2025-2026 TPP RESOLVE Modeling
Results

September 12, 2024




Contents

Overview of 25-26 TPP Proposed Portfolio Analysis
Input updates for 25-26 TPP Modeling

25-26 TPP Proposed Base Case Portfolio
« RESOLVE Modeling Results: 25-26 TPP Proposed Base Case Portfolio
« Base Case Comparison to 24-25 TPP and 23-24 TPP Base Cases
« Summary & Conclusions

Staff Recommended and Alternate Options for the 25-26 TPP Sensitivity Portfolio
 RESOLVE Modeling Results: Options for the 25-26 TPP Sensitivity Portfolio
« Sensitivity Portfolio Results: Alternate — LLT (2035 LSE Plans)
 Sensitivity Portfolio Results: Recommended — LLT (2030 LSE Plans)

Appendices
« Appendix I: Input Updates Across Recent TPP Cycles
« Appendix Il: Additional RESOLVE modeling results
« Appendix lll: Transmission Information for TPP analyses

California Public Utilities Commission 2



Overview of 25-26 TPP Proposed
Porifolio Analysis



Overview of the CAISO’s Transmission Planning
Process

« Every year Commission staff dev,elo,P arecommended set of portfolios for the California Independent
System Operator (CAISO) to use in its annual Transmission Planning Process (TPP)

. Ge?ferlqlly, in each TPP cycle, the CAISO evaluates a reliability and/or policy-driven base case
portfolio

« Under the CAISO tariff adopted by the Federal Energy Regulatory Commission (FERC), if the results of the base
case analysis show the need for additional transmission development, the transmission projects are brought to
the CAISO Board for approval in the spring of the second year of the TPP

« If approved by the CAISO Board, under the FERC tariff, the project would receive cost recovery through the
transmission access charge

« Along with the base case analysis that generally leads directly to transmission project approval, in
each TPP cycle the CAISO typically analyzes one or more sensitivity portfolios.
* The purpose of the sensitivity portfolio analysis is not to lead directly to transmission development immediately,
but rather to assist in future planning by identifying relevant transmission needs and potential costs.

« The Commission adopted the 2024-25 TPP portfolio in Decision (D.)24-02-047. This Decision included
both oTk%ng)e colse and a sensitivity portfolio that the CAISO is in the process of analyzing for the
curren cycle.

+ The base case portfolio was based on the scenario that achieves a 25 million metric ton (MMT) greenhouse gas
(GHG) emissions target in 2035, including 4.5 gigawatts (GW) of offshore wind.

» The sensitivity portfolio was a High Natural Gas Retirement scenario, designed to assist in planning for the
potential future retirement of fossil-fueled resources as their economics decline.
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Overview of 25-26 TPP Analysis

« Staff has conducted analysis to support the development of portfolios for consideration for
study in CAISO's 25-26 TPP

« The analysis is based on the 24-25 TPP portfolio that the Commission adopted in D.24-02-047

» This deck includes analysis for two TPP portfolio classifications:
» A proposed 25-26 TPP Base Case
« Two options for a 25-26 TPP sensitivity cases, including ED Staff's recommended portfolio

« Staff will fransmit a single Base Case portfolio and can consider fransmitting an additional
sensitivity portfolio to the CAISO for their TPP

» This deck includes two sensitivity cases under consideration, and Staff will select a single portfolio
depending on stakeholder feedback.

« Stakeholders can submit feedback on which direction to pursue on the sensitivity portfolio in
comments submitted to the docket.
« Staff is seeking stakeholder comments on the Administrative Law Judge's Ruling Seeking
Comment on Electricity Resource Portfolios for 2025-2026 Transmission Planning Process:
« Opening comments on are due on September 30, 2024
+ Reply comments are due on October 7, 2024
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Input Updates for 25-26 TPP
Modeling



Summary of Input Updates for 25-26 TPP

IRP periodically updates its modeling inputs and assumptions to reflect new data, better modeling functionality, and
other changes as needed

Updates for the 25-26 TPP modeling are compared to what was used in the 24-25 TPP portfolios adopted in D.24-02-047

Changes in Transmission
and Interconnection

e Added new resource interconnection limits in RESOLVE on
each fransmission constraint cluster based on number and

Represen’ro’rion voltage of buses in the cluster
e Switched from 2022 IEPR to 2023 IEPR
LOOd |ﬂpU1’S -;)i%wer annual load and peak forecast, especially in
+
Geothermal « Binary technology represented instead of Flash
R@SOUI’C@ COST *30% cost increase

A”ZOHO Solor » Corrected Arizona Solar candidate resource profile to
PrOﬁ'eS reflect daylight savings time adjustment
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Changes in Transmission and Interconnection
Representation in the 25-26 TPP

« For the 24-25 TPP, RESOLVE selected multiple GWs of resources at transmission clusters that are
comprised of only a few individual substations.

» Since those substations cannot accept such large capacity additions, many resources had to
be relocated during Busbar Mapping.

For the 25-26 TPP, additional constraints were added to the RESOLVE model to represent feasible
limits on resource interconnection at the substation level.

« Substations are assigned a default
interconnection capacity according to

Substation Default Interconnection
voltage, and limits are set for each cluster Voltage (kV) Capacity (MW)
by summing across all substations. 115 100
« Individual substation expansions are not 138 200
represented, but RESOLVE can choose to

build generic transmission upgrades to 161 200
interconnect highly economic resources. 230 1 500

« Actual mapping to individual substations or
to a new substation, if warranted, is still 500 3,000
performed in the Busbar Mapping process.

California Public Utilities Commission 8




Integrated Energy Policy Report (IEPR) Updates

« RESOLVE's load inputs were updated from CEC’s 2022 IEPR CED to the 2023
IEPR CED (revised version). Updates include:

« Annual energy

Gross peak

BTM resources

Hourly profiles

Associated changes in total reliability need and clean energy generation
requirements for RPS, SB100 and SB1020

* The CEC produced the 2023 IEPR forecast for 2023-2040 while the TPP
]lc'nodehr)rg horizon is 2024-2045, necessitating extrapolation of the CEC’s load
orecast.

. 5’855%8&8 extrapolation methods differ from methods used for the 24-25 TPP for the

« Supplemental data for 2041-50 was available to derive a growth rate for BTM resources

* The baseline was extrapolated using the %grow’rh rate for the last five years of data (2035-
40); whereas the 2022 I[EPR was extrapolafed using the 2021 ATE forecast

The GHG Allowance Price was also updated to CED 2023 for the carbon price floor but had a
California Public Utilities Commission negligible difference from the CED 2022 GHG Allowance Price 9



Summary of Changes in 2023 IEPR from 2022 IEPR

« The 2023 IEPR Planning Scenario shows higher retail sales and gross peak than
the 2022 IEPR

« The gross peak! in 2035 is 3.5 GW higher, and in 2045 is 3.1 GW higher in the 2023
IEPR forecast compared to the 2022 Forecast, an increase of 5% and 4%,
respectively

« Annual retail sales increase by 6.4 TWh in 2035, or 3%, and 20 TWh in 2045, or 7%

* |In the long-term, annual load grows faster than peak due 1o high rates of space
heating electrification

« Higher retail sales and gross peak in the 2023 IEPR are driven by increased
building electrification (AAFS) and lower energy efficiency (AAEE) impacts
compared to 2022 IEPR. Additionally, the 2023 I[EPR shows lower BTM PV

adoption in the long term

 Managed net peak load shifts to winter in early 2040s due to building
electrification

« Building electrification loads are 4-5x higher in 2023 IEPR after 2035



Gross System Peak and Total Managed Retail Sales

Retail Sales -32 TWh

% Gross Peak 350 -
1 Managed Net Load)
4.7 GW ( -24 TWh
300 A
250 A +20 TWh
= +23 TWh
o +4.2 TWh
g 200 A
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B 1501
e
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2025 2030 2035 2040 2045 2025 2030 2035 2040 2045
~—— 2023 Revised IEPR Planning Scenario (25-26 TPP) ——— 2022 IEPR Planning Scenario (24-25 TPP) —— 2021 IEPR ATE (23-24 TPP)
Note: Gross peak is Managed Net Load + BTM PV Note: Assumes no CHP retirement

. . . o L Note: the 2023 IEPR shows a higher near-term gross peak than the 2022 IEPR, but a lower near-term managed peak (after BTM PV production). This is due fo
California Public Utilities Commission changes to the IEPR baseline consumption shapes between IEPR vintages. IRP uses the gross peak for planning (showing increased reliability need) whereas

11
_ RA uses the managed peak for planning (showing decreased reliability need).



Resource Cost Update

« The 24-25 TPP used flash geothermal costs from the 2023 NREL ATB

» The 25-26 TPP uses binary geothermal costs from the 2023 NREL ATB as @
more realistic technology for future geothermal build

Technology Cases Used For | All-in fixed Cost
(20225/kW-yr)

Geothermal — Flash 24-25 TPP $520/kW-yr
Geothermal — Binary 25-26 TPP $660/kW-yr ~30% increase
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25-26 TPP Proposed Base Case
Porifolio
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25-26 TPP Proposed Base Case

Proposed 25-26 TPP Base Case Overview

* Proposed base case designed to be similar the 2024-25 TPP base case
with same policy assumptions
» Incorporates the 25 MMT GHGH target by 2035 (same as for the 24-25 TPP)

Includes LSE plans submitted in their November 2022 IRP filings (same as for
the 24-25 TPP)

Using same resource baseline and Inputs & Assumptions outside of the
changes noted earlier

Updated to the 2023 IEPR Planning Scenario (24-25 TPP base case used the
2022 IEPR Planning Scenario)
« Key model years for busbar mapping and fransmittal fo CAISO

« 2035 — 10-year projection

« 2040 — 15-year projection
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RESOLVE Modeling Results: 25-26
TPP Proposed Base Case Portfolio



25-26 TPP Proposed Base Case

Planned & Selected Capacity (GW)

 New resources (hameplate GW), both LSE planned and RESOLVE
selected, above the IRP-RESOLVE modeling resource baseline

Generic Planned & Selected Capacity Generic Planned & Selected Capacity
Near- & Medium-Term Long-Term = Gas Capacity Not Retained
(GW) (GW) = Shed DR
70 m Long Duration Storage
mPumped Hydro Storage
80 mLi-ion Battery (8-hr)
50 mLi-ion Battery (4-hr)
40 m Solar
30 Offshore Wind
Out-of-State Wind
20 m |n-State Wind
10 I Deeeeeen R Biomass
0 m Geothermal
9 O “ m
qSSb q,@ q,@‘ Natural Gas
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25-26 TPP Proposed Base Case

LSE Planned Builds vs. RESOLVE-Selected Builds (GW)

LSE Plans & RESOLVE-Selected Capacity

(GW)
140
120 Significant builds beyond 2035
are required for long-term
GHG reduction and reliability
m Shed DR
A 100 = Long Duration Storage
Capacity above the ® Pumped Hydro Storage
black line is incremental, m Li-ion Battery (8-hr)
selected by RESOLVE 80 From 2030-35, RESOLVE builds I m Li-ion Battery (4-hr)
incremental onshore wind and solar = Solar
. to meet GHG and PRM targets )
Capacity below the Offshore Wind
black line is part of 60 Out-of-State Wind
J fhe LSE Plans* ] m In-State Wind
No incremental E m Biomass
40 builds are needed m Geothermal
through 2028 m Natural Gas
=—Total LSE Plans
0 ! — EEE EEE EE e e e
2026 2028 2030 2032 2034 2035 2039 2040 2045
* LSE plans only go out
to 2035 Note: A portion of LSE Planned wind is generic (not specified as in-state or out-of-state) and can be sited optimally by RESOLVE. For the purposes of this graph,
any generic wind in the LSE plans is allocated based on the share of RESOLVE-selected wind in 2035 (approximately 50% each in-state and out-of-state).
California Public Utilities Commission Note: All Capacity is incremental to the 2023 Baseline (https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-division/documents/integrated-resource-plan- 17

and-long-term-procurement-plan-irp-ltpp/2023-irp-cycle-events-and-materials/aggregated-Ise-plans-and-baseline-resources-2023-psp_v2.xIsx)
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25-26 TPP Proposed Base Case

Planned & Selected Capacity (GW)

 New resources (hameplate GW), both LSE planned and RESOLVE
selected, above the IRP-RESOLVE modeling resource baseline

Resource Category o6 2028|200 2032|204 2035|209 ] 2040 2045

Natural Gas

Geothermal 0.8 1.1 1.5 1.6 1.6 1.6 1.6 1.6 1.6
Biomass - 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
In-State Wind 0.7 1.0 5.2 7.0 7.0 7.9 7.9 7.9 2.0
Out-of-State Wind 1.8 3.4 4.7 4.7 7.0 9.0 9.1 10.7 15.7
Offshore Wind - - - 2.7 3.9 4.5 4.5 4.5 4.5

5.5 8.5 14.8 16.3 19.8 19.8 42.6 44.9 61.8
Li-ion Battery (4-hr) 8.0 9.0 11.6 12.7 15.0 15.7 15.7 15.7 15.7
Li-ion Battery (8-hr) 0.4 1.0 1.2 1.4 1.9 2.8 11.2 12.0 21.1
Pumped Hydro Storage (12-hr) - 0.5 0.5 0.8 0.8 0.8 0.8 0.8 0.8
Long Duration Storage (8-24 hr)* 0.1 0.3 0.3 0.4 0.5 0.5 0.5 0.5 0.5
Shed DR - - - - - - - - -
Gas Capacity Not Retained (3.5)

18

*Long Duration Storage technologies include Flow Battery (8-hr) and A-CAES (24-hr)
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25-26 TPP Proposed Base Case
PRM Constraints

« RESOLVE modeling results

Additional resources above those in the
LSE plans are only required to meet
reliability requirements from mid 2030s;
earlier than the 24-25 TPP due to
increased system peak in the 2023 IEPR
forecast

Natural gas resources provide ~20 GW
of capacity throughout the study
horizon

PRM Shadow Prices

($,‘r kW-year) PRM is binding starting in mid-2030s
400 5338 ¢ 49 8302
$124
200 5o g0 $0 $0 $53
0

(s Vel Q 9\ | o) Oy N \5)
q° & v o P o
I FFFEFEF T
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PCAP PRM Contribution

(ELCC MW)
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Additional I nteractive
imports

mmmm Solar + Storage
Offshore Wind
Out-of-State Wind

s |n-State Wind

mmmm Baseline DR

mmmm Baseline PHS

s Hydro

s Biogas

= Biomass

mmmm Geothermal
Nuclear

mmmm CHP

mmm Natural Gas

s Coal

Most incremental capacity needs are met
with solar and storage. Geothermal and wind
also provide incremental resource adequacy.
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25-26 TPP Proposed Base Case
GHG Constraints

« RESOLVE modeling results GHG Emissions

New clean resources are added to help (MMT CO,)
meet GHG emissions target in all modeled 45
years, except 2026 when GHG emissions of

=" 40
the portfolio is below the target
35
30
BTM CHP, and associated GHG emissions, 25 Unspecified Imports
assumed to phase out between 2035 and 20 s BTM CHP
2040. mmmm CAISO Gas
15 mmmm CAISO Coal
10 I I I Total Emissions Target
. 5
GHG Target Shadow Price
($/ton COy) GHG target is binding by 2028 - - —
600 $422 & & & P P
S qf S ,L’()

400 $252 g223 (L ‘L ,L oS
200 g0 16 %103 ’ s63 $98 $112
0

© D Q YV D o] %) Q “
D SR SR S In the terminal year of 2045, the cost rises steeply to meet
the stringent 2045 GHG target.
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Base Case Comparison to 24-25
TPP and 23-24 TPP Base Cases



R
Comparison of 23-24 TPP, 24-25 TPP, 25-26 TPP Proposed Base Case

25-26 TPP Proposed Base Case vs. 24-25 TPP vs. 23-24 TPP

25-26 TPP Proposed Base | 24-25TPP 23-24 TPP
Case

IEPR Vintage 2023 2022 2021 ATE

Peak load (GW) 67.5 64.0 66.5
Annual energy demand (TWh) 332 322 336
Total resources selected (GW) 62.9 56.8 73.0
Gas selected (GW)

-2.7 =

Gas not retained (Negative = not retained)

Peak load (GW) 74.4 70.0 74.9
Annual energy demand (TWh) 386 364 404
Total resources selected (GW) 98.8 81.0 106.6
Gas selected (GW) - 4.8
-2.7 =

Gas not retained (Negative = not retained)

Annual Costs Net Present Value (NPV)
Est. Annual Costs (SMM)* $228,677 $222,515 $263,099

Note: 2023 builds in 23-24 TPP are removed in results shown to enable more consistent comparison; costs for 23-24 TPP converted from 2019$ to 2022$

California Public Utilities Commission All loads are for CAISO . 22
*Excludes non-optimized costs, which represent ~75-80% of system costs



25-26 TPP Proposed Base Case vs. 24-25 TPP Base Case

Comparison of Planned & Selected Capacity (GW)

. A_ddi’rionol resource buildout is eriven by a
higher peak in 2023 |EPR (used in 25-26 TPP)  ResoLvE Builds Across Portfolios
than in 2022 IEPR (used in 24-25 TPP) (GW)

« The 24-25 TPP vs. 25-26 TPP difference in 10
resource buildout is largest in 2039, consistent ,,
with when the 2022 vs. 2023 IEPR peak load
difference is largest 100

Higher build in 25-26
TPP starting in
mid/late 2030s

* In 2039, 12.4 GW more solar is built, partially to &
serve increased energy needs and partially for
capacity 60

« In 2045, an additional 3.0 GW gas is retained in 4o
the 25-26 TPP, and all gas is retained prior to
2045 20

 Due fto increased winter loads, builds in 25- 0
26 TPP shift from in-state to out-of-state
wind, as out-of-state wind has higher winter

Gas Capacity Not Retained
m Shed DR
m LongDuration Storage
m Pumped Hydro Storage
m Li-ion Battery (8-hr)
M Li-ion Battery (4-hr)
m Solar
Offshore Wind
Out-of-State Wind
H In-State Wind
H Biomass
B Geothermal
M Natural Gas

. 24-25TPP 25-26 TPP 24-25TPP 25-26 TPP 24-25TPP 25-26 TPP 24-25TPP 25-26 TPP 24-25TPP 25-26 TPP
capacity factors
« Additional 8-hr batteries, and pumped hydro 2034 2035 2039 2040 2045

are selected; less geothermal
NPV of optimized costs* Annual Optimized Costs 2034 2035 2039 2040 2045
(SMM in 2022 Dollar Year, 2024-2065) (SMM)

_ $228,677 25-26 TPP (Revised IEPR) 14,473 (+$144M) 14,764 (+S721M) 17,391 (+5$2,281M) 18,137 (+$2,531M) 19,842 (+$2,328M)

25-26 TPP (Revised IEPR) (+$6,162 MM or +3%) 24-25 TPP 13,929 14,045 15,110 15,606 17,514
24-25 TPP** $222,515
California Public Utilities Commission * Excludes non-optimized costs, which represent ~~75-80% of system costs 23

**Minor correction to CHP cost made since results were originally released




Comparison of 23-24 TPP, 24-25 TPP, 25-26 TPP Proposed Case

Comparison of Planned & Selected Capacity (GW)

Differences in resource buildout are
driven by differences in load, resource
economics, and GHG targets

The 23-24 TPP used the 2022 NREL ATB,
which did not reflect IRA incentives or
significant increases for battery cost in
recent years as a result

The 2021 IEPR (used in 23-24 TPP) has
significantly higher (8-12%) annual loads
by 2045, which combined with different
resource economics modeled, results in
significantly larger amounts of solar and
long duration storage in 23-24 TPP*

The 23-24 TPP has a less stringent GHG
target by 2045 (15 MMT vs. 8 MMT),
allowing for new gas build

All three TPP portfolios have similar
amounts of geothermal, out-of-state
wind, and offshore wind build

RESOLVE Builds Across Portfolios
(GW)
180

Higher builds in 23-24 TPP are <«——

100 largely due to higher loads

Gas Capacity Not Retained
m Shed DR

m LongDuration Storage

140
120

100 m Pumped Hydro Storage
m Li-ion Battery (8-hr)

M Li-ion Battery (4-hr)

8

o

6
20
— EE S

0 W Biomass

o

m Solar
Offshore Wind
Out-of-State Wind
H In-State Wind

.20 W Geothermal

23-24TPP 24-25TPP 25-26TPP 23-24TPP 24-25TPP 25-26TPP 23-24TPP 24-25TPP 25-26TPP 23-24TPP 24-25TPP 25-26TPP @ Natural Gas

2034 2035 2040 2045

Note: 23-24 TPP modeled 4-hr and 8-hr batteries in aggregate; these are separated for the purpose of this analysis based on

o 23-24 TPP was modeled with lower in- the average battery duration of the 23-24 TPP portfolio

state wind potential, which led
to lower amounts of in-state wind
build

California Public Utilities Commission

Note: 2023 builds and other baseline differences in 23-24 TPP are removed in results shown to enable more consistent
comparison

*Long Duration Storage in the 23-24 TPP are 8-hour Flow Batteries, which were not subject to transmission constraints. Biomass
was also not subject to fransmission constraints in the 23-24 TPP

**2045 is not used in the TPP planning portfolio 04




25-26 TPP Proposed Base Case vs. 24-25 TPP

Planned & Selected Capacity (GW) - Delta from 24-25 TPP

Increase in out-of-state wind driven by increased winter loads (driven Increased geothermal costs contributed
by 4-5x more building electrification) and transmission constraints*** to slightly reduced geothermal build

Resource Category mmmm m -mm
Natural Gas

- ea e ey ' es wa e
(0.2) (0.0) (0.8) (0.0) (0.0) \ (0.0) (0.0) (0.0) (0.3)
0.2 0.0 0.2 0.2 1.7 \ 27 0.8 2.4 3.8
B (1.4) ; 0.6 0.8 0.8 R X 4.4
; ; ; 0.3 0.3 0.3 0.3 0.3 0.3

Shed DR - - - - - - - - -
2.7

Gas Capacity Not Retained** . . . . 2.7

Significantly more solar buildout in 2039 and

More gas retained to serve higher reliability need 2040 due to higher GHG-free energy needs
fo meet IEPR’s higher peak load
California Public Utilities Commission *Long Duration Storage technologies include Flow Battery (8-hr) and A-CAES (24-hr); **Positive Value = More Gas Retained 25

_ **Qut-of-state wind provides higher CF than in-state wind, offshore wind, or solar resources, which is valuable for serving winter building electrification load
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25-26 TPP Proposed Base Case vs. 23-24 TPP

Planned & Selected Capacity (GW) - Delta from 23-24 TPP

23-24 TPP built new gas from 2035 onward due to higher loads and a less stringent emissions target

Resource Category

| Resource Category |

o w62
(0.0) 0.3 0.7 0.8 0.1 0.1 (0.4) (0.4)
(0.0) 0.1 0.1 0.1 0.1 0.1 (0.9) (0.9)
(1.5) (1.1) 3.0 48 48 57 43 5.4
1.5 (1.4) (0.1) (0.1) 22 | 42 (3.0) 2.1
(0.1) (0.2) (3.1) (0.5) 06 | (02 0.2) (0.2)
(solar 1 2.6 (0.0) (6.7) 56 | (27 (1.5) (28.9)
53 6.1 8.7 9.8 12.1 128 | 12.8 12.8
0.4 1.0 (1.0) (6.6) (8.5) (14.2) \ 84 (035)
0.2) (0.5) (0.5) 0.2) (0.8) (1.2) (12) (12)
0.1 0.3 0.3 0.4 0.5 0.5 0.5 121)
(1.0) (1.0) (1.0) (1.0) (1.0) (1.0) (1.0) (1.0)
e

H |
H |
N
(=]
o 1
N

Note: 2039 is excluded from comparison since 2039 was not modeled in the 23-24 TPP

Note: 23-24 TPP modeled 4-hr and 8-hr batteries in aggregate; these are separated for the purpose 2524 TPP has higher 23-24 TPP has significantly  23-24 TPP has significantly

this analysis based on the average battery duration of the 23-24 TPP portfolio wind builds g .
Note: 2023 builds in 23-24 TPP are removed in results shown to enable more consistent comparison morsusi%c;;c?rr;i(:;isr;(j)ggew sl;ro](r)c;zleoggilfﬁrncggzs
California Public Utilities Commission 26

*Long Duration Storage technologies include Flow Battery (8-hr) and A-CAES (24-hr); **Positive Value = More Gas Retained



Summary & Conclusions



Conclusions

« Compared to the 2022 IEPR, the revised 2023 IEPR has higher demand
and peak load, driving an increase in resource buildout

« By 2040, the 25-26 TPP has 10.6 GW more solar, 3.2 GW more 8-hr battery storage,
and 2.7 GW more gas retained than the 24-25 TPP

« The revised 2023 IEPR also has higher winter loads, which drives a shift from in-state
wind and solar to out-of-state wind

* The fransmission constraint updates have also contributed to a shift in
location of some resource buildout and geothermal cost updates have
slightly reduced the geothermal selected by RESOLVE

California Public Utilities Commission 28




Staff Recommended and Alternate
Options for the 25-26 TPP Sensitivity
Portfolio
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Background - Purpose of Sensitivity

» In addition to the Proposed 25-26 TPP Base Case, Staff are proposing 1o pass one sensitivity

portfolio to the CAISO focused a higher Long Lead-Time (LLT) resource deployment future.

. Corfwfsicla[ered two options for the sensitivity portfolio: the Staff Recommended and the Alternate sensitivity
portfolios.

* More information about the differences between these two proposed sensitivity portfolios is available
on the following slide.

* The recently adopted AB 1373 related Decision (D.) 24-08-064 contained a need
determination for specific LLT resources for potential procurement by the Dept. Of Water
Resources.

« |dentified a need for up to 7.6 GW of offshore wind (OSW), 2 GW of long duration energy storage
(LDES), and 1 GW of geothermal in addition to existing procurement orders.

« The amounts of OSW and LDES have not previously been studied in any TPP base case or in a sensitivity
case that reflected a reasonable alternate scenario to the TPP base case.*

« The two potential sensitivities options both depict a potential LLT resource deployment
future reflective of the upper bound of the AB 1373 Decision need determination
» Designed to serve as reasonable alternative scenarios associated with the proposed base case
* Provide insights into transmission implications and resources that are displaced from more LLTs being in
the portfolio

*While the 23-24 TPP OSW Senisitivity included 13.4 GW of OSW and the 24-25 TPP High Gas Retirement Sensitivity included
3.7 GW of LDES both portfolios were designed to gather long-term fransmission information to inform future scenarios and

o - o do not reflect a likely or realistic deployment of the specific resources over the timeframe of the TPP studies.
California Public Utilities Commission
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Background - LLT Resource Amounts

« The two potential sensitivity options both differ from the proposed base case assumptions
by having additional Long Lead-Time (LLT) resources forced-in, specifically geothermal, long duration
energy storage (LDES), and offshore wind (OSW)) by 2035.*

« Both options have the same total amount of OSW, geothermal, and LDES resources (see table below)

« The OSW, geothermal, and LDES resource amounts reflects the upper bound of the potential LLT resources
indicated for central procurement in the AB 1373 Decision (D.24-08-064).

« Total amounts also account for the clean firm and long duration storage procurement requirements per the

Mid-Term Reliability (MTR) Decision (D.21-06-035) adjusted for such resources already contfracted and included in
baseline.!

« Amounts assume little to no additional procurement by LSEs beyond MTR and AB 1373 Decision amounts for
specified LLT resources (e.g., the 7.6 GW of OSW is the total amount modeled, including LSE plans)

» LDES resources are represented as A-CAES and Pumped Hydro (the two 12+ hr duration storage resource
options modeled in RESOLVE)

Case Name Porifolio Name flrecqerdL-Liﬁ* C;ﬁicigh(e’c\rcvc)tl Balga:\iSV) PU;‘J ﬁg?&v\gro ng’::gr(eMVar;d LSE Plan Configuration
25-26 TPP Base Case - 1,639 200 756 4,531 Full LSE plans
Alternate LLT (2035 LSE Plans) 2035 2,139 900 1,777 7,555 Full LSE plans
Recommended LLT (2030 LSE Plans) 2035 2,139 900 1,777 7,555 LSE plans through 2030

*Forced-in Geothermal, A-CAES, and Pumped Hydro may be selected by the model any tfime 2031-2035

' The modeling baseline for this analysis is available here: https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-
division/documents/integrated-resource-plan-and-long-term-procurement-plan-irp-ltpp/2023-irp-cycle-events-and-
materials/aggregated-lse-plans-and-baseline-resources-2023-psp v2.xlsx

California Public Utilities Commission



https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-division/documents/integrated-resource-plan-and-long-term-procurement-plan-irp-ltpp/2023-irp-cycle-events-and-materials/aggregated-lse-plans-and-baseline-resources-2023-psp_v2.xlsx
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-division/documents/integrated-resource-plan-and-long-term-procurement-plan-irp-ltpp/2023-irp-cycle-events-and-materials/aggregated-lse-plans-and-baseline-resources-2023-psp_v2.xlsx
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-division/documents/integrated-resource-plan-and-long-term-procurement-plan-irp-ltpp/2023-irp-cycle-events-and-materials/aggregated-lse-plans-and-baseline-resources-2023-psp_v2.xlsx

Background - Recommended vs Alternative Option

« The two potential sensitivity options differ in the amount of LSE planned resources forced-in

« November 2022 LSE plans (same as used for 2023 PSP portfolio) are used; these LSE plans cover LSE planned
resources additions through 2035

« The Alternate portfolio is — LLT (2035 LSE Plans), includes full LSE planned resources through 2035
« The Staff Recommended portfolio is — LLT (2030 LSE Plans), includes LSE planned resources only through 2030

« In 25-26 TPP base case, only 1 GW solar and batteries were selected in 2035 above LSE plans, meaning LLT
resources have little flexibility to displace non-LLT resources if full LSE plans are forced-in. Forcing in LSE plans
only through 2030 allows additional flexibility.

« To keep the total amount of AB 1373 LLT resources the same, the LLT (2030 LSE Plans) Portfolio includes
more OSW, geothermal, and LDES resources manually forced-in, instead of through the LSE plans.

« Figures compare breakdown of forced in resources for two sensitivity options and the proposed base case.

(cw) Forced-in Geo., OSW, & LDES from LSE Plans (Gw) Forced-in Solar, Battery, Biomass, & Onshore

50

40

30

20

10

0

California Public Utilities Commission

& Manually Added 50 Wind from LSE Plans

40

20

Above bar is manually added;
Below is LSE plans

10

. .
(e 2 2Seeeeees C—. 0
Proposed Base  LLT(2035Full  LLT(2030LSE Proposed Base  LLT(2035Full  LLT (2030 LSE
Case LSE Plans) Plans) Case LSE Plans) Plans)

*Forced-in Geothermal, A-CAES, and Pumped Hydro may be selected by the model any time 2031-2035

m Shed DR
m Flow Battery (8-hr)
A-CAES (24-hr)
m Pumped Hydro Storage (12-hr)
m Li-ion Battery (8-hr)
m Li-ion Battery (4-hr)
Solar
Offshore Wind
Out-of-State Wind
m In-State Wind
mBiomass
m Geothermal

m Natural Gas
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RESOLVE Modeling Results:
Options for the 25-26 TPP Sensitivity
Porifolio



25-26 TPP Proposed Base Case vs. LLT Sensitivities

Comparison of Planned & Selected Capacity (GW)

« Compared to the 25-26 TPP, starting in
2035, about ~1 GW less solar and
battery is built annually when
additional, high-capacity factor LLT
resources are added to the system

* By 2040, all three cases have similar
amounts of onshore wind (<1 GW
differences)

« All three cases retain all gas until 2045.
In 2045, gas not retained totals 3.5 GW
in the 25-26 TPP and ~4.5 GW in the LLT
cases

- 24-25TPP had 6.6 GW not retained
» Forcing-in additional LLT resources

increases total NPV costs by ~$3-5
Billion

NPV of optimized costs*
(SMM in 2022 Dollar Year, 2024-2065)

$233,575
LLT (2035 LSE Plans) (+$4.898 MM or +2.1%)
LLT (2030 LSE Plans) $231,930

(+$3,253 MM or +1.4%)
25-26 TPP Proposed Base $208,677

Case

RESOLVE Builds Across Portfolios

140

120
Gas Capacity Not Retained

Shed DR
m Flow Battery (8-hr)

A-CAES (24-hr)
B Pumped Hydro Storage (12-hr)
M Li-ion Battery (8-hr)

100

) i
40 Solar
Offshore Wind

M Li-ion Battery (4-hr)

20 Out-of-State Wind
M |n-State Wind
0 W Biomass
W Geothermal
20 ® Natural Gas
25-26 TPP LLT(2035LSE LLT(2030LSE | 25-26TPP  LLT(2035LSE LLT(2030LSE | 25-26TPP  LLT(2035LSE LLT (2030 LSE
Plans) Plans) Plans) Plans) Plans) Plans)
2035 2040 2045
Annual Optimized Costs
(SMM) 2035 2040 2045
LLT (2035 LSE Plans) 15,650 (+$886M) 18,616 (+$S479M) 20,396 (+$554M)
LLT (2030 LSE Plans) 15,232 (+$468M) 18,449 (+$312M) 20,232 (+$390M)
25-26 TPP Proposed Base Case 14,764 18,137 19,842
34

*Costs relative to 25-26 TPP; Excludes non-optimized costs, which represent ~75-80% of system costs




Comparison of Planned & Selected Capacity (GW)

« Same comparison of the
sensitivity portfolio options to
the proposed 25-26 TPP base
case as on the previous slide,
but with arrow bars to denote
resources forced-in vs
resources selected by
RESOLVE.

California Public Utilities Commission

Resource Build Across Portfolios

140
120
100 Resources belowarrow bar
are forced-in resources;
Aboveis RESOLVE selected
60 .
]
) I I
20
0

Proposed LLT (2035 LLT(2030 | Proposed LLT(2035 LLT (2030 | Proposed LLT(2035 LLT(2030
Base Case LSE Plans) LSE Plans)|Base Case LSE Plans) LSE Plans)|{Base Case LSE Plans) LSE Plans)

-20
2045

Gas Capacity
Retained
M Flow Battery (8-hr)
W A-CAES (24-hr)
B Pumped Hydro
Storage (12-hr)
M Li-ion Battery (8-hr)
M Li-ion Battery (4-hr)
m Solar
Offshore Wind
Out-of-State Wind

M In-5State Wind

M Geothermal
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25-26 TPP Proposed Base Case vs. LLT Sensitivities

2035 Portfolios Breakdown

« Resources in the 2035 proposed 25-26 TPP portfolio and two sensitivity options broken down into three

categories.

- Specified LLT resources (geothermal, offshore wind, > 8 hr LDES) from LSE plans and manually added
- Remaining resource types (Solar, onshore wind, and 4- and 8-hr batteries) from LSE plans
- Allresource types selected by RESOLVE in addition to forced in resources

(GW) Proposed Base Case - 2035 LLT Sensitivity (2035 Full LSE Plans) - 2035 LLT Sensitivity (2030 LSE Plans) -2035
50
40
30
Above baris Above baris
20 Add'LLLT; Below Add'LLLT; Below
is LSE plans is LSE plans
10 N I
0 meeeess BN U T .
Geo., OSW, & | Solar, Battery, & All Types Geo.,OSW, & | Solar, Battery, & All Types Geo., OSW, & | Solar, Battery, & All Types
LDES Onshore Wind LDES Onshore Wind LDES Onshore Wind
Forced-in: LSE | Forced-in: LSE RESOLVE Forced-in: LSE Forced-in: LSE [RESOLVE Selected Forced-in: LSE | Forced-in: LSE RESOLVE
Plans & Add'l LLTH Plans Selected Plans & Add'l LLTs Plans Plans & Add'l LLTH Plans Selected
Gas Capacity Retained B Flow Battery (8-hr) A-CAES (24-hr)

California Public Utilities Commission

B Pumped Hydro Storage (12-hr)
B Solar
B [n-State Wind

M Li-ion Battery (8-hr)

Offshore Wind
B Geothermal

B Li-ion

Battery (4-hr)

Out-of-State Wind
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25-26 TPP Proposed Base Case vs. LLT Sensitivities

Further Comparison between Portfolios

(6w) Forced-in Geo., OSW, & LDES from LSE Plans
& Manually Added

For the three
portfolios, side-by-
side comparisons of
the three categories
described on
previous slide.

Includes additional
category of RESOLVE
selected resources in
2040.

California Public Utilities Commission

50

40

30

20

10

0 C— e—— YOS

(GW)
50
40
30
20

10

Above bar is manually added;
Below is LSE plans

RESOLVE Selected Resources-2035

N .
o I mamn B

LLT (2030 LSE

Proposed Base
Case

LLT (2035 Full

LSE Plans) Plans)

(Gw) Forced-in Solar, Battery, Biomass, & Onshore

50
40
30
20

10

(GW)
50
40
30
20
10

0

Wind from LSE Plans

o NN NSNS 0 e

RESOLVE Selected Resources-2040

Proposed Base
Case

LLT (2035 Full
LSE Plans)

LLT (2030 LSE
Plans)

I Gas Capacity
Retained

m Flow Battery (8-hr)

W A-CAES (24-hr)

B Pumped Hydro
Storage (12-hr)

M Li-ion Battery (8-hr)

M Li-ion Battery (4-hr)

m Solar
Offshore Wind
Out-of-State Wind

B In-State Wind

B Geothermal
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o N——
25-26 TPP Proposed Base Case vs. LLT Sensitivity Options

Additional and Displaced Resources in Sensitivity Options

« Additional and displaced resources are shown relative to the proposed 25-26 TPP base case

 The additional 5.5 GW of LLT resources added

in 2035 displaces ~12-13 GW of other resource
builds by 2040 Change in Resources vs. 25-26 TPPProposed Base Case
(GW) Gas Capacity Retained

o LLT resources mainly displace solar and batteries
by 2040, plus small amounts of in-state wind 6 m Flow Battery (8-hr)

. 4 A B T T S
« LLTresources delay ~2 GW of out-of-state wind 5 A-CAES (24-hr)
build from 2035 until 2040
. . 0 m Pumped Hydro Storage (12-hr)
« RESOLVE is allowed to build the forced-in -2
geothermal and long duration storage starting -4 Li-ion Battery (8-hr)
in 2032 6 .
W Li-ion Battery (4-hr)
o Some earlier build of geothermal and long -8 . .
duration storage is optimally selected 10 . Solar
to enable more displacement of solar and
batteries otherwise needed 2032-2035 '1j Offshore Wind
-1
- With full LSE plans, there is less flexibility to LLT(Full LLT(2030| LLT(Full LLT(2030| LLT(Full LLT(2030 = Out-of-State Wind
displace solar and batteries, especially in 2035 LSE Plans) LSE Plans) [LSE Plans) LSE Plans) [LSE Plans) LSE Plans)
o There is also less flexibility to displace 4-hr 2035 2040 2045 = In-State Wind
batteries and more 8-hr batteries are displaced B Geothermal
« An additional ~1 GW gas is not retained in 2045
California Public Utilities Commission 38



Conclusions

« When forced-in, 5.5 GW LLT resources displace ~12-13 GW of other lower _
ctogccfrydfoc’ror resources by 2040, primarily solar and storage and some in-
state win

« When given the option to build forced-in 2035 amounts of geothermal and
long duration storage earlier, RESOLVE starts building these resources in 2032
o These LLT resources can displace more solar and storage when built earlier
* When LLT resources and full LSE plans are forced-in, the system ends up over-

rzeolg%ble and RESOLVE has less flexibility for LLTs to displace solar and storage in

o This leaves onshore wind as the main resource that can be displaced with full LSE
plans forced-in

* In 2045, LLT sensitivities have 1 GW less gas retained than in the 25-26 TPP case

. Forcin%;ir) addifional LLT resources increases total (net present value) costs by
~$3-5 Billion

- Staff recommend LLT (2030 LSE Plans) — which only forces in the LSE planned
resources through 2030 - for the 25-26 TPP LLT Sensitivity Porifolio



Sensitivity Porifolio Results:
Alternate - LLT (2035 LSE Plans)



Alternate — LLT (2035 LSE Plans) vs. 25-26 TPP Proposed Base Case

Comparison of Planned & Selected Capacity (GW)

« The additional 5.5 GW of LLT resources
added in 2035 displaces ~12 GW of other
resource builds by 2040

« Compared to the 25-26 TPP, starting in 140
2035, about ~1 GW less solar and battery
is built annually when additional, high-
capacity factor LLT resources are added
to the system

RESOLVE Builds Betwen TPP Proposed Base Case and Alternate Portfolio

120

100

« 2 GW out-of-state wind is delayed from : -

2035 to 2040 &

» By 2040, the LLT case has similar amounts 20
of onshore wind (<1 GW differences)

« All gas is retained until 2045. In 2045, gas
not retained totals 3.5 GW in the 25-26 0
TPP and 4.5 GW in the LLT case

» Forcing-in additional LLT resources
increases total NPV costs by ~$5 Billion

20

-20

25-26 TPP LLT (2035 LSE Plans) 25-26 TPP LLT (2035 LSE Plans) 25-26 TPP LLT (2035 LSE Plans)

2035 2040 2045

NPV of optimized costs*
(SMM in 2022 Dollar Year, 2024-2065)

Annual Optimized Costs

(SMM) 2035

2040 2045

LLT (2035 LSE Plans) $233,575 LLT (2035 LSE Plans) 15,650 (+$S886M) 18,616 (+S479M) 20,396 (+$554M)
(+$4,898 MM or +2.3%) 25-26 TPP Proposed Base Case 14,764 18,137 19,842
25-26 TPP Proposed Base $228,677

Case
* Excludes non-optimized costs, which represent ~~75-80% of system costs

Gas Capacity Not Retained
m Shed DR
m Flow Battery (8-hr)
A-CAES (24-hr)
B Pumped Hydro Storage (12-hr)
M Li-ion Battery (8-hr)
M Li-ion Battery (4-hr)
Solar
Offshore Wind
Out-of-State Wind
M |n-State Wind
W Biomass
W Geothermal

W Natural Gas



Alternate — LLT (2035 LSE Plans)

Planned & Selected Capacity (GW) - Incremental to 25-26 TPP Proposed Base Case

Significant amounts of solar and

Forced-in LLTs

Additional Geothermal and Pumped
Hydro is gradually built over 2032-35

storage displaced after 2035

i i : 0.1 0.3 || 0.5 0.5 0.5 0.5
i i (0.3) 0.1) 0.1) (1.0) 0.7) 0.7) (0.7)
; - 0.2 0.2 ; | 20 0.1) (0.3) ;
- - eo [ e [
(solar | ; - ; (0.9) (0.8) 0.8) (6.5) 63 ' | (53)
: : : : (02 : (43 (42 (47
; ; ; ' 0.0 0.1 1.0 1.0 1.0 1.0
S N T A R A
S O S| S
I N IS T A A N BT

With full LSE plans, onshore wind is the main
resource that can be displaced in 2035

Additional gas not
retained in 2045

*Positive Value = More Gas Retained




Sensitivity Portfolio Results:
Recommended - LLT (2030 LSE
Plans)



Recommended - LLT (2030 LSE Plans) vs. 25-26 TPP Proposed Base Case

Comparison of Planned & Selected Capacity (GW)

« The additional 5.5 GW of LLT resources
added in 2035 displaces ~13 GW of other
resource builds by 2040

« Compared to the 25-26 TPP, starting in "
2035, about ~1 GW less solar and battery
is built annually when additional, high-
capacity factor LLT resources are added

120

to the system -
« 2 GW out-of-state wind is delayed from
2035 to 2040 &

« By 2040, the LLT case has similar amounts  «
of onshore wind (<1 GW differences)

« All gas is retained until 2045. In 2045, gas
not retained totals 3.5 GW in the 25-26 0
TPP and ~4.4 GW in the LLT case

20

-20

RESOLVE Builds Betwen TPP Proposed Base Case and Recommended TPP Sensitivity Portfolio

25-26 TPP LLT (2030 LSE Plans)

LLT (2030 LSE Plans)

2045

. Forcing-in additional LLT resources cem e »
increases total NPV costs by ~$3 Billion
NPV of optimized costs* Annual Optimized Costs 2035
(SMM in 2022 Dollar Year, 2024-2065) (SMM)
$231.930 LLT (2030 LSE Plans) 15,232 (+$468M)

LLT (2030 LSE Plans) (+$3,253 MM or +1.4%) 25-26 TPP Proposed Base Case 14,764

18,449 (+$312M)

20,232 (+$390M)

19,842

25-26 TPP Proposed Base
Case

$228,677

Gas Capacity Not Retained
m Shed DR
m Flow Battery (8-hr)
A-CAES (24-hr)
® Pumped Hydro Storage (12-hr)
M Li-ion Battery (8-hr)
M Li-ion Battery (4-hr)
Solar
Offshore Wind
Out-of-State Wind
M |n-State Wind
M Biomass
W Geothermal

| Natural Gas
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Recommended — LLT (2030 LSE Plans)

Planned & Selected Capacity (GW) - Incremental to 25-26 TPP Proposed Base Case

Forced-in LLTs Additional Geothermal, A-CAES, and Pumped Hydro are Significant amounts of solar and
gradually built over 2032-35 (not allowed for Offshore Wind) storage displaced after 2035
: : : 0.1 05 | o5 0.5 05\ | 05
; - 0.0 (0.1) (0.1) (1.0) (0.7) (0.7) (0.7)
- - (0.0) (0.0) ; ((2.0) (0.1) (0.2) ;
T e [fe e e T
(solar | - - ; (0.5) (2.2) (2.2) (6.6) (65 ' | (4.6)
; - ; (1.1) (3.4) (4.1) (4.1) (4.1) (4.1)
- - ; (0.1) 02 (0.7) (1.9) (1.8) (2.4)
. . . \os 1.0 1.0 1.0 1.0 1.0
i . . . 0.3 / | / 0.7 0.7 0.7 0.7
; ; ; (0.1) (0.2) (0.2) (0.2) (0.2) (0.2)
e A S T
I N T N T AT
With LSE Plans only forced-in up to 2030, a mix of onshore
wind, solar, and storage is displaced in 2035. RESOLVE Addi’r.ionol.gos not 45
*Positive Value = More Gas Retained begins selecting 8-hr batteries in lieu of 4-hr starting in 2034. retained in 2045




Appendices



Appendix I: Input Updates Across
Recent TPP cycles



Scope of Input Updates across TPP cycles

23-24 TPP

* Resource costs

* Load inputs (2021 IEPR ATE)

» Modeling resource Baseline

 Updated NQC values

* Transmission deliverability-
resource mappings, existing
transmission deliverability
capacity, and fransmission
upgrade costs from CAISO 21-
22 TPP and CAISO 20-year Study

« Secondary system need (SSN)
transmission utilization values,
per CAISO

California Public Utilities Commission

Modeling resource Baseline .
Resource cost (2023 NREL)

Load inputs .
Resource potential PRM .

accounting & resource
accreditation

Sampling from SERVM's 23-
weather year dataset for loads
and generation profiles
Resource-transmission
representation & deliverability
upgrades based on CAISO data
Resource builds in non-CAISO
external zones

Modeling and data updates for
modeling load shift resources
Emerging technologies as
candidate resources

24-25 TPP 25-26 TPP (all cases)

New Transmission Cluster
Constraints

Load Inputs (2023 IEPR)
Geothermal Resource Cost

48



Appendix ll: Additional RESOLVE
modeling resulis



25-26 TPP Proposed Base Case

Planned & Selected Capacity (GW)

Resource Category
Natural Gas
Geothermal
Biomass

In-State Wind
Out-of-State Wind
Offshore Wind

Li-ion Battery (4-hr)

Li-ion Battery (8-hr)

Pumped Hydro Storage (12-hr)
A-CAES (24-hr)

Flow Battery (8-hr)

Shed DR

Gas Capacity Not Retained

Total

0.8 1.1

= 0.2
0.7 1.0
1.8 3.4
53 8.5
8.0 2.0
0.4 1.0

= 0.5

= 0.2
0.1 0.1

1.5

0.2

5.2

4.7
14.8
11.6
1.2

0.5

0.2

0.1

1.6
0.2
7.0
4.7
2.7
16.3
12.7
1.4
0.8
0.2
0.2

1.6

0.2

7.0

7.0

3.9
19.8
15.0
1.9

0.8

0.2

0.3

1.6
0.2
7.9
9.0
4.5
19.8
15.7
2.8
0.8
0.2
0.3

1.6
0.2
7.9
9.1
4.5
42.6
15.7
11.2
0.8
0.2
0.3

1.6 1.6
0.2 0.2
7.9 9.0
10.7 15.7
4.5 4.5
44.9 618
15.7 15.7
12.0 21.1
0.8 0.8
0.2 0.2
0.3 0.3

(3.5)
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25-26 TPP Proposed Base Case

LSE Planned Builds (GW)

Natural Gas

P T—— 08 1.1 15 1.6 1.6 1.6 1.6 1.6 1.6
; 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

In-State Wind 07 10 28 28 28 3.1 3.1 3.1 3.1

Out-of-State Wind 18 3.4 4] 41 43 4.6 44 4.6 446

Offshore Wind - = = 2.7 3.9 4.5 4.5 4.5 4.5
Er 8.5 148 153 16.4 19.0 19.0 19.0 19.0

e e 8.0 9.0 11.6 12.7 15.0 15.7 15.7 15.7 15.7

(4-hr)

Li-ion Battery

g 0.4 10 12 1.4 17 28 28 28 28

SUifEe sl e (U2 ; 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Bl UG S 0.1 0.3 0.3 0.4 0.5 0.5 0.5 0.5 05

Shed DR - - - - - - -
Gas Capacity Not Retained

= =
~— ~—

California Public Utilities Commission Note: A portion of LSE Planned wind is generic (not specified as in-state or out-of-state) and can be sited optimally by RESOLVE. For the purposes of this table, 51

_ any generic wind in the LSE plans is allocated based on the share of RESOLVE-selected wind in 2035 (approximately 50% each in-state and out-of-state).



R
25-26 TPP Proposed Base Case

RESOLVE-Selected Builds (GW)

Natural Gas

Geothermal - - - 0.0 0.0 - - - -

In-State Wind - - 2.4 4.2 4.2 4.8 4.8 4.8 5.9

Out-of-State Wind - - 0.6 0.6 2.7 4.4 4.5 6.1 11.2

Offshore Wind - - - - 0.0 - - - -
[ solar | i i i 1.0 3.4 0.8 23.6 25.9 428

Li-ion Battery

(4-hr) ) ) ) ) ) ) ) ) )

Li-ion Battery

(8-hr) - - - - 0.2 - 8.3 9.2 18.3

E:J)mped Hydro Storage (12- ) ) ) 0.3 0.3 03 03 0.3 0.3

Long Duration Storage (8-24

- - - - 0.1 - - - -

hr)

Shed DR - - - - - - - - -

Gas Capacity Not Retained _ _ _ _ _ _ _ _ (3.5)
Goa | - | | 28 | o | 107 | 58 | 414 | a2 | 73
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25-26 TPP Proposed Base Case comparison to 24-25 TPP Base Case

PRM and GHG Shadow Prices Comparison

PRM Shadow Prices

($/kW-yr) Due to higher peak load, the 25-26 TPP has a
450 significantly higher PRM shadow price in the 2030s

400
350
300
250 =0=24-25 TPP
200
150
=Q==25-26 TPP (Revised |IEPR)

100

50

0 o 0—0
2026 2028 2030 2032 2034 2035 2039 2040 2045

California Public Utilities Commission

GHG Shadow Prices
($/ton)

450
T

400

350

300

250

=0=24-25 TPP

200

150
=0==25-26 TPP (Revised IEPR)

100

50

0
2026 2028 2030 2032 2034 2035 2039 2040 2045

53




R
Alternate — LLT (2035 LSE Plans)

Planned & Selected Capacity (GW)

Resource Category

Shed DR -

Gas Capacity Not Retained

CResouce Cotegoy
-
-
-
-
eaon
Gox Capaciy Notetanes
N

1.1
0.2
1.0
3.4
8.5
2.0
1.0
0.5
0.2
0.1

1.5
0.2
4.9
4.9
14.8
11.6

1.2
0.5
0.2
0.1

1.7
0.2
6.9
4.9
2.7
15.4
12.7
1.4
0.8
0.2
0.2

1.9
0.2
6.9
7.0
3.9
19.0
15.0
1.7
0.9
0.2
0.3

2.1
0.2
6.9
7.0
7.6
19.0
15.7
2.8
1.8
0.9
0.3

2.1
0.2
7.2
9.0
7.6
36.1
15.7
6.9
1.8
0.9
0.3

2.1
0.2
7.2
10.4
7.6
38.6
15.7
7.8
1.8
0.9
0.3

2.1
0.2
8.3
15.7
7.6
56.5
15.7
16.4
1.8
0.9
0.3

(4.5)
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R
Alternate — LLT (2035 LSE Plans)

PRM and GHG Constraints

PRM Shadow Prices Large amount of LLT resources GHG Shadow Prices GHG shadow price remains
($/kW-yr) _ forced-in in 2035 results in an over- ($/ton) similar to the 25-26 TPP
. | reliable portfolio for that year
400 A 450
| |
350 —1 400
| |
300 : 350
I 300
250
250
200 —0=25-26 TPP
200 —0-25-26TPP
150
150

=o—-All_LLT_2035

100 (Full LSE Plans) =o—-All_LLT_2035

100 (Full LSE Plans)
50 50
0 0
O D O X 0 O D
O DT DY DD
D P F F P T S
California Public Utilities Commission 55



R
Recommended — LLT (2030 LSE Plans)

Planned & Selected Capacity (GW)

Resource Category

Shed DR -

Gas Capacity Not Retained

CResouce Cotegoy
-
-
-
-
eaon
Gox Capaciy Notetanes
N

1.1
0.2
1.0
3.4
8.5
2.0
1.0
0.5
0.2
0.1

1.5
0.2
5.2
4.7
14.8
11.6

1.2
0.5
0.2
0.1

1.7
0.2
6.9
4.7
2.7
15.8
11.6
1.2
1.5
0.2
0.1

2.1
0.2
6.9
7.0
3.9
17.7
11.6
2.1
1.8
0.5
0.1

2.1
0.2
6.9
7.0
7.6
17.7
11.6
2.1
1.8
0.9
0.1

2.1
0.2
7.2
9.0
7.6
36.0
11.6
9.3
1.8
0.9
0.1

2.1
0.2
7.2
10.5
7.6
38.4
11.6
10.2
1.8
0.9
0.1

2.1
0.2
8.3
15.7
7.6
57.3
11.6
18.7
1.8
0.9
0.1

(4.4)
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Recommended — LLT (2030 LSE Plans)

PRM and GHG Constraints

Large amount of LLT resources forced-
in in 2035 results in an over-reliable
portfolio for that year. The shadow

PRM Shadow Prices
($/kW-yr)

600 price spikes in 2034 as
RESOLVE attempts to meet the
constraint without resources that won't
500 be needed in 2035.
400
300 =0=25-26 TPP
200 =0=All_ LLT 2035
(2030 LSE
Plans)

100

California Public Utilities Commission

GHG shadow price remains
similar to the 25-26 TPP

GHG Shadow Prices
($/ton)

450
400
350
300
250

200 —0—25-26 TPP

150

=0=All_LLT_2035

100 (2030 LSE Plans)

50

57




R
24-25 TPP Base Case

Planned & Selected Capacity (GW)

Natural Gas

Geothermal 0.8 1.1 1.5 1.8 2.0 2.0 2.0 2.0 2.0
Biomass - 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
In-State Wind 0.8 1.1 5.9 7.0 7.0 7.9 7.9 7.9 9.2
Out-of-State Wind 1.7 3.4 4.5 4.5 5.3 6.3 8.3 8.3 12.0
Offshore Wind - - - 2.7 3.9 4.5 4.5 4.5 4.5

6.9 9.9 14.8 15.7 19.0 19.0 30.7 35.0 57.5
Li-ion Battery (4-hr) 8.0 9.0 11.6 12.7 15.0 15.7 15.7 15.7 15.7
Li-ion Battery (8-hr) 0.4 1.0 1.2 1.4 1.7 2.8 7.2 9.0 19.5
Pumped Hydro Storage (12-hr) - 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Long Duration Storage (8-24 hr)* 0.1 0.3 0.3 0.4 0.5 0.5 0.5 0.5 0.5
Shed DR - - - - - - - - -
Gas Capacity Not Retained (2.7) (2.7) (2.7) (2.7) (2.7) (2.7) (2.7) (2.7) (6.6)

California Public Utilities Commission 58
*Long Duration Storage technologies include Flow Battery (8-hr) and A-CAES (24-hr)




Appendix Illl: Transmission
Information for TPP analyses



25-26 TPP Proposed Base Case

Resource Level Summary: Delta from 24-25 TPP Base Case (2040)

Solar & Wind Resources
Likely to serve energy

Resource

Year

25-26 TPP 24-25 TPP Delta

Storage, Geothermal, & Gas Resources

Likely to serve capacity

Resource

Year

25-26 TPP 24-25 TPP Delta

California Public Utilities Commission

Riverside_Solar 2040 8,688 2,868 5,820 CAISO_Li Battery 8hr_Dispatch 2040 12,011 9,036 2,975
Greater_Imperial_Solar 2040 5,171 39 5,132 CAISO New Pumped Storage 12hr 2040 756 477 279
Southern NV Eldorado Solar 2040 12,576 7,702 4 874 Pacific_Northwest Geothermal 2040 60 33 27
New Mexico Wind 2040 6,000 2,028 3,972 Greater_Imperial_Geothermal 2040 1,217 1,345 (127)
Southern_PGAE_Solar 2040 2,854 1,226 1,628 Northern_California_Geothermal 2040 314 544 (230)
Humboldt_Bay_Offshore_Wind 2040 1,607 - 1,607
Sorfta;er Lgal_sfmar — igjg 23;: s 3;3 » The updated fransmission constraints caused a

ern Irornia n . . H H N N
Scian Wi 040 o e 0 shift in location for solar, wind, and geothermal
Central_Valley North_Los Banos Wind 2040 153 241 (88) resources
b RS ST IR S 2040 4,052 4,438 (386) « Shift in wind buildout from Wyoming to New Mexico
Wyoming Wind 2040 4,407 6,000 (1,593) o ) i
Morro Bay Offshore Wind 2040 2.924 4,531 (1,607) « Shift in solar from TQhOChOpI and AFIZQHO fo
Arizona_Solar 2040 4,117 7,811 (3.694) Southern NV, Riverside, Greater Imperial, and
Tehachapi_Solar 2040 6,934 10,796 (3,862) Greater LA

« Shift in geothermal from Northern CA and Greater
Imperial to Pacific Northwest

« Offshore wind shift from Morro Bay to Humboldt

reflects the locational change applied to the
resource portfolio transmitted to CAISO not

reflected in E3's 24-25 TPP results




25-26 TPP Proposed Base Case

Shifts from Largest 24-25 TPP Base Case Clusters, 2040

24-25 TPP | 25-26 TPP | 25-26 TPP | Notable Resources . Top build clusters
Builds IX Limit Builds (capacity additions > 3

6,300 3,000 4,707% WY, ID, UT Wind GW) from the

Southern Nevada Solar + Storage

48 5,882 200 54 Arizona Solar + Storage
66 5,780 3,000 3,000 Tehachapi Solar + Storage e Resource bUl|dS are
4 4 950 33 000 6021 Greater LA Storage moying M These
' ' ’ regions due to
South N da Solar + St 1 H At
15 4,604 2,100 2,100 oo N i 0 e |nTerconQecT|op limifs:
13 4,393 3,000 3,000 Tehachapi Solar * Wyoming Wind
Tehachapi Wind (1,200 MW) .
32 4,320 3000 3000  TehachapiSolar * Iehachapi
' ' ' Tehachapi Wind (250 MW) SOIGF/STOFOge
9 3,562 16,500 7,376 Lvegsieie Solelr = Sierees « Arizona Solar/Storage
16 3,368 400 400 Southern Nevada Solar + Storage

Southern Nevada Wind (300 MW)

* 1.4 GW of Wyoming Wind is built that triggers non-CAISO *“generic”
California Public Utilities Commission transmission and interconnection upgrades in SCE Eastern 81



25-26 TPP Proposed Base Case
Shifts to Largest 25-26 TPP Proposed Base Case Clusters, 2040

24-25 TPP | 25-26 TPP | 25-26 TPP | Notable Resources . Top build clusters
Builds IX Limit Builds (capacity additions > 3

Southern Nevada Solar + St
2,940 18,000 13,086 Souther Nevada Wind (305) ;\(/]\\?ﬁ GW) from the
9 3,562 16,500 7,376 Riverside Solar + Storage
4 4,950 33,000 6,021 Greater LA Storage  Resource builds are
o ) 008 4000 L 000 e Mexico Wind moving into these regions
' ' ' due fo inferconnection
* WY, ID, UT Wind : TR
19 6,300 3,000 (0 Southern Nel\?odo Solar + Storage availabil ITy
13 4,393 3,000 3,000 $e20c20p! \S/\(/)'Iocg 11200 MW « Greater LA STOI’C]QG
I WIN 0 . .
» 430 2000 - hachoniSol « Riverside Solar/Storage
’ ! ' Tehachapi Wind (250 MW) ° SOUThern NeVCIdCI
66 5,780 3,000 3,000 isherehelSeier Sieregs Solar/Storage
62 0 3,000 1,987 Arizona Solar + Storage « New Mexico Wind

* 1.4 GW of Wyoming Wind is built that triggers non-CAISO *“generic”
California Public Utilities Commission transmission and interconnection upgrades in SCE Eastern 62
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25-26 TPP Proposed Base Case
Resource FCDS and EODS, 2035

Solar and Wind Resources FCDS EODS Total

Arizona_ Solar 3,707 - 3,707
Baja_California_ Wind 900 1,573 2,473
Cape_Mendocino_Offshore Wind - - -

Central Valley North Los Banos Wind - 153 153
Del Norte Offshore Wind - - -

Greater Imperial _Solar 39 - 39
Greater Imperial Wind 133 - 133
Greater Kramer Solar 1,012 - 1,012
Greater LA Solar - - -

Humboldt Bay Offshore Wind 1,607 - 1,607
Idaho Wind 300 - 300
Morro Bay Offshore Wind 2,924 - 2,924
New Mexico Wind 6,000 - 6,000
Northern California_Solar 26 100 126
Northern_California_Wind 334 1,954 2,288
Riverside Solar 659 - 659
Solano Wind 220 185 405
Southern NV _Eldorado_Solar 9,111 330 9,441
Southern NV Eldorado Wind 711 (0) 711
Southern PGAE Solar 247 - 247
Tehachapi_Solar 4,602 0 4,602
Tehachapi_Wind 1,732 - 1,732
Utah Wind - - -

Wyoming_Wind 2,700 - 2,700

California Public Utilities Commission

Capacity Resources FCDS EODS Total

CAISO_Adiabatic CAES 24hr 200 - 200
CAISO_Flow Battery 8hr_Dispatch 308 - 308
CAISO Li Battery 4hr Dispatch 15,707 0 15,707
CAISO Li Battery 8hr Dispatch 2,834 - 2,834
CAISO_New_Pumped_Storage_12hr 756 - 756
Central Nevada_Geothermal 40 - 40
Greater Imperial_Geothermal 1,217 - 1,217
InState Biomass - 171 171
Inyokern_North Kramer Geothermal 7 - 7
Northern_California_Geothermal 314 - 314
Northern_Nevada_Geothermal - - -

Pacific Northwest Geothermal 60 - 60

Utah Geothermal
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25-26 TPP Proposed Base Case
Resource FCDS and EODS, 2040

Solar and Wind Resources FCDS EODS Total

Arizona_ Solar 4,117 - 4117
Baja_California_Wind 900 1,673 2,473
Cape Mendocino Offshore Wind - - -

Central Valley North Los Banos Wind - 153 153
Del Norte Offshore Wind - - -

Greater Imperial_Solar 5,171 - 5,171
Greater Imperial Wind 133 - 133
Greater Kramer_Solar 4,052 - 4,052
Greater LA Solar 375 - 375
Humboldt Bay Offshore Wind 1,607 - 1,607
Idaho Wind 300 - 300
Morro Bay Offshore Wind 2,924 - 2,924
New Mexico Wind 6,000 - 6,000
Northern_California_Solar 26 100 126
Northern California_Wind 334 1,954 2,288
Riverside Solar 8,688 - 8,688
Solano Wind 220 185 405
Southern NV Eldorado Solar 12,246 330 12,576
Southern NV Eldorado Wind 711 (0) 711
Southern PGAE_Solar 2,854 - 2,854
Tehachapi_Solar 6,934 0 6,934
Tehachapi Wind 1,732 - 1,732
Utah Wind - - -

Wyoming_Wind 4,407 - 4,407

California Public Utilities Commission

Capacity Resources FCDS EODS Total

CAISO_ Adiabatic CAES 24hr 200 - 200
CAISO_Flow Battery 8hr Dispatch 308 - 308
CAISO_Li Battery 4hr_Dispatch 15,707 0 15,707
CAISO_Li Battery 8hr_Dispatch 12,011 - 12,011
CAISO_New_Pumped_Storage_12hr 756 - 756
Central_Nevada_Geothermal 40 - 40
Greater Imperial_Geothermal 1,217 - 1,217
InState_Biomass - 171 171
Inyokern_North_Kramer_Geothermal 7 - 7
Northern_California_Geothermal 314 - 314
Northern_Nevada Geothermal - - -

Pacific_Northwest_Geothermal 60 - 60

Utah Geothermal
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S ReEEESELELELELTLTLTTTSSSS
Alternate — LLT (2035 LSE Plans)

Resource Level Summary: Incremental to 25-26 TPP Proposed Base Case (2035)

Solar & Wind Resources Storage, Geothermal, & Gas Resources
Likely to serve energy Likely to serve capacity

Alternate — LLT Alternate — LLT

Resource Year 25-26 TPP Delta Resource Year 25-26 TPP
(2035 LSE Plans) (2035 LSE Plans)

Morro_Bay_Offshore_Wind 2035 4,875 2,924 1,951 Riverside_East_Pumped_Storage 2035 1,155 477 678
Humboldt_Bay_Offshore_Wind 2035 2,680 1,607 1,073 Northern_California_Li_Battery_8hr 2035 1,869 1,191 678
Southern_NV_Eldorado_Solar 2035 9,513 9,441 72 Greater LA Li Battery 4hr 2035 2,707 2,078 629
Arizona Solar 2035 3,746 3,707 30 Southern PGAE_Adiabatic CAES 2035 400 - 400
Solano Wind 2035 392 405 (12) Greater_Imperial_Geothermal 2035 1,609 1,217 392
Central_Valley_North_Los_Banos_Wind 2035 32 153 (121) Greater LA Li Battery 8hr 2035 318 - 318
Baja_California_Wind 2035 1,573 2,473 (900) Tehachapi_Adiabatic_CAES 2035 500 200 300
Tehachapi_Solar 2035 3,646 4,602 (956) Riverside_West_Pumped_Storage 2035 500 279 221
New_Mexico_Wind 2035 4,000 6,000 (2,000) Southern_PGAE_Flow_Battery 2035 158 - 158
. . Greater_Kramer_Li_Battery_4hr 2035 797 664 133
» Forced-in geo’rhermol and pumped hydro builds Northern_California_Li_Battery_4hr 2035 3,874 3,751 123
i i Northern_California_Pumped_Storage 2035 122 - 122
are Spreoql between mUH:Iple locations ) Pacific_Northwest_Geothermal 2035 169 60 108
« Forced-in offshore wind fills the full potential of Morro grizona Li_Battery_dhr 2035 978 870 108
. _ H H reater LA Flow_Battery 2035 50 - 50
Bay & Humboldt Bay; full A-CAES potential built e T = - =
. . . . Greater_Imperial_Li_Battery 8hr 2035 21 - 21
° |_|_T resouorces.prlmdrlly displace New Mexico and Southern_NV_Eldorado_Li_Battery_ahr 2035 3,550 3,602 (52)
BOJO COI|fO|"n|O W|nd Greater_Imperial_Li_Battery_4hr 2035 438 571 (132)
Riverside_Li_Battery_4hr 2035 358 520 (161)
H H H H Northern_California_Flow_Battery 2035 100 308 (208)
* Solaris displaced in Tehachapi Riverside I Battory_8hr s (05
. . Southern_PGAE_Li_Battery_4hr 2035 1,749 2,395 (646)
° Bo’r’rery builds shift from several Southern CA Southern PGAE_Li Battery 8hr 2035 362 1,058 (696)

locations to Greater LA and Northern California,
making room for forced-in geothermal and long
duration s’rorcgmeission

California Public Utilities Co
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Alternate — LLT (2035 LSE Plans)

Resource Level Summary: Incremental to 25-26 TPP Proposed Base (2045)

Solar & Wind Resources Storage, Geothermal, & Gas Resources
Likely to serve energy Likely to serve capacity
Resource Year Gl S LU 25-26 TPP Delta Resource Year TS — LT 25-26 TPP
(2035 LSE Plans) (2035 LSE Plans)
Morro_Bay_Offshore_Wind 2045 4,875 2,924 1,951 Northern_California_Li_Battery_8hr 2045 3,288 2,123 1,165
Humboldt_Bay_Offshore_Wind 2045 2,680 1,607 1,073 Riverside_East_Pumped_Storage 2045 1,155 477 678
Arizona_Solar 2045 5,222 4,317 905 Greater LA Li Battery 4hr 2045 2,707 2,078 629
Solano_Wind 2045 392 405 (12) Southern_PGAE_Adiabatic_CAES 2045 400 - 400
Central_Valley_North_Los_Banos_Wind 2045 32 153 (121) Greater_Imperial_Geothermal 2045 1,609 1,217 392
Northern_California_Solar 2045 126 366 (240) Tehachapi_Adiabatic CAES 2045 500 200 300
Greater_Kramer_Solar 2045 4,438 4,867 (429) Riverside_West_Pumped_Storage 2045 500 279 221
Baja_California_Wind 2045 1,922 2,473 (551) Southern_PGAE_Flow_Battery 2045 158 - 158
Tehachapi_Solar 2045 7,022 7,780 (759) Greater_Kramer_Li_Battery 4hr 2045 797 664 133
Greater_Imperial_Solar 2045 4,881 6,278 (1,397) Northern_California_Li_Battery_4hr 2045 3,874 3,751 123
Southern_NV_Eldorado_Solar 2045 16,954 18,610 (1,657) Northern_California_Pumped_Storage 2045 122 - 122
Southern_PGAE_Solar 2045 6,006 7,725 (1,719) Riverside_Li_Battery_8hr 2045 594 485 109
. Pacific_Northwest_Geothermal 2045 169 60 108
 LLT resources displace >1 GW of solar and e B 2048 o78 870 108
batteries at Greater LA, Southern PG&E, Greater LA Flow.Battery _____|_ 2045 50 = =
outhern orado_Li_battery r Y 5

SOUThern NeVOdO - El DorOdO/ Ond GreOTer Greater_Imperial_Li_Battery 8hr 2045 518 637 (119)
|mper|0| Greater_Imperial_Li_Battery_ahr 2045 438 571 (132)
Riverside_Li_Battery 4hr 2045 358 520 (161)
. . . . . Northern_California_Flow_Battery 2045 100 308 (208)
° BGJCI California wind continues to be Greater Kramer Li Battery 8hr 2045 100 563 (463)
i i i Southern_NV_Eldorado_Li_Battery 8hr 2045 2,917 3,504 (587)
dlsploced, by not New Mexico Wind Southern PGAE_Li_Battery 4hr 2045 1,749 2,395 (646)
. . . Southern_PGAE_Li_Battery_8hr 2045 2,818 3,871 (1,053)
° BO’r’rery builds are dlSp'Oced or shift to Greater LA_Li_Battery 8hr 2045 6,181 9,916 (3,735)

Northern CA by 2045

California Public Utilities Commission 67



Alternate — LLT (2035 LSE Plans)

Upgrade newly selected in LLT case

ission Upgrades

°
Upgrade no longer selected in LLT case

(MwW)

RESOLVE-Selected Transm

Selected Transmission Upgrades by Study Area (Excluding Already Approved), 2035
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Excludes upgrades already approved by CAISO and modeled as zero-cost in RESOLVE




Recommended - LLT (2030 LSE Plans)

Resource Level Summary: Incremental to 25-26 TPP Proposed Base Case (2035)

Solar & Wind Resources
Likely to serve energy

Res ource

Year

Recommended — LLT
(2030 LSE Plans) 25-26 TPP

Delta

Storage, Geothermal, & Gas Resources

Likely to serve capacity

Resource

Year

Recommended — LLT
(2030 LSE Plans)

Morro_Bay_Offshore_Wind 2035 4,875 2,924 1,951 Arizona_Li_Battery 8hr 2035 906 - 906
Humboldt_Bay_Offshore_Wind 2035 2,680 1,607 1,073 Riverside_East_Pumped_Storage 2035 1,277 477 800
Southern NV Eldorado Solar 2035 9,508 9,441 67 Greater_Imperial_Geothermal 2035 1,717 1,217 500
Solano_Wind 2035 454 405 49 Southern_PGAE_Adiabatic_CAES 2035 400 - 400
Northern_California_Solar 2035 121 126 (5) Greater_LA_Li_Battery_8hr 2035 333 - 333
Central_Valley_North_Los_Banos_Wind 2035 32 153 (121) Tehachapi_Adiabatic_CAES 2035 500 200 300
Tehachapi_Solar 2035 4,027 4,602 (575) Riverside_West_Pumped_Storage 2035 500 279 221
Baja_California_Wind 2035 1,573 2,473 (900) Greater_Kramer_Li_Battery_8hr 2035 231 100 131
Arizona_Solar 2035 2,064 3,707 (1,643) Southern_PGAE_Flow_Battery 2035 54 - 54
New_Mexico_Wind 2035 4,000 6,000 (2,000) Greater_Imperial_Li_Battery 8hr 2035 21 - 21
. . Greater_Kramer_Li_Battery_4hr 2035 665 664 1
* Forced-in geo’rhermol Clﬂq pumpec;l hYdI’O builds Southern_NV_Eldorado_Li_Battery_4hr 2035 3,591 3,602 (1)
are spread between mulfiple locafions Riverside_Li_Battery_4hr 2035 445 520 (75)
] . . . Southern_PGAE_Li_Battery_4hr 2035 2,233 2,395 (162)
 Forced-in offshore wind fills the full potential of Northern_California_Flow_Battery 2035 54 308 (254)
Morro Bay & Humboldt Bay; full A-CAES potential Riverside_Li_Battery _8hr 2035 - 485 (485)
b ”_ Northern_California_Li_Battery 8hr 2035 645 1,191 (546)
Ul Greater_Imperial_Li_Battery_4hr 2035 - 571 (571)
. . . . Arizona_Li_Battery 4hr 2035 - 870 (870)
» LLT resources primarily displace New Mexico and Greater LA, Li_Battery_4hr 2035 1,193 2,078 (885)
i 1 1 1 . 1 1 1 Southern_PGAE_Li_Battery 8hr 2035 - 1,058 (1,058)
BOJO CGllfornlc Wlnd' SOIOr IS dlSp|OC€d N bOTh Northern_California_Li_Battery_4hr 2035 2,198 3,751 (1,553)
Arizona and Tehachapi
« Battery builds are shifted to differ from the 2035
Full LSE Plans case, with builds either displaced or
shlf’rlng to both Greater LA and Arizona
California Public Utilities Commission 69
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Recommended - LLT (2030 LSE Plans)

Resource Level Summary: Incremental to 25-26 TPP Proposed Base Case (2045)

Solar & Wind Resources
Likely to serve energy

Storage, Geothermal, & Gas Resources
Likely to serve capacity

Recommended — LLT

(2030 LSE plans)y 2526 TPP

Recommended -LLT og o TPP Delta Resource Year

Resource Year (2030 LSE Plans)

Morro_Bay_Offshore_Wind 2045 4,875 2,924 1,951 Arizona_Li_Battery 8hr 2045 935 - 935
Humboldt_Bay_Offshore_Wind 2045 2,680 1,607 1,073 Riverside_East_Pumped_Storage 2045 1,277 477 800
Arizona_Solar 2045 5,265 4,317 948 Greater_Imperial_Geothermal 2045 1,717 1,217 500
Solano_Wind 2045 454 405 49 Southern_PGAE_Adiabatic_CAES 2045 400 - 400
Central_Valley North_Los_Banos_Wind 2045 32 153 (121) Greater LA_Li Battery 8hr 2045 10,316 9,916 400
Northern_California_Solar 2045 121 366 (245) Greater_Imperial_Li_Battery 8hr 2045 948 637 311
Greater_Kramer_Solar 2045 4,438 4,867 (429) Tehachapi_Adiabatic_CAES 2045 500 200 300
Baja_California_Wind 2045 1,889 2,473 (584) Riverside_West_Pumped_Storage 2045 500 279 221
Tehachapi_Solar 2045 7,093 7,780 (688) Southern_PGAE_Flow_Battery 2045 54 - 54
Southern_NV_Eldorado_Solar 2045 17,560 18,610 (1,050) Greater_Kramer_Li_Battery 4hr 2045 665 664 1
Southern_PGAE_Solar 2045 6,281 7,725 (1,443) Southern_NV_Eldorado_Li_Battery 4hr 2045 3,591 3,602 (11)
Greater_Imperial_Solar 2045 4,632 6,278 (1,646) Riverside_Li_Battery_4hr 2045 445 520 (75)
« LLT resources displace >1 GW of solar and Northom Galfo-na Flow, Baiter p0ie 22 )
. . . ry 2045 54 308 (254)
batteries at Northern CO|IfOFﬂIO, Southern PG&E, Southern NV _Eldorado_Li Battery 8hr 2045 3,212 3,504 (293)
Southern Nevada - El Dorado, and Greater Greater_Kramer_Li_Battery_8hr 2045 231 563 Essn
i Riverside_Li Battery 8hr 2045 - 485 485)
Imperlcll Greater_Imperial_Li_Battery_4hr 2045 - 571 (571)
- Baja California wind continues to be displaced, Greater LA Li Batiory dhr 2012 T 2008 565)
by not New Mexico Wind Northern_California_Li Battery 8hr 2045 883 2,123 (1,240)
L. Northern_California_Li_Battery 4hr 2045 2,198 3,751 (1,553)
- Similar to the 2035 Full LSE Plans case, battery Southern_PGAE_Li_Battery_ghr 2045 2,184 3871 (1.687)
S&Igs are displaced or shift fo Northern CA by
California Public Utilities Commission 70




O
%)
O
O
T
|
4
£
O
O
+~
»n 3 ‘
o % 3
v -
(%] » 2
> <3
o i
aﬂu S B
ks
o NN SN o5 U308
i) SRRRREE SRR oogoBnT w0 08 =9
| S % R R
s aﬁrfaﬂ TWwa)seT |= ! o
O ¢ - — b
—— ULION =
o MR- — R
— I— 2 I m /g m.:_._\Eo;mtO\B_Mam:uE 8D .m
U o c .- ) E— o o R o0 s w
= s = [ TR s
m W_\Lv %a% ..ﬁ|u :Ecﬁo%lm“.ﬂh“ﬂu:_m_ m ﬁWV
= e b ™ v uos}oef
(@) <C WMMN“N“M % V/éf/éf/éf/éf///% MHEW” ST BUPUET S50 Q
H O 3 - NN e o
— o A_n o ) SRR %_z._u..msﬁm_n_o .m
O = 3 N S N :
£ e S foiois uapio 0
omm O O o3 3 o NN s s
> 23 emyamoud”pua e
s % m = TR ﬁnv N s_mxua_q_wanmua. < £ 8
—_ — m = | - ”/% SaL sae _m
omm 9 O o S m - V%%ﬂmsw o __ 3
S = = b = TR 1= [0)
() o 2 3 o 5] Aempi ol o 9
& 9 =3 Y :
! 4 uoweT aEpR0s SASL U o
(7 § M EEss y o 2
p— 2 gm. A oo m %
C sy b 23 3 ree1d ew
A n S ,ﬁﬂ%mgw%ﬁﬁw L 2
O SRR e S
S q .m y % escc oo S hvv,
— A \E:\uE\. g
|G r_ g ; L - I;ﬁw_.hm;% _“,_IEMMW_HF —_ M
o =3 - e 3
T ) ﬂ/% .J/ﬂ,_m Z aloysiseq UeIg w
—— b E eony =
LL] Pl S e e
%) d - L — o
| & 3 010 eSEald UHa0Y & 3
W pUnoy B gien 14 O
” 3 e o
o @ : NS g
& | swneq pul o [
D = i S g
Q b TN _/J BUDJOY ! ~eW O
AN C 8 NN N oo 5
— w m ¥e) SRR m A3 oezeseel e o
=< c 9 N g Sy uwoLPI0” e AN W
—I .W. O m RSN w ”ﬂﬂ% _u>_m|>mm|3ww_m>__wm (0]
—1 —— 8 T = 3 MR w00 ues Aoy ST U W .w
L M = .m ..N.._M m é >ux\m_3\:mm\m=_u.:u = m d
oo © oty P T T eI & x
O 5 7 ANy § e :
s 3 g | £ lmﬁﬁ_mﬂemﬁ&o
= Ao BN -
O ! SETEE E i CyNp—Y -}
- % e S m w . 0SZ uma pay @ _m k]
e < o @ B v mq O - //mw. H EISAOUdURY £ -
O Ll : N E5 --= @uumé_ﬁum
c S>> g 3 52 e i W
> o8 o T s Ii\m__u_md —_———— o
a o B (@) (e RIoy =5 5
o w8 = Q § Wimodur joiuiod -=13E% 3
e @ % owy 3 uosuy @ 2 m )
L g NN m.. ..n\lv 2 B enmwwé\_wa.z wg £
® b L W —-— Aead 110 = 32 -
o - o Aead O yoeusaN"ado =
2 b NnNo -- W T R RTr 13y o
m 2 LB - < ~ = T = o
w ﬂu =] P u_mma\:o\iuzﬂmmz\fgm %
't AW S 3 uspungei Lol s £ =
@) s 8 @ = el 2 =
C © N OE SR anupum z )
E _.m 2 8 8 P m i eunfisTespied ] @)
) mmmmmmmmmoum N o =
v O£ R EREREAR S ssssss N\ s S
& m (MW) fangede: o .m \I.Sn Wn = mvw 8 W m m m o 0-
ni LY SUETTEIRINY M W @ 9 ¥ o m, pa N. M M o
@ = (N =
2= W) fangedes jeyuawaiou) ,.m
=
@)



California Public
Utilities Commission

72



	Slide 1: 2025-2026 TPP RESOLVE Modeling  Results
	Slide 2: Contents
	Slide 3: Overview of 25-26 TPP Proposed Portfolio Analysis
	Slide 4: Overview of the CAISO’s Transmission Planning Process
	Slide 5: Overview of 25-26 TPP Analysis
	Slide 6: Input Updates for 25-26 TPP Modeling
	Slide 7: Summary of Input Updates for 25-26 TPP
	Slide 8: Changes in Transmission and Interconnection Representation in the 25-26 TPP  
	Slide 9: Integrated Energy Policy Report (IEPR) Updates
	Slide 10: Summary of Changes in 2023 IEPR from 2022 IEPR
	Slide 11: Gross System Peak and Total Managed Retail Sales
	Slide 12: Resource Cost Update
	Slide 13: 25-26 TPP Proposed Base Case Portfolio
	Slide 14: Proposed 25-26 TPP Base Case Overview
	Slide 15: RESOLVE Modeling Results: 25-26 TPP Proposed Base Case Portfolio
	Slide 16: Planned & Selected Capacity (GW)
	Slide 17: LSE Planned Builds vs. RESOLVE-Selected Builds (GW)
	Slide 18: Planned & Selected Capacity (GW)
	Slide 19: PRM Constraints
	Slide 20: GHG Constraints
	Slide 21: Base Case Comparison to 24-25 TPP and 23-24 TPP Base Cases
	Slide 22: 25-26 TPP Proposed Base Case vs. 24-25 TPP vs. 23-24 TPP
	Slide 23: Comparison of Planned & Selected Capacity (GW)
	Slide 24: Comparison of Planned & Selected Capacity (GW)
	Slide 25: Planned & Selected Capacity (GW) – Delta from 24-25 TPP
	Slide 26: Planned & Selected Capacity (GW) – Delta from 23-24 TPP
	Slide 27: Summary & Conclusions
	Slide 28: Conclusions
	Slide 29: Staff Recommended and Alternate Options for the 25-26 TPP Sensitivity Portfolio
	Slide 30: Background – Purpose of Sensitivity
	Slide 31: Background – LLT Resource Amounts
	Slide 32: Background – Recommended vs Alternative Option
	Slide 33: RESOLVE Modeling Results:  Options for the 25-26 TPP Sensitivity Portfolio
	Slide 34: Comparison of Planned & Selected Capacity (GW)
	Slide 35: Comparison of Planned & Selected Capacity (GW)
	Slide 36: 2035 Portfolios Breakdown 
	Slide 37: Further Comparison between Portfolios
	Slide 38: Additional and Displaced Resources in Sensitivity Options
	Slide 39: Conclusions
	Slide 40: Sensitivity Portfolio Results: Alternate – LLT (2035 LSE Plans)
	Slide 41: Comparison of Planned & Selected Capacity (GW)
	Slide 42: Planned & Selected Capacity (GW) – Incremental to 25-26 TPP Proposed Base Case
	Slide 43: Sensitivity Portfolio Results: Recommended – LLT (2030 LSE Plans)
	Slide 44: Comparison of Planned & Selected Capacity (GW)
	Slide 45: Planned & Selected Capacity (GW) – Incremental to 25-26 TPP Proposed Base Case
	Slide 46: Appendices
	Slide 47: Appendix I: Input Updates Across Recent TPP cycles
	Slide 48: Scope of Input Updates across TPP cycles
	Slide 49: Appendix II: Additional RESOLVE modeling results
	Slide 50: Planned & Selected Capacity (GW)
	Slide 51: LSE Planned Builds (GW)
	Slide 52: RESOLVE-Selected Builds (GW)
	Slide 53: PRM and GHG Shadow Prices Comparison
	Slide 54: Planned & Selected Capacity (GW)
	Slide 55: PRM and GHG Constraints
	Slide 56: Planned & Selected Capacity (GW)
	Slide 57: PRM and GHG Constraints
	Slide 58: Planned & Selected Capacity (GW)
	Slide 59: Appendix III: Transmission Information for TPP analyses
	Slide 60: Resource Level Summary: Delta from 24-25 TPP Base Case (2040)
	Slide 61: Shifts from Largest 24-25 TPP Base Case Clusters, 2040
	Slide 62: Shifts to Largest 25-26 TPP Proposed Base Case Clusters, 2040
	Slide 63: RESOLVE-Selected Transmission Upgrades, Base Case
	Slide 64: Resource FCDS and EODS, 2035
	Slide 65: Resource FCDS and EODS, 2040
	Slide 66: Resource Level Summary: Incremental to 25-26 TPP Proposed Base Case (2035)
	Slide 67: Resource Level Summary: Incremental to 25-26 TPP Proposed Base (2045)
	Slide 68: RESOLVE-Selected Transmission Upgrades
	Slide 69: Resource Level Summary: Incremental to 25-26 TPP Proposed Base Case (2035)
	Slide 70: Resource Level Summary: Incremental to 25-26 TPP Proposed Base Case (2045)
	Slide 71: RESOLVE-Selected Transmission Upgrades
	Slide 72

