NorthWestern

Energy
Delivering a Bright Future Volume 1, Table of Contents

TABLE OF CONTENTS

VOLUME 1

SUBJECT PAGE

CHAPTER 1 - PLAN OVERVIEW ... 1-1
The 2015 Electricity Supply Resource Procurement Plan
o Portfolio TransSformation...............uuuviiiiiiiiiiiiii e 1-1
e Reducing Resource DefiCits SINCE 2002..........uuuuuueieriiiiiriiiieiireerieeeeeneeeee 1-2
e Capacity Needs and Planning .......ccooooiiiiiiiiiiiiii e 1-2
o Preferred RESOUICES .......uuiiiiiiiiiiiiiiiiiie e 1-4
o  Hydro POteNtial.........uuuuiiiiiiiiiiiiiiiiiiiiii e 1-7
e Demand Side ManagemeNnt ........cocuuiiiiiiiiiiie e 1-8
e Renewable Portfolio StandardsS..............ueuveeiieiiiiiiiiiiiiiiiiiiiiiiiiiiei. 1-9
® RESOUICE AGEQUACY ..covvuiieiiiiiie ettt e et e e e e et e e e e 1-10
o Market OPeratioNS ...coouuuii i 1-12
e Regional Electricity Market Development ..............eeveviiiieiiiieiieiiiieieeeeeeee, 1-13

0 Energy Imbalance MarketS.........ccoooovvviiiiiiiiiee e 1-13

0 Regional Transmission Organizations / Independent System

(O] 01T =1 (0] TP UPPPTTR 1-14

o Participation in Organized Markets ...........cccccuviiiiiiiiiiiiiiiiiiiiiiiine 1-14

o COIStrip UNIt 4 ValU@ ..ccoouniiie e 1-15
e Introduction to 2015 Plan DOCUMENT ........uuviiiieeeeieeeciicee e 1-15
(o Vo 11012 1 = 1-16

(0 TV o 11012 1= 1-16

2015 Electricity Supply Resource Procurement Plan Page-i



NorthWestern

Energy
Delivering a Bright Future Volume 1, Table of Contents
SUBJECT PAGE
CHAPTER 2 — LOAD FORECAST ... 2-1
NorthWestern’s 2015 Forecast of Customer Loads
o Peak Demand FOrECaSt ........uuuuuuririiiiiiiiiiiiiiiiiiiiii e 2-1
o Energy Usage and NEEAS ...........uuuuiuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieniineeneneeneaneees 2-3
@ CUSTOMEr FOIBCAST......cciiiiiiiiiii e 2-7
o Retail LOAd SNAPE ....uviiiiiiiiiiiiiiiiiiiiiiii e 2-8
o Energy Load —BalanCe .......c.oiiiiiiiiiii e 2-9
®  CONCIUSION o 2-12
CHAPTER 3 - DEMAND SIDE MANAGEMENT ...l 3-1
DSM Acquisition Plan and Programs
®  DSIM GOAIS ...ttt 3-1
o DSM Budget and SPeNAiNg.........uuuuuuuuuuiuuiiiiiiiiiiiiiiiiiiieeiieeeeenereie. 3-3
L 1\ o T o = T 0 1 TSP 3-5
e DSM Program Costs & Lost Revenue RECOVErY ......cccvvvvviieeiiiineiiineeeinnnn, 3-7
CHAPTER 4 — KEY MODEL INPUTS ... 4-1
Commodity Price Forecasts Used in the 2015 Resource Plan
o CommOdity FOrWard PriCES .........uuuuuiuuiiiiiiiiiiiiiiiiiiiiiiiiiiieieiinieiieeeneeeeeeeenaees 4-1
o Natural Gas PriCe FOIreCaSt..........uuuuiiiiiiiiiiiiiiiiiiiiiii s 4-1
® EIECIriCity PriCe FOIr@CAST...uuuuiiiiiiiiiiiiiiiiiiiiiiiiiitiib bbb 4-3
o Colstrip Coal Price FOreCaSt......couvuiiiiiiiiie e 4-5
e Renewable Energy CredilS ..o e 4-6

2015 Electricity Supply Resource Procurement Plan Page-ii



NorthWestern

Energy
Delivering a Bright Future

Volume 1, Table of Contents

SUBJECT PAGE
CHAPTER 5 - ENVIRONMENTAL ...t 5-1
Environmental Trends that Influence the 2015 Plan
o INtroducCtory StatemMEeNT .......ovvviiii e 5-1
o Greenhouse Gas EMISSIONS .......uuuiiiiiiiiiiiiiiiiiiiiiiiiiii e 5-1
Summary of Key Colstrip Environmental Risks
o Regional HAze RUIE ... 5-6
L Y (=T o 0] VA= T o I AN | g o D q | o 5-7
e Coal Combustion ReSIdUAIS ...........uuuiiiiiiiiiiiiiiiiiiiiiii s 5-8
e New Source Review (“NSR”) / Prevention of
Significant Deterioration (“PSD”)....cccou i 5-8
e National Ambient Air Quality Standards (“NAAQS")....ccceeeeeerrrrvrrrrninnnn. 5-9
©  WaASTEWALE ... i 5-10
Summary of Key Hydro Risks
e Hydroelectric License ComplianCe ........coouuiuiiiiiiiiiiiiiiiiiie e 5-10
L = =T o= 1] 1 o R 5-11
e River Flow and Reservoir Management..............eueeveveeeiieeieeeeeeeeeeeeeeeeeeenee 5-12
o HydrologiC UNCErtainty .......oouuuiiiiiiiiiieieeie e 5-13
Other Environmental Considerations
®  WINA GENETALION ...eeiiiiieeiei ittt e as 5-13
e Dave Gates Generating Station (“DGGS”)...ccoceeviiiiviiiiiiiiiieeeeeeeeeeieens 5-14
@ BaASIN CrEeK ..ot 5-15
e Transmission Line Permitting ........coooriimiiiiiii e 5-15
CHAPTER 6 — CARBON IMPACTS ..ot 6-1
Carbon Scenarios Included in Modeled Portfolios
2015 Electricity Supply Resource Procurement Plan Page-iii



NorthWestern

Energy
Delivering a Bright Future Volume 1, Table of Contents
SUBJECT PAGE
L 7= g o o] o I G0 13 £ 6-1

CHAPTER 7 - RESOURCE ADEQUACY -

REGIONAL MARKET ... e 7-1
Resource Adequacy and the Regional Market Impacts
LI = = T4 qo | €0 101 o B 7-1
¢ NERC RESOUICE AQEQUACY ..vuuuiiiiiiiiiieeeei ettt e 7-2
e Regional ReSoUrce AEQUACY .....c.uuiieiiiiiiiiieiiiiiiee et e e 7-3

Regional Market Development and Regulatory Change
e Energy Imbalance Markets .............uuueeeiiiiiiiiiiiiiiiiiiiiiiiieiieeeiieeseeeeeeeneeeeneee 7-6

e Regional Transmission Organizations / Independent

SYSEEM OPEIALOIS ..eviiiiiiiie et e e e e eenenes 7-7
e Participation in Organized MarketS.............uuuuvvriiiiiiiiiiiiiiiiiiieiiieieeeeeeeeeeee, 7-8
e Real Power Balancing and Reliability Based Control ..............cccccevveneee. 7-9
CHAPTER 8 - EXISTING RESOURCES. ... 8-1
Existing Resources Included in Modeled Portfolios
®  INEFOAUCTION . ..ceiiiiiieeeiie e 8-1
o Utility HydroeleCtriC RESOUICES .........uvvuiiiiiiiiiiiiiiiiiiiiiiiiiiiviiiiiiieneieineneinnees 8-2
O Licenses and AQreemeNtsS ......cceeeiieeiiiieeiiiiii e ee et e e e e eenanns 8-4
0 Hydroelectric Operations .........ccceeeeeeeiiiieici e, 8-5
e Thermal Generation RESOUICES ..........uuuuuuiuiiummiiiiiiiiiiiiiiiiiiiiinninnennneeeaeees 8-7
(o I 0o ] 3 (] o I U 1 USSP 8-8
0 Dave Gates Generating Station .........coeeuuiiiiiiiieiieeeeei e 8-13
0 Basin Creek Equity Partners, LLC...........ouviiiiiiiiiiiiiiiiiiiiieeiieieeeeee 8-13
O Thermal QF RESOUICES.....cccuuiiiiiiiiiiee e 8-14

2015 Electricity Supply Resource Procurement Plan Page-iv



NorthWestern

Energy
Delivering a Bright Future

Volume 1, Table of Contents

SUBJECT PAGE
®  WINA GENEIALION ...uuiii e 8-14
e Small Hydroelectric GENEration ................ueeuuueeieeeeiiieiieiieeereeeeeeeseeeeeeeeeeee 8-17
e Qualifying Facility Power Purchase Agreements .........ccccceeeeeveviiieeeeennnnn. 8-17
e Renewable Portfolio Standards..........coooviiiiiiiiiiii e 8-19
® CREP RESOUICES ..ottt et e e s 8-21
o Distributed ENergy RESOUICES .....ccuuiiiiiiiiii et 8-21
CHAPTER 9 - NEW RESOURCES ... 9-1
New Resources Evaluated for the 2015 Plan
® NEeW RESOUICES OVEIVIEW .....uuuiiiiiiiiiieeiiiiiie ettt 9-1
o Thermal RESOUICES ... 9-1
0 Internal Combustion ENQINES .......ccoovviiiiiiiii e 9-2
0 Combined Cycle Combustion Turbines......c....ccccciiiviiiiiiiiieeeeennnnn. 9-2
o0 Simple Cycle Combustion TUrbines..........cccuvuviiiiiiiiiiiiiiiiiiiiiiiieee 9-2
0 Defining New Gas-Fired RESOUICES ..........uveiiieeeeiriieiiiiiiiieeeeeeeenanns 9-3
0 Natural Gas-Fired Resource Siting..........cccceeviiieeeiiiiiiiiiiiiee e, 9-4
o RENEWADIE RESOUICES ...cooeeiiiiiiii et e e e e e e e e e e e e e e 9-7
0 Hydroelectric Upgrades ..........cooeiiiiieiiiiieiiee e 9-7
O OPLIMIZALION et e e e e eeeees 9-7
0 Utility Scale SOlar PV .........uuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiieee 9-9
(o TV o T o 9-11
0 Small HydrOIECtIIC ..coceeeeiieeeee e 9-11
e Research and DevelOpPmMEeNT..........uuiiiiiiiiiiiiiiiiiiiiieiiiieeeeeee e 9-12
O Demand RESPONSE....ccii ittt e e e e e et e e e e e eeeeanans 9-12
(o I \Y [ o o o | f o S SSSPRPSRN 9-13
2015 Electricity Supply Resource Procurement Plan Page-v



NorthWestern

Energy
Delivering a Bright Future Volume 1, Table of Contents
SUBJECT PAGE
CHAPTER 10 - INTEGRATED GENERATION SYSTEM........ 10-1
I =¥ 11 1qo | €00 o BTN 10-1
o Hydro OptimMiZatioN ....oouuuiiiiiiiiie e e 10-3

CHAPTER 11 - ANCILLARY SERVICES

LOSS OF LOAD PROBABILITY oo 11-1
I [ Y o To 1¥ o] A o o DTN 11-1
o CONtINGENCY RESEIVES ....uiiiiiiii e a s 11-1
I N o oa L1 =T RS T=T YA o = 11-2
e Regulation Requirements for Wind and Solar PV.........ccccoooeeiiiiiieceninnnnn. 11-4
e Flexibility Requirements for Wind and Solar PV .........cccoooiiiiiiiiiiecinnnnn, 11-9
o COSt Of REQUIATION . ..uuiiiiiiiiiiiiiiiiiiiii e 11-13
o Loss of Load Probability.....ccccooeiiiiiiiii e 11-15
CHAPTER 12 - RESULTS AND CONCLUSIONS.................. 12-1
®  INEFOAUCTION . ..ceiiiiiieeeiie e 12-1
e Options for Capacity EXPaNnSION ...........uuuuiiiiiuiiiiiiiiiiiiiiiiiiiiiieiiineieninneeanee. 12-2
o POrtfOolio ANAIYSIS .o 12-5
o Capacity EXpansion ChartS ..o 12-7
o Valuation Of RISK .....ouuiiiiiiiiiiiiiiii e 12-9
e Net Present Value of POrtfolio COStS .......ouuiiiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeee 12-12
LI O%- T oo T o T o o 11 01 1 1 1 12-18
@ CONCIUSIONS ..ottt neneenee e 12-20

2015 Electricity Supply Resource Procurement Plan Page-vi



NorthWestern

Energy
Delivering a Bright Future Volume 1, Table of Contents
SUBJECT PAGE

CHAPTER 13 - RESPONSES TO MPSC COMMENTS

ON 2018 PLAN . e 13-1
e Commission 2013 Plan COMMENTS ....cuuiiiiiiiiiiiiiecieeeeeee e eaees 13-1
CHAPTER 14 — ACTION PLAN ... 14-1
Implementation and Next Steps
© MOVING FOIWAId ......oiiiiiii e e 14-1
APPENDIX 1 ABBREVIATIONS ... Al-1
APPENDIX 2 GLOS S ARY et A2-1

2015 Electricity Supply Resource Procurement Plan Page-vii



NorthWestern

Energy

Delivering a Bright Future Volume 1, Table of Contents
Tables PAGE
1-1 Utility Owned and Controlled Resources in Montana ..................... 1-2
1-2 Economically Optimal Portfolio Resources..........ccccccceeieevviiinneeenne, 1-5
1-3 Estimated EOP COSIS ......uuuuiiiiiiieiiiieeiiiiiiiiee et e e e e 1-7
2-1 Historical Peak Demand ... 2-2
2-2 Peak Demand 1IN 2 ..o 2-2
2-3 Actual and Expected Population Growth ...........ccccceeviiiviiiiiieenennnn, 2-7
3-1 DSM Acquisition Plan and Budget.........cccccovveviiiiiiiiiiveeiciee e 3-4
4-1 Base Case Electricity and Natural Gas Price Forecasts

(Including base case carbon price for electricity).............ccovvnnnnn. 4-5
4-2 Colstrip Coal Price FOrecast .........ccovvevviiiiiiiiieieecie e 4-6
4-3 Renewable Energy Credit Price Forecast.........cccccoeeevviiiiiiieceeennnnn. 4-8
4-4 Fundamental Inputs to PowerSimm Analysis ..........ccccccveeveeeveennnnn. 4-9
4-5 Weighted Average Cost of Capital............ccevviviiiiiiiniiiiiiiiineeeeiinn. 4-9
5-1 Estimated EOP Carbon Emissions with

CPP Regulated SOUICES.......cccuviiiiiieiiiie e 5-5
6-1 CO2 COSt FOIECASES .....uiiiiiiiiie e 6-4
6-2 2015 Plan Carbon Price FOrecast.........cccceevviiieiiiiiiiiiiiiiiiiieeeeeeee 6-6
7-1 NERC Reference Reserve Margin Levels .........ccccceeeviiiiiiiiineeeennns 7-3
8-1 NorthWestern Owned Hydro ReSOUrces............cccccveeveeeveiiiineeeeennn, 8-4
8-2 NorthWestern Thermal Generation..............ccevvevvviiini v 8-8
8-3 Colstrip Generation, OWNErship........ccooeiiiiiiiiiieieeiee e 8-9
8-4 Renewable WiNnd RESOUICES..........coeviiiiiiiiiiiiieeeceeeeeiii e, 8-15
8-5 Small Hydro RESOUICES .......ccuvuiiiiiiiiiii et 8-17

2015 Electricity Supply Resource Procurement Plan Page-viii



NorthWestern

Energy

Delivering a Bright Future Volume 1, Table of Contents
Tables PAGE
8-6 Future Renewable REeSOUICES ..........ccoviiiiiiiiiiiiiee e 8-18
8-7 RPS Eligible Renewable ReSOUICes.........cccccoeveevviiiiiiieeciiiiieeeeeeen 8-19
9-1 Resource Cost Summary (20158) ......euvuvuvereimeemmieeiiieeeieeeeeeneeeeeenne 9-3
9-2 CBI Study Potential LOCatiONS ..........uuoiiiiiiiiiiieeeeeiiii e 9-4
9-3 CBI StUdY SCOMNQG...ccieiiiiiieieeiiie e e e e e eeaanas 9-5
9-4 Hydroelectric Capacity Expansion Potential ...............cccccceeeeeenennnn, 9-9
11-1 2015 Contingency Reserve Requirements ..........cccoeeeeevevviineeeeenns 11-1
11-2 2022 Ramp Requirements with Additional

Wind and Solar PV ... 11-12
11-3 2016 Reserve Margins and LOLP with Capacity

Resource AddIitIONS.........cceuuuiiieiiiie e 11-18
12-1 Summary of Resource Inputs for

Capacity Expansion Planning ..........cccoeeveeviviiiiiecceie e 12-4
12-2 Resource Plan Portfolio ASSUMPLIONS..........covvvvveiiiiieiiiciiineeeeeenes 12-6
12-3 Description of New Units by Portfolio...............coviiiiiiiin e, 12-7

12-4 Net Present Value of Portfolio Costs by Scenario and Category..12-12
12-5 Carbon Footprint (20-Year Average Annual) ........cccooevvevviiineeeennnns 12-19

2015 Electricity Supply Resource Procurement Plan Page-ix



NorthWestern

Energy

Delivering a Bright Future Volume 1, Table of Contents
Figures PAGE
1-1 Winter Peak Demand and Available Resources...........ccccceeeeeeeeee. 1-3
1-2 EOP Resource MixX 2025 ......oouuiiiiiiiiiiiie e et e e e e e e 1-6
1-3 Planning Reserve Margins for Selected Power Companies ........... 1-11
2-1 2014 Actual Retail Load Energy Usage by Rate Class................... 2-3
2-2 NorthWestern Service Territory Total Degree Day

Range and Average 1989-2014..........c.ccvieiieiiiiiiii e 2-4
2-3 Retail Load and DSM Program Savings Forecast .............cc.oceeeeee. 2-6
2-4 2014 Retail Load Shape ........cuiiiiiiiiiiiiieieiii e 2-8
2-5 Current plus Market 5 Year HL MWh..........ccooiiiiiiiiiiieiie e 2-11
2-6 Current plus Market 5 Year LL MWh .........ccoooiiiiiiiiiiiiieeee, 2-12
4-1 Natural Gas Price Forecast CompariSons .........cccoeeeevvvvviieeeeeennnnnnns 4-3
4-2 Electricity Price Forecast COmMpariSoNs .........ccocuviveeeveeviineeeeeennnnnns 4-4
5-1 Implications of the CPP..........coiiiiiii e 5-4
6-1 2013 Plan Carbon Price TrajeCtorieS........cccveevvevveeiiiiieeeeeiiiee e 6-2
6-2 CO2 Cost Forecast CoOmMpPariSON .........ceveeveiiuiiieeeeeeiiieeeeeeaiineeeeeenens 6-5
7-1 NERC Reliability Assessment Areas ..........cccoeveevveeiiiiieeeeeiiiineeeeeennns 7-2
7-2 Planning Reserve Margins for Selected Power Companies ........... 7-5

8-1 2016 Electricity Supply Portfolio (Based on nameplate capacity)...8-1

8-2 NorthWestern Energy Hydro Facilities..............cccocveeiiiiiiiie e, 8-2
8-3 HydroS LOCALIONS .....ccvvveiiieiiieiiie ettt e et e e e e e eeanes 8-3
8-4 2015 Owned Hydro Average Hourly Output by Week .................... 8-6
8-5 Electric Generation (NON-HYdros)..........ccoevviiiiiiviiiiiiiececeiiee e 8-7
8-6 Net Wind Generation Hourly Output — Daily Examples .................. 8-16

2015 Electricity Supply Resource Procurement Plan Page-x



NorthWestern

Energy
Delivering a Bright Future Volume 1, Table of Contents
Figures PAGE
8-7 Forecast RPS CompliancCe...........ccoooviiiiiiiiiiiiie e, 8-20
8-8 Forecast Growth in Net Metering .......cooovvvveiiiii e 8-22

10-1 Integrated System Economic Sharing of Contingency
Reserves and Regulating Requirements..........cccooeevevvvinneeeennnns 10-3
11-1 lllustration of Regulation Compared to Load Following ................ 11-3

11-2 NorthWestern Load, Intermittent Renewable

Generation, and Regulation Requirements..........cccccceveeveevvnnenne. 11-4
11-3 Impact of Adding 100 MW of Wind Generation on
Regulation ReqUIrEMENtS ........coovvviiiieiieecn e 11-5

11-4 Regulation Requirements for 2022 with Additional

Wind Generation (Excludes Load Following Component) ........... 11-6
11-5 Impact of Adding 100 MW of Solar PV Generation on
Regulation ReqUIrEMENtS ........ccoevviiiiiiiieiin e 11-7

11-6 Regulation Requirements for 2022 with Additional Solar PV
Generation (Excludes Load Following Component) .................... 11-8
11-7 One-hour Ramp Requirements with Current Resources............. 11-9
11-8 One-hour Ramp Requirements with Additional 100 MW Wind .....11-10
11-9 One-hour Ramp Requirements with Additional 100 MW Solar.....11-11

11-10 DGGS Regulation vs. 50/50 Regulation ..........ccccceevvevveiinineeeeennnnn 11-14
11-11 Cost of Supply Regulation 50% Hydros — 50% DGGS............... 11-15
11-12 LOL Days in Ten Years — Economically Optimal Portfolio.......... 11-19
12-1 Current Plus Market Portfolio...........covviiiiiiiiiiiieie e 12-8

2015 Electricity Supply Resource Procurement Plan Page-xi



NorthWestern

Energy

Delivering a Bright Future Volume 1, Table of Contents
Figures PAGE
12-2 EOP Capacity EXPanSION.........cccccoviiiiiieeeiiiiie et ee e e e 12-9
12-3 lllustration of Risk Premium Concept........cccoovvvvveiiiiiiiniiiiiineeeeeennns 12-10
12-4 Values of Risk Premium for Select Portfolios ............ccccvveieiieennns 12-11
12-5 Net Present Value of Portfolio Cost plus Carbon Footprint........... 12-13
12-6 Net Present Value Costs of Current + Market, Frame CT and

E O P e 12-14
12-7 Net Present Value Cost of EOP

Costs under Alternative Load Growth Scenarios............cccccene... 12-15
12-8 Net Present Value Cost of EOP

and Price SeNSItIVILIES .......ccovvvviiii e 12-16
12-9 Net Present Value Cost of EOP, and EOP with Additional Wind..12-18
12-10 Carbon Emission Rates by Portfolio (Ibs CO2/MWNh) .................. 12-20

2015 Electricity Supply Resource Procurement Plan Page-xii



NorthWestern

Energy
Delivering a Bright Future Volume 1, Table of Contents

TABLE OF CONTENTS
VOLUME 2

CHAPTER 1 BACKGROUND

e Commission Comments on 2013 Plan.......c..coevvvviiiiiiiiiiee e, 1to 10
e 2014 - 2016 ETAC Meeting Minutes & Materials............ccccoeeeevvnnnnn.n. 1to 271
o NWE Motion for EXtENSION ....ccuuiiiiiie i lto4
e MPSC Notice of COmMMISSION ACLION ..ovvviiiiiiiiieeeeeeeee e 1

CHAPTER 2 FORECASTS

o 20-Year Load FOrECASES ...iiviiiiiiiii ittt 1to 6
o Peak FOreCast 2015 ... ..o 1
e Customer History and FOreCast ............uuuuuuuuimiimiiiiiiiiiiiiiiiiiiiiiiiiiiniannns 1to 10
e Residential and GS-1 Secondary Load Forecast Metrics.................... 1to 8
o Weather ENded 2016 .......coooiiiiiiiiiiieieee e lto2
® COMMOAILY PriCES ..uuiiiiiiiiiiiiiiiiiiiiiiiii s 1to 26
o WiNnd RESOUICE PriCiNg ..oieiiiiiiiiiiiiiie et e et e et eaanes 1to?2
o RPS ComplianCe FOrECAST.......uuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieees lto2

CHAPTER 3 DEMAND SIDE MANAGEMENT

e Smart Grid Demonstration ProjecCt.........ccuuuuuviiiiiimiiiiiiiiiiiiiiiiiiiiiiiiinnnnns lto6
o Battery Storage ProjeCt......ccciiiiiiiiiiii e 1to3
e NWE CFL Lighting Market Study ..........cooiiiiiiiiiiiii e 1to 64
e PNW SGDP Annual Report Technology Performance ...................... 1to 32
e Large Customer Demand ReSpONSe SUIVEY .......ccevvviieeiiiiiiiieeeiiiiieeeeens lto7
e Behavior Based DSM and Price Elasticity of Demand ........................ lto 4

2015 Electricity Supply Resource Procurement Plan Page-xiii



NorthWestern

Energy
Delivering a Bright Future Volume 1, Table of Contents

CHAPTER 4 CARBON

o CPP NWE MOtiOoN 1O STAY ...coovviiiiiiiii et 1to 6
o UMBBER REPOIT ... e 1to 75
e CPP EPA TransmisSion IMPacCt ..........uuuuuuiiiiiimiiiiiiiiiiiiiiiiiiiiiiiiiiiniiinnens lto11
e CPP Final Goals Summary & Table........ccoooviiiiiiiiiiii i 1to2

CHAPTER 5 RESOURCE DEFINITIONS & OPTIMIZATION

e Basin Creek DispatCh StUdy ........cooiiiiiiiiiiiiii e 1to 47
e NWE Hydropower Operational Plan ............cccccuuiiiiiiiiiiiiiiiiiiiiiee lto 14
e Thermal Operating Characteristics and COSt........ccccceeeeiiiiiieiiiiiineeennns 1to2
®  WartSila REPOIT ...uuiiiiiiiiiiiiiiii s 1to 58
o DNV-GL Solar PV StUAY .......uuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieiieeiiieeeeee 1to 31
LI \Y/[Tod go Yo o I =i 0] = ox S0P UUPPPTRRRSPPPIN 1to?2
o NWE CHEOPS Hydro REPOIt .......uuuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiaenes 1to 192
e NWE CHEOPS Hydro Peaking RepOrt ......ccovvviiiiiiiiiiiiceceiin e, 1to21
e Ancillary Service MOdeliNg ........uuuuuuuiiiiiiiiiiiiiiiiiiiiiiiiiiees 1to 6

CHAPTER 6 RESOURCE SITING

o CBI Site Selection REPOIT ......uuuuuiiiiiiiiiiiiiiiiiiiiiiiiiiee 1to 29

e New Generation Pre-Feasibility-Level Infrastructure and Costs...... lto11

CHAPTER 7 POWERSIMM AND TECHNICAL DESCRIPTIONS

e Example of Resource Selection ProCess ......ccooeivviiiiiiiiiiiii i 1
o Capacity Expansion Area Charts .......cccooiiiiiiiiiic e 1
O Frame G e e e 1

2015 Electricity Supply Resource Procurement Plan Page-xiv



NorthWestern

Delivering a Bright Future

nergy

O O O O O

O O O O O o o o o o o

O O O O O o o o o o o

[ 1T ] I 0 = T PP 1
[0 111V o > T P 1
Double Wind and Solar..........oooooooii 1
Triple Wind and SOlar ... 1
RPS COMPIIANCE ... 1
¢ Net Position Reports -- Around the Clock (ATC)
ATC Current + Market ..., 1to 20
ATC Economically Optimal Portfolio .........ccccoeviiiiiiiiiiiinnnn. 1to 20
ATC Frame CT .t 1to 20
F N IO [0 I o - Vo 1to 20
ATC LOW LOA ..., 1to 20
ATC High CarbOn ... 1to 20
ATC LOW Carbon ... 1to 20
F N WO = [0 ¢ I - T S 1to 20
ATC Double Wind and Solar ........cccceeeeiii, 1to 30
ATC Triple Wind and Solar........ccccoeviiiiiiiiiiie e 1to 30
ATC RPS ComplianCe ..., 1to 20
e Net Position Reports — Heavy Load (HL)
HL Current + Market ........ouueoiiiiiieiieeeiiis e e e 1to 20
HL Economically Optimal Portfolio ..........cccevvveviiiciiiiieeeieeee, 1to 20
HL Frame CT .o 1to 20
HL High Load ......oooiiiiiiieeee e 1to 20
HL LOW LOAA .oiiiiiiiieeieeeee ettt eeennees 1to 20
HL High Carbon ..., 1to 20
HL LOW Carbon ..o, 1to 20
HL High Gas .....uvuiiiiii ettt 1to 20
HL Double Wind and Solar..........cccoevuiiiiiiiiiiieeiii e 1to 30
HL Triple Wind and Solar ..., 1to 30
HL RPS COmMPlanCe ....oooovvveiii i e e 1to 20

2015 Electricity Supply Resource Procurement Plan

Volume 1, Table of Contents



NorthWestern

; G
Energy
Delivering a Bright Future Volume 1, Table of Contents

e Net Position Reports — Light Load (LL)

O LL Current + Market...........uuuuuuummmmmmmiiiiiiiiiiiiiiiiiiiiininnnnnnnnnnennnns 1to 20
0 LL Economically Optimal Portfolio .........ccccovviiiiiiiiiiiiiiiiie, 1to 20
O LL Frame Co .o 1to 20
O LL High LOA .....uiiiiiiiiiiiiiiiiiiiiiiiiiii s 1to 20
O LL LOW LO@U. ... i 1to 20
O LL High Carbon ......coiiiiiiiicci e 1to 20
O LLLOW Carbon .o 1to 20
O LL High GaS....uuuiiiiiiiiiiiiiiiiiiiiiiii e 1to 20
0 LL Double Wind and SoOlar .............uuevuiiiimiiiiiiiiiiiiiiiiiiiiiiiiiiiinnns 1to 30
O LL Triple Wind and Solar.........ccccoovieeiiiiiiiiiiiii e 1to 30
O LL RPS COMPHANCE.....coiiiiiiiiiicie e 1to 20
e Generating Stations Reports
O CUrrent + Market ... 1to 36
0 Economically Optimal Portfolio..........ccccociiiiiiiiiiiiis lto 72
O Frame G . e 1to 72
O High Load ....coooeeee e 1to 84
O LOW LOAA ... e lto 84
O High CarbOn ........uuiiiiiiiiiii e lto 72
O LOW CArhDON wuuuiiiiiiiiiiiiiiiiiiiiiii e lto 72
O High GaS ..o lto 72
0 Double Wind and Solar..............ueueiiiiiiiiiiiiiiiiiiiiiiiiies 1to 120
0 Triple Wind and SoOlar ... 1to 108
O RPS COMPHANCE ....uuiiiiiiiiiiiiii e lto 72
o SUPPIY COSE REPOI cciieii e 1to 15
e Methods to Model and Calculate Capacity Contributions of
Variable Generation for Resource Adequacy Planning ............ 1to 63
e Discussion of Models Used in 2015 Plan ........cccovvvvviiiiiie e, 1to 8

2015 Electricity Supply Resource Procurement Plan Page-xvi



