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Agenda

Day 1: April 14
AReminder of work to date
ADiscussion of results

Day 2: April 16
AWrap-up of items from day 1, if needed
ADiscussion of Chapters-3
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What 0s Comi ng LU



Draft T Subject to Change

The Road Ahead

Discuss results EUEIEI kT
recommendations
Draft chapters (13) Draft chapters (4+) Finalize
Cover power system context, early plan analysi Cover recommendations draft plan
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Lots of Opportunity to Work Together
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Reminder of Work to Date
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Climate and Weather (5) Generating Resources (10)
I t ol B R ~ Conservation (14) Fuels (5)
O S e e n a. e C Demand Forecast (3) Resource Adequacy (5)

Demand Response (8) System Analysis (9)

Advisory Committee Members: + 46 additional interested parties

AEG Energy Exemplar Natural Resources Defense Council Portland State University
Alliance of Western Energy Consumers EPRI Northwest Energy Coalition PSR

Amazon Web Services Eugene Water & Electric Board Northwest Energy Efficiency Alliance Public Generating Pool

Avista Flathead Electric Coop Northwest Energy Efficiency Council Public Power Council

Benton County PUD Fortis BC Northwest Gas Association Puget Sound Energy

Better Climate Research and Policy AnalyGisant County PUD Northwest Hydroelectric Association Renewable Hydrogen Alliance
Bonneville Power Administration ]1 ¢!kt Wecel AYI WAO? Northwest Requirements Utilities Renewable Northwest
Brightline Group Idaho Falls Power NorthWestern Energy Seattle City Light

Cadmus Group ID Office of Energy and Mineral ResourcddIPPC Snohomish PUD

California Energy Commission Idaho Power NW Innovation Works Tacoma Power

Cascade Natural Gas ID Public Utilities Commission NW Natural TC Energy

Central Lincoln PUD Inland Power & Light Obsidian Renewables The Energy Authority

Chelan PUD Jim Lazar Consulting OR Department of Energy Umatilla Electric

Clark County PUD Kootenai Electric Cooperative OR Public Utilities Commission University of Washington
CLEAResult Lighthouse Energy Consulting OR Solar Energy Industries Association US Army Corps of Engineers
CRITFC Mitsubishi Power Pacific Northwest National Laboratory =~ WA Department of Commerce
Columbia Riverkeeper MT Consumer Counsel PNUCC WA Energy Office

Cowlitz PUD MT Department of Commerce PacifiCorp WA Public Utility Districts Association
Energy Northwest MT Department of Environmental Quality PNGC Power WA Utilities and Transportation Commission
Energy Trust of Oregon MT Electric Cooperatives Association  Portland General Electric Western Power Pool
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Before We Get Into the Results

A Council kicked off the Ninth Plan development in February 2025

A Since then, the Council has worked on several elements of the plan
¢ Developed the scope and cross cutting assumptions
¢ Created forecasts of future load
¢ Developed estimates of new resource potential and cost
¢ Conducted initial studies around market availability and regional resource needs

A Given the amount covered to date, we want to take a few minutes to remind
everyone of these key decision points along the way

4\ Northwest Power and %~ The 9th Northwest
2 C

onservation Council 7’/ Regional Power Plan



Timeline of Progress Since Kick -Off

Apr
Adequacy criteria
Final approach to SCC
Outside NW loads and resources

Feb Rooftop solar potential Aug
waer PN .K'dOﬁ:. Hydro Ops scenario scope Mar
Initial scenario scoping N _
Crosscutting assumptions S Final needs assesmer
Fuels price forecasts May nitial need ¢
Environmental methodology | APProach to wildfire nitial needs assessment
D [ g
| ¢ ¢ T |
Jan 2026
Jan25 ADr Sep Mar-26
P Res and Tx Risk
Demand forecast :
scenario scope
Mar Jun
. . : Nov
Generating resource Conservation potential -
: Market availability results
reference plants Demand response potential

4\ Northwest Power and 3 The 9th Northwest
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Power Plan Development Process
/New Generating\

Environmental Resource and
Methodolo o
9 Distributed Energy
Resource Options,
Energy Efficiency
and Demand Market Price and
Response Supply Availability
[~ ) Curves Forecasts
Fuel Price K / : .
Scenario Analysis
Forecasts & Resource Strateg
for Resources and
Global Development
. Reserves
Assumptions ( .
\_ J Electricity Needs
Demand
Assessment
Forecasts
. 1 V,
e R e TG ™
. . xisting System
F'Sgrg‘ \r/:rlr(lj“fe — Parameters &
9 Policies
\_ J
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Representation of the Existing System

A Existing system is defined to reflect the known realities of what is in the ground today
F I 2RUDWgS W WNRYURY WURBIT + Wet WYnWaé W qc¢

A Includes:
¢ Existing resources and transmission
¢ Planned resources and transmission that are under construction
¢ Owner announced retirements or conversions of existing resources

A Similar approach is used for the WE@{Te resource and transmission assumptions

A A couple key updates were made in the process

¢ With the TransAlta announcement for the Centralia Ztwsghs conversion, staff updated the
approach from assuming the plant would be retired to it being available as a gas unit starting 2029

¢ Hydro operations were updated to reflect the Draft 2026 Fish and Wildlife Program, in addition to
testing different sensitivities on other possible operations

4\ Northwest Power and %~ The 9th Northwest
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Global Assumptions

Financial Parameters

(Base year, inflation data
source, discount rate, etc.)

Forecast Period
(20272046)

Peak Factors

(Accounting for line losses,
within zone T&D deferral)

4\ Northwest Power and %~ The 9th Northwest
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Resource
Option

Policy Framework

AModeling assumes all existing policies and goals are Me
¢ Includes federal, state, city/jurisdiction, and utility

¢ Analysis includes policies across the WECC, but with particular
focus on those in the region

ABecause policies impact resource options, resource
costs, and load forecasts, the policy framework must be
set at the start of plan development

AFor the Ninth Plan, this was policies and goals in place ¢ ** “""‘:’“"”"j: -
of January 2025 /

¢ Federal policies changed after this date, and these were
accounted for in the scenario modeling (more later)

4\ Northwest Power and isi The 9th Northwest
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Forecasts of Fuel Costs

AAnOther ear|y input IS a set of forecasts Natural Gas Prices and Forecast for Henry Hub
for fuel costs

7.00

AThis is done for all relevant fuels in the ..
model, but with the most granularity
around natural gas prices

A
o
S

$/MMBLtu (2024 dollars)
5
o

AFor natural gas, Council developed:
¢ 3 trajectories for prices (see graph)

¢ 10 volatility pathways to capture potential for
random oneoff event in a future year
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Methodology to Quantify Environmental
Costs and Benefits of New Resources

CRREIESMERRRRENN ... s (xve s ) o o (irory ey o) S P A pmrs et
‘suisting reguistions. e

Environmental Methodology

APower Act requires that the Council develop a methodology to quantify directly
attributable environmental costs and benefits of new resources

A Since this informs the cost assumptions for new resources, it is developed early in
the power plan process

AApproach for the Ninth Plan is consistent with the methodology used in previous
power plans
¢ Key component is the cost of compliance with existing regulations
¢ Water reduction benefit from relevant demaside resources is also accounted for

¢ All other factors are hard to quantify in a symmetric fashion without risk of skewing or double
counting potential effects, and therefore are mostly dealt with qualitatively

4\ Northwest Power and %~ The 9th Northwest
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Scope 0 Sensitivities See cheat sheet!

New Resources and
Transmission RiIsk

Constrained Resources and Transmissic 2020 BiOp Flex Spill Operation

Changing Hydro Operations

Changing Transmission Availability

Changing Emerging Technology Costs 2023 RCBA Operation

Limited ShortDuration Storage Availabilit Recommended Spill and MOP Targets

Slower Demand Side Resource Availabil

Evolving Federal Policy Landscape Limited Flex Operation

4\ Northwest Power and %~ The 9th Northwest
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Power Plan Development Process
/New Generating\

Resource and
Distributed Energy
Resource Options,

Energy Efficiency

and Demand Market Price and
Response Supply Availability
K Curves / Forecasts
Scenario Analysis Resource Strate
for Resources and 9
Development
- Reserves
Electricity Ve
Demand Assessment
Forecasts

( )

Fish & Wildlife
Program

4\ Northwest Power and %~ The 9th Northwest
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E I I l a n d I O re CaSt Demand Forecast Pathways
Parsialan] high : — J

A Developed five pathways of load growth reflecting a range
of assumptions across different sectors to account for
uncertainty in timing, size, and shape

¢ Economics g .
¢ Transportation

¢ Data centers and higtech

¢ Building electrification

¢ Hydrogen (or industrial electrification)

A Future energy demand increases between 50 and 100%

over the next 20 years e
A Peaks also grow significantly, doubling in some of the - .,,,..|||||I|||III||
pathways by the end of the study s n—

4\ Northwest Power and isi The 9th Northwest
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New Generating Resource Potential =S BEBEE=

Primary Limited Availability
M utility Scale Solar PV £¥Conventional Geothermal £¥Clean Baseload
£¥Onshore Wind £¥10ffshore Wind £¥Clean Long Duration
£¥ Small Scale Renewables £¥ Pumped Storage Storage
£¥Gas Combined Cycle Biomass £¥Clean Peaker/Medium
{¥Gas Simple Cycle MHydro Upgrades Duration Storage
L Battery Storage (L:lon) Biogas
QIRenewabIes + Storage NSmall Hydro

MCombined Heat and Power

£} Generating resources explicitly modeled See cheat sheet!

4\ Northwest Power and %~ The 9th Northwest
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Accounting for Gas System Constraints

A Existing gas system is running at high utilization rates,
especially in winter, and is essentially fully subscribed

Analysis overview

A Because gas plants need firm fuel supply for adequacy, the

We assume new gas power plants are built with back-up fuel stos
CCCT via LNG, 6 days for SCCT/recip with a refillable fuel tank)

modeling assumes two things: R ——

e ) :ho 8w R
million/day MMBtu supply is consistently available for power, before the new
storage is insufficient to provide firm fuel?

¢ Cost adder for back up fuel oil (simple cycles) or liquified natural
gas/pipeline expansion (combined cycles)

\¢ Cap of 3,000 MW nameplate for new gas builds through 2032,
Ne increasing to 10,000 MW for the rest of the study

A Goal is to represent the physical capabilities of the system

A Both assumptions were reviewed by the Fuels Advisory
Committee

4\ Northwest Power and %~ The 9th Northwest
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New Demand Side Resource Potential

Conservation Potential

[L—

ANinth Plan includes potential for conservation, demand 3
response, and rooftop solar o -
¢ This is the first plan to assess rooftop solar in this way

ABecause of the number of individual measures and products &

that make up this potential, the Council developed supply
curves, which capture information on
¢ Savings, including shape of savings
¢ Costs, using a consistent approach as with generating resources Rooftop Solar
¢ Overall availability, including pace of acquiring the resource |
¢ Timing of resource availability

4\ Northwest Power and %~ The 9th Northwest
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Power Plan Development Process

Market Price and

Availability
Forecasts
Scenario Analysis
1 for Resources and Resg\ljéfs ?nt;antf .
Reserves g
Needs
Assessment

Fish & Wildlife
Program

4\ Northwest Power and 3 The 9th Northwest
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Market Avallablility Study

o . . . Total WesiWide Build luding Pacific NW
A Market availability study provides information T Namepaw

on the resources developed across the WEC( 250,00
which informs market depth and economics

200,000

A Results were not significantly different across
the various studies 150,000

¢ Mix of resources across all sensitivities

¢ Key drivers of builds are demand growth and sta
policies, specifically carbon pricing in CA, WA,
and Canada >0.000

AThere are some differences that do play into |, /il |l | ”“ ‘ “ ‘ ” H” “
regiOnaI bUiIdOUtS and we W|” talk abOUt thOS 2026 2027 2028 2029 2030 2031 2032 2036 2041 2046

100,000

. . B Constrained World Delay Storage Existing Tx
as we get to the results discussion L o e
B ET Costs Up 50% B Fed Policy Hydro Ops

4\ Northwest Power and %~ The 9th Northwest
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Final Planning Reserve Margin - Peak

« The Sith Morttwest
el Figzisad P PL

the existing system is today and the future load Final Adequacy Reserve Margin - Eneray
forecasted

AResults show significant needs ‘HH“‘ ‘“

Needs Assessment Study

A Last piece before the-iregion optimization is the
needs assessment, looking at the gap between wher

¢ Peak needs in all seasons, particularly the winter and summ
¢ Energy signal for summer and winter —

¢ Longest and largest events to solve for are in the winter Adequacy Criteria
AThese studies send a signal to OptGen to ensure the =~ = "= _
- 0Kt

| DDRYUc¢OWAHzRGT Yeqt WAKWWqUL = = = =
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Power Plan Elements and Analytical Flow

Scenario Analysis Resource Strate
for Resources and Development 5
Reserves g

Fish & Wildlife
Program

4\ Northwest Power and %~ The 9th Northwest
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Regional Optimization Model:

Reminder about OptGen/SDDP

A OptGen/SDDP tool combines a capital expansion module with product cost :
software that together solve for an investment strategy that meets demand a s
minimizes costs, over a range of futures, while also meeting constraints for EEEES
adequacy, reserves, policy, hydro system requirements, etc.

Capturing Resource Decision Across the

A This analysis focuses on one year at a time, so the Council developed Yemec Qfﬁl =
mt UeGHE6YqW! Del t wllqVY WNE ayéatdlbolRUN Y I G ¢ " s 0 L
¢ This results in 7 years studied for each of the 13 sensitivities W““mwm == -_’““
¢ When stepping through the years, some resources are locked in from early yearg ™™™ \

guide decisions in later years, ensuring both adequacy while allowing the model
some foresight

A Each study is run with a set of 10 futures that are sampled from the 13,500 —T
combinations representing a range of load, hydro and variable energy resou myge ' - =3
generation scenarios, climate data, gas prices, and gas price volatility :

A The strategy from each of 13 sensitivities is then checked in GENESYS for
Cl DhuecH! AIc GO WY nWs 6 RAEG WG ¢ 2 13WA 1313 q WokS s e ol

orthwest Power and 3 The 9th Northwest
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Before Getting Into Results

A These modeling results amet the power plan
A There will be different buildouts for each sensitivity tested (all of which are adequate)
A The results from a single sensitivity are also not the power plan

A We will have more than one chance to understand results
¢ We will get as far as we can today, bring back more on Thursday if it makes sense
ciDWsROGGWet JWagéWJWicaqlW GI RiaWws WARU¢! WaqYWNYW WDUIGUII We
¢ Multiple advisory committee meetings are scheduled between now and then, which will provide more insight
¢ Staff is also available to meet with members to discuss further

A Ultimately, Council will use the information from these studies, in addition to other analysis, to
develop a resource strategy and supporting recommendajofitss is the power plan

A For today, the goal is to get an understanding of what the model is showing and to ask questions
where more information is needed

4\ Northwest Power and %~ The 9th Northwest
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Last Couple Notes (I Promise!)

A These results are our first look through the data, trying to tease out the big themes, but there are
some areas we know we need to go deeper:
¢ Costs, particularly production costs at the regional level
¢ Resource utilization
¢ Emissions

A As with all studies of this nature, digging into the results may identify issues that may need to be

addressed
¢ As we identify these, we will flag for members, particularly if there is an impact on the results

A We have identified one such issue around the hydrogen loads
¢ Remember, Council developed two load forecasts for hydrogen
¢ In reviewing data, we found that the high hydrogen future was not being pulled into the model appropriately
¢ This was a software issue that has been resolved by PSR

¢ Because hydrogen is modeled as an elastic load (meaning it will be curtailed if needed for adequacy), this
should not affect the buildout, and therefore staff is not recommending-amyniag of the model to account

for this change

orthwest Power and %~ The 9th Northwest
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Time for Results!!



Key Theme: Portfolio of Resources

A A portfolio of resources will be needed to meet needs

A In the Action Plan period (202D32)

¢ Conservation, demand response, wind, solar, battery storage and natural gas show up in every
sensitivity in all years available

¢ Long duration energy storage also shows up in all but two, one when it is not allowed in the study
and one when the costs are 50% higher

A Over the 20year period

¢ Conservation, demand response, wind, solar, storage, and natural gas continue to play a role
¢ Conventional geothermal and clean medium duration storage also show up in every sensitivity
¢ Clean baseload shows up in 2046 in about half the studies

¢ The remaining three resources (rooftop solar, pumped storage, and offshore wind) only show up in
one sensitivity each, meaning there is not a strong signal for these resources

4\ Northwest Power and %~ The 9th Northwest
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Key Theme: Resource Mix Needed to Meet
Diverse Set of Needs

Conservation
: - : Firm Renewables
AModel IS building to meet adequacy, economICS, energy | | Natural Gas
and policy Hybrid Solar + Storage
AFirm energy requirement for adequacy is one of [ conservation
the most binding constraints Planning | | Demand Response

: _ _ Reserve< | Natural Gas
AModel is also trying to meet the planning reserve Margin | | storage

margin (% above load) Hybrid Solar + Storage
APolicy is also binding in some cases, particularly Conservation
CETA in WA in 2030 and 2038 Demand Response
_ _ Policy < | Renewables
AA mix of resources are required to meet all of Storage
these needs Hybrid Solar + Storage

4\ Northwest Power and %~ The 9th Northwest
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Key Theme: Hydro Flexibility

A Model is picking up differences in hydro 2032 Builds for Storage and Demand Response (MW)
operations, particularly those seeking to| so Limits daily ramping year around
minimize daily ramping of the system |7 Noimt

A Thi n 6,000 - e;)é?irr]lg Limit daily ramping in spring/summer

IS SNOWS. 5,000 * ) :
: constraints :
¢ Hydro system can play an important role ir “°% :
overall power system flexibility 2000
¢ When needed to limit that flexibility for the| ™ :
benefit of fish, other resources can be L
developed that provide those same § 3 6:38 £ g &8 5 2 2 8 8
attributes T 2ifig 4 0F § 02 2§ ot
¢ The investment cost differences forthose | Eog ooz § 5 g g @
new resources is relatively minimal (more c T 5 F YE 3
on COStS Iater) Hydro Ops Resource and Transmission Risk

orthwest Power and isi The 9th Northwest
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Key Theme: Locational Value of Resources

AThis is the first plan to model the regio
with more than one zone

A Approach allowed better reflection of
differences in:
¢ Load growth
¢ Policy requirements
¢ Transmission access and connections
¢ Resource availability and profiles

AResults show strong signals for the
locational value of some resources

ﬂ Generating resources developed in a specific zone goes
not mean that utility must develop those resources.
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Total Buildout in 2032 IO

2032 Buildout Across Sensitivities
20,000
18,000

16,000

Nameplate MW / Conservation aMW
- =
N N
o o
o o
o o

10,000
8,000
6,000
4,000

2000 W |
0

BiOp RCBA MOP Op Lim Flex Constrained Transmission Transmission Transmission  Delayed Emerging TectEmerging Tech Delayed Federal Policy
World Min Plus Max Battery Up Down Demand Side
Hydro Ops Resource and Transmission Risk

Natural Gas ® Demand Side © Storage Hybrid Renewables
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Buildout Contribution to Firm Energy
Credit In 2032

This represents the maximum energy produced by

each resource per the fuel available. This is not the

Firm Energy Credit of Buildout in 2032  same as annual generation in 2032. More on resourc

8,000 utilization will be discussed later in this presentation.

7,000
6,000
5,000

4,000

-Ill.lll-
- 1 | i

Average Megawatts

1,000
0
BiOp RCBA MOP Op Lim Flex Constrained Transmission Transmission Transmission  Delayed Emerging TectEmerging Tech Delayed Federal Policy
World Min Plus Max Battery Up Down Demand Side
Hydro Ops Resource and Transmission Risk

Natural Gas M Demand Side = Hybrid Renewables
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Total Buildout in 2046 e A

2046 Buildout Across Sensitivities

80,000
§ 70,000
©
c
.2 60,000
©
b
% 50,000 — p— -~
c
8 [ ]
< 40,000 - e
-
© 30,000
8
© 20,000
§
z 10,000 e . I [ ] [ [ - [ [ ] [ ] [

|
0
BiOp RCBA MOP Op Lim Flex Constrained Transmission Transmission Transmission  Delayed Emerging TectEmerging Tech Delayed Federal Policy
World Min Plus Max Battery Up Down Demand Side
Hydro Ops Resource and Transmission Risk

Natural Gas B Demand Side ' Storage Hybrid Renewables ™ Clean Baseload
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Buildout Contribution to Firm Energy
Credit In 2046

Firm Energy Credit of Buildout in 2046

30,000

25,000

@ [ ] [ [ ]
g 20,000 ] . l .

g

(D)

= 15,000

(D)

: I

()

H m B = H B =

5,000 -

0
BiOp RCBA MOP Op Lim Flex Constrained Transmission Transmission Transmission  Delayed Emerging TectEmerging Tech Delayed Federal Policy
World Min Plus Max Battery Up Down Demand Side
Hydro Ops Resource and Transmission Risk

Natural Gas B Demand Side = Hybrid Renewables M Clean Baseload
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Investment Costs: New Resource and
Transmission Risk Sensitivities

Portfolio Investment Costs (Draft)

$180,000
$160,000
$140,000
$120,000
$100,000

$80,000

$60,000

$40,000

< U 0 O Ot Rt
0 i 1 1 ] 0 i 0 O

$0

Millions $ (2024$)

Constrained World  Transmission Min  Transmission Plus Transmission Max  Delayed Battery = Emerging Tech Up Emerging Tech DowBbelayed Demand Side Federal Policy

ﬂ This is just a small piece of cost datg. %2028 12030 © 2032 H2034 © 2038 W 2042 W 2046
We will bring back more next meeting.
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Investment Costs: Hydro Operations
Sensitivities

Portfolio Investment Costs (Draft)
$100,000

$90,000

$80,000
$70,000
$60,000
$50,000
$40,000
$30,000
$20,000
$10,000 I I I
., W L O ]

BiOp RCBA MOP Op Lim Flex Federal Policy

Millions 2024%

Hydro Ops Resource and Transmission Risk

A This is just a small piece of cost datga. n 2028 2030 - 2032 2034 - 2038 § 2042 B 2046

We will bring back more next meeting.
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Conservation



Reminder

Conservation Results Firm energy

Planning reserve margirn

AConservation is acquired in all sensitivities Policy

ACan be limited by economics
¢c?2Yt WOYqWl YWsPadWs6WOWGe!l ¢t JagWG!I REIIE We 1 1JLWa
¢ In worlds with renewable tax credits, those resources become more cost competitive and less
conservation is acquired

A Other important factors

¢ If the supply side is constrained, more conservation (and other demand side resources) are
selected to ensure adequacy

¢ Model generally wants to buy more expensive conservation over time, which suggests more
Investment today

¢ See different signals for the value of conservation across the region

orthwest Power and %~ The 9th Northwest
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Conservation Buildout

Conservation Buildout by 2032 and 2046

5,000 pr . "

4500 All the conservation is acquired to : MR gEneEly wan_ts = Sl El
: amount of conservation by 2032

4000  Support adequacy when there are—» Only when we limit the
constraints on the supply side -

3500 : availability in the nedaerm does
: : it build less in the nederm
= : :
S 3,000 = .
% E E RYLLLLLLLL /
o . . . .
© 2,000
1,500 : - : :
1,000 : : : :
08 B L B BN B DB P E U B RN
: s ; : Wl
BiOp RCBA MOP Op Lim Flex : Constrained ;Transmission Transmission Transmission  Delayed Emerging TectEmerging Tech Delayed : Federal Policy
World Min Plus Max Battery Up Down Demand Sidé
Hydro Ops Yerirrrnnnnn .~ Resource and Transmission Risk L K
W 2032 " 2046
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Cost of Conservation Acquired:
Reg I O n al M aX COSt These ones are buying all the way up

the cost bins, including $200+
conservation, to maintain adequacy

B SSNNIS - 9 01 LG 0= HE = e ete e e R — / ........................

g $140 Also wants more in

= 2028 in some studies,

= another time when —»
S $100 supply side resources

g are constrained

-
@
Pz

$60
$40
$20

$0

BiOp RCBA MOP Op Lim Flex Constrained Transmission Transmission Transmission Delayed Emerging TectEmerging Tech Delayed Federal Policy
World Min Plus Max Battery Up Down Demand Side
Hydro Ops Resource and Transmission Risk

2028 #2030 2032 ™ 2034 " 2038 W 2042 W 2046

¥
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Closer Look at Costs

Again, these go all the

way Up the SUPPIY CUIVE: pegional Max Cost Bin Selected, 2032 and 2046 Many of these also show a signal of wanting to

$120 \ N : go up the cost curve over time. When the

model sees a higher cost in 2046, it assumes a
similar level of investment in all previous years

= $100
S
S ieeeesssesesssssaessessannnenrana, P .
£ $80 ° : s
‘(7) o ‘s .
o » =
O 1 . .
5 $605 = =
N = & .
° . C c
= C . .
9 s40: : :
© = . .
P4 . C E
$20: : :
$0: :
c BiOp RCBA MOP Op Lim FIexE Constrained Transmission Transmission Transmission Delayed Emerging TectEmerging Tech Delayed Federal Pol |cy'
World Min Plus Max Battery Up Down Demand Sldei =
", Hydro Ops Resource and Transmission Risk

w2032 m2046 . ™= tasmszzssas »*

------------------------------------------

These have tax credits for renewables, slightl
impacting the overall value at the regional levg
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Cost-Effectiveness Limit;

Comparison to Past Plans Seventh Plan: ~$100/MWh

2021 Plan: ~$4®0/MWh

Comparison of Seventh Plan, 2021 Plan, and Ninth Plan Conservation Supply Curves
6,000

Lots of the lower cost conservation
5000 has been acquired, and costs have

been going up for some measures.
3,000
- I |I‘I‘I | |
. 1
<0 <10 <20 <30 <40 <50 <60 <7

<100 <120 <140 <160 <180 <200 <250 250+
Net Levelized Cost ($/MWh)

Average megawatts
SN
o
o
o

N
o
o
o

o

= 7P =8P m 9P Costs are in the respective power p

dollar year (2012, 2016, and 2024)

Northwest Power and 3 The 9th Northwest

2
ﬁ Conservation Council 7’/ Regional Power Plan



Understanding Difference in Value of

)
2 . 0
Conservation Across the Region ;
Color scaleA o0
70
, , _ Study yearsh -
API’EVIOUS slides show the max cost bin (Note: 2028 is excluded because it skews the scale)
across the region, but the model shows g TR —
. J | .
differences across the region g po
¢ Each zone has its own maximum cost bin é A
¢ This varies by sensitivity @ corup
¢ The sensitivities show a similar trend 3§ éEEE{E
: i o 5
ANext slide shows the max cost bin by N > pec
- 0n0 Dno (D) PSENM
zone over time for all sensitivities B 3 e
=
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Changing Transmission
LessA More

Constraining Resources
All supply sidé\ BatteriesA EE

Changing Costs

Changing Hydro

Max Cost Bin, By Zone

Northwest Power and
Conservation Council

@%

E N BI& Tk Al Tax credits for all cleaffs = &

Tramzmizcion Min

2030 2032
MR 20 40
EFAIDR 40 50
IPCO 40 50
FACE 40 50
Ald (:11] 1)
EFAOR 40 50
EFAW A L] 50
CCPUD &0 &0
DCPUD &0 L)
GCPUD :11) 1)
FACW 50 L)
FGE L] L)
FSEC &0 &0
FSEN &0 L)
FSEQ 60 1)
ECL &0 L)
TFWFR &0 L)

Constrained World

2030 2033
MW hT 233 333
BPAIDM 333 333

IPCO 233 333
FACE F33 533
B a33 333

EPADR 233 333
BPAWA 233 333
CCPUD 233 333
DCRUD F33 533
GCFUD a33 333
PaCY 233 333

PGE 433 @39
PEC 433 @39
PIEN 333 333
| P3ED 333 333
SCL 333 899

TPWR 233 233

Emerging Teck Up

2030 2032
W T 20 40
EPAIDM. 20 50
60
BPAOR 40 60
BRAWA 50 50
CCPUD &0 &0
DCPUD 50 50
GCPUD 60 60
PACHY 40 60
PGE 40 50
PEEC &0 &0
PIEN 60 50
PSEQ 60 60
SCL 60 60
TRWR 80 50
BiOp
2030 2032
MWW T 40 40
EPAIDM 40 40
IPCO 50 50
PACE 50 50
AL 50 50
EPAOR 50 50
EPaWA 50 50
CCPUD 50 50
OCPUD 50 50
GCPUD 50 50
PACW 50 50
PGE 50 50
PEC 50 50
PIEN 50 50
PIEQ 50 50
ECL 0 &0
TPWR 60 50

034
233
233
233
F33
33
233
233
233
F33
33
233
233
233
F33
33
233
233

2033
333
333
333
553
333
333
333
333
553
333
333
333
333
553
333
333
233

2042
40.0
5000
50.0
50.0
60.0
B0.0
B0.0
£0.0
60,0
60.0
oo
&0.0
0.0
0.0
oo
oo
oo

2042
33
233
233
A33
333
33
233
233
A33
333
33
233
233
A33
333
33
233

2046
40.0
0.0
50.0
50.0
600
L]
L]
oo
o0
100
o0
o0
oo
o0
100
o0
o0

2046
333
333
333
353
333
333
333
333
353
333
333
333
333
353
333
333
393

Transmizcion Flus

2030 2032
MW BT 20 4n
R AIDRA 20 50
IPCO 40 0
PACE 40 0
ANA B0 =1}
EFAOR 40 &N
ERAWA 50 &N
CCpUD &0 B0
DCpUD &0 B0
GCPUD B0 =1}
FACW 40 &N
FGE 40 &N
PEEC &0 B0
PZEN &0 B0
PESED B0 =1}
ECL B0 =1}
TFWR B0 ™m
Delayed Battery

2030 2032
M T 20 40
EPAIDM 40 50
IPCO 40 50
FACE 40 50
A B0 B0
EPACR 40 B0
EPANWA B0 =1}
CCPUD B0 =1}
DCRUD B0 &N
GCPUD B0 B0
PACW 40 B0
PGE 40 =11}
PESEC o mn
FZEN T ™m
FZED T o
ECL T m
TPWR T m

Emerging Teck Down

2030 2032
MW RT &0 40
EFAIDM 20 L]
IPCO 40 Ll
FACE 40 Ll
Al 50 60
BR&OR 40 60
EFAWA 50 &0
CCPUD &0 ED
DCPUD 50 &0
GCRPUD 1) 60
PACY 40 60
FGE 40 &0
PZEC B0 ED
FSEN &0 &0
FSEQ 1) 60
3CL 1) 60
TFWR L) &0
RCEBA
Row La 2030 2032
MW T 20 20
EFAIDN 20 40
IPCO 40 40
FACE 40 40
A 50 L]
EFAOR 40 Ll
ERaWA 50 Ll
CCRPUD 50 501
DCRUD 50 L]
GCRUD 50 L]
PACY 40 Ll
FGE 40 Ll
FSEC 50 501
FSEM 50 L]
FEEQ 50 L]
sCL 50 0
TPWR &0 &0

2046
40.0
40.0
40.0
40.0
B0.0
£0.0
50,0
60.0
50,0
B0.0
£0.0
£0.0
60.0
B0.0
B0.0
E0.0
E0.0

Tramzmizcion Max

2030 2032
P hT 20 40
EF&AI0R 20 50
IPCO 40 &0
FACE 40 L)
AN 501 1)
EBFAOR 40 L)
EFahta ] L)
CCPUD &0 &0
DCPUD =l L)
GCPUD (1] 60
P 40 o
FGE 40 o
FZEC &0 il
FZEN &0 il
F3EOQ 60 il
oL &0 o
TFWR &0 T

Delayed Demand Side

2030 2032
W IT 20 40
EPAIDM. 20 50
IPCO 40 50
PACE 40 50
AA S50 B0
EPAOR 40 50
EPANWA 50 60
CCPUD 60 60
DCRUD 50 50
GCFUD &0 B0
PACY 40 50
PGE 40 60
PSEC 601 60
PIEN &0 50
FIEQ &0 B0
FCL 60 50
TPWR 601 50
Fed Policy

2030 2032
WWIT 20 20
EPAIDM. 20 40
IPCO 40 50
PACE 40 40
AN 40 50
EPAOR 40 50
EPAWA 50 50
CCPUD 40 &0
DCPUD 40 50
GCPUD 40 50
PACY 40 50
PGE 40 50
PIEC S0 &0
PIEN 50 50
PSEQ 50 50
HCL 50 50
TPWR 50 50
MOP 0P

2030 2032
W IT 20 40
EPAIDM. 20 40
IPCO 40 40
PACE 40 40
AN 40 50
EPAOR 40 50
EPAWA 50 50
CCPUD 50 50
DCPUD 40 50
GCRUD 50 50
PACY 40 50
PGE 40 50
PSEC 50 50
P3EN 50 50
PIEQ 50 50
oL S0 &0
TPWR 50 50

Notes:

Constrained world
shows a strong
investment signal
across the region

East / west difference
is notable in other
sensitivities

All sensitivities show a
trend towards
Increasing costs over
time

Sensitivities with
renewable tax credits
show generally more
depressed
conservation
investment

Lim Flex

2030 2032 2034 2038 2042 2046
MW T 40 40 40 40 40 40
EPAIDM 40 40 40 40 40 40
IPCO 50 il 50 il 50 50
FACE 50 50 50 50 50 50
AVA 50 50 50 50 50 50
EPACR 0 0 50 0 &0 B0
EPAWA 0 0 50 0 &0 B0
CCPUD 50 il 50 il B0 =}
DCRUD 50 50 50 50 50 50
GCRUD 50 50 50 o B0 60
PACY 0 0 50 B0 T i
PGE 0 0 50 0 T i
PEEC 50 il 50 =1} o m
PZEN 50 50 50 &0 T T
FIEQ 50 o 50 o T T
ECL B0 ED B0 ED T o
TFwWR B0 B0 &0 B0 T il

The 9th Northwest
7’/ Regional Power Plan




Costs Across

. 1
the Region o -
. $40 $40
Seggtie | BPA WA gZ b 0/

A Shaded areas show | [CLp Jcorub ™ spoa pOR AVA 5200
generally consistent | TOWER pfacima HINSEN DCPUD) M
costs in the zones ® el

_ GCPUD 713

A Min and Max are for v a1
those zones in the Podland f-—-y BPA IDMT " ST
shaded area based on PGE o BPA_OR e e |
variance across e 4 s0 |
sensitivities 2032 2046 > zggg < $50 / \_\/~r——/\

ATime period shows the /“’ e % Z &5 R 7Y Sf‘° ——
trend In cost increases Mex 0T 350 $50 By PO ,DAHJ 4]
across all zones : _

Does not include costs of PACW

constrained world sensitivit

~

¥

orthwest Power and isi The 9th Northwest
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Conservation Potential

Additional Notes on Conservation

E=EE
AConservation measures vary

widely in terms of costs <$40 Electronics, some commercial HVAC, commercial whole buildil

¢ Table on the right shows some commercial water heating, motors and drives, pumps,
f the main measures available commercial and industrial lighting, industrial processing,
i?] different cost bin ranges compressed air, industrial energy management, irrigation

$40-$60 More of the commercial HVAC and lighting, refrigeration,

A Cost is not the 0n|y reason industrial HVAC, residential heat pump ret@pmmissioning
utilities are acquiring $60-$80 Residential water heating, clothes dryers, industrial compresse
efﬁciency air, a little more commercial HVAC and residential heat pump

retro-commissioning
¢ Other benefits considered by
some include health, comfort,
productivity, etc. >$100 Residential HVAC (generally >$200), residential weatherizatior
more advanced commercial HVAC, commercial lighting, most
emerging tech

$80-100 Some residential heat pump upgrades

orthwest Power and %~ The 9th Northwest
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Demand Response



Reminder

Demand Response ReSUltS Planning reserve margin?

Policy

A Demand response is acquired in all sensitivities

A Model selects more demand response when:
¢ Supply side resources are constrained
¢ Limitations are placed on batteries
¢ More flexibility is needed in the system

A In other cases, the amount of demand response is limited to the lowest cost bin of the
time of use rates for EV charging

A Some of this limitation is likely driven by:
¢ Firm energy requirements are driving much of the build, and demand response does not fill this nee:
¢ Limitations in the modeling approach may mask the value of this resource, particularly for some
utilities
¢ Results for demand response do not include demand voltage regulation

4\ Northwest Power and %~ The 9th Northwest
2 C

onservation Council 7’/ Regional Power Plan



Demand Response Buildout

Demand Response Buildout by 2032 and 2046

5.000 prees—— .
: : Most of the demand response is
4,500 = )
: D Jam acquired when there are
4,000 : constraints on the supply side

ss00  When flexibility in the system

is constrained, more demand

@ 3,000 : ) : :
2 response is acquired : E Model also wants more when
% 2,500 : there are limitations on batteries
g
= 2,000 /

1,500 :

1,000

500 . - - = .
, W - mM [] : - m H I m - - -
BiOp RCBA MOP OpE Lim FIexEE Constrained ETransmission Transmission TransmissionE Delayed EEmerging TectEmerging Tech Delayed Federal Policy
: : ‘ World s Min Plus Max ‘ Battery : Up Down Demand Side
Hydroops llllllllll 4gg@g@gg@gpmuEmen* . Tams=s .R./A.\.l._.s..
= 2032 = 2046 This buildout does not includge

demand voltage reduction.

4\ Northwest Power and : The 9th Northwest
2 C
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Building for Both Firm Energy and Peak

Model is building for both firm energy requirement and planning reserve margin

Firm Energy Planning Reserve
Requirement Margin Some Esatlioes
that meet firm
Firm energy Natural Gas — Natural Gas energy requirement
requirement Is also meet planning
often binding in Solar + Storage | EmEp Solar + Storage reserve margin.
the model
Conservation ‘ Conservation Resources that
provide both show a
Renewables Storage stronger signal in
the model

Demand Response

4\ Northwest Power and %~ The 9th Northwest
2 C
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Other Modeling Considerations

A Modeling approach likely mutes the economic value of demand response

¢ Demand response is modeled in a way that once the model selects the resource, it must use that
resource regardless of the economic signal

¢ This means that demand response must run in futures with low market prices, the same as it would
run in futures with periods of high market prices, which is not the reality of this resource

¢ TTRqRYUcGG! AWqd6 WG YT 34 Wet 13t We Wba! GRAEC G W ¢! wl
volatility as utilities see locally
A Model does see a need for flexibility, and it uses other tools that meet that need, which
may mask the signal for demand response

¢ Storage resources provide flexibility and can provide reserves
¢ Hydrogen load is modeled as an elastic load, which curtails in some futures if needed to support

adequacy

orthwest Power and %~ The 9th Northwest
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Signal for Flexibility Value

This graph best shows

2032 Builds for Demand Response and Storage
the role of hydro

5000 flexibility and how to Model is trying to get to a very similar level of flexibility
7,000 develop new resources across sensitivities with the same level of existing system
to mitigate that need flexibility. This suggests that batteries and demand
0,000 response are both good resources to fill this need.
%) 5,000
¢c—é ....... TR R PRI LR LR EEEEEmccccccccccccccccccces ﬁ ........ ﬂ ........ g ....... Jeen
% 4,000 l
g -
s ]

3,000 ]

I
2,000
: =

BiOp RCBA MOP Op Lim Flex Constrained Transmission Transmission Transmission  Delayed Emerging TectEmerging Tech Delayed Federal Policy
World Min Plus Max Battery Up Down Demand Side
Hydro Ops Resource and Transmission Risk

B Battery " Hybrid ' LDES ® DR

4\ Northwest Power and %~ The 9th Northwest
2 C
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Another Signal for Flexibility Value

Elastic Load Curtailment in 2042 in Future 9 for Region Sensitivity
— BiOp
700 + ConstWorld
— Delay Demand Side
g o —_— DelayBattery
= 500- This is an example of the hydrogen load T Dn

need of flexibility in the system

o) curtailing in the winter in some of the
o 100° /\\/Y L—"sensitivities. This is another signal for th — ETUp
@ — FedPolicy

- ks — LimFlex
©
200 - _
S MOP Op
100 / — RCBA
0- FOVIALT N — TxMax
T T T T T T T T T T T T T 1 T T T T T T 1 T T 1T 1T 1T T 1T T 1 T 1T T 1T T T T 1T T T T 1 — TxMin
14 812162024 14 8 12162024 14 8 12162024 14 8 12162024 14 8 12162024 14 8 12162024 TxPl
xPlus
Jan/Feb Mar/Apr May/Jun Jul/Aug/Sep Oct/Nov Dec

Hour of Typical Day per Season

orthwest Power and : The 9th Northwest
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Voltage Regulation

AThis is a demand side resources that regulates the voltage on the distribution
system to provide energy savings

Alt can be operated in two different ways:

¢ Conservation Voltage Reduction (CVRpwering the voltage once and keeping it there

¢ Demand Voltage Regulation (DVRhwering the voltage at times where it provides value to

the SyStem 2021 Power Plan recommended DVR as one of

two costeffective demand response products

AFor the Ninth Power Plan, this resource was modeled separately from both
conservation and demand response to understand what approach might be most
valuable for the region

4\ Northwest Power and %~ The 9th Northwest
2 C
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Voltage Regulation Utilization in 2032

DVR/CVR Utilization in 2032 for Region Sensitivity
— BiOp
200- =" 1] 1 i . ConstWorld
— Delay Demand Side
L DelayBattery
1501 But, the model also shows value for ET Dn
flexing this resource when flexibility — ETUp
= . .
S 100- is needed (more like DVR) — FedPolicy
— LimFlex

In most seasons, the voltage
50 - o : — MOP Op
regulation is being treated as an

mEUs ¢!t WYUwWI 13t Yel #IISERA Y wwo Rt W9 é /

— TxMax
0-
r r r r r r r Tt 1 r 11 1 rTr 11 1. 1.1 T°r1r 11 1. 1717 T °~1 1 1T 17§17 T§7T T 1 T 1T 1§ °1 1 —TXMin
14 812162024 14 8 12162024 14 8 12162024 14 8 12162024 14 8 12162024 14 8 1216202 4Pl
xPlus
Jan/Feb Mar/Apr May/Jun Jul/Aug/Sep Oct/Nov Dec

Hour of Typical Day per Season

4\ Northwest Power and %~ The 9th Northwest
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Voltage Regulation Utilization in 2046

DVR/CVR Utilization in 2046 for Region Sensitivity
250 : = T ; — BiOp

w — ConstWorld
M
\rf — Delay Demand Side

DelayBattery
ET Dn

— ET Up

— FedPolicy

200 +

150 -

MW

100

— LimFlex
— MOP Op
— RCBA
— TxMax
i A é 112 1162I02I4 ‘II KII EIB 1I2 1I62l0214 1I ﬁll EI} ‘Il2 1162102I4 ‘II éll é 112 1I62I02l 'II 4'1 EIS 1I2 “Il62102l4 i ﬁlf EIB 112 1I62I02I - Ilelm
Jan/Feb Mar/Apr May/Jun Jul/Aug/Sep Oct/Nov Dec e
Hour of Typical Day per Season

Results show a stronger regional
50 A need for flexibility by 2046

orthwest Power and : The 9th Northwest
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N
2.

Voltage Regulation by Location

DVR/CVR Utilization in 2032 for OR

35 - \ ——
—
30 -
25
g 20-
s This is Oregon, in 2032. This shows a
157 signal very similar to the regional
10 signal for the same time period
5-
0-
14 812162024 14 8 12162024 14 8 12162024 14 8 12162024 14 8 12162024 1 4 8 1216202
Jan/Feb Mar/Apr May/Jun Jul/Aug/Sep Oct/Nov Dec

orthwest Power and
onservation Council

Hour of Typical Day per Season

- Oregon

Sensitivity

— BIiOp
ConstWorld

— Delay Demand Side
DelayBattery
ET Dn

— ET Up

— FedPolicy

— LimFlex

— MOP Op

— RCBA

— TxMax

— TxMin
TxPlus

The 9th Northwest
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Voltage Regulation by Location 9oID & MT

DVR/CVR Utilization in 2032 for IDMT Sensitivity
17.5 T — BiOp
15.0 - M M WH @Wbﬁt @ ConstWorld
' \——\ﬁ = /\f — Delay Demand Side
12.5 1 DelayBattery
10.04 ET Dn
g But we see a very different picture in the Idaho| ETUp _
7:51 and Montana zones. — FedPolicy
50- — LimFlex
' This suggests this resource provides value for the — MOP Op
2.5- region, and how it should be utilized (either CVR — RcBA
or DVR) depends on locational needs. — TxMax
0.O-l T T T T T 1 1 T T T T 1 T T1r 1 1T 1 T Il || T 1 1 1 1 || |I LN B B | l| || T 1 1 1 1 1 S TXMin
14 812162024 14 8 12162024 14 8 12162024 14 8 12162024 14 8 12162024 14 8 1216202 -
XFlus
Jan/Feb Mar/Apr May/Jun Jul/Aug/Sep Oct/Nov Dec

Hour of Typical Day per Season

orthwest Power and %~ The 9th Northwest
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Other Thoughts on Demand Response

ASome utilities in the region see high value in demand response to meet their need:

Including:
¢ Supporting frequency regulation
¢ Local transmission and distribution deferra: These things are not fully
¢ Market price volatility captured in our modeling

¢ Avoiding BPA peak power demand charge

A'Some utilities have also expressed concerns over the ability to quickly build out
resources to meet needs, and demand response is a good tool to fill that gap

This we do see in our modeling via
the constrained world sensitivity

4\ Northwest Power and %~ The 9th Northwest
2 C
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Storage



Reminder

StO rag o ReS u ItS Firm energy(hybrid only)

Planning reserve margirn

A Storage is acquired in all sensitivities Policy
AThis is the first power plan to show a strong signal for storage

AModel likes almost all the storage resources available to it
¢ Model acquires battery storage and solar + storage in all sensitivities
¢ Longduration energy storage is picked up in all sensitivities by the end of the plan

¢ Mediumduration energy storage is picked up in all sensitivities for which it was an eligible
resource

¢ Pumped storage is the exception, only showing up in one of sensitivities
A Storage resources are playing an important part of meeting reserve requirements

AHybrid systems are also supporting the firm energy requirements

orthwest Power and %~ The 9th Northwest
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Storage Buildout 0 Standalone Battery

In most sensitivities, the model selects

around 2250 MW of standalone : .
batteries in 2028 and does not add Storage Buildout in 2032 and 2046

22,000

20.000 more throughout the study. We see higher builds of standalone storage in thetérngin cases where

18’000 there are also higher renewable builds. Those higher renewable builds are
16'000 driven by tax credits for the Hydro Ops and Fed Policy sensitivities, and by an

overall need for more clean resources in the ET Up sensitivity.

Nameplate MW
=
N
o
o
o

2032 2046 2032 2046 2032 2046 2032 2046 :2032 2046 2032 2046 2032 2046 2032 2046 2032 20467 2032 2046: 2032 2046 2032 2046 : 2032 2046

".' BiOp RCBA MOP Op Lim Flex ':. Const. World ~ Tx Min Tx Plus TxMax Delayed Battery ~ETUp : ET Down Delayed * Fed Policy :
G sEEEEEEEEE NSNS EEEEEEESEEEEEEEEEEEEEEEEEEEEEEEES 4 METTLLEI LI v Demand Side METTLLEI LI v
Hydro Ops Resource and Transmission Risk
Battery

4\ Northwest Power and : The 9th Northwest
2 C
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Storage Buildout o Hybrid

Hybrid (solar + storage) resources get

added as the model needs more Storage Buildout in 2032 and 2046
22,000 storage. These bring with it firm
20,000 energy from the solar. They also bring
18,000 with it a bit of a drag with reserves.
16,000
§ 14,000
£ 12,000
=
@ 10,000
&
= 8,000
6,000
4,000
2,000
0
2032 2046 2032 2046 2032 2046 2032 2046 2032 2046 2032 2046 2032 2046 2032 2046 2032 2046 2032 2046 2032 2046 2032 2046 2032 2046
BiOp RCBA MOP Op Lim Flex Const. World Tx Min Tx Plus Tx Max  Delayed Battery ET Up ET Down Delayed Fed Policy
Demand Side
Hydro Ops Resource and Transmission Risk

Battery  Hybrid

4\ Northwest Power and : The 9th Northwest
2 C
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Storage Buildout 0o Long Duration Energy
Storage

Long duration energy Storage Buildout in 2032 and 2046
zzgz S;?|rigﬁ3?§\t,?ﬁ22li§,tfﬁ em The exceptions in_the Actiop Plan period are!" """" —
15000 end of the study. when the resource is not available to the model
’ (constrained world) or when the costs are

. 16,000 - assumed to be higher (ET Up)
< 14,000
£ 12,000 |
: -
g 10,000
L 8,000

6,000

4,000 _ —

2,000

0
2032 2046 2032 2046

Delayed Fed Policy
Demand Side

Hydro Ops Resource and Transmission Risk

Battery  Hybrid BLDES

4\ Northwest Power and : The 9th Northwest
2 C
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Storage Buildout 0 Medium Duration
Storage

Storage Buildout in 2032 and 2046

22,000 . . . .
Medium duration storage is available to the =
20,000 model in 2040 (except in the constrained
S world). It is picked up in 9 sensitivities in
16,000 = 2042 and 12 by the end of the study.
§ 14,000
g 12,000 o - - — - =
§ 10,000 . l
L 8,000 = = .
6,000 m
4,000 | | i — i i N
2,000 .
0
2032 2046 2032 2046 2032 2046 2032 2046 2032 2046 2032 2046 2032 2046 2032 2046 2032 2046 2032 2046 2032 2046 2032 2046 2032 2046
BiOp RCBA MOP Op Lim Flex Const. World Tx Min Tx Plus Tx Max  Delayed Battery ET Up ET Down Delayed Fed Policy
Demand Side
Hydro Ops Resource and Transmission Risk

Battery ' Hybrid ELDES HH2

4\ Northwest Power and : The 9th Northwest
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Storage Buildout o Pumped Storage

Pumped storage is only picked up in one sensitivity, the
constrained world, in 2034. In this sensitivity, {dngation
storage is not available until 2042, and medium durativierage Buildout in 2032 and 2046
storage is not available at all. This signals that storage
beyond batteries and hybrids will be needed, but the =
attributes of pumped storage are less attractive than those
of the other longer duration storage resources.

2 14,000 .
a ]
T 12,000 ] - P . .
ol . ~O0000N o0C
o 10,000 . l
% . c
Z 8,000 = = : :
6,000 || . .
4,000 . 0 B B — N I |
2,000 5
O : 1]
2032 2046 2032 2046 2032 2046 2032 2046 : 2032 20462032 2046 2032 2046 2032 2046 2032 2046 2032 2046 2032 2046 2032 2046 2032 2046
BiOp RCBA MOP Op Lim Flex Const. WorIdE Tx Min Tx Plus Tx Max  Delayed Battery ET Up ET Down Delayed Fed Policy
N nnsnnannas o Demand Side
Hydro Ops Resource and Transmission Risk

Battery © Hybrid B LDES EH2 B Pumped Storage

onservation Council
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Storage Buildout

Storage Buildout in 2032 and 2046
22,000
20,000 -
18,000
16,000

14,000 .

12,000 o - - =

10,000 ]
8,000 B B N

6,000 [ ]
4,000 | | | | | —
2,000 —

0

Nameplate MW

2032 2046 2032 2046 2032 2046 2032 2046 2032 2046 2032 2046 2032 2046 2032 2046 2032 2046 2032 2046 2032 2046 2032 2046 2032 2046

BiOp RCBA MOP Op Lim Flex Const. World Tx Min Tx Plus Tx Max  Delayed Battery ET Up ET Down Delayed Fed Policy
Demand Side

Hydro Ops Resource and Transmission Risk

Battery © Hybrid B LDES EH2 B Pumped Storage

4\ Northwest Power and i The 9th Northwest
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Storage is being used primarily to support

StO rag e fo r ReS e rveS reserves. The amount varies over time,

across zones, and by future tested.

Storage Reserve Utilization Across All Sensitivities

100% B o s o ————— e ——————— e e,
90% ] \\ l \ A

80%
70%
60% \ ’
50%
40%
30%
20%
10%
e =2 Q % O = O D > ® W W w O s 2 QO 3 O = O O D O W w w O
O 17) (@] IS O 1] Q e
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Renewables



Reminder

Renewables Results Firm energy

Policy

ARenewables are selected in all sensitivities
¢ Wind, solar, and hybrids are available in all sensitivities in the Action Plan period
¢ Geothermal is selected in all sensitivities as soon as it is available in the model (2034)

AThese resources provide firm energy and support policy

AModel does account for additional reserve requirements through the dynamic
probabilistic reserve requirement feature

AResults show a strong signal for the locational value of the different renewable
resource types

4\ Northwest Power and %~ The 9th Northwest
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Renewable Results 0 Wind in 2032

Renewables in 2032

12,000
Wind is selected most in all but one sensitivity, The exception in the wind buildout is in
10,000 with a pretty consistent signal around 4,000 MW. Transmission Max. One driver of this is the
It represents around 465% of the renewable market availability study for this sensitivity has
= 8,000 build in 2032, varying by sensitivity. a lot of wind developed across the west.
=
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Renewable Results 0 Solar in 2032

Transmission Max is also the exception on the
solar builds, with significantly more solar than
the other sensitivities. This too ties back to the
market study, which had much less solar built
across the west than others, leaving more for the
Northwest to provide diversity of renewables.

There is much more variability in the Renewables in 2032
12,000 total solar buildout by 2032.
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The total renewable builds across all these

Re n ewab | e Res u |tS I n 2 03 2 sensitivities are less than what is seen

collectively across the regional IRPs

Hybrids (solar + storage) represent

the remainder of renewable builds Renewables in 2032

12,000 in the Action Plan timeframe.

10,000 . I
8,000 I

=
=
2 O N
©
5 6,000
)
£
czu RELTTITITTE .
4,000 : - :
2,000
0 4 .
BiOp RCBA MOP Op Lim Flex = Constrained ETransmission Transmission Transmission Delayed Emerging TeclEmerging Tech Delayed Federal Policy
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Wind = Solar ® Hybrid
This sensitivity limits the availability of
supply side resources, so not surprisingly
this is the smallest build by 2032
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Re n ewab I e Res u ItS The ET Up market buildout is bigger in the NW

and smaller in the rest of the WECC. This
results in a bigger hole to fill in the region,
driving the large renewable buildout.

Renewable Buildout in 2032 and 2046

70,000

By the end of the study, we continue to
see more of all resources, particularly
50,000 wind. Conventional geothermal also

60,000

2 ; L

= shows up in all sensitivities.
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Conventional Geothermal Buildout

Due to the long development
time, conventional geothermal is
not available until 2034. When it

is available, it is picked up in
every sensitivity. This is another

Geothermal Buildout in 2034 and 2046

500

450 way to support the firm energy
400 and policy requirements.
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Wind Buildout by Location in 2032

For each sensitivity, as wind is
selected, the model selects a similar Buildout by 2032
amount in multiple zones. This points

600 . . am.
to the benefit diversifying the resource.
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This Trend Continues Throughout the Plan

Wind Buildout in 2046
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Solar and Hybrid Buildout, by Location
(2032)

Solar and Hybrid Buildout

12,000

10,000 Most the solar in the Action Plan period is We are also seeing hybrids show up the most in
built in Eastern OR and WA, with some in Eastern OR and WA, as well as Montana.

8.000 Idaho and Western OR and WA.
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Solar and Hybrid Buildout, by Location
(2046)

Solar and Hybrid Buildout More hybrids are added in Western WA and OR and in
12,000 Idaho. Hybrids are probably a better way of meeting
N policy in WA/OR given the solar resource. They can also
10,000 Most solar additions are contribute to both firm energy and planning reserve
in WA and OR, likely to requirements, supporting more flexibility.

= Gl support meeting policy.
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Renewables and Reserves

Year | VER Buildouf

2032 7,472 MW

2046 27,453 MW

Reserve Requirement for Renewables in Transmission Plus Sensitivity

9,000
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7,000
6,000
5,000

4,000 /

3,000

Megawatts

NSIWa VYT Wikt WnaUrqRYUCOR
account for reserve requirements for variable
U N W 3t Yel AIJt WRt Ws Y
example of the reserve need as it grows over
time with the addition of more wind and solar.
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Natural Gas



Reminder

Natural Gas Results Firm energy

Planning reserve margirn

A Natural gas is acquired in all sensitivities
¢ In many of the sensitivities, it hits the gas limits in the model

A Most of the new gas getting selected is simple cycle combustion turbines
¢ Lower cost, less efficient, and more flexible than other options
¢ This flexibility can provide economic value by dispatching down when market prices are low

A Strategies with the lowest natural gas builds in the-tezar are those with renewable
energy credits

A Gas plants get utilized more heavily in futures with larger data center loads

A All strategies meet policy for the Action Plan, as well as by the end of the study

¢ Note, the Constrained World sensitivity does not have enough clean resources available in 2030 to
both meet the adequacy requirements and CETA requirements within build limitations

4\ Northwest Power and %~ The 9th Northwest
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Natural Gas Buildout

These are hitting, or getting near,
the caps in most sensitivities

Natural Gas Builds by 2032 and 2046
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N atu ral G aS B u I Id O Ut Th(_a clgan reql_Ji_rt—?‘m(_ants are binding

in this sensitivity in 2038 and
beyond. To meet those policies,
and to provide the firm energy and
planning reserve margin
Natural Gas Builds by 2032 and 2046 requirements, the model is building

BT a lot more renewables and storage.
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W 2032 1 2046 % o

These have tax credits for renewables, generally reducing the
build, at least in the neé&rm. The amount of flexibility in the

&, Northwest Power and hydro operations is also noticeable here too.
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Pace of Build Varies by Sensitivity,
Particularly in the Out Years

Natural Gas Build Over Time
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n This is just an initial look. We are still
digging into resource utilization.

Thermal Utilization Across the West

A MOd el prOVideS Average Thermal Utilization, by Region
information on the ™
oMo C 90%
utilization of
thermals across - == —
the WeSt 60% = N orthwest
Canada
ANorthwest has the = —_
lowest thermal — o s
utilization, on 30%
average, for the
WECC
0%
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Thermal Utilization Varies Across the
Reg I O n In some futures they are usadbt, in

others . This ability to
dispatch based on the future is part| of

Average Thermal Utilization, Across All Sensitivities, New and Exist| the economic benefit for these units.
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Thermal Utilization of Existing Plants

On average, the existing system is being used
more for generation, and less for reserves. There
Average Thermal Utilization of Existing Plant¢ are more combined cycles in the existing system.
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Thermal Utilization of New Plants

New plants are mostly being used for reserves.
Remember, these are mostly simple cycle

plants, with the one combined cycle in Idaho. Average Thermal Utilization of New Plants
100%
Q0% e
0% e
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50% mmmm Average of Capacity
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30% L eseeeee Max of Utilization
Percentage
20%
. Min of Utilization
10% _ Percentage
0% S~_ __ -]
IDMT WA IDMT WA
2032 2046

orthwest Power and : The 9th Northwest

a\ N
ﬁ Conservation Council 7’/ Regional Power Plan




Thermal Utilization of Some New Plants,
by Future, in 2032

New Natural Gas Thermal Utilization by Future, in Transmission Plus in 2032

This is an example ohandful of
zones with new gas and their
utilization across the futures.
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Thermal Utilization of Some New Plants,
by Future in 2046

New Natural Gas Thermal Utilization by Future, in Transmission Plus in 2046
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Emerging Tech



Reminder

Emerglng TeChnO|Ogy ReSUItS Firm energy(baseload only)

Planning reserve margin

AModeling suggests value in the clean emerging technolog Lol

A Storage proxies were both selected in all sensitivities
¢ Provide flexibility to the system

AClean baseload proxy was selected in about half the sensitivities in the last year of
the study
¢ All of these show up in Washington
¢ Many show up in the PSE Olympia zone, which is where Centralia 2 is retired from in 2045

Alf costs come down, the emerging technologies are more attractive to the model

4\ Northwest Power and %~ The 9th Northwest
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This study has some
. . interesting market
Emerging Tech Buildout
has a lot more wind
and a lot less solar. CA
IS importing more. In
this study, the NW is

Emerging Tech Buildout also exporting more.
7,000 .
Longduration /
6,000 energy storage is v :
000 available in 2042,
: and the other two
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Emerging Technology Cost Comparisons

Emerging Tech Buildout

The emerging technology resources
5,000 are also more attractive to the

> model when the costs come down.
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Clean Baseload Buildout by Zone

Clean Baseload Buildout, by Location

3,000
2 500 These are likely being built in Washington
' to support 2045 policy goals.
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Emissions



: : This is just an initial look. M lysi
Emissions Results A i vecies on the emissions picture. |

AEmissions decline in the nesrm, with some declines in the letegym
AFactoring in the load growth shows a decline in the average emissions rate

AEmissions in the broader west decline more so than in the region
¢ Thermal in the Northwest has primarily been a hedge for bad hydro conditions
¢ The broader West relies more on thermal generation

ANot seeing significant differences in WE®ide emissions from the different
sensitivities
¢ This suggests that the clean policies are driving the change in emissions more than any single
strategy that is being developed by OptGen

orthwest Power and %~ The 9th Northwest

N
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Emissions for Resource and Transmission
Risk Sensitivities

PNW?* vs WECC Emissions - Res & Tx Sensitivites
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Emissions for Hydro Ops Sensitivities and
Fed Policy Sensitivity

PNW* vs WECC Emissions - Hydro Op Comparison
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Historical Emissions vs Modeled Emissions
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Questions?

AAre there any remaining questions around the material we presented so far?

A Are there other questions you were hoping we would provide information on that
5 I JWE¢c21IJUK qW! agWwe U s 131 JIT e
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Follow -Up from Tuesday

ATopics for deeper analysis
¢ Costs, particularly incorporating the variable costs and discussion of risk
¢ Resource utilization, more on variance across the futures and discussion of risk
¢ Emissions, more comprehensive evaluation

AA couple quick pieces for today
¢ Levelized cost of selected resources
¢ Voltage regulation in WA
¢ Thermal utilization in 2046 and link to combined cycles
¢ Nearterm emissions differences across sensitivities
¢ Role of reserves and market
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Levelized Cost of Selected
Resources

After seeing the maximum cost bins for conservation costs, there
was a gquestion around how these compare to other resources the
model is selecting.



From Tuesday

Closer Look at Costs

Regional Max Cost Bin Selected, 2032 and 2046
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Note: These are th®MAXlevelized cost

CO m parl SO n Of M aX Leve | I Z e d of resources acquired. The weighed

average for resources is lower. For
example, the weighted average of the
Cost of Selected Resources SCCTis les than S100MMYA

Levelized Cost of Resources Selected in 2032 (excluding storage and DR)
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Note: These are th®MAXlevelized cost

CO m parl SO n Of M aX Leve | I Z e d of resources acquired. The weighed

average for resources is lower. For
example, the weighted average of the
Cost of Selected Resources SCCTis les than S100MMYA

Levelized Cost of Resources Selected in 2046 (except storage and DR)

ALY <+«—— Again, this goes all the way up the supply curve
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Voltage Regulation Utilization

Staff shared information on voltage regulation for the region,
Oregon, and Idaho/Montana. There was a question on the
utilization in Washington.



From Tuesday

Voltage Regulation Utilization
Region in 2032

DVR/CVR Utilization in 2032 for Region Sensitivity
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From Tuesday

Voltage Regulation Utilization
Region in 2046

DVR/CVR Utilization in 2046 for Region Sensitivity
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From Tuesday

Voltage Regulation by Location
Oregon in 2032

DVR/CVR Utilization in 2032 for OR Sensitivity
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From Tuesday

Voltage Regulation by Location
ldaho/Montana in 2032

DVR/CVR Utilization in 2032 for IDMT Sensitivity
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Voltage Regulation by Location

Washington in 2032

DVR/CVR Utilization in 2032 for WA
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Voltage Regulation by Location
Washington in 2046

DVR/CVR Utilization in 2046 for WA Sensitivity
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Voltage Regulation by Location
Oregon in 2046

DVR/CVR Utilization in 2046 for OR Sensitivity
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Voltage Regulation
ldaho/Montana in 2046

DVR/CVR Utilization in 2046 for IDMT Sensitivity
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Natural Gas Buildout in 2046

Question arose around natural gas utilization in 2046, and if some
of the increased generation vs reserves was connected to
additional combined cycles.



From Tuesday

Thermal Utilization of Some New Plants,
by Future, in 2032

New Natural Gas Thermal Utilization by Future, in Transmission Plus in 2032

This is an example ohandful of
zones with new gas and their
utilization across the futures.
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From Tuesday

Thermal Utilization of Some New Plants,
by Future in 2046

New Natural Gas Thermal Utilization by Future, in Transmission Plus in 2046
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New Natural Gas Builds by 2046

Resource and Transmission Risk Sensitivities
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Near-Term Emissions

Question around near-term emissions differences between some
of the sensitivities.



From Tuesday

Emissions for Resource and Transmission
Risk Sensitivities

PNW?* vs WECC Emissions - Res & Tx Sensitivites
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From Tuesday

Emissions for Hydro Ops Sensitivities and
Fed Policy Sensitivity

PNW* vs WECC Emissions - Hydro Op Comparison
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Natural Gas Buildout in Action Plan Ao

We do see some differences in

2030 builds, which could lead to _ _ ) .
differences in 2030 emissions. We Natural Gas Buildout in Action Plan Period

3,000 can also dig more into thermal
utilization in the neaerm.
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Role of Reserves and Market

Staff discussed that more work was needed to show differences
across futures, more on reserves, and more on market. The
following slides provide a brief preview on how we are digging
Into some of these insights. We will bring more information at a
future meeting.



Regional Load Resource Balance Looks
Different By Year, Future and Sensitivity

AThe typical day load resource balance reflects the following:
1. Expected typical day loads and reserves per future

2. Sample renewable generation
3. Hydro, thermal and battery generation and reserve provision

4. Net outof-region market imports and exports

AThe typical day load resource balance will change depending on the following:
1. FutureT Load, gas price/volatility, hydro and renewable fuel availability

2. Yeart Changing adequacy and policy obligations
3. Sensitivity T Changing buildout of resources per assumptions

%~ The 9th Northwest
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Different load resource balance profiles
reflect different economics

A Sometimes different resource attributes will be more or less valuable versus a
market resource depending on the following:

1. Fuel availability/price timing
2. Demand or reserve obligation timing

AThermal generation/reserve, market, storage reserves and DVR/CVR are readily
available

AHydro, long and mid duration storage generation are often available

ARenewable generation and short duration storage generation are sometimes
available
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Load Resource Balance Graph 101

AResourceshould add up in every hour to madjusted Demand
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Load Resource Balance Graph 201

A Reserveshould add up in every hour to méetal ReserveReqt
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A Reserveshave differing variable costs listed here in increasing order.
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2.
3.
4

DVR

Storage*

Hydro Reserves $
Efficient Thermal Reserves $

- High Min Gen, Efficient Heat Rate

- Low Min Gen, Inefficient Heat Rate
Less Efficient Thermal Generation

- High Min Gen, Inefficient Heat Rate

A Resource + Reserves cannot be more than Capability

orthwest Power and
onservation Council

Variable Energy
resources (VER)

Dynamic
Probabilistic
Reserves (DPFH

2~ The 9th Northwest
7/ Regional Power Plan




By Future

Different Hydro, Demand, Renewable and Gas Price/Volatility
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2032 Transmission Plus o0 High Load, Low
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2032 Transmission Plus o High , Low Load
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By Sensitivity

Different buildouts will affect regional fundamentals



2046 Transmission Plus
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