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MEMORANDUM
TO: Council Members
FROM: John Ollis, Manager of Planning and Analysis

SUBJECT: 2021 Power Plan Draft Wholesale Electricity Price and Avoided CO:2
Emissions Rate Forecast Part 5

BACKGROUND:

Presenter: John Ollis

Summary: This presentation will continue to update the Council on the status of the
2020 wholesale electricity price forecast and avoided emissions rate study
updates for the 2021 Power Plan, and the most recent response from the
November 4™ System Analysis Advisory Committee. Per previous
discussions with the Power Committee, Staff has attempted to improve the
forecast and incorporate the significant stakeholder feedback. Several
additional methodological changes have been implemented relating to the
modeling in AURORA. Staff will report on the current status of these
studies per these changes.

Relevance: The Council periodically updates a 20-year forecast of electric power
prices and avoided emissions rate studies using the AURORA model. The
AURORA model dispatches all resources in the WECC generating a
fundamentals-based wholesale electricity price forecast.

The study of avoided carbon dioxide production rates of the northwest
power system will evaluate what the implied avoided carbon emissions
rate is in the WECC and the implications for regional conservation
replacing the need for that production.

851 S.W. Sixth Avenue, Suite 1100 Steve Crow 503-222-5161
Portland, Oregon 97204-1348 Executive Director 800-452-5161
www.nwcouncil.org Fax: 503-820-2370
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Workplan:

Background:

More Info:

Since the development of the midterm and previous avoided emissions
rate study, more baseload plant retirements have been announced and
further clean policies and goals have been announced. These municipal,
utility and state policies/goals along with the retirements and pressures on
conventional fossil fuel resources continue to fundamentally change the
wholesale market dynamics in the WECC, and this updated price forecast
helps Staff incorporate the effects of these changes on Mid-C market
prices and the implied avoided market emission rate.

For the 2021 Power Plan, the Regional Portfolio Model will use the power
prices from this study to develop electricity price futures which are used as
a starting point for resource valuation in the resource strategy analysis.
Additionally, the avoided market emissions rate is used in the resource
strategy analysis to determine the emissions associated with reliance on
the market.

Forecast Wholesale Electricity Prices (A.6.3)

The Council’s wholesale electricity price forecast is a fundamentals-based,
forecast that reflects actual power system operation, relationships of
supply and demand for, and transmission of electricity. In addition,
underlying a wholesale electricity price forecast in this region would be an
understanding of the operating characteristics of future and existing supply
and demand-side resources, as well as unit commitment, ancillary
services, fuel prices, hydro, wind and solar conditions. The AURORA
software captures many of these characteristics of the power system well
and has a periodically updated WECC database, and thus, AURORA has
been the Council's wholesale market electricity price forecasting model.

Additionally, the cost of future carbon dioxide regulation has been a
significant factor in resource planning in the Pacific Northwest. To avoid
making higher cost resource choices, a direct evaluation of this risk
requires an estimate of the carbon dioxide emissions avoided by
purchasing conservation or another resource. The Council has periodically
updated this study using the AURORA model to help inform Council staff
and regional stakeholder analysis.

Some of the slides for this presentation are pending on ongoing studies
and recommendations from the November 4", 2020 System Analysis
Advisory Committee meeting.

Supporting presentation

Previous presentations on this forecast:

Update on Long Term Buildout in November 4 SAAC

Update on Long Term Buildout in October 22 SAAC



https://nwcouncil.box.com/s/he1a30l7l0xs1mi93ueym1wxskzjofrq
https://nwcouncil.box.com/s/kyvuq6qz32hrw7jwfi51dlpx4tw52r8j
https://nwcouncil.box.com/s/mv79a8r8cf2q6j8olgioecg1dpll9eb3

Update on Long Term Buildout in October 13 Power Committee

Update on Long Term Buildout in October 1 Power Committee

Update on Long Term Buildout in September 29 SAAC

Update on Proposed Price Forecast in September 15 Power Committee

Updated Proposed Price Forecast Discussion in September 2 SAAC

Discussion of Price Forecast in August 2020 Power Committee

Discussion of Price Forecast in August 2020 SAAC

Previous studies:

2019 Wholesale Price Forecast Update

Wholesale Price Forecast in 7" Plan Midterm (see 3-10 through 3-17)

Avoided Carbon Dioxide Production Rates in the Northwest Power System



https://nwcouncil.box.com/s/skhkeim5ryz72l5at63oyws880o0mnli
https://nwcouncil.box.com/s/18iu7trl6pk80y5t9uvko9edkz3ay46b
https://nwcouncil.box.com/s/1wag85buww9cvayczc9ifv8upvb5comq
https://www.nwcouncil.org/sites/default/files/2020_0915_p4.pdf
https://nwcouncil.box.com/s/7ufdk4e3ibk2r4kc0h5gup7nai9xo4t8
https://www.nwcouncil.org/sites/default/files/2020_08_p6.pdf
https://nwcouncil.box.com/s/xlw4hu29xx4f77bnj6ktmjs3e6f5d9ae
https://www.nwcouncil.org/sites/default/files/2019_1112_6.pdf
https://www.nwcouncil.org/sites/default/files/7th%20Plan%20Midterm%20Assessment%20Final%20Cncl%20Doc%20%232019-3.pdf
https://www.nwcouncil.org/sites/default/files/2018-1.pdf

Update on Wholesale Power
Price Forecast and Avoided
Emissions Rate Study

Power Committee
11/17/2020
John Ollis
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Timeline —
Wholesale Power Price and Market
Emissions Rate Forecast

Updated price
forecast per
new state

In region
policies in late demand and
2019 WECC-wide
(presented to statewide
SAAC in Oct. policies
and Council in updated mid-
Nov.) July 2020

O O

Generating
resource fixed
costs, fuel
prices and
external to the
region WECC
loads updated
as of March
2020

()

Present
baseline study
results at the

August 2020
power
committee
meeting

()

Get updated
guidance from
SAAC about
AURORA setup
and
methodologies
for 2021 Power
Plan runs

Follow-up meetings with
SAAC/Power Committee
yielded further concerns

YOU

HERE

(1) Use power prices
and avoided CO2e
emissions rates to

inform RPM of
external market
information.

(2) Use buildout to
guide construction of
GENESYS external
market bins.
THE 2021
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AURORA Get A Strategy:

Buildout Why a Reasonable
g}j WECC-Wide Build

- Out Matters

Hourly WECC-wide price
simulations inform market
prices and associated
emissions in the RPM, both
can significantly impact
regional resource strategy
economics

Long term capital expansion
for the WECC ensures that
price simulations in AURORA
are informed by an
adequate system that
meets policies

Hourly market capability is
needed for GENESYS to provide
a good adequacy signal for
the NW informed by changing
market fundamentals

GENESYS RPM

Hourly analysis in GENESYS creates quarterly ARMs and ASCCs, HE 2021
which the RPM uses to select an adequate resource strategy NORTHWEST
POWER PLAN
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Check A Strategy:
Reminder why a
L | | g}] Reasonable WECC-
ong term capital expansion i i
B res hat Wide Build Out
Matters

by an adequate system that
Candidate regional

meets policies
resource strategy may be
checked within the
context of the WECC to
ensure we are consistent
with policies and
operational feasibility
within a WECC-wide
context.

AURORA  ¢m
Buildout g

GENESYS
Check RPM

Candidate regional resource strategy is checked in GENESYSto

ensure the system is adequate and operationally feasible. NORTHWEST
POWER PLAN
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Revising our Instinct
for a "Reasonable”
Amount of Builds



e NPCC

WECC Maritimes
NWPP-US . o
New England

NPCC
MNew York

WECC / % b

Ca/nx

NERC Assessment Areas

Review: Building out
the WECC to Regional
Reserve Margins

1.

Before we can run prices, we
need to simulate like ‘X]_El’ant
buildout in all of the

Key reasons to build.

Planning Reserve
Margins for each reserve
sharing group.

« Southwest Reserve Sharing
Group

« Rocky Mountain Reserve
Sharing Group

» (California ISO (includes part of
Baja California)

e Northwest Power Pool US
* Northwest Power Pool Canada

WECC clean and RPS
policy levels.

Peaking/Reserves |
Capability/Need Timing

THE 2021
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Recent Planntng Shows More Bullos

« Way more discussion of role of EE and DR as important in deferring
builds throughout WECC planning.

« Resource plans released before current round of policies (<20 GW)

« PNM and El Paso Electric plan for 2.2 GW nameplate/delivered of
renewables by 2035

« Xcel planning for 2.5 GW nameplate by 2035
(1.8 GW of renewables and .3 GW of storage and .4 GW of gas)

» BC Hydro building Site C (1.1 GW) and AESO contracted 1.5 GW of wind
and has planned conversions of at least 2 GW of coal to gas

(13 GW of new or converted gas planned before 2039)
 Tri-State has a very dated plan but has many impending retirements

« Resource plans finalized after current round of policies (~180 GW)
O CEC plans for 144 GW nameplate by 2045 reference case
(90 GW Renewables, 50 GW Batteries, 4 GW Pumped Storage)
O Pacificorp and NV Energy plan for 17 GW nameplate by 2045
(13.6 GW Renewables, 3.4 GW Storage)

O APS, Tucson Energy and SRP plan for 18.5 GW nameplate/delivered by
2035

(11.9 GW of renewables, 6.6 GW of storage) NORTHWEST

POWER PLAN
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Review Case Study:
LADWP

How much can we really trust our ‘back of the envelope’
calculations or gut?



Example:

Using LADWP load and solar
without other resources or

Solar Gap to Storage (MWh)

/\ﬁ\

<  ———=

Seasonal/
Daily Needs
Versus
Capability
Creates
Solar
Oversupply

3500000

3000000

2500000

2000000

1500000

1000000

500000

1 2 3 4 5 [ 7 8 9 10 11 iz

Gap to fill by MWh
Solar Versus Load Spring/Summer

Potential Storage MWh

Charge storage
~ with excess solar

market help :
oo “ Discharge storage
ge
Volume Capacity [No Storage Where Storage
Driven Driven |[Needed _
8 hour does not cover
4 Hour Pumped
Battery Storage CCCT | lOad
Other| 6641 "
Storage) 8801 5433
Nameplate
Solar| 17428 18489 24 tO 26 GW
Cost per year| $ 2.1 billion| $2 billion [ $0.5 billion
Ratio of Solar nameplate
to Storage 1.98 3.4 to Cover a
Solar Curtailed [ 53% 51% } <+ peak of
Gas Price
$/MMBtu $4 6641 MW




So Diversity
Helps, Is It
Available?

Here market reliance saves
money, but where is it coming
from? Does another region

1200

1000

=]
=1

@
&

i)

600

=]

400

200

—WECE_CA_SCE
WECC_NevadaSouth

—WECC_PNW_Bonneville_OR

WECC_PNW_PacificorpEastUT

e \WECC WAPA_LwrCD

In 2025,
diverse
market
sources NW,
Mountain

West, SW...

bu] ld? :40:‘ 725 01 IS N7 N5 N NIS AL 0I5 NS NI DA 0TS AT NS NR NS MG 2025 10 7075 11 2095 17
Storage
Volume Capacity |No Storage 1200
Driven Driven |Needed Market Help In 2045 )
8 hour . more
4 Hour Pumped 1135 aMw | " .
Battery | Storage CCCT Market reliance
Other 6641 6641 00
Storage 8801 5433 5554 on NW" *
Nameplate 600
Solar| 17428 18489 11063
Cost per year| $ 2.1 billion| $2 billion| $0.5 billion| $1.4 billion | "
Ratio of Solar
to Storage 2.0 3.4 2.0 200
Solar Curtailed 53% 51% 46% 0
Gas Pr.ice 2045_01 2045_02 2045_03 2045_04 2045_05 2045_06 2045_07 2045_08 2045_0%9 2045_10 2045_11 2045_12
$/MMBtu $4
THE 2021
NORTHWEST
POWER PLAN
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* Why not reduce
solar/storage
strategy more by
accessing nearbgy o
wind resources:

e CAand SW
maxed out on © 1y
wind per current
transmission

« NW wind would
have to_displace
NW hydro,
especially in
spring

*  Wyoming and 2
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1.

2.

3.

LA Review: Sun, More Sun,
Storage and Curtailment midday

Unless there is more transmission in the rest of the WECC,

And wind resources are sufficiently high enough in capacity
factor to the storage and more solar,

We should likely not be surprised by the following;:

Upwards of 50% curtailment of solar at the end of
ic)he.licudty in places with a large solar and solar/battery
uildou

The battery build will be at least twice the need and the
solar will be four times the need.

Fixed cost investment will probably be order of
magnitude 6 times more than just building baseload gas.

Effects of demand response, BTM solar/storage and effects
on transmission and distribution.

Note that LADWP has done some comprehensive work on

is topic at the following link: LA 100

THE 2021
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https://www.ladwp.com/ladwp/faces/ladwp/aboutus/a-power/a-p-cleanenergyfuture/a-p-renewableenergystudy;jsessionid=SY8pfqQSqdKQ5GLX1QQGYyj0PWpZT2rhMtTDMW1KzxTQLR27LSSd!-1974988719?_afrLoop=463632409892895&_afrWindowMode=0&_afrWindowId=null#%40%3F_afrWindowId%3Dnull%26_afrLoop%3D463632409892895%26_afrWindowMode%3D0%26_adf.ctrl-state%3D10r34f318l_4

New “Back of
Envelope” look

Data Updates, Load Diversity and Renewable
Curtailments



Resource Planning 201.:
ow Mk L e Soed to Ladd” /e ﬁ//ﬂ/é/ rer s, ,,

 After the CA and AZ demand forecast adjustments...

1. Since there is uncertainty around demand and supply, we
add a reserve margin.

 Reserve Margins in the WECC are between 11% and 17% (75.5%
weighted average by peak load)

2. Coincident load and peak load has traditionally increased
over time to some extent, but not as much as non-
coincident load.
 Coincident peak load in the WECC forecasted to go from 143 GW

in 2021 to 177 GW in 2045 (approximately 57 7// of peak loa
growth)

» Non-coincident peak load in the WECC forecasted to go from 177
GW V\}tnh§o21 to 229 GW in 2045 (approximately 52 ¢4/ of peak load
gro

Assuming everyone has planned to reserve margins, we

need at least 57 (/7 777+ 755] = 39 G/ of peak loa
THE 2021
NORTHWEST

POWER PLAN
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Resource Planning 201:
What to Expect from a Buildout?

« How do we balance demand with supply?
« Average demand increases from 100 aGW to 127 aGW

1. EXistin% resources are periodically retired and need to be
replace

o Approximately 37 (i [ifter appron 70% sohediled and wsohediled autages 25 o(J/) Of Tetirements
between 2021 and 2045, and 9 GW from 2018 to 2020)

2. New resource options do not replace resource peak MW (59+37 -
70 Gl reed) and average MW (27425 = 53 «(l/ reed) ON @ 1-1 basis.

THE 2021

NORTHWEST
POWER PLAN

This Photo by Unknown
Author is licensed under CC
BY-SA



https://scifi.stackexchange.com/questions/34986/what-does-marvel-mean-by-volume-1-continued
https://creativecommons.org/licenses/by-sa/3.0/

Power Planning 201;
The Planner’s Nightmare

« Mandates change what can be built and where

« Between 2021 and 2045, an additional 75 «/// qualifying
resources to meet RPS policies, respectively.

 In 2021, the WECC starts out with #-« «/// of qualifying clean
resources and is trying to meet 705 «/// by the end of the study
to meet clean policies. (So ¢35 «¢/%/ more for those who are still
counting..)

* More issues from losses, forced renewable curtailments and
other transmission constraints depending on siting

« More diversity in resource pools helps, even with the
transmission considerations, so smaller reserve pools may
increase overall need.

» Since the clean requirement need is higher than the
energy need (65« > 55 «l/ ), let’s just use 65 «(// as a

oxy for our energy need calculations
NORTHWEST

POWER PLAN
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5«4«/&&@0

/Vamf/&fo Need ™

Peak 25% 33% 70% 25%
Contribution*

Energy 20% 25% 33% 88% efficient

Peak Load + 70 /25280 Gl 70 /.33=210 Gl 70 /. 1=700 Gl 70 /.25°280 Gl | o8 ’ 4
PRM + )
Retirements
MW

Clean/RPS 63/.2=315 G/ 63/.25252 QW 63/.33=189 GW
requirements

THE 2021

NORTHWEST
POWER PLAN
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Adding Some Nuance Our
Back of the Envelope

Considerations

WECC is adequate to a 15% PRM under average hydro
congr{mns, but we try to plan to considering difficult hydro
conditions.

« Assumption that WECC was adequate to a 15% PRM is short
by aéq[)_rommately 10 GW (based on capability per low hydro
conditions and transmission losses)

« Peak +PRM need before was 70 GW, now goes up by 10 GW

for current capability shortage gets us to approximately 80
GW by the eng of th}ef study 5¢ 5 PP 4

Solar buildouts at the sizes we are talking about usually result
in at least 50% curtailment by the end of the study

« With solar and solar plus battery strategy heavy builds we
have been seeing s%mflcant curtailment even when more
storage 1s associated.

THE 2021

NORTHWEST
POWER PLAN
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5a/aa/aﬁily

/t/mga/at& Need ™

Peak 25% 33% 70% 25%
Contribution*

Energy 20% 25% 33% 88% effieient
Peak Load + 80 /25=320 Gl 80 /33240 Gl 80 /.1=800 GW 80 /.25=320 Gl
PRM +

Retirements MW

Clean/RPS 63/.2/.5=630 G 63/25/.5= 504 Gl 63/.33=189 Gl
requirements

Everything should be made
as simple as possible,
but not simpler.

THE 2021

NORTHWEST
POWER PLAN
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http://www.deweyfromdetroit.com/2011/04/i-didnt-know-einstein-but-you-sir-are.html
https://creativecommons.org/licenses/by-nc-sa/3.0/

How Does all this Guide an
Instinct for Overall Build Size?

« Knowing that there are transmission limitations but
also resource diversity, per the LADWP example,

AURORA should still be able to reduce the renewable
curtailment by at least 5 to 10%.

» If renewable curtailment can be reduced by 10% our
range would then be 20 ¢i/ & 525 i/ .

Good news! We have
multiple options from 429
GW to 437 GW.

THE 2021

NORTHWEST
POWER PLAN
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http://letturesconclusionate.blogspot.com/2012_11_01_archive.html
https://creativecommons.org/licenses/by-nc-sa/3.0/

Review Recent Findings
and Methodology
Changes

Updated buildouts, methodology improvements



Tried 3 Changes since 10/22:
2 out of 3 Methods Improved Result

« Knowing the SAAC was tentatively OK with the build
from last time as a backstop. Staff attempted three
improvements of which two were fairly successful.

1. Calculated the REC cost using shadow prices and an
adequate system in AURORA. «
« REC cost at 8 $/MWh was still producing many curtailments.

2. Assigned CA the firm imports ramping up per draft
SB100 analysis. «
 Solved the PRM and price disconnect.

3. Attempted a simulation with increased transmission. @

 This did not reduce overall buildout as much as hypothesized
THE 2021
NORTHWEST
. POWER PLAN




Calculation of REC Price
from AURORA

Ensure an adequate system.

. Setu}]) AURORA with unlimited
simple cycle plants with no fixed
costs.

Do a long-term buildout with .,
no REC pricing. )

See shadow price (in $/MWh) .
of meeting the RPS constraint
in the model.

This should be better tuned to .,
ensure enough energy is
produced to meet long-term

40

RPS/Clean COIlStI'aintS. I R S SR O B S R

Calculated REC Price in 5/MWh

L -T L e B - w
o

o -
R = = - R O R R -

I T T I T B I T R I o B = T = B T~ R I

3| cul ated REC Price m— o0 thed REC

I I I I I T

smaathed REC plus PTC

This may be
useful/necessary for
23 RPM work as well!

THE 2021
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WECC Buildout from Last Meeting (10/21/2020)
Cumulative Buildout in Nameplate MWs by Year

DRAFT

Limited Gas per Regulatory and Policy Climate (October 21,2020)

Year

2025

2030

2035

2040

2045

Solar

54,409

112,727

132,107

152,482

158,855

Natural
Gas

11,521

16,971

19,443

21,012

21,012

Wind

11,460

16,927

20,200

20,200

23,935

Solar
with
Battery

64,000
130,201
189,735
195,634

201,550

Offshore
Wind

10,000

10,000

10,000

10,000

4 Hour
Battery

5,952
5,952
5,952
5,952

10,701

This is our buildout shown in the 10/22/2020 SAAC.

Pumped
Storage

2,600
4,900
7,050

11,140

THE 2021
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Most Recent WECC Buildout (10/28/2020)

Cumulative Buildout in Nameplate MWs by Year DRAFT
Natural izlfhr Offshore 4 Hour Pumped
Year Solar Gas Wind Battery Wind Battery Storage
2025 51,538 11,351 16,775 46,600 - 6,004

2030 89,838 14,873 28,712 86,600 6,463 6,004 4,900
2035 100,357 16,058 29,401 145,500 7,663 6,004 5,650
2040 135,054 16,532 33,657 179,800 10,000 6,004 6,050

2045 147,554 16,532 41,481 198,000 10,000 6,055 9,690

Solar and gas builds go down and wind builds go up. e
Overall build size is 8 GW less. Build is deferred to S OWER PLAN
later in study.




MNameplate MW

WECC Buildout

500,000

Adequate system m Fumped storage

throughout WECC, but m storage
450,000 Offshore Wind

due to renewable energy -

curtailment does not o Pl . 18 .
400,000 . = WHND

meet clean requirement . ‘ - .
wome | I €very year. . - o

g |

300,000 m

For comparison, = =
womo | WECC nameplate » -

capacity installed
womo | 1N 2021 _

[ ]
150,000
100,000
[ ]
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Meeting Clean Policy Requirements
Until Late 2030’s With Less Overbuilds

RPS/Clean Policies versus Capability in aMW

200000
180000
160000 g Th]S iS
~ smaller

140000 pm—— )

g than in a
100000 f_,-""ﬁ’ | diverse
0000 P I I I I I I I l I portfolio
60000

40000

20000

D
2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
B RPS WECC —mmmmmm Clean WECOC = = = RPS_Capability Clean Capability RPS_Output Clean Output THE 2021
NORTHWEST
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Nameplate MW

250,000

CA Buildout

W Pumped Storage
W Storzge

W Offshore wWind

Close to 180 GW build
from SB 100 draft
work, biggest
difference BTM solar

200,000

so,00 | and out of state wind.

HWND

EMNG

W EUN

This Photo by Unknown Author is
licensed under CC BY-SA
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https://efiling.energy.ca.gov/getdocument.aspx?tn=234549
https://www.flickr.com/photos/pink_dispatcher/483756270/
https://creativecommons.org/licenses/by-sa/3.0/

Namaplate MW

180,000

150,000

140,000

120,000

100,000

80,000

50,000

40,000

20,000

This Photo by Unknown
Author is licensed under CC
BY-SA

Desert SW Buildout

H Pumped Ztorage
M storage

W offshore Wind

= solar Plus Battery
EWHND
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HEUN

Arizona and New Mexico
backfilling for significant
coal retirements and
building for California
and New Mexico clean
policy
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https://fr.wikipedia.org/wiki/Centrale_solaire_photovolta%C3%AFque
https://creativecommons.org/licenses/by-sa/3.0/

Nameplate MW

25,000

20,000

15,000

10,000

5,000

Nevada, Wyoming,
Colorado, and Utah
backfilling for
significant coal
retirements provide
some diversity to the
CA and Desert SW
builds

Mountain West Buildout
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W Storage

B Offshore Wind
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Alberta Buildout
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Both have fairly immediate
needs and limited resource
and transmission options.

All but 4 GW of natural gas
builds in Alberta or Baja CA.
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Pacific NW Buildout

NW has modest
investments mostly in
flexibility and
capacity that
complement the
hydro system and
energy surplus
elsewhere.
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Fixed costs more than 6 times
production costs for WECC, NWPP fixed
and production costs stay similar.

Cumulative Fixed Versus Production Costs over Time
(in thousands of dollars)

1,400,000,000.0

1,200,000,000.0

1,000,000,000.0

800,000,000.0

600,000,000.0

400,000,000.0

200,000,000.0

20212022202320242025202620272028202920302031203220332034 203520362037 2038203020402041 2042 2043 2044 2045
= == WECC Production_Cost_Cumulative = \WECC Fixed_Cost_Cumulative

== == NWPP Production_Cost_Cumulative N'WPP Fixed_Cost_Cumulative

THE 2021

NORTHWEST
POWER PLAN

33




70

G0

50

10

30

20

10

Prices By Reserve Sharing Group in 2016 $/MWh

Average prices over the year can be misleading, and are
driven by the solar oversupply mid-day. Prices in CA and
Desert SW can be significantly higher during the evening
ramp and even during nighttime through early morning
hours.
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System Analysis Advisory
Committee Thoughts

General support for the buildout as a baseline
scenario.

« Some folks believe that a smaller buildout will be more likely
with more gas, alternative resource types and/or alternative
compliance with clean policies.

. Lots of builds in the first 5 years, will they show up?

« Perhaps do some studies to understand this risk on the
adequacy side.

. Increase coordination with planning processes
WECC-wide.

 Specifically associated with transmission, demand-side and
BTM plans for WECC utilities
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Mid-C Price and
Avoided Emissions
Rate Data

Limited results for the Baseline buildout
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https://en.wikipedia.org/wiki/Pressure_measurement
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Review:

Three climate change
data sets selected to
encompass the range of
hydro and load variation

Summ | Winter | Summ

HDD er
CDD

A : low low high

C high low
G near high high near
low low

We will be looking at
power prices over
different climate
change sets and
weather conditions...
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Seasonal Variation Increases Over Time

35

30

25

20

15

10

MidC Prices 2016 S per MWh Monthly

e Aver age of Mid CPriceReal

— Average of Annual Average

VT

\

W

14710147101 47101471014710147101471014710147101471014710147101471014710147101471014710147101471014 ?101“
2021

710

2022 2023 2024 2025 2026 2027 2028 2025 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041

THE 2021

NORTHWEST
POWER PLAN

40



2026 Mid-C Monthly Prices

2026 Mid-C Prices by Hydro Condition (2016 dollars per MWh)
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THE 2021

Persistent low pricing in spring and late winter. NORTHWEST
Throughout climate change record more NW hydro in POWER PLAN
the winter pushes down prices.




2041 Mid-C Monthly Prices

2041 Mid-C Prices by Hydro Condition (2016 dollars per MWh)
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Prices are higher in summer consistently. Throughout THE 2021
climate change record less NW hydro in the summer NORTHWEST
raises prices. POWER PLAN




Progression of Mid-C Prices With Increasing Renewables

s g Average of 2021

| |
Da I Iy et Average of 2022

g Aver age of 2023
shape T

g Ayerage of 2025
== Average of 2026

changes B

25 - Average of 2036

with more D
WECC- | -

u I I )
WECC Wide Solar Buildout
00000
0000
300,000 =
0000
]

150,000 5
w00

. 4 & v & F P & g ]

5 B ®
§ & P & 5
P & P \6‘ o5 & o J“ o \& & R »\*

THE 2021

NORTHWEST
POWER PLAN

43




40

35

30

25

15

10

50

40

35

30

]
25

20

15

10

Winter/Fall Mid-C Hourly Prices in 2026

——C10

—e—G10

Summer Mid-C Hourly Prices in 2026

—Al ——A10 — A2 A3 Ad —— AT —AE —AT
—a—C1 —e—Cl0 ——C2 c3 ca cs —a—C5 ——C7 —e—CE —e—C0
——G 1 ——G 10 —— G2 —— G 3 G4 G5 G6 G7 e G B G5
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Seasonal daily
shapes by 2026
have low mid-
day pricing and
peaky ramps,,.,
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Prices by 2041 have
persistent negative
pricing seasonally

for many hours mid-

day.
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Market Price Conclusions

More Price Spread in RPM

« RPM also looks at different gas price scenarios
* Those simulations are still running...

Daily Price Shape is Important

 Net peak driving prices more than peak.

« Resources that must run midday will be
competing with extremely low market prices

e Maintaining reserves and ramping capability
while undergoing persistent negative price
gerlods could bea challenge for the WECC, and

y the end of the study the NW.

« Resources with ramping capability with Jow
must-run requirements will be more and more
valuable.

« Hydro conditions still the major driver of price
variability at Mid-C.

This Photo by Unknown Author is licensed
under CC BY-SA
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Avoided Market Emissions Rate Decreases
Over Time

Annual Avoided CO2 and CO2e in |bs per kWh
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Higher emissions

during WECC peak.
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Avoided emissions rate
increases slightly in
summer, but decreases
overall.




Lower Market Emissions Rate
Implications: RPM Preview

* In recent studies, the market
emissions rate has been closer to a

Combined CYCle, 0. 8 to 0.9 lbs per THE FOLLOWING PREVIEW HAS BEEN ARPROVED FOR
kWh ALL AUDIENCES
° ° ° ° THE FILM ADVERTIRED HAS BEEN RATED
 Recall, we are quantifying emissions
damage costs in the RPM

LANGIAAGE,

 When market emissions rates drop
below emissions rates of existing
regional resources, the market will This Photo by Unknown Author i lcensed under CC BY-
likely start to displace the dispatch of =
some of the higher emitting existin
regional resources to reduce overal
costs.
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Next Steps

Use buildout to guide GENESYS market hourly
capability for adequacy work.

. Develop quarterly and intra-quarterly price
information for RPM to use as starting point for the
baseline scenario.

. Develop avoided emissions information for the RPM

for the baseline scenario.

. Begin working on additional AURORA buildouts for
other scenarios/sensitivities.

« Market reliance
* Organized/limited markets

 Early retirements
¢ 777
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Additional Slides



1.

2.

Addition of
Transmission

Explore whether transmission
limitations was significantly impacting
build size or diversity.

Tested 1500 MW additional capability
into NW from Wyoming.

Tested 1500 MW additional capability
into California from Wyoming.

Increased possible wind from New
Mexico that could sink to Desert SW
load, but only make it to California
with existing transport between

ions

This buildout test is
referred to as the

“With Transmission
Additions”
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Most Recent WECC Buildout With Transmission Additions (10/28/2020)
Cumulative Buildout in Nameplate MWs by Year DRAFT

Limited Gas per Regulatory and Policy Climate (October 28,2020)

Natural ivﬂl:hr Offshore 4 Hour Pumped
Year Solar Gas Wind Battery Wind Battery Storage
2025 34,669 11,159 16,145 48,600 - 3,891 -

2030 82,595 14,015 31,255 82,400 6,594 6,735 4,900
2035 116,095 16,916 34,756 141,400 6,909 6,735 5,650
2040 134,053 18,677 37,656 170,900 10,000 6,735 6,750

2045 147,003 18,677 44,642 198,000 10,000 9,109 9,190

Build is deferred to later in study. Slightly more wind is S
built in WY and almost all available in NM, but overall VER PLAN
build is closer to 10/21 build. Overall narrative similar.




Disclaimer!

* Since the run with transmission additions did not yield
significantly different results, the following information will
be describing the build without additional transmission.

- Staff suggests if exploration of transmission additions is
desirable, it could be explored via scenario analysis.

Buildout Notes

» Regional energy efficiency is assumed to continue at 7t
Power Plan price levels (using new supply curve ramp and
shaping data).

* Over 900 aMW by 2025 and over 4000 aMW by 2041
« AURORA did not have the capability of building new

demand response, and significant demand response is below
hour battery investment levels.
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