

Figure 3-79 - Historical and Forecast Summer Billed Energy

for Base, Low, High, High-High, Aggressive EV, Mild, and Extreme Scenarios
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Figure 3-80 - Historical and Forecast Winter Billed Energy

for Base, Low, High, Mild, and Extreme Scenarios
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Figure 3-81 - Historical and Forecast Annual Billed Energy for Base, Low, High, Mild, and

Extreme Scenarios
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Figure 3-82 - Historical and Forecast Summer Peak

for Base, Low, High, Mild, and Extreme Scenarios
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Figure 3-83 - Historical and Forecast Winter Peak
for Base, Low, High, Mild, and Extreme Scenarios
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