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Who is E3?

Thought Leadership, Fact Based, Trusted.
Engineering, Economics,

+ -ti +
130+ full-time 30 years (_)f Mathematics, and Public Policy
consultants deep expertise Degrees

= 7 Rl e e VN A : i
San Francisco New York Boston Calgary Denver
E3 Clients Recent Examples of E3 Projects
Market price forecasts for every U.S. Supporting investment in multiple hybrid
300 + Investors, market (wholesale and retail), and standalone battery energy storage
Developers supporting billions of dollars of capital platforms and assets across North
projects g‘v‘:\::‘: deployment; America (15+ GW | ~$5B);
per year Supporting CCAs with bid e_valuation, Supporti ng investment _in 5_+ GW of
procurement, load forecasting, community solar and distributed energy
ZCI'OSS our rr— p— program evaluation; resource projects;
Iiver ;
: erse OSVSte"‘ N‘;"":mf't Supporting the CPUC in developing Evaluation of electric vehicle and V2G
client base \ ©peraters e the CA Integrated Resource Plan; value and markets in North America for

several large automakers.
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Relevant E3 Services

~ . . A
@ Market Outlook Bid Evaluation PPA Support

* E3 has built a detailed market
outlook for CAISO and WECC

» Forecasts include wholesale
market prices (day ahead, real
time, ancillary services, capacity,
RECSs)

* Informs strategy

» E3 has supported CCAs with
procurement and bid evaluation

* Including asset-specific cost and
revenue forecasts, operations
modeling, and risk assessment
(i.e. curtailment, development)

« PPA structuring, negotiation, and
review support

@ Storage and Renewables Rates and Programs m

» Storage and renewable project
evaluation including:
o Nodal revenue forecasting

o Operations forecasting
o Onsite load, hybridization

« Rate design
* Program design and evaluation

 Electric vehicle adoption and value

 Distributed generation adoption
forecasts

« Data centers and large loads
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State of the California
Market
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Load
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Significant Uncertainty in a New Age of Load Growth...

Y« Population & Economic Growth

oooooo

Data Centers

Manufacturing Loads

Electric Vehicles

Building Electrification

Extreme Weather
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Data Centers are the 1st of 3 Waves of New Load Growth

+ Data center demand forecasts may be overly optimistic, but general computing load is likely to
grow even if Al-driven growth slows or stops

-+

-+

5%
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2%

Annual Growth Rate (%)

0%

Beyond data centers, U.S. industrial policies are supporting ‘on-shoring’ of domestic manufacturing
loads (Southwest and Southeast regions in particular)

Electric vehicles and the ‘electrification of everything’ will drive sustained electric demand over the

long-term
Wave 1: Data Center Surge Wave 2: EV Acceleration Wave 3: Electrification of Everything
) (AN
L ¢ ttko—ol Lo—0 -o—& ﬁ ©—e

2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
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E3 Forecasted New Loads: CAISO (TWh)
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Electric Vehicles Could Create Significant New Load

Zero Electric Vehicle % of New LDV Sales Zero Electric Vehicle LDV Share of Total LDV Stock

2035, 1000/0 100%
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60% 60%
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20% 20% Non-ZEV LDV Stock
10% Historic CA ZEV Sales 10%
0% 0%
2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040 2042 2044 2046 2048 2050 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040 2042 2044 2046 2048 2050

+ E3 estimates light-duty vehicle adoption consistent with recent trends and CA Advanced Clean Cars
Il standard - phasing out new gasoline vehicle sales by 2035

+ Achieving CA’s clean vehicle standards could add ~78 TWh of new load (and 19% of total state load)
by 2035!

+ By 2050, EVs could reach 144 TWh (~27% of CA load) even if EVs are only 50% of on-road vehicles!

@Energy Environmental Economics 9



Supply
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CCAs are helping California exceed its clean energy
targets

All Retail Providers (I0Us + CCAs + ESPs)

50,000 120,000
45,000
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m:illl "
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2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 ‘ 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
mmm Online Generafion mmm Under Development mmm Expiring Contracts RPS Need mmm Online Generation = Under Development = Expiring Contracts RPS Need
n n -
+ CCAs already have enough + California market as a whole is
-
resources under development to close to meeting 2030 target

meet California’s 60% RPS target
by 2030

eEnergy+Environmental Economics Source: CPUC 2023 Annual REC Report 1



CA’s Evolving Grid: Resource Additions 1995-2024

MW Solar ®mWind mEnergy Storage mBiogas/Biomass = Natural Gas © Hydro mGeothermal = Other Batteries!
7000
Gas! Wind! Solar!
6000
New RPS Policies
5000 - boom in solar
4000
3000 i
|
2000 l
|
||
1000 I m N
0 _ - = [ || = || [ | —_— = || L
1995 1996 1997 1998 1999|2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010|PO11 2012|p013 2014 2015 2016 2017 2018 2019 | 2020 2021 2022 2023 2024
Source: EIA
CA energy crisis New RPS Policies RA Procurement Orders
-> boom in gas generation - boom in solar PV - boom in batteries

- RA surplus + birth of RA program
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2024 Average Hourly Generation by Type

Average Daily Generation (24-hr) by Month and Resource Type (MW)

40,000

Annual Avg.

35,000
Hourly MW In 2024, CAISO reached
Generation ~51% RPS
30,000 C
25,000
3,010 | 12% Net Imports
m Solar
20,000
= Wind
15,000
m Other
2,351 | 9% Renewable
10,000 W Large Hydro
= Thermal
5,000
m Nuclear
0
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eEnergy+Environmental Economics CAISO. Production and Curtailment Data. Curtailed generation is not counted in totals. 13



http://www.caiso.com/informed/Pages/ManagingOversupply.aspx#dailyCurtailment

CA Wind & Solar Curtailment: 2024-Apr 2025
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S I C rt _I t s Wind Production (GWh) m Solar Production (GWh)
olar urtalimen +« @+« \Wind Curtailment (%) «- @+« Solar Curtailment (%)
6,000
Jan-Apr Jan-Dec
19.4% 20%
2024 13.7%  6.3% T
5,000 :
2025 13.6% TBD :
15%
4,000 : .
g 13.1% ?'é,
S 3 o
S 3,000 E
© 10% £
2 S
EE 9% £
E 2,000 5
c =
(=]
= 5%
1,000
0 0%
«q’b‘
&
eEnergy+Environmental Economics CAISO. Production and Curtailment Data. 14



http://www.caiso.com/informed/Pages/ManagingOversupply.aspx#dailyCurtailment

Deeper Negative Energy Prices Reflect Tight REC Supply
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REC prices increased from 2022 to 2024 as negative prices deepened.
REC prices in 2024 have been observed between $30 and $80 per MWAh. 8 3

2021 2022 2023 2024

Avg. Solar REC
Price

Year Avg. Wind REC Price

/ 2021 $13/MWh $12/MWh
Wind

2022 $14/MWh $15/MWh
2023 $22/MWh $31/MWh
2021 | 2022 | 2023 Sources: CA Padilla Reports
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https://www.cpuc.ca.gov/-/media/cpuc-website/industries-and-topics/documents/energy/rps/2024/2024-padilla-reportvfinal.pdf

Daily 4-hour Spread of Day-Ahead Energy Prices Represents
Arbitrage Opportunities for 4-hour Battery Storage

Annual Average of Daily 4-hour Spread Monthly Averages of CAISO SP15 Daily 4-hour Spread

Daily 4-Hour Spread ($/MWh)
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M
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The 4-hour spread is highest in summer months but also peaks in winter months.
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Procurement
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More resources are needed to meet California’s goals

LSE Plans & RESOLVE-Selected Capacity in the 26MMT Core Case

CA-wide GHG Emissions Planning Target 2023 (GW)
‘ 30 MMT by 2035 id
w25 MMT by 2035 (I&A) Pre fe rred Post-2035:
N 43"’:& . = 25MMT by 2035 (Updated) a8 Scrifoonituas . on
S N 2030 SyS tem P I dan . Ir';ggl_ger_gz GHG Long Duration Storage
..L_). 38 MMT s Pusmiped Hydro Slorage
= A 2030 : ; - mmm | j-ion Battery (8-hr)
F) 'ncreﬂiuﬁﬁ%v:bb‘nﬂediﬁ [ m— Li-+on Battery (4-hr)
E = plans for GHG reducfion Solar
c 2024-2026: . -I--l- Offshore Wind
(@] . | small amount . \
= Copaciyabove | 4 | Jioging '.' '.' ' Out-of-State Wind
T 2045 els I ——— ' m |r-State Wind
£ 8 MMT =§r&E plun:':md m— Giomass
is selected by t-"-- m Cieothermal
RESOLVE _—— - - - - - - - - - - Total LSE Plans

04 N5 0@ 028 2030 om0 F F 135 L E I

2020 2025 2030 2035 2040 2045

+ The CPUC adopted a carbon + Requires an additional 50 GW
emissions target of 25 MMT by of clean resources by 2035
2035 and 110 GW by 2045
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What is the job of a CCA today?
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The ability to exchange clean energy surpluses and
shortfalls through the CAISO market is very beneficial

<+ Balancing on a market-wide basis

creates efficiencies that benefit all
market participants

+ CAISO and WEIM have facilitated
low-cost integration of large
quantities of clean energy
resources

+ Studies show larger markets will
yield more benefits for California

eEnergy+Environmental Economics
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CPUC reliability orders since 2019 have kept or added
21 GW of incremental capacity

+ 2019: Delay retirement of 3.8 GW of gas plants PLUS 2.5 GW of new

procurement by 2023

+ Mid-term Reliability (MTR) Orders: 2021, 11.5 GW of “effective

capacity” by 2028, +4 GW ordered in 2023

+ Has led to development of
over 13 GW of battery
storage and no energy
alerts during 2024!

@Energy Environmental Economics

2023

Need Type 2024 | 2025 2026 2027 2028
Gene:-ral DEl;DEr—DES 2000 6000 1,500

requirements

LLT resources, as defined

in D.21-06-035 2,000
New in this decision 2,000 2,000

Total 2,000 6,000 1,500 2,000 2,000 2,000
Total (cumulative) 8,000 9,500 11,500 | 13,500| 15,500

2,000
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CPUC’s role continues to evolve

+ Set “market rules” for 40+ Load-Serving
Entities (IOUs, CCAs, ESPs)

+ RCPPP will establish stable ground rules
to guide long-term CCA procurement to
avoid market “externalities”

* Resource adequacy
 Clean energy procurement

<+ Order procurement of large and long
lead-time resources

@Energy Environmental Economics
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Reliable and Clean
Power Procurement Program
(RCPPP)
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https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/electric-power-procurement/long-term-procurement-planning/the-reliable-and-clean-power-procurement-program

Navigating Future
Uncertainty
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CCAs came of age in the 2010s in an era of capacity
surpluses and declining resource costs

Solar

Levelized PPA Price (2020 $/MWh)
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Source: Utility-Scale Solar, 2021 Edition

Figuna 1: el - weigtid average Blbium-ion Batbery pack ad ool peics aplil, 20032005
Rl 23253 WriE
Tal

B2

Batteries

Sark 248

2

B

T

358

il “ -2 R— .
I L - L T M gm
A3 MM FTHE 26 FAT MW FHE D DY GEE 2E

St BloaoebergriEF. HENWIo giices S Bk ugdatad 1o raflect faal 2008 dallors. Winakied
mrErrage naney valer nckedes 303 aele podafr o pasesger s, bises, remeeTial vehener ang
stationery tiompe.

@Energy Environmental Economics

Wind

© CAISO  © West © MISO
140 Qe ¢ spp @ ERCOT  © PJM
© Southeast © ISO-NE

Levelized PPA Price (2023 $/MWh)

120
100

80 ~150 MW

60
40
20

0
1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022
PPA Execution Date

Note: Smallest bubble sizes reflect smallest-volume PPAs (<5 MW), whereas largest reflect largest-volume PPAs (>500 MW)
Source: Berkeley Lab, FERC

/Kev drivers included: A

+ Technology “learning” and maturation

+ Low interest rates

.\+ Supportive federal tax and trade policy )

25



Future of California Electricity Market Be Like...

@ Energy+Environmental Economics 26



California has an Affordability crisis

Since 2019, residential
rates have increased
significantly:

+ PG&E: +87% (~11%lyr)
+ SCE: + 79% (~10%/yr)
+ SDG&E: + 41% (~6%lyr)

Customers are being
flooded with higher costs...

+ Wildfire mitigation and
damages
+ Cost of capital and other |
inflationary pressures =

+ Net energy metering
cost-shift

e Energy+Environmental Economics 27



$ perkW-month (nominal)

Capacity market prices are peaking under stress

CA System RA Prices 2012-2024

$40
$35
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$25
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$0
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

DIVE BRIEF

PJM capacity prices hit record highs,
sending build signal to generators

= 35th Percentile

— Witd AVg

Consumers across the PJM Interconnection footprint will pay $14.7 billion for capacity

in the 2025-26 delivery year, up from $2.2 billion in the last auction.

Published July 31, 2024
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+ CA RA prices have risen
dramatically since 2022

& J

DIVE BRIEF

MISO capacity prices triple for next
summer, spring, partly on power plant
retirements

Prices for Ameren Missouri and Columbia, Missouri’s municipal utility jumped to
nearly $720/MW-day for the upcoming fall and spring seasons due to expected power
supply shortages.

Published April 26, 2024
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Costs are sky-high right now for all new resources

+ Solar and wind PPAs Solar and Wind PPA Price Index: North America (LevelTen)
are now $50-60/MWh
 More than double pre- $70 e
pandemic levels 2 ea2z
560 6083
+ Price pressures will -
N 57.04
continue due to: g 50
- Competition from tech 8 45
industry 0
 Land, labor, equipment, N
interconnection, tariffs 5
§25
T Gas CT costs at or 3358335883383 3883388833883
above $2000/kW """ 777 TonmE e mE e ) h

Source: LevelTen Energy (www.leveltenenergy.com/ppa)
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http://www.leveltenenergy.com/ppa

E3 New Resource Cost Estimates for Q1 2025

RECOST Levelized Fixed Costs for Selected Resources RECOST LCOE Estimates for Selected Resources
Q2 2025, Mid Cost Trajectory, Generic U.S. Location Q2 2025, Mid Cost Trajectory, Generic U.S. Location
Nominal $/kW-month Nominal-Levelized Cost of Electricity ($/MWh)
40 $80
35 $70
30 $60
25 pP—— $50
» i
g e - ——
£ 20 £ $40
O [e]
Z Z
15 / $30
. _t”"” :a:ery (j':r) 620 Utility PV (ITC) (NW)
—LI-loNn balte -nr .
- v ( ) Onshore Wind Assumptions:
S Assumptions: $1O Utlllty PV (PTC) (SW) ° IRA pha§e-0ut trlggered 2032
IRA phase-out triggered 2032 *  Solar tariffs enacted
0 $0
2025 2030 2035 2040 2025 2027 2029 2031 2033 2035 2037 2039 2041

Note: Resource Costs include a generic interconnection cost but no specific costs for transmission upgrades or wheeling service.
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CA’s Evolving Net Load Shape

+ Load expected to grow steadily through 2050 - average 2050 peak demand > 70 GW

+ Solar penetration serves gross peak and depresses midday net load
« Expected “baseload” remains between 10-20 GW through 2050
« Generation for morning and evening hours is most valuable and critical for reliability

2023 2030 2040 2050
Gw GW Gw GwW

Net Load w/ 2040
Renewables Only 80 2020 Gross Load Renewables Only

70 70 70 —2040 Gross Load 70 \
60 60 60 60
2023 Gross Load 2030 Gross Load \4

o \ 0 40 40

30 \/~f\ 30 30 N

20 20 \ 20 \ 20 \

p \ i 10 10 2050 Net Load

2030 Net Load 2040 Net Load etLoa
0 0 0 .
0 2 4 6 8 10 12 14 16 18 20 22 0 2 4 6 8 10 12 14 16 18 20 22 0 2 4 6 8 10 12 14 16 18 20 22 0 2 4 6 8 10 12 14 16 18 20 22
Hour Beginning Hour Beginning Hour Beginning Hour Beginning

Forecasts for 2030, 2040, and 2050 sourced from E3’s Market Price Forecast.
2023 Data accessed from EIA: https://www.eia.gov/electricity/gridmonitor/dashboard/electric_overview/regional/REG-CAL.
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Reliability need is evolving to longer durations due to
saturation of solar and short-duration storage
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2035: Modeling shows

summertime Loss-of-Load events
lasting 8-10 hours
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2039: Modeling shows
summertime and wintertime loss-
of-load events lasting 16-20 hours
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Federal Policy Be Like...

UP AND DOWN,
UP AND DOWN"

@Energy Environmental Economics

* PANICKED YELPING *
FIRE FIRE FIRE FIRE,
FIRE FIRE FIRE FIRE,

\~

7/

"
¥y
. =
Q¥
port

y
’
Ly

‘CAUSE | WAS JUST LIKE

33



Closing Thoughts

+ California needs more generation resources and future procurement decisions will be more
challenging and higher risk

« Solar and storage will continue to be built at rapid pace
* Need for future clean firm dispatchable resource is certain but technology is still to be determined
* Expecting additional procurement mandates

+ Affordability concerns and uncertainty will leave less room for CCAs to maneuver

» High retail rates driven by wildfire costs and NEM pose challenges for new costs

* Wholesale market prices are higher

+ CCAs are well-positioned to rise to the challenge

- Understanding fundamental market outlook will be
critical to making smart procurement and program
choices
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https://bakerhomeenergy.com/kc/the-california-electric-grid-vpps-explained/

Thank you!

Kush Patel, kushal.patel@ethree.com

Nathan Miller, nathan.miller@ethree.com

Emily Rogers, emily.rogers@ethree.com
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Q&A
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