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Current and Prior Workshops

A June 2024

I Needs Assessment and Market Assessment study results

A April 2024

i Needs Assessment data inputs and methods

A November 2023
I Data, methods, and results of forecasting for BPA obligations and regional TRL,;
I Needs Assessment overview

A June 2023
I Overview of planned scope and key expected innovations for 2024 Resource
Program;

I Relationship between 2024 Resource Program, Provider of Choice, 2026 Resource
Program, and resource acquisition
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Reminder: Power Planning at BPA

A Each year, BPA publishes the Pacific Northwest Loads and
Resources Studyoften referred to as thaVhite Book- which
analyzes BPA's projections of retail loads, contract obligations,
contract purchases, and resource capabilities over-gek
study horizon andlescribes expected energy and capacity
surplus/deficitsunder varying water conditions.

A On a biennial basis, BPA conducts anlilRPassessment
collectively referred to as thResource Prograrwhich examines
uncertainty in loads, water supply, natural gas prices, and
electricity market prices tdevelop leastost portfolios of
resourceghat meet BPA's obligations.

A These processes are voluntarily undertaken to inform acquisitio
strategies and provide valuable insight into how Bonneville can
meet its obligations costffectively. They are neither decision
documents nor a process required by any external entity.
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Resource Program Process

. TheNeeds AssessmeM S adzZNBa G KS
expected generating resource capabilities to meet
projected load obligations

. TheMarket Assessmensimulates the evolution of

¥ AR\R et Assescme

power markets in the Western Interconnect to gener

a longterm forecast of MidColumbia prices and mark

availability under a variety of generation, load, and
economic conditions

. TheCandidate Resource Assessment and Optimizaﬁon

Processexplores how the varying costs, performance
and availability of candidate demarathd-supply-side
resources (including conservation, demand respon
market purchases, and generating resources) as w
wholesale market reliance can be used to provide a
leastcost resource strategy for meeting identified
needs

Nk

Assessment

||g5Candidate

Resource Assessme
and Optimization

Process

Y

Optimization
Process

Resource
Solutions

B. Market
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Scenarios Sensitivities
Scenarios are comprised of a set of inputs that are Changes to individual input assumptions (or smaller
consistently developed for a future outlook subsets of input assumptions) within a given

scenario

Provide BPA decision-makers with additional options
to address key strategic interests (PoC / Carbon

Base¢ Business as usual scenario; lgad
forecast beyond the current Regional
Dialogue contracts (post 2028) assume

no material contract election or rate Vision, etc)
structure differences from Regional A Evaluate solution sensitivity to specific assumptions
Dialogue. A Assess solution robustness
Fast Transition high economic \
growth, acceleratediecarbonization
relative to Base scenario
\- ' / 6




A Presenters will communicate their preference for taking questions, which will be
addressed in the order received

Webex participants can adjust magnification of shared screen using (-/+) buttons

A If a question/opportunity for feedback arises during a presentation, please:

i In-person: Raise your hand

T Webex: Write it in the Webex Q&A or use the Webexfir ai se hando
yourself.

i Both: State your name and organization

featur e; when c:

C Waktiexohad beea disalyled forithis meeting. Please raise your hand or type questions in the
nd it wil/ be reviewed by facilitators.

(©) Record

Mute/Unmute @ Mute (0 Start video | (*J Share
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Introductory
Remarks

Dave Moody
Deputy VP for Energy Efficiency
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RP24 Needs
Assessment
Results

Esther Neuls

Needs Assessment Study Lead




w To understand expected lotgrm inventory position of BPA Power
services under varying load and resource conditions

w Compare hourly forecasts of BPA power service obligations and resource
capabilities to develop set of metrics which describe expected future
needs
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Needs Assessment Metrics

A Annual Energy
i Evaluates the annual average energy surplus/deficit underlgyfdonth critical water conditions

A P10 Heavy Load Hour (HLH)

1 Evaluates the monthly average surplus/deficit over heavy load hours (hours en@igviong Sat,
excluding holidays) under pafy-month critical water conditions

A P10 Superpeak (SPK)

i Evaluates the monthly average surplus/deficit over the six peak HLH per weekday Bvipander
p10-by-month critical water conditions

I The ~120 superpeak hours per month are a subset of the ~384 heavy load hours month

A 18Hour Capacity

i Evaluates the monthly average surplus/deficit over six peak load hours per day acrosdayree
extreme weather load events under median water (p50) conditions

A Cold Snag temperatures from January 2024 event for Dec/Jan/Feb
A Heatwavec temperatures from June 2021 event for July/August

11
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A Conduct separate analysisMlidCand SWEDE zones

A Incorporate impacts to generation from variation in fish operations by modeling
NBOGdzZNYy (G2 /w{h LNBFTFSNNBR It SNyl iIAOS

A Streamflowsnformed by climate change through both recent historical record
(2020 Level Modified Flows) and RMJD@ojections

A Updated modeling of hourly hydro generatidRiyerwarg

12
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Key Takeaways

Deficits generally increased relative to 2022 Resource Program (RP22) due to
increased load obligations and decreased resource generation

P10 SPK metric experiences the most significant increase in deficits due to
updated hourly modeling

18hr capacity metric shows summer deficits for overall system andQ\ishile
SWEDE zone sees deficits in outyears winter months.

P10 HLH metric remains most constraining governing metric in most periods

13



P10 Energy
Metrics Results

Annual System surplus/deficit

RP24 Base and Fast Transition Scenarios
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RP2024 Time Horizon and Sample Years

2026 2027 2028|2029 2030|2031 2032| 2033 2034 2035 2036|2037 2038|2039 2040 2041 2042|2043 2044 | 2045

Fish Operations: RCBAecember 1# Agreemen)  Columbia River System Operations (CRSO)
Hydro: 2020Modified Flows (subset 1982018) RMJO@I Flows (2022049 & 20362059)

20xx | Indicates simulated years.

A 20262028 all separately modeled

A 2031 & 2032 represent 6 years, 2029 to 2034

A 2037 & 2038 represent 6 years, 2035 to 2040 (pairs of years to incorporate odd/even operations)
A 2043 & 2044 represent 5 years, 2041 to 2045

HYDSIM Run 20202029 20302039 2040-2049 20502059
Subset of results used for 202040

 Subsetofrestts used for 202045 .
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RP24 Base Case NA Energy metric results

Columbia Generating Station
refueling schedule
contributed to the every
other-year effect

LLH shows largest deficits
due to load factoring
behavior embedded in
hourly modeling

HLH the most constrained
between HLH & SPK

Variability in results for
RMJO@I years highlights
uncertainties from
incorporating climate change
projections into hydro
studies

Energy aMW

-20

o

-40

o

-600

-800

-1,000

-1,200

-1,400

= Sample RMJACFYs

RP24 Base Energy Metrics p10 Annual Surplus/ Deficit

2026 2027 2028 2029 2030 2031

mmm RP24 Base HLH RP24 Base_SPK
RP24Base LLH -—-e==RP24Base AVE

2032 2033 2034

2037 2038 2043 2044
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RP24 Fast Transition (FT) Energy metric results

RP24 FT Energy Metric p10 Annual Surplus/ Deficit A Deficits are Iarger relative
2026 2027 2028 2029 2030 2031 2032 2033 2034 |2037 2038 2043 2044 to RP24 Base case from

| | | | | | | | | | | | increased obligation
| | | | | | | | | | | | forecasts and unchanged
system capabilities

-1,400 mmmRP24FT_HLH RP24 FT_SPK

o

-20

o

-40

o

-60

Energy aMW
S

-800
-1,000

-1,200

-1,600 RP24FT_LLH -—e=RP24FT_AVE
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P10 HLH
Metric Results

Monthly System surplus/deficit

RP24 vs RP22
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2026 2027 2028 2029 2030 2031 2032 2033 2034

4,000

3,000

2,000

1,000

Energy (aMw)

-2,000

-3,000

A Overall, RP24 more deficit than RP22

)
1 1l 1
gk n e ~m| P ’m u;
-1,000 A W\ L‘ ‘ ‘¢ ‘$ Q\'i ik |

2037

2038

2043

2044

RP24 FT
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4,000

3,000

2,000
1,000 RP22
5 - RP24 Basq
RP24 FT
-1,000

-2,000

Energy (aMW)

-3,000

A Largest deficit shifted from October to Apr largest surplus shifted from May to Jun
A AugL AYOBSNEAZ2Y OFYy o6S FOGGNROGdzGASR (G2 w/ ., 0

- 20
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P10 HLH Loads & Resources (aMW) 1 FYs 26 & 27

Needs Assement P10 HLH Firm Obligation RP22 Needs Assement P10 HLH Resources
RP22 vs. RP24 RP22 vs. RP24
RP24 Bas;{ 1o

RP24 FT 10500

10,000

Energy {alw)
Energy (aMW)

u

A Loads increased from RP22 to RP24 overall while resource capabilities decreased due to
various operational changes

21



P10 SPK
Metric Results

Monthly System surplus/deficit
RP24 vs RP22
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P10 SPK Surplus/Deficit (aMW)

2026 2027 2028 2029 2030 2031 2032 2033 2034 2037 2038 2043 2044 A RPZO USEd HOSS fOr
T B LT3 - s _ 3T Byl hourly hydro
modeling

Mkadsas | A RP22 and RP24 usec
RP24 FT Riverware

AR | ot | 1l | A RP24 refined peaking
| ’ '!. At '.m“ | behavior of projects
It } ‘oI which resulted in SPk
deficits more aligned
with pre-RP22 results

23
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P10 SPK Loads & Resources i FYs 26 & 27

Needs Assement P10 SPK Firm Obligation

Needs Assement P10 SPK Resources
RP22 vs. RP24

RP22 vs. RP24

12,000
11,500
11,000
10,500

— 10,000

-

2 9500

& 9,000

v

c

=g 500

8,000
7,500
7,000

6,500

=

5 2z 9 clol s T =22 € 3|7 Fla K 2/ c o5 T = =2/Cc 3 T F a

9 0 § © & £ T ® 3 2 @& & T B

33; < g 2

A Larger SPK loads in RP24 summer months than RP22

A Reduced hydro capabilities in many months due to refined hourly hydro modeling
better capture operational and fish constraints
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P10 HLH &
P10 SPK

Monthly System surplus/deficit

RP24 Base and Fast Transition Scenarios
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Key Takeaways

Overall results are consistent with prior Resource Program Needs Assessr
results showing P10 HLH metric deficits to be the most constrained period:
and conditions for BPA to meet its obligations

Notable exception: average SPK deficits consistently exceed average HLLH
deficits in Aptll

27
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2026 2027 2028 2029 2030 2031 2032 2033 2034 2037 2038 2043 2044
. = — . = — . = — . = - . = - . = - - =
= o Bt Y = = oo WY s e oo oW Y s = oo WY L e oo ofoblY o e o & WY = s o fouo
ESP=282=82==282=z82=288=z88==388=z8¢=23)2Fg=z=8c=2858=z82¢=232

Energy (aMW)
b5 4 « B B
8 8 8 o 8 8 8

-2,000

2,500 MWA\\N p.

A Overall, HLH more deficit than SPK except forlAiornonRMJOCII FYs

28



E P O W E R A D

2026 2027 2028 2029 2030 2031 2032 2033 2034 2037 2038 2043 2044
S o -~ T o -~ T o -~ T o -~ T o -~ T o = T
mmmmmmmmmmmmmmmmmmmmmmmmmmmm = 0 & oMY = = o @ WY - = o 5o
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1,000
500 A
S o I
=
&
5 -500
=
[N
-1,000
-1,500
-2,000 P
-2,500

A Following RP24 Base trends, HLH more constrained than SPK witthipr
exception 29



"p10 HLH vs. SPK Surplus/Deficit (aMW) i

RP24 FYs 26 & 27

p10 HLH vs. SPK Energy Surplus/ Deficit p10 HLH vs. SPK Energy Surplus/ Deficit

RP24 Base RP24 FT
2,000 2,000 SPK
1,500 HLH 1,500
w SPK 100
500 500
B z
=
g0 \ T
g 500 $ 500
& E v
-1,000 -1,000
-1,500 -1,500
-2,000 -2,000
-2,500 -2,500
Y 2 v c o =2 T = = €3 7T = 007 o2z Y c o =2 T = > 03 7 =0 ¥ 2 U Cc O L T = = £ 3 37 = Q0= > 4 Cc 0 =T = > £ 3 7T = @&
2 8 0 8§ ¢ 8 L 7T ® 5 3 L v 2 8 9 85w & L T m® 3 3 T Y 5 o 4 o & L T ® 353 32 ¢ ¥ 0 o 8 o B L 7T @ o5 32 T @
o Dﬂuzgg_z_. é"?wozaﬂnggg Egm Dza—»ug‘%gz-j. ‘?EmOzD*uE‘%‘%E-’. é":?ﬂm
2026 2027 2026 2027

A FT has slightly deeper deficits/smaller surpluses than RP24 Base
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P10 Energy
Metrics 1 by Zone

RP24 Base and Fast Transition Scenarios




WRAP & RP24 Zones: Mid-C & SWEDE
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Western Resource Adequacy Program (WRAP) likel
requires BPA load in each zone to be served with a
combination of physical resources (with qualifying
capacity) and firm transmission (from resource to
the load).

Currently, without B2H, the SWEDE region has
heavily constrained transmission paths.

Mid-C (outside of the shaded enclosure)

BPA SWEDEouth-West East Diversity Exchangé

Pink lines are BPAT, purple dots are Hydropower, purple lines are other transmission, P# is a WECC path 32
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Transfer from Mid-C to SWEDE by Design

Do nothing,
record result

Supply from MieC to SWEDE until one of the
: IS following requirements is met:
Calculate S/D in
Mid-C & SWEDE SV;(EE})E 1. SWEDE s/d =0, o
=l 2. Exceeding transmission limit (1000MW)

SupplyMidCto SWEDE evenMidCis deficit
already

A This calculation takes place at the hourly level
A Without transfers fromMidC, SWEDE is always deficit

33
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RP24 Base Mid-C Energy metric results

A MidCresults reflects RP24 Base Energy Metric p10 Annual Surplus/ Deficit
previously shown system Mid-C
wide trends 2026 2027 2028 2029 2030 2031 2032 2033 2034 | 2037 2038 2043 2044

o

o

A RP24 FT Mi€ results
(not shown here) follows
RP24 Base results, with
increased deficits in all
metrics, respectively. 1,200

-600

-20 I I I I I
-400

Energy aMW

-800

-1,000

mmm RP24 Base_HLH RP24 Base_SPK

1,400 RP24 Base LLH —o—=RP24 Base AVE
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RP24 Base SWEDE Energy metric results

A By design, Swede is n RP24 BaseEnergy Metric p10 Annual Surplus/ Deficit
zero for all metrics. SWEDE

A RP24 FT SWEDE resl
(not shown here) are
the same as Base, wit
all metrics achieving
surplus/ deficit balance

Energy aMW
O O O O O B B o

* * * * * - * * * * *

due to the buildin 2026 2027 2028 2029 2030 2031 2032 2033 2034 [R037 2038 2043 2044
W RP24 Base_HLH 0 0 0 0 0 0 0 0 0 0 0 0 0
transfer design. RP24Base SPK 0 0 0 0 0 0 0 0 0 0 0 0 0
RP24Base LLH 0 0 0 0 0 0 0 0 0 0 0 0 0
—@=RP24Base AVE 0 0 0 0 0 0 0 0 0 0 0 0 0

36



SWEDE - Ave Energy (aMW)
Firm Obligation & Net Resources & MidC_Transfer

MidC_transfer e FirmObligations el net_resource

U
1 ' ' t ' ' ! ! |
= == 2 T T = = cC > 0o g ¢ B = = ey u = = c > of o c B = = |2 = | u = =
g @ Z @ & W © L I & &8 @& o 3 Y & 2 8 &£ o © L & & ol@ 5 2 &8 F o &£ o @ T 4
o = z 2 E= =3 2 S v w = 0 = z 2 2 0 = 2 s v = O = z 2 Z 0 =3 2
2026 2027 2028 2029 2030 2031 2032 2033 2034 2037 2038 2043 2044

A Morgan Stanley contractritra_ Regionafransfer (IN)) expires after April 2026.
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600
500
400
300

37



18hr Capacity
Metric

Monthly System surplus/deficit

RP24 Base and Fast Transition Scenarios
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Key Takeaways

¢KS MyKNJ aOF LI OAGeé¢ YSGNRO SOOI fdzr 1S4
peak load hours per day across thvéay extreme weather load events

Load excursions under extreme weather events modeled using actual
temperatures from Jun21 and Jan24 heat/cold events, respectively

Resources modeled under p50 hydro to show sustained peaking capabilities
system with typical fuel supply

Results show Systemide 18hr deficits during summer months for FY2035+

41
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Example of Extreme Weather Load Excursion
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E P O W E R A D

- O RP24 Base mRP24FT

© N ©®© & © = o ™ N~ @ o < © N O o o «H o o N~ o® o <

a4 o o o 6 ® @ o [ B S 3 a4 o & a9 6 ®m @ o o o S 3

e © © o o o o o e o e & © & o o o o e o

4 & & & &8 & &N 9« N A N A 4 d4 &8 &8 & & & 9« a4 a4
Historical WY RMJOC-IIWY Historical WY RMJOC-IIWY

A Jul & Aug started to segeficits of 500 MW to 150MWin RMJOG@I outyears
A Winter months (Dec/ Jan/ Feb) did not show any deficits
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' RP24 Base NA Metrics Comparison (aMW) -

System

e HLH p10 e SPKpl0 [ 18Hr ee@esAyvepl0

Dec Jan Feb
2026 2027 2028 2031 2032 2037 2038 2043 2044 2026 2027 2028 2031 2032 2037 2038 2043 2044 2026 2027 2028 2031 2032 2037 2038 2043 2044
3000 3000 3000
2500 2500 2500
2000 2000 2000

1500 1500 1500
1000 1000 1000
500 500 500
0 0 0
-500 -500 -500
-1000 -1000 \—\_/_\_' -1000

—_ T —

A P10 HLH still most constraining ul Augrl
metric across months studied == = 77 T T T T T e T T A A
for 18Hr metric o oo
A FT (not pictured) shows same % e
relationship amongst metrics ..
with deeper deficits/smaller P

000 -2000

surpluses from increased loads, 47



18hr Capacity
Metric i by Zone

RP24 Base and Fast Transition Scenarios




E P O W

Key Takeaways

MidCexperiences 18hr deficits during summer months for FY2035+ in RP24 B
and FT

SWEDE experiences small but meaningful 18hr deficits during winter month
as early as FY28 in RP24 FT

Zonal approach assumes no expansion in transmission capabilitie$/ficGto
SWEDE over the entire 30 study horizon

49
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Jul- MidC Aug-MidC
Historical WY RMJOC-IIWY Historical WY RMJOC-IIWY
w M~ [+ ] D o -l o ™ ™~ o0 ™ < w I~ [=+] [=7] [=] -~ (2] (] M~ [=+] (1] =t
o o o o~ o ™ o™ o ™ o o [ | [ | o o o o o o o
g 8 8 8 8 8 8 8 g 8 g 3 S &§ § § &8 8 8 8 S g S g
2500
2000
1500
1000
11 AN 01
0 e B E H L
-500
-1000

~1500 mRP24Base m RP24FT
-2000

A 18hr @pacityMid-C results matches System results
A No deficits in winter months
A Summer months deficits only observed in RMJQiDityears "
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" Capacity 18Hr: Surplus/ Deficit aMW -

SWEDE

SWEDE_Dec SWEDE_Jan SWEDE_Feb
IR AT RMJOC-II WY Historical WY RMJOC-I1 WY Historical WY RMJOC-Il WY
mmmmmm ~ [==] [or)
g8 8 82 5 g 3 2 Z E S § SR8 18|z |8]83 » | B g |3 & &8 & &8 8 8 & § n * 2 3
NNNNNNNN S & & 8| |§|g|8|&|8|8|&|8| |8|8| |8|/8| |s s 588 & |8& &%
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@ RP24 Base RP24 FT

A 18Hr Metric in SWEDE only have deficits in the Winter Months
I Deficits in Base case begins to show in RMJOCII out years.
I FT case, naRMJOCII out years begins to show small deficits.

A No deficits observed in summer months.
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RP24 Sensitivity
Study Results
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Sensitivities for Needs Assessment

Original Sensitivity Plan Updated Sensitivity Plan
w Flat block/NR Load Service w Block High Load Adder

w AboveRHWM Load Service w Shaped Medium Load Adde
w B2H Delay w B2H Delay (no change)

wT1 System Size wT1 System Size (no change)




Load Adders
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Load Adders - Overview

A Methods:
I High load adder is a flat block load added to every hour uniformly across the
year.

I Medium load adder is shaped load added to each hour. Shaping is based on
current Slice Block load shape.

A Main findings:
I Under High block load adder sensitivity, p10 HLH metric wiltle&eitsin all
periods of the year as early as FY2027

I Under Medium shaped load adder sensitivity, p10 HLH me#ficits increase
by ~30% by FY2031 from RP24 Base casajddinits swelko more than
doubleby FY 2044 55
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E R A b M I N I S T R A T I O N

RP24 Base, FT, and Load Adder Sensitivities

AMedium load adders (shaped) 1
presents a gradual load increase:

i Starts in FY2029 with additional 4apw 3%
and ends in FY2045 with additional 2,500

aMw 12,000

. 2 11,000
Angh load adders (block) are morg

aggressive § 10000

i Starts in FY2026 with additional 9a&W
reaching almost 4,800 additionaMWby 9000
FY2040.

8,000

ARP24 FT load is slightly higher thar,,
RP24 Base

I RP24 Base mm Medium_Load_adder
High_Load_Adder =8=RP24 FT
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Load Adders Monthly Obligations

System_Obligations

2026 2027 2028 2029 2030 2031 2032 2033 2034 2037 2038 2043 2044
S Ee 52|88z 8 RS0z 2 58854880 55228248283 3858525¢%
16,000
—e—MediumLoad Adder —e—=RP24 Base HighLoad Adder
14,000
=
% 12,000
g 10,000 . g 1 - A ~ ﬁ\ ﬁ\ M
N L  dh T Y W '\"\"! "'7 ﬁ .
8,000 gl
6,000
16,000 . . gy
A High load growth implemented by shifting all
14,000
2 2000 hours by adder
£ 1000 W A Medium load growth implemented by scaling
8,000 all hours by implied annual growth rate
] O A Shaping preserves load factor while shifting
S S B A - - increases it
2037
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Load Adders in p10 HLH surplus/ deficit T RP24 Base

System_p10_HLH

2026 2027 2028 2029 2030 2031 2032 2033 2034 2037 2038 2043 2044

; s b2 FHEapaEHatabaa atapraYsl Qs3zpas
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T
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€3,000
54,000
-5,000
-6,000
000 —e—MediumLoad Adder —e=RP24 Base HighLoad Adder

-8,000
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T1 System
Augmentation
Metric Results
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T1 System Size sensitivity - Overview

A Methods:

I Forecasted T1 System Firm Critical Output (T1SFCO) is calculated at the hourly level as the s
of existing hydro and nehydro resource capabilities net of transmission losses, USBR sales,
CER exports, and Slice product returns

I Target TISFCO is 7250 anraMW shaped to reflect forecasted hourly shape of T1
obligations

I Metric is the monthaverage delta between the hourly forecasted and target TLSFCO under
P10 hydro conditions

A Main findings:
I Annualized needs of close to 58MWin Historical WY FYs, which imply much larger monthly
needs during fall and winter

I Magnitude of needs significantly impacted by streamflow assumptions under RMJOC
ranging from 72 to 272MW
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EmT1SFCO =#=T1 _needs ===T1Systemsize

2029 2030 2031 2032 2033 2034 2037 2038 2043 2044
10,000
8,000 - _/
6,000 : 6,717 6,678 6,837 6,918 7,039
4,000
2,000
0 o= ® = ® @ .
2,000 535 411 533 425 572 -413 132 12 -332 211
2029 2030 2031 2032 2033 2034 2037 2038 2043 2044
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T1System Size T Close up FY2031 needs

2031 B TISFCO ===T1 target ===T1 target needs
Oct Nov Dec Jan Feb Mar Apr-| Apr-ll May Jun Jul Aug-| Aug-Il Sep
10,000
% 8,000
[0
& 6,000
o
&G 4,000
2,000
0
2000 759 608 976 1015 1372 358 478 s —118 334 195 531 521

A Shaped monthly T1_target annualized to 7 2B0W.
A Gap between T1_target line and TISFCO bar indicates T1_target_needs.
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Boardman to Hemingway (B2H) Delay - Overview

A Methods:

I Analyze impact to 18hr capacity metric frory2delay in B2H energization leading to
temporary periods of curtailed transmission capability frvidCto SWEDE zones

A Main findings:
i Delay coupled with expiration of Morgan Stanley contracts causes small but meaningful
deficits during extreme weather events during Jan/Feb in SWEDE zone

I Deficits appear under RP24 Base and FT load forecasts as early as FY27
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B2H Delay Planning

A AssumeB2H delayed until July 2028.
i Reducdransmissiortapacity from 1000 MW firm to 900 MW.

NO Do nothing,
record result

_ s Supply from MieC to SWEDE until one of the
Calculate S/D in SWEDE following requirements is met:
Mid-C & SWEDE deficit? 1. SWEDE s/d = 0, or
2. Exceeding transmission limit
A Prior to July 2028 = 900 MW
A Post July 2028 = 1000 MW

A Extreme Weather Load
SupplyMidCto SWEDE even whéidCis deficit
A p50 Resource already
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RP24 Base JAN- SWEDE A With reduced transmission capacity to
0 900MW:
. = . i RP24Base: Jan in 2027 & 2028 showed
15 additional deficits
= I RP24FT: Jan and Feb in 2027 & 2028 show

-25

0 additional deficits

2026 2027 2028 . . . .
™ Jan_B2H 0 7 11 i Morgan Stanley contract expires in April 202
W Jan 0 0 0
RP24FT JAN-SWEDE RP24FT FEB-SWEDE
0 — 0
-5 -5
-10 -10
-15 -15
-20 -20
-25 -25
-30 -30
2026 2027 2028 2026 2027 2028
Jan_FT_B2H 0 -22 -28 Feb_FT_B2H 0 -1 -2

W Jan_FT 0 0 ) W Feb_FT 0 0 0 68
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Questions?
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RP24 Market
Assessment
Results

Eric Graessley

Market Assessment Study Lead
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Key Takeaways

A Northwest average price forecast levels have increased
moderately, and the distribution of prices across ranges of
potential future conditions has increased substantially.

A Inflation Reduction Act (IRA) impacts (including electrification
load increases) significantly increase expected buildouts
throughout the WECC.

A The combination of additional new resource buildout and
Improved modeling of short duration storage resource
operation resulted in an increase to projected market depth
available to meet BPA energy needs.
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Market Prices, Key Inputs,
and LTCE
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RP2024 Time Horizon and Sample Years

2026 2027 2028 | 2029 2030 | 2031 2032 | 2033 2034 © 2035 2036 | 2037 2038 | 2039 2040 2041 2042 | 2043 2044 | 2045

Hydro: 2020 Modified Flows (subset 1989-2018) ~ RMJOC 2 Climate Flows (2020-2049 & 2030-2059)

Sensitivity: Time horizon sensitivity focuses on only the first 9 years

20xX |Indicates simulated years.
A 2031 & 2032 represent 6 years, 2029 to 2034
A 2037 & 2038 represent 6 years, 2035 to 2040
A 2043 & 2044 represent 5 years, 2041 to 2045

The sensitivity will be part of our automated checks and will help understand which resources are bein
selected because of ogear (2035 and beyond) assumptions.



Monthly Flat $MWh, Nominal
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Price increases are more pronounced from early fall through winter
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BPA Market Limit, aMW
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500 Larger buildouts throughout the WECC combined
kP2 —emRP2S with improved modeling of short duration storage
increase limits relative to RP2022
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Resource Program

Competitiveness / LT rates

Associated Lack of Market (LOM) spill impacts projected inventories
Treaty negotiations

Alternative fish operations

Independent hydro efficiency upgrade evaluation

CGS economic analysis

Evaluate impacts of various carbon policies

LT build assumptions also influence rate case price forecasts

Inform other, one-off LT valuations

X X X X X X X X X X
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Aurora is a versatile production cost model widely used to evaluate the economics, evolution, and operation of wholesale electricity grids
(utilities, regulators, system operators, planning entities, consultants, and investment firms across the globe).

Production cost models solve for the least cost method of meeting load, given resource and transmission constraints (resource limits and
variable costs, line capability, wheeling costs, and losses), and assume the marginal cost (cost of the next incremental MW) of producing and
delivering energy is a good proxy for energy prices.

We calibrate the model based on recent Day Ahead (DA) prices (2018-2022), but we do not explicitly account for the following:

T Market design differentiation (NO: forward curves / firm contracts / DA - RT markets & forecast error, source & sink, local commitment
considerations), all of the WECC is effectively modeled as a single ISO (centrally optimized and dispatched)

T Behavioral components of power markets (in reality, bids may differ from actual marginal cost)

T AC flows / nodal prices, and transmission system is fixed over time (Aurora has the capability, not yet implemented)
T Ancillary services (again, Aurora has the capability, not yet implemented)

T No thermal resource duct firing / peak heat rates / unit dependency

Aurora is a deterministic model, we produce a distribution of price forecasts by using a Monte Carlo technique that draws from
historical variation of: loads, hydro generation, gas prices, transmission capability, wind generation, and CGS availability.

We use a 46-zone topography of the Western Interconnection that is mostly aligned with BAs (see next slide), and solve for hourly prices
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Zone Short Names
01 Alberta
02 APS
03 BC
04 1ID
05 LADWP
06 PG&E North
07 PG&E ZP26
08 SCE
09 SDG&E
10 BANC
11 PG&E Bay Area
12 TIDC
13 EPE
14 Baja
15 NV North
16 NV South
17  NWMT
18  Olympia
19 PACW
20  Puget North
21 Avista
22 BPA IDMT
23 BPAOR
24 BPAWA
25 Chelan
26  Douglas
27  Grant
28 ID Power FE
29 1D Power MV
30 ID Power TV
31 PACEID
32 PACEUT
33 PACEWY
34  Portland GE
35  Puget East
36 Seattle CL
37 Tacoma
38 PSCO
39 PSNM
40  SaltRiver
41  Tuscon
42  VEA
43  WAPACO
44 WAPALwCO
45  WAPA UprMO
46 WAPAWY

Line Rating (MW)
1,000
2,000
3,000
4,000
5,000 +

Zone Load (aMW)

3,000

6,000

12,000

P O W E R A

Aurora Topology
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and Market Design (WEI

W e

A Aurora does not explicitly account for differences in market structure (bilateral vs ISO or different time horizons). It simulates the
interconnect as if the WECC were centrally dispatched in a single ISO, and we assume that prices will tend to converge on the
marginal cost of generating & delivering electricity.

A Aurora has capabilities to model components of the Western Energy Imbalance Market (WEIM), but these tend to be
computationally prohibitive and incompatible with existing models and methodologies.
For example:

i Sub-hourly (incompatible with risk and rate case models, requires significant investment)
T Nodal topography (Locational Marginal Pricesd LMP, including congestion, this change requires significant investment)

i Can use commitment logic to lock in DA commitment, and add deviations load and renewable resources + reliability
commitments to better approximate Real Time (RT) i DA dynamics

A Alternatively, attempting to modify Aurora to depict price differences resulting from the current bilateral structure of NW markets
would be highly speculative (we could adjust wheeling adders

A Aurora assumes regions will meet reliability targets in a coordinated, efficient manner. Effectively, the base assumption is that
Resource Adequacy (RA) efforts are successful and well-designed throughout the interconnection

Ultimately, we are not making any adjustments to account for possible differences resulting from participation in Western
Energy Imbalance Market (WEIM) or Western Resource Adequacy Program (WRAP)
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oralnputs

A Calibration

A Negative Prices

A Gas Prices

A Clean Policy

A Loads & Electrification

A Transmission Builds

A Long Term Capacity Expansion (LTCE)
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There are two main reasons Aurora price 2018 - 2022 Flat Mid-C Month Avg.

forecasts are wrong: 90

80
1) Get the fundamentals* wrong
70

2) Get the relationship between
fundamentals and prices wrong (not
capturing important details of how markets
and the grid work / behavioral effects)

60

50

40

S/MWh, Nominal

Benchmarking (running Aurora with actual
fundamentals and comparing results to actual
prices) allows us to isolate and address the 2nd 20
problem through calibrating thermal resource bid

behavior 10

30

0

* GFundamentalsé= |l oads, hydro gen®r &t i"8n Y§as" pt'i
transmission capability, renewable generation, etc. Aurora Calib ~ e====AuroraBase —emeActual

éu% SSe’p Oct Nov Dec
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Incentives and

Main drivers: policy. I
requirements introduce costs to curtailing
renewable resources

i Forgone RECs/ PTCs (IRA) / PPArevenue /
Potentially having to build additional
resources

i 0replacement costd of r

Generally, consultants and other production cost
modelers do not include negative prices

BPA models all renewable resources bidding at
~negative $23/MWh

S/MWh, Nominal

We include mechanisms to reflect maximum hydro
spill up to latest TDG limits and set BPA BA wind to
curtail at $0/MWh, approximating Oversupply
Management Protocol (OMP) eftects. All other
hydro is set to -$25/MWh, to curtail after
renewables.

Negative Prices, Observed and Assumed

e energy °

- - - - - - - - - - - - - - - - - - . g [

-30

-50

-60

-70

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

CA DA Bid BPA OMP

BPA OMP weighted avg price: ~ -$29/MWh

= = = Assumed [ ]
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CAISO Negative DA Bids

Roughly 1 GW biddin
at $150/MWh

$/MWh, Nominal

Most negative
bids seem to be
solar, bids are
getting more
negative
recently.

Nearly 5 GW

bidding at ~

$30/MWh 84
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