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Logistics & Scope

« Webinar slides are available at the 2022 IRP Cycle Events and Materials web page
« The webinarwill berecorded, withthe recording posted to the same webpage

« The objectivesof this webinar are to:

* Provide an update on the overall schedule for 2022-2023 IRP inputs and assumptions
development

« Cover some specific IRP inputs and assumptions topics for this IRP cycle

« Give opportunity to stakeholders to ask clarifying questions, in order to support
preparation of their informal comments

« Request stakeholders' written feedback on these topics to be incorporated in the draft
inputs and assumption document to be released in Q4 2022
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Questions

« We invite clarifying questions using the “Q&A” feature of this Webex

* If time allows, we invite verbal clarifying questions at regular intervals throughout this
webinar.

« All attendees have been muted. To ask questions:
* In Webex:
* Please “raise your hand”

« Webex host will unmute your microphone and you can proceed to ask your question
» Please “lower your hand” afterwards

» For those with phone access only:

» Dial *3 to “raise your hand”. Once you have raised your hand, you'll hear the prompt, "You have raised
your hand to ask a question. Please wait to speak until the host calls on you*

« WebEx host will unmute your microphone and you can proceed to ask your question
 Dial *3 to “lower your hand”

« Shouldtime not permit attention to every question please email your questions
to IRPDataReqguest@cpuc.ca.gov

* The discussionin this webinar will be recorded and posted online, as well as the written portion of the
Q&A transcript. Stakeholders are alsoinvited to submitinformal comments after the webinar, per

instructionsto provided later. These comments, though will be informal and not part of the IRP
proceeding record.
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Agenda

1. Introduction 5 min Nathan Barcic

2. Context and Timing 10 min Ali Eshraghi - Donald Brooks
3. Resources & Cost Assumptions

3.1. Resource Cost Update 20 min Mengyao Yuan

3.2. Emerging Zero-Carbon Technologies 20 min John Stevens

3.3. Shed DR and Shift DR 10 min Mike Sontag

3.4. Vehicle-Grid Integration Analysis 20 min Sumin Wang

3.5. Renewable Characterization Methodology - Resource Potential and Land-Use Constraints 10 min Femi Sawyerr

4. Operating Assumptions

4.1. Renewable Characterization Methodology-Generation Profile Creation 20 min Charlie Duff
4.2. Hybrid / Paired Solar-Storage modeling S5 min Jimmy Nelson
4.3. Transmission Constraint Implementation S min Femi Sawyerr
4.4. Fuel Price Update Smin Mengyao Yuan
5. Reliability Modeling in RESOLVE and SERVM

5.1. Approach and Inputs 10 min Neil Raffan

5.2. RESOLVE Reliability Updates 35 min Jimmy Nelson
6. Next Steps S min Nathan Barcic
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2. Context and Timing



Inputs and Assumptions (1&A)

* The Inputs and Assumptions (I&A) document describes the key data elements,
assumptions, and methodologies for CPUC IRP modeling withina given cycle

* The I&A document for the 2022-23 IRP cycle (2022 I1&A) willbe used for developing the
2023 Preferred System Plan (PSP) and 2024-25 Transmission Planning Process
(TPP) portfoliosfor the CAISO electric system that reflect different assumptions
regarding load growth, technology costs and potential, fuel costs, and policy
constraints
« Staff made limited I&A updates (e.g., updates to the load forecast to align withthe
2021 IEPR, inclusion of more recent weather years (2018-2020) in RESOLVES's solar,
wind and electric hourly shapes, and updated transmission constraints and
resource costs) for the modeling needed to develop filing requirements
 Staff willmake limited I&A updates for developing the 2023-24 TPP portfolio(s) as
well. An overview of these updates willbe provided as part of the 2023-24 TPP
portfolio(s) development process.
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Inputs and Assumptions (I1&A)
(Cont'd)

« SERVM updates were also performed for further reliability modeling

« Added 2018-2020 weather years to the existing 1998-2017 weather data set
» Updates included new electric demand, wind and solar generation shapes
» Included hydroelectric projections
« Staff performed significant Baseline Reconcile work — updated existing Baseline with:
* New resources online from the CAISO Master Generating Capabillity List
* New Anchor Dataset generating list
» August 1 LSE IRP plans (additional Developmentresources)
» Updated existing resources with updated capmaky, inservice dates and CAISO IDs.
« Staff are performing LOLE modeling alongside the IRP reliability planning process
« Datais posted to the CPUC UnifiedRA and IRP Modeling Datasets 2022 site here:

« Unified RA and IRP Modeling Datasets 2022 (ca.gov)

California Public Utilities Commission 8



https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/electric-power-procurement/long-term-procurement-planning/2022-irp-cycle-events-and-materials/unified-ra-and-irp-modeling-datasets-2022

Overall Process & Timing for 2022 I1&A

« Staff expects to finalize the 2022 |&A document, including the
stakeholder process, by late Q4 2022

gem ___________________|schedule

2022 1&A MAG webinar September 22, 2022
Stakeholders'informalcomments to be submittedto Staff  October 6, 2022

Draft 2022 I&A document November 2022

2022 |1&A webinar November 2022
Stakeholders'informalcomments on the draft 2022 |&A 2 weeks after the release of
documentto be submittedto Staff the draft

Final 2022 1&A document December 2022
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Purpose of this Webinar
-Stakeholders’' Informal Comments Process

« Staff Invite stakeholders to submit written feedback on these topics to be
incorporated in the draft input and assumption document

« Stakeholders will have two weeks from the date of this webinar fo submit their
informal comments to Staff.

» Please submit comments to IRPDataReguest@cpuc.ca.gov by October 6,

2022.
« Stakeholders are encouraged to include the IRP service list as well.

* Please categorize your comments based on the topics presentedin this webinar

« Stakeholders should support their input with data and/or explanations.
* |f referring to specific datq, please provide the link(s) to those data.

California Public Utilities Commission
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3. Resources & Cost Assumptions



3.1. Resource Cost Update

Note: This presentation focuses on data sources and methodology. The
results shown here are draft results and are subject to change as new
data sources become available. Updates, if any, will be reflectedin the
Resource Costs and Build workbook and the resource costs section of
the draft Inputs and Assumptions document to be released in Q4 2022.



Overview

Note: Resultsshown in this section do notreflectimpactsof the Inflation Reduction
Act (IRA).Impactsof the IRA are shown on slides 21-23 and in Appendix B.
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L
Summary of Resource Cost Updates

« Update to NREL 2022 Annual Technology Baseline (ATB)

« Updated from cost inputs for 2022 LSE Filing Requirements RESOLVE analysis (referred to as #2022 LSE Filing
Requirements” hereafter)

« Technologies: generation technologies and pumped hydro storage'
« Cost inputs: capital cost, fixed O&M cost

* Financing assumptions: weighted average cost of capital (WACC), cost of debt (interest rate), cost of
equity, debt fraction

« Emerging zero-carbon technology review
» Review of zero-carbon firm generating capacity resources that could help transition California to a zero-
carbon grid

 Developedlevelized fixed cost, installed cost and O&M costs for iron-air battery storage, natural gas with
carbon capture and sequestration (CCS), advanced nuclear reactors (e.g., small modular reactors),
enhanced geothermal systems (EGS) and electrolyfic hydrogen/synthetic natural gas (SNG)

« Updates in progress
« Updates to reflect Inflation Reduction Act —to be included in the draft Inputs & Assumptions document
« Bafttery costs will be updated with Lazard Levelized Cost of Storage (LCOS) 8.0 data?

' Offshore wind costs are based on the NREL OCS Study BOEM 2020-048 and have not been updated to NREL 2022 ATB (see slide 18).
2 Lazard LCOS is typically published in November.

California Public Utilities Commission


https://www.nrel.gov/docs/fy21osti/77384.pdf

Summary of Total (“all-in”) Levelized Fixed Costs
2022 1&A

« Totallevelized fixed costs are

cost inputs into RESOLVE for Total (“All-in”) Levelized Fixed Cost

candidate resources and $600

impactresource build 500

decisions — —
« Include overnight capital cost, $400

construction financing costs,
fixed O&M costs, and any
capital-based tax credits

$300

2020 $/KW-yr

$200
« Utility-scale battery costs have
been updated to incorporate e —

property taxes

. : s
« Property taxes are included in 2020 2025 2030 2035 2040 2045 2050
NREL 2022 ATB Technology Costs / Utility-Scale Solar Distributed Solar
Year = commercial ——Land-Based (Onshore) Wind Offshore Wind - Morro Bay
operation date (COD)
——Geothermal ——@Gas CCGT
——Utility-Scale Battery (4-hr) ——Pumped Hydro Storage (10-hr)

California Public Utilifies Commission pre: Leveli;ed cost esfimofes shown here do notreflect IRA. Impacts of IRA are shown on 15
slide 23 andin Appendix B.



Levelized Fixed Cost Comparison of Key Technologies
2022 1&A vs. 2022 LSE Filing Requirements

. Total levelized fixed costs for Total (“All-in”) Levelized Fixed Cost Change from LSE Filing Req Analysis

. e . $40 Offshore wind debft fraction
most ’rectmol ogles’l’n this adjusted toreflect higher equity
update (“2022 I&A”") are $20 share during ITC-eligible years.
lower than costs used in the S =
LSE Filing Requirements $(20)

H " ] ‘_/\

R-E-SOLVE ODO|YSIS ( %OQQ LSE 5 >(40) \ Reduced costs driven by reduced fixed O&M
FI|Iﬂg ReqUIremenTS ) é $(60) costs for geothermal projected for all years.

« Changesin total levelized S $(80)
fixed cost are within about $(100) '\

- Pumped hydro costs updated from Lazard
$10/kW-year for most $(120) LCOS v2.0 (2016) to NREL 2022 ATB.
technologies, mostly due to §(140)
smallupdates to ATB capex 2020 2025 2030 2035 2040 2045 2050
TrGJeCTO”eS / Utility-Scale Solar Distributed Solar

. Lqrgesf shiftsin offshore ZZZ;;tfoonmc;Zferc(?éD) ——Land-Based (Onshore) Wind Offshore Wind - Morro Bay
—=@Geotherma e aS
wind, geothermal, and Geothermal Gas CCGT
pum ped hydro —Utility-Scale Battery (4-hr) ——Pumped Hydro Storage (10-hr)

Note: Levelized cost estimates shown here do not reflect IRA. Impacts of IRA are shown on 16
slide 23 andin Appendix B.
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Capex Sensitivities - Renewables

Cost Sensitivities

------- Geothermal High

$7,000
Geothermal Mid
$6,000 — — Geothermal Low
 Uncertaintiesin technology costs _ 5500 osu Morra fayen”
. . . . . OIT0 bay |
willhave implications for planning 3 <000 OSW Morro 8ay Low
studies, especially large-scale or I Land-Based Wind High
o 3,000 . .
long-lead-time resources Land-Based Wind Mid
$2,000 — = Land-Based Wind Low
« Recentincrease in commodity cost N e 20-30% deltla " solar High
is not fully reflected in the “Mid" e et
cost estimatesin NREL 2022 ATB > ; o |
apex Sensitivities - Storage *OSW = offshore wind
$2,500
10% delta
$2,000 =
Note: $1.500 Pumped hydro hasthesamecost Pumped Hydro High
. , i i i i P d Hydro Mid
(a) Mid/High/Low cost sensitivitiesin the charts correspond fo E trajectory forMid and High scenarios. pz:p: ) HV d: LO'W
NREL ATB technologyinnovation scenarios: & _ peety _
+ Mid=Moderate S¢1000 Li-lon Battery High

* High = Conservative Li-lon Battery Mid
* Low =Advanced

(b) Li-ion battery costs from Lazard Levelized Cost of Storage $500
v7.0 (LCOS 7.0), with cost trajectories based on NREL's Cost

Projectons f by : 5 £9020

California Public Utilities Commission

= = Li-lon Battery Low

S0
2020 2025 2030 2035 2040 2045 2050
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https://www.nrel.gov/docs/fy20osti/75385.pdf

S SeeeeeeTEETELELTLTLLL
Offshore Wind Costs

« Recommendation: Continue to use NREL 2020 CA offshore wind study (NREL OCS Study BOEM
2020-048) for offshore wind resource costsin RESOLVE, as this study is relatively recent and
provides California-specific costs

« Notably, ATB adopted new cost reduction methodologies in 2022 for plant upsizihg and supply chain
efficiencies that align with the NREL 2020 CA offshore wind study (2022 ATB)

$4,500

$4,000 NREL 2020 CA study = recommended data source

$3,500 ——NREL 2020 CA - Morro Bay (49% CF)
§ $3,000 NREL 2020 CA - Diablo Canyon (48% CF) Not es:
*é’ $2,500 NREL 2020 CA - Humboldt (53% CF) (a)Wind Resource Class 12 most close.ly.
o representstheresource characteristics of
< $2,000 NREL 2020 CA - Cape Mendocino (55% CF) mid-term deployment for floating
o . fechnologyinthe NREL 2020 California
< $1,500 NREL 2022 vs. 2021 ATB changes in NREL 2020 CA - Del Norte (55% CF) fud QYZ'OZZ ATB o
© forecasting methodology study (see: ) .

$1,000 —— NREL 2022 ATB - Class 12 (46% CF) (b) Capex shown here excludes grid

connection costs.
$500 ===NREL 2021 ATB - Class 12 (46% CF)
> NREL ATB data are shown for

2020 2025 2030 2035 2040 2045 2050 .
comparison purposes only.
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https://atb.nrel.gov/electricity/2022/offshore_wind
https://atb.nrel.gov/electricity/2022/offshore_wind

Gas Fixed O&M Costs

* In RESOLVE, fixed O&M costs can be used separately Fixed O&M NREL CEC 2018
to inform investment decisions (hew generators) and ’
plant retirements (existing generators) 2020 5/kW-yr 2022 ATB  Report
« Currently, fixed O&M costs for both new and existing gas Combustion
generators are based on NREL ATB, which are believed Turbi S 21.00| S 34.26
to be lower than valuesindicated by some asset owners ur ”Te
« The 2018 CEC report on Estimated Cost of New Combined S 28.00| S 43.05
Generation! carries a higher estimate for fixed O&M Cycle

than NREL ATB

« Used in CPUC Gas Plant Risk of Refirement study?

« These costs align with ongoing fixed O&M for the existing New Gas Generators
gas fleet based on other E3 analyses

« Recommendation for modeling:

« Use NREL 2022 ATB fixed O&M for new gas generators
(new investments)

« Use CEC data for existing gas fleet (retrement decisions)

Existing Gas Generators

! Estimated Cost of New Generation, CEC (2018), energy.ca.gov
2 Considering Gas Capacity Upgrades to Address Reliability Risk in Integrated Resource Planning, CPUC (2021), cpuc.ca.gov
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https://www.energy.ca.gov/sites/default/files/2021-06/CEC-200-2019-005.pdf
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-division/documents/integrated-resource-plan-and-long-term-procurement-plan-irp-ltpp/2019-2020-irp-events-and-materials/cpuc-gas-upgrades-staff-paper-october-2021.pdf

Inflation Reduction Act (IRA)
Impacts on Resource Costs

Note: Resultsshown in this section are draft results to illustrate the potential IRA
impactson resource costs. The results are subject to change as updates are
incorporatedin the Resource Costs and Build workbook and the resource costs

section of the draft Inputsand Assumptionsdocument (to be releasedin Q4 2022).

California Public Utilities Commission
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Highlights of Inflation Reduction Act (IRA)
-Impacts on Resource Cosis

« Extends tax credits for renewables until the early 2030s at a minimum
* Production tax credits (PTC) applied to a broad range of technologiesincluding solar

« Credit can be higher depending on locationand whetherit uses domestic content
« Only applicable for projects placed in service or soldin 2023 or later

* New credits for standalone storage, clean hydrogen, small modular nuclear reactors
among other technologies and various end-use measures

« PTCs for renewablescan be stacked with storage and fuels production

« Higher credits for carbon capture and storage (CCS) including new credit for direct air
capture (DAC)

* These all come with conditions
« HigherIRA incentives have prevailingwage and qualified apprentice requirements

« Giventhe resultingincrease inincentives, we believe most project developerswillstrive to
meetrequirementsto be able to be cost-competitive

California Public Utilities Commission 21
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qu Credii SChedUIes Changes to ITC due to IRA IRA = Inflation

35% Reduction Act

pre- vs. post-IRA

25% \"

- Solarnow can choose fo receive either the 20% Pre-IRA
investment tax credit (ITC) or the production 15% 3 [ W Base
tax credit (PTC) o Bonus

« Standalone storage is eligible to receive ITC 5% PP

- Wind continues to receive PTC, but at a 0% L
higherrate per IRA Changes to PTC due to IRA

« Offshore wind can access the IRA ITC, which »30
is technology-neutral $25

« The IRA “Bonus” case shown here assumes 520
projects meet prevailingwage and a15 re-IRA
apprenticeshiprequirements w Vi T Base

Bonus

« Additional upside (“Bonus +", see Appendix B)
exists if certain criteria are met for (1) domestic $5
content requirements and (2) energy .
community siting

2020 2025 2030 2035 2040 2045 2050

Note: Assumes carbon emissionsreduction targets are metin 2045
(75% reduction below 2022 levels for power sector perlRA), followed
California Public Utilities Commission by a 3-yearincentive step-down. 22




e ——
IRA Impacts on Levelized Fixed Costs

« Relative ($/kW-yr)impact on
levelized fixed cost due to the IRA

« Assumes “Bonus’ incentive level
for meeting prevailing wage and
apprenticeship guidelines

* |IRA tax creditsend date is subject
to assumption of IRA emissions
reduction targetyear

* Impacts on LCOE and sensitivities
on different IRA tax credit options
can be found in Appendix B

Note: Assumes carbon emissionsreduction targets are metin 2045
(75% reduction below 2022 levels for power sector perIRA), followed
by a 3-yearincentive step-down.

California Public Utilities Commission

Total "All-in" Levelized Fixed Cost Change due to IRA

2020 S/kW-yr

$80
$60
$40

$20

S_
§(20) \f

$(40) ‘\; &
$(60)
$(80) = mmemmemsessssseeseeeeeoesooooooooooooo

$(100)

$(120) /

2025 2030 2035 2040 2045 2050

............................................................................

Utility-Scale Solar - PTC (33%)
Land-Based (Onshore) Wind (36%)
Offshore Wind - Morro Bay (49%)
—— Utility-Scale Battery (4-hr)

Utility-Scale Solar - ITC (33%)
=~ ==-Land-Based (Onshore) Wind (46%)
------- Land-Based (Onshore) Wind (30%)

Geothermal

*Note: Percentages in parentheses denote capacity factor.
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3.2. Emerging Zero-Carbon Technology Review
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What was the Emerging Zero-Carbon
Technology Assessment Repori?

« E3 performed an analysis of long-duration storage and generation technologies that can
provide firm generation capacity with low- or zero-emissions

« These technologiescouldhelp maintainlow costsin a zero-carbon grid during longer periods of
low renewable production and high load

« Thereportis available here

« The assessment focuses on relatively mature technologieswiththe idea that they would
be closer to commercialdeployment, and potentially could be deployed at scale in
Californiain the 2030-50 tfimeframe

« The analysis considered various, representative technologiesbut is not exhaustive of all
new technologies being developedfor this purpose

« Thiswas done to ensure reasonable modeling scope during future IRP work

* Insome cases, the alternative technologies not presented here did not have enough positive
attributes (e.g. low cost, high round-trip efficiency)relatfive to those detailed here to merit
inclusion

California Public Utilities Commission 25


https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/electric-power-procurement/long-term-procurement-planning/2022-irp-cycle-events-and-materials

Technologies Considered in Assessment

» These technologies will be implemented in RESOLVE:
« Generation Technologies
« Carbon capture and storage (CCS)
« Gas with CCS (90% and ~100% capture), Allom Cycle
« Jero-carbon firm
 Advanced nuclear, enhanced geothermal systems (EGS)
- Storage Technologies

e /ero-carbon “electrofuels”

« Hydrogen from electrolysis, synthetic methane from electrolysis and direct air capture
of carbon dioxide (DAC)

» Turning fuels back to electricity: CTs and CCGTs (purpose built for hydrogen)
» Long-duration mechanical and battery storage
« Adiabatic compressed air energy storage (A-CAES), iron-airbatteries

California Public Utilities Commission 26



Key technology characteristics and policy challenges
were considered, creating RESOLVE-type inputs

* |nitial known estimates of cost and/or potential
« Capital cost, fixed and variable operating costs

Cost trajectories or forecasts through 2050

Existing deployment

Technical potential

Siting and land use constraints

« Technology Readiness Level

« Technology and operating characteristics
 Ramping constraints, efficiency (thermal, rounditrip)

» Policy and planning challenges
» Policy and planning considerations
« Qualitative assessment of criteria pollutant emissions
« Qualitative assessment of Infrastructure needs (e.g., hydrogen and CCS pipelines and storage)
* Research, Design, and Development (RD&D) needs

California Public Utilities Commission 27



Summary of Current Technology Readiness
Levels and Global Deployment

« Hydrogen, A-CAES and CCGTs+ CCS are reasonably mature technologies

e lIron-Airand EGS are least mature Tech.

International Energy Agency Technology
Readiness Level Guide

Technology

Technology Readiness Global Deployment

Category
Level

38 million metric fons (MMT)

CCGT +>99% CCS 8 i
COy/yr large-scale CCS pro;.
BRI Eocisemories e o dosnsd Allam Cycle CCS 7 ~25 MW Allam Cycle
Application formulated q
e mxmﬂ‘:nmm”w“ SECLELE smqgll Modular Nuclear Reactor
Solution needs to be prototyped and appled 7 n/o
(SMR)
Early
T - o ko A Enhanced Geothermal Systems 5 n/a
- _ . lLarge prototype (EGS)
ey S CEENER p Lo s el v Hydrogen 9 168 MW
- - 6 Mm.:xmm'mbmw .
,,,,,,,,,,,,,, i RaRASRS R Synthetic Natural Gas (SNG) 7 12 MW SNG, >0.01 MMT/yr DAC
e
DEMONSTRATION Pt oba Lind cocemercia Adiabatic Compressed-Air Energy
8 C | d 1, deployment in jorm
o o s Storage Storage 8 1.75 MW
e T Sanin s comevircty ovsit. saeds ovokAonsry trrovement o sy comp (A-CAES)
'EARLY ADOPTION. - Integration needed at scale
Solution is and wetitve but needs further integration efforts
P Iron-Air Battery 5-6 n/a

2. Proof of stability reached
Predictable growth

LUHTTUNTIIU T UTIC UTHTHT VTN 1uInN 28




Cost Comparison —

Levelized Fixed Cost of Technologies
(2022%/kW-yr)

Generation Technologies “..."

$3,900 -
 All-in fixed costs for generation show that all $3,800 1 B
technologies considered show greatercosts %7001 |—|
than conventional combined cycles (CC) jfg‘;‘;;
« Modestincremental cost fo enable near- T $900 - i __U—__
zero CCS emissions vs. 20% capture < $700 DD
— $600
- Enhanced geothermal systems have the 8 sso0 |
highest cost projections of the generation B s400 - _
technologies analyzed (note broken axis) < 530 - DDDDDD O
< $200 -
 Cost data do not show effects from Federal = (" l———
|RA $-QOODOOOOOOOOQOODOOOQO
. Thiswillbe includedin the draff 18.A SHEHHHEEHEBEEBEEREERE
documentfo be released Q4 2022 %% | gon cos | s% cos|  Gyele Geoféi;ma.ég"él:’;:’;‘;. "SuR
ystems

Note: Li-ion batterycosts are from Lazard LCOS 6.0, pumped hydro
costsare from Lazard LCOS 2.0, and both are shown for comparison
purposes only. These costsare updatedfor2022 I&A per earlier slides.
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Cost Comparison -
SforCI g e TeC h nologies Levelized Fixed Cost of Technologies at

Indicated Storage Duration

» All-in fixed costs for storage show that all (2022%/kW-yr)
technologies considered show greater costs than
conventional Li-lon, but will provide firm capacity

$500 -
$450 -

$400 A
$350
$300 ~

- ___DDDDDD—_ 0

$100 DDD

$50

* Hydrogen and iron-air batteries may exhibit
significant cost reductions, but we hold iron-air
batteries’ upper cost bound constant to reflect
uncertainty in data

» Costs for hydrogen include pipeline costs from
storage to Los Angeles Area and cost of new CT
and underground storage

» Costs of Synthetic Natural Gas (SNG) include

All-In Fixed Cost ($/kW-year)

underground storage and CT, plus carbon-neutral g‘g 3 8‘3‘8 slels 8‘8‘8 3 8‘8 8‘8‘8 8‘8‘8
methane-generating equipment SRIRIRISIRIRIRIKIR|IRIRIK|IKIRIR|KRIKIKIRIKRIK

Li-ion |Std. CAES| Pumped | A-CAES | lron-Air |Hydrogen SNG
e Cost data do not show effects from Federal IRA Battery | (24 hrs) | Hydro | (24 hrs) | Battery | (200 hrs) |(1000 hrs)

. This will be included in the draft 1&A document to be (4 hrs) (12 hrs) (100 frs)
released Q4 2022

Note: Li-ion batterycosts are from Lazard LCOS 6.0, pumped hydro costs
are from Lazard LCOS 2.0, and both are shown for comparison purposes
only. These costsare updatedfor2022 I&A per earlier slides.
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3.3. Shed DR and Shift DR

2
g o
Sgiy w7
o, g .31
) W
oy TR Ll ¢
%’g
A
,,
g 255 <5
# o calr®



Contents

« Background - resource definifions

* Inputs and assumptions used in previous cycles
« Shed Demand Response (DR) supply curve

« Shiff DR modeling updates and supply curve

« Conclusions
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Shed DR and Shift DR

- Shed (or “conventional”) Demand Response (DR) — Loads that can be
curtailed to provide capacity reductions

« Shift DR — Loads that can be shifted between hours

« Lawrence Berkeley National Lab (LBNL) has created detailed load
profiles and cost curves with achievable potential for both resources

Shed DR Shift DR

1 3 5 7 9 11 13 15 17 19 21 23 1 3 5 7 9 11 13 15 17 19 21 23

B Roscline Load % Shed Load B Boscline Load Post-Shift Load

alifornia Public Utilities Commis



Timeline of Shed DR and Shift DR in IRP

e |IRP sources this data from LBNL's DR-Path model*

 Since last IRP cycle, E3 and LBNL collaborated on modeling and data
updates to more accurately model load shiffing resources in RESOLVE

2017-2018 IRP
Cycle

2019-2021 IRP
Cycle

2020 Modeling and | 2022-2023 IRP Cycle

Functionality

Shed DR Candidateresourcein  Candidate resource in
Reference System Plan  Reference System Plan

Shift DR Candidateresourcein  Notincluded in any
sensitivity case sensitivity

Data Shed Baseline: Statewide DR Load Impact Report

Source Remaining supply curves: LBNL's DRPATH model

with data from 2025 California Demand
Response Potential Study (Phase 2 Results)!

Improvements
Candidate resource
RESOLVECode updated TBD
for more accurate
modeling

LBNL’s California
Demand Response
Potential Study, Phase 32

Shed Baseline: CAISO 2022 Summer
Loads and Resource Assessment3
Remaining supply curves: LBNL updated
supply curvesand load profiles

*DR-Pathis a model developed by LBNL to produce supply curves for variety of demand response technologies, based on assumed cods and technical potential

1) Alstoneetal, 2017hiips,[[eig pub ggtgms,b .gov 15 tes/defau m es/lbn 2(2(2 ;S,Qdf
2) Gerke e’rol 2020 https:

WWW

California Public Utilities Commission3) CAISO:h

-_shift - final r rt.odf

ments/2022-Summer-L



https://eta-publications.lbl.gov/sites/default/files/lbnl-2001113.pdf
https://eta-publications.lbl.gov/sites/default/files/ca_dr_potential_study_-_phase_3_-_shift_-_final_report.pdf
http://www.caiso.com/Documents/2022-Summer-Loads-and-Resources-Assessment.pdf

Shed DR Updates for 2022 I1&A

1200 [ ASIEEZIOPAEEN shed DR Supply Curve - 2030 « Assumed Baseline Shed DR has
1,000 |RP B Remaining Potentialin Supply Curve decreosed from 2'] 95 MW TO
800 m Baseline ] ,644 MW]
600 « Changesin LBNL supply curve:
0 I I « $10/kW-yr cost franche
_ I . « Supply curvesevolve overtime

S0 ss sis0 s $200 (2025, 2030, 2040, 2050)

Annualized Cost ($/kW-yr)

Peak Load Impact

Shed DR Supply Curve - 2030 * Specific Technologies (ex.
1,200 commercial space cooling,
1,000 |RP B Remaining Potential in Supply Curve InduS‘I'rlol processes) CGn be

disaggregated from potential,

if deemed appropriate
00 « Light Duty Electric Vehicles
200 l I I I (LDEV) potential willbe

considered in VG| workstream
$25 $75 $100 $125 $150 $200 $250

Annualized Cost (S/kW-yr)

Peak Load Impact (MW)
(=)
8

1 2019-2021 Baseline Shed DR of 2, 195MW based on 443 MW of interruptible pumpingloadsand 1,752MW of IOU-procured DR from 2017 St atewide Demand Response
Load Impact Report (April2018).2018 CAISO Summer Sfudyrepon‘ed 1,763 MWofcapac:fy from Rehab:/n‘yDemcmd Response Resouce (RDRR) and Proxy Demand
Resource (PDR) productshttps://www.caiso.com/Documents/Brie 0

California Public Utilities Commission 2022 CAISO Summer Loads and Resources Assessment repon‘s 1,22 IMWofcopocn‘y from RDRR ond PDR Addmon01443 MWofmferrupﬂble pumpingloadsadded to
match previous cycle htip://www.caiso.com/Documen - ) nd-Re d



https://www.caiso.com/Documents/Briefing_2018SummerLoads_ResourcesAssessment-Report-May2018.pdf
http://www.caiso.com/Documents/2022-Summer-Loads-and-Resources-Assessment.pdf

Shift DR Modeling Updates — RESOLVE Constraints

Hourly Shift Up and Down Limits

« New Shift RESOLVE
Resource includes
data inputs for hourly
availability, based on
underlyingload
profiles

° Shift Up Limit

Shift Down Limit
__——-/—"-—_———-_-_\_—'__-—

Available

% of Resource Capacity
o

0 2 4 6 8 10 12 14 16 18 20 22
Hour of Day

 Modelupdates
creafte more realistic

bounds on load shifts Shift Hour Adjacency

« LBNL dataset opoad
includesinputs for all
of these fields, by I
technology l

Load
Decrease

0 2 4 6 8 10 12 14 16 18 20 22

Hour of Day
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IH—
lllustrative Example: 2030 HVAC Shift DR

RESOLVE Dispatch
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California Public Utilities Commission  Note:example dispatchis based on data from previous cycle and may not reflect current data.



R
Shift DR Data Inputs for 2022 I1&A

« Supply curve and hourly shift potential
vary by tfechnology

» Ex. Residential space cooling has
different underlyingload profiles

Shift DR Supply Curve - 2030

1,600 ¥ Incremental Capacity by Cost Tranche

and tfechnical constraints < 1,00
compared to industrial processes = 1 200

 Light duty electric vehicles
(LDEV) potential willbe consideredin

VGl workstream iﬂﬂ
« Technology typeswill be aggregated. 200 I I I I .

Aggrego’red pOFTfO“OSWI”be $75  $100  $125  $150  $200  $250  $300
presentedin I&A document Annualized Cost (8/kW-yr)
*Max shift capacityis the maximum hourly shiftable load for each

technology. Shiftable loadin a given hour depends on t he underlying
load profiles and technical constraints for each technology

Max Shift Capacity

California Public Utilities Commission



Conclusions
« Shed Demand Response will be included as a candidate resource,
based on LBNL Shed DR supply curve

« Shift Demand Response data and updated functionality is available to
be included in IRP analysis

* We invite stakeholder comments on these updates and how
to characterize them in the |&A document

California Public Utilities Commission



3.4. Vehicle-Grid Integration (VGI) Analysis



Transportation electrification (TE) is a key input to California’s integrated
resource planning

« Policy goalsof 1.5 millionEVs by 2025, 5 millionby 2030, and 100% of vehicle sales by 2035 will
introduce substantial load growth as reflectedin IEPR forecasts. It is essential for the IRP proceeding
to consider strategies to manage charging load and reduce its peak impact

« Vehicle-GridIntegration (VGI) are strategies to integrate charging needs with grid needs:
» Passive VGI:. implemented with Time-of-Use (TOU) or dynamic rates to shift load (V1G)
« Active VGI: enabled by third-party aggregator to shift load (V1G) or charge/discharge back to the grid (V2G)

VIG V2G
>

250 Greatly reduces peak- (_3.00 Greatly reduces peak-

coincident charging 2.50 coincident charging and

2.00 discharges back to grid
L 2.00
= | 150 1.50
- 1.00
% 1.00 050

L__L

0.00

1 3 5 %7 9 11 13 15 17 19 21 23

0.50 2050

100 serves building/grid load
1 3 5 7 9 11 13 15 17 19 21 23 -1.50 in high-cost hours

0.00

B Boscline Load Net Load with VGI
California Public Utilities Commission




Goals

« Goals of the VGI Analysis
* Develop a methodology to model VGI as a resource in IRP modeling

« Gather stakeholder feedback on inputs
» Validate the size and timing of the VGI supply curve

 Determine the value of passive and active VGI

» The analysis is designed to quantify the value of VGI in the context of
system planning and the impact of VGI on resource porifolio

* It's not designed to inform the design of a specific VGI program

California Public Utilities Commission



Passive vs. Active VGI Valuationin IRP

 What has been done in IRP: Passive VGI values are embedded by using the IEPR load shapes
» This analysis will estimate passive VGI values using the latest IEPR load shapes for the 2022-2023 PSP
compared to an unmanaged baseline
« What is new in 2022 I&A: Active VGI valueswill be estimated by modeling VGI as dispatchable

resources
lllustrative System Cost Results Example
a

t Passive | T TPassive v+ rToTeeTTTYS T
! i Passive i

i V1G | V1G Vile ! |
Lol value value i Full Value

Active V1G Value e V16 Vale of VGI

Total System
Costs ($)

PSP
Sensitivity
with

Fully
Unman-
aged

PSP
Sensitivity
with

Active
V1G

Active V2G Value

PSP
Sensitivity
with

Active
V1G
+V2G

Base Case +

Base Case +

Fully Unmanaged Base Case: 75%
Charging —No TOU response Active V1G Active V1G +
VGlI (passive VGI) resource Acfive V2G
resources

California Public Utilities Commission




R
Active VGI Methodology

* |EPR load shapes used in IRP will serve as the baseline shapes for this analysis

« To model active VGI, we need to know when people are plugged in and how much load can be shifted around

« E3 wil simulate charging behaviorsin its EV Load Shape Tool (EVLST) to mimic the latest IEPR load shapes and generate
corresponding flexibility parameters to shape the dispatch of active VGIInRESOLVE
/RESOLVE Dispo’rch\

/ Baseline Shapes \ / RESOLV E Flexibility Inputs \
QOutputs

IEPR Load Shapes Daily Energy Hourly Shift Limits

@ Light-Duty EV

\'Vic

100 LW Load
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Active VGI Resources & Flexibility Parameters

« Active VGl added will focus on only light duty vehicles (LDV) as LDV have the largest amount
of load to shift. MDV/HDV can be includedin the future

« Active VGl resources will be modeled as a statewide aggregated resource with four types

Resource Types

V 1G Residential Shifting EV chargingload beyond TOU rates

V1G Workplace

V2G Residential Shifting EV chargingload beyond TOU rates +

V2G Workplace Capable of charging and discharging back to the grid

« Active VGI requires flexibility parameters in RESOLVE

Flexibility Parameters

Shift Window Average window when v ehicle is plugged in and able to changeits charging behavior
Daily Energy The amount of energy that can be shifted in a day

Hourly Shift Up Potential Hourly potential to furtherincrease EV chargingload compared to TOU baseline

Hourly Shift Down Potential Hourly potential to further decrease EV chargingload compared to TOU baseline

*The equationsto calculate these flexibility parameters are in the AppendixE
RESOLVE assumes daily energy neutralityto ensure the total shift up is balanced with total shift down

California Public Utilities Commission




lllusirative Example to Calculate Hourly Shift Constraints

« Modeling aggregated, population-level average charging shapes per vehicle to
represent VGI resource potentialin IRP

ResV1G

5

Res V2G

5 5
—_ Assuming S5kW
% av erage nameplate
:‘-4 capacity 4 4
=
@ . . T [ . .
53 =~ Plugged In Charging Capacity 3 Teel Plugged In Charging Capacity | 3
o . N~ e . N —em"
g Shift Up ~ o e = ShiffUp ™. .. .
] Sa - = 2 hN -7 2
= ""-.,_‘ ________ -Tl‘- \-.__‘ ______ -
2 ——— R
o [=5]
o 1 21 1
E z
< own S
0 g 0 0
01 2 3 45 6 7 8 91011121314 151617 18192021 22 23 ;
Hour E -1 -1
e Baseline Charging Load  — ===-- Plugged In Capacity ap
Z 2 2
-3 -3
-4 -4
-5 -5
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01 2 3 456 7 8 91011121314151617 181920212223
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V2G Dischaging Capability I Baseline Charging Load

----- Plugged In Discharging Capacity == === Plugged In Charging Capacity



Request to Stakeholders: Please provide better
. 1 enrollment data available from VGI programs
S U p p Iy C U rve V G I P Ollle nh a I and assumptions on V2G timeline and potential
Assumptions: to inform this modeling exercise
« General Assumptions

Value
% of vehicles with L2 charger 40% TOTO' LDV
Res EV/Charger Ratio 1 P | _I_
Com EV/Charger Ratio [1] 25 OpU aron
Weighted Average L2 charging capability (kW) [2] 5

« V1G potential is estimated using LBNL propensity score based on
enrollment data on air conditioning programs (subject to change)

Drivers with access
to L2 chargers

Incentive Tranches Incentive Tranches (S/kW-yr) Cumulative Enrollment Incremental Enrollment
T1 S0 14% 14%
T2 $10 20% 6%
T3 $25 23% 3%
T4 $50 25% 2%

« V2G potential % will be linearly extrapolated as a function (x%) of
V1G potential

e 0%in 2025 - 50%in 2050
ActiveV1G and

[1] Estimated based on CEC AB2127 report

[2] Estimated assuming 30% PHEV (3kW) and 70% BEV's (6kW) based on the AB2127 report for the EVI-Pro2 Scenariosin 2030 \/ZG POTe nh Cll

California Public Utilities Commission

“llust rative examples of the VGI pot ential calculation are in the Appendix E




Request to Stakeholders: Welcome feedback

S U p ply Curve - VGI COS'IIS and better data to refine cost assumptions

« Active VGI costs assumptionsin IRP are to_reflect the costs potentially paid by ufilities to incentivize
participationin active VGI programs.

* Wil not include incremental tech costs to enable VG
 And these are not CPUC endorsed/approved incentives

« Costsincluded:
« Fixed O&M Costsreflectthe cost of incentivizing participationin active VGI programs
« Administration
* Marketing
* Incentives

« Variable O&M Costsreflectthe cycling degradation costs of V2G resources

California Public Utilities Commission

*Det ails of the cost assumptions and an illustrative example of supply curve are in the Appendix E




VGI Reliability Contribution

VGI will be put on the 4-hr storage dimension of the solar + storage ELCC surface to account for the interactive
effect between grid storage and VG

Given that VGl is not as fully available as grid-scale storage to provide power at its nameplate capacity in every

single hour, a scaling factor will be applied to normalize VGI shift down capability relative to its “nameplate
capacity” during the 4-hr evening net peak (e.g., 6-10pm)

Typical Weekday Profile: Res V1G Typical Weekday Profile: Res V2G

4 4
_ Shift Downy, 0.5 kWh Shift Downy, 9 kWh
Res V1G Scaling Factor(%) = = = 204

— = Res V2G Scaling Factor(%) = — = = 20%
- Nameplate Capacity, 5SkW x4 hr g - Nameplate Capacity, 2 *5kW x4 hr
5
Assuming SkW average > > Nameplate capacityrepresent

z nameplate capacity 4 4 max flexible loadineither direction

4 = .
= 2 3 inany hour. Nomeplate of V2G
@ X -
2 = S o 2 double because they can not only
Sy 3 mm-- - DL | Shift Up = TTmeeemmmmmemT charge but discharge
o ~ | 1
S ~ T 6 V2G Dischaging Capability
o H Ay - . . — — 0
S 2 Shift U [O2EEAN P e Baseline Charging Load a . mmmm Baseline Charging Load
E . =
g Plugged In Capacity % -------------- , T Plugged In Discharging Capacity
g’ 1 2"-” i e N— - Plugged In Charging Capacity

=3
0 Total Shift Down “ - .
01234567 8 91011121314151617 181920212223 . -5 -5 Total Shift Down
Potential of 0.5 kWh Potential of 9 kWh
Hour during 6-10 0123456 7 8 91011121314151617 181920212223 _
uring o-1vpm Hour during 6-10pm

* Battery (4hr) Equivalent Capacity of VGI (kW) = VGI Nameplate Capacity (kW) * VGI Scaling Factor (%)

+ VGl will be put on the storage dimension of the solar + storage ELCC surface, together with storage and shed demand response, to
determine its ELCC value

California Public Utiliies Commission *lllust rative examples of t he batteryequivalent capacity calculation are in the Appendix



o INN—
Summary of Requested Feedback

« Staff is seeking feedback from stakeholders on the following inputs

* Propensity score data available from VGI programs to inform VGI program enroliment
potential at different cost levels
- Data to inform the assumptions and projections of costs for active VGI programs

« Assumptions on the timing and scale of VGI (especially V2G)
- Statistics on VGI participation/response during reliability events

 Staff is seeking feedback from stakeholders on the methodology to

» Develop flexibility parameters
« Credit VGI contribution to reliability

California Public Utilities Commission



3.5. Renewable Characterization Methodology
-Resource Potential and Land-Use Constraints
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Contents

» Resources with locational constraints

* Process for developing resource potential
* Applying land use constraints

« Aggregatingresources for RESOLVE

» Land-use Screens
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Resources with Locational Constraints

« Solar, wind, geothermal, small hydro, and pumped hydro storage have
resource potentials limited by location

« Although this presentation focuses on the solar, wind, and
geothermal technologies

* The other location-constrained technologies will be addressed in the Inputs
and Assumptions draft document

« Understanding the resource potential based on whereresources can
be built is a crucial step in the CPUC IRP Inputs and Assumptions process

J.E

California Public Utilities Commission 53




Process for Developing Resource Potential

Hypotheftical “Unlimited” Potential

Solar based on
insolation

Wind based on wind
speed

Geothermal from
existing studies

Remove Low-Capacity Factor sites

Solar min CF threshold
Wind min CF threshold
Geothermal N/A

California Public Utilities Commission

Apply Land Screens

Slope of terrain
limitations

Screen out un-
developable areas

e Private land, sensitive
habitats, etc.




Applying Land Use Screens

« Current use of Western Electric Coordinating Council's Environmental Risk Class 3 & 4 will change when
aligning with CEC’s new screens but expect similarities

WECC Land Screens Wind Potential Solor Potential

WECC Environmental Risk Class 3 2o, "E
S I wind (2021) % it <, 2 [ solar PV (2021)
4 » 7 4 iy

WECC Environmental Risk Class 4

"Bov e

; 4 flotal Area: 12,300,000 acres Fa8nef
i - otal Capatity? 134,000 MW taw; o0
” 00
bk, | [ffectedarea = 65.2% of the are ‘ ohal Copicty, 5,862 Gavf,'es
. f the state
. /
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5 g == { 7
e J’j;\:' ' Carson City NEVADA 3 ,'/ /
b A {GREAT 4
2 1/8ASTN,
) 7~ A r rif
S B o
Laz_Végas Lo >
Definitions

Risk Class 4: Areas Presently Precluded by
Law or Regulation
Risk Class 3: High Risk of Environmental or
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Cat Es
) IFoRNy, 58 ’A

zﬁw

Los Aﬁg s

UMM O OO O (. Tijuana '
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https://www.wecc.org/SystemAdequacyPlanning/Pages/Environmental-and-Cultural-Considerations.aspx

Aggregating Resources for RESOLVE Under
Transmission Consiraints

« After the application of land-use 2022 LSE Filing

screens, final resource potentials Requrements Vintage
Transmission Constraints

2019 RSP Vintage Transmission
Constraints

are then grouped by region

« Currentregions are largely based
on CAISO fransmission constraints
defined in its Transmission Planning
Process (TPP)

« Renewable energy Candidate
Project Areas (CPAs) are assigned
to fransmission constraints based on
pre-selected criteria, including
proximity and available transmission
capacity

California Public Utilities Commission




Land Use Screens - Current and Proposed Updates

Current land-use screens: There are three screens in RESOLVE:

Renewable Energy Transmission Initiative (RETI) Category 1

* Excludes techno-economically unsuitable areas and
protected areas where development prohibited only

RETI Category 2

+ Excludes areas listed above AND areas where
administrative protections apply (example: threatened
and endangered species habitat, wetlands)

San Joaquin Valley (SJV)/ Desert Renewable Energy
Conservation Plan (DRECP) screen (primary screen used in
analysis)

+ Designed to test the hypothesis that evenif the solar
resource were narrowed down toinclude only the very
top high priority lands from a conservation policy
perspective, there would stillbe enough land to meet

the state's solar needs. Under this screen, all areas within
the DRECP and San Joaquin Valley "Least Conflict Land
for Solar" study boundaries were excluded, except those

prioritized for solar development (Development Focus
Areas and “Least-Conflict* lands).

California Public Utilities Commission

Proposed Updates: CPUC and CEC staff
have collaborated in aligning the
underlying datasets and land-use screens
used for solar, wind, and geothermal
resource potential. There are a few options
proposed for the updates to the land-use
screens used in RESOLVE

 Within California:;

« Three new land use screens under
development by CEC (see forthcoming

paper)
« Qutside California:

« WECC Environmental and Cultural Data
Inventory

57


https://ecosystems.azurewebsites.net/WECC/Environmental/

o Current
RESOLVE
analyses have
used the
SJV/DRECP
land-use screen

California Public Utilities Commission
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There are 3 CEC Land Use Screens Under
Consideration for RESOLVE

* In 2022, CEC and CPUC staff collaborated to revise the land use screens for
resource planning

* In early October, CEC will release a draft staff report describing the process and
methods for updating the land use screens

« On October 10, CEC will host an Integrated Energy Policy Report (IEPR) land use
screens workshop

« EFach of the three land use screens will contain a combination
of information from base exclusion maps, biodiversity maps, and cropland
Maps

base C : :
exclusion biodiv ersity cropland Statewide
maps maps land use
maes screen

California Public Utilities Commission




Definition of Proposed Land Use Screens Under
Consideration for RESOLVE

« Screen 1 — Includes statewide information representing biodiversity and
croplands

« Screen 2 — Includes biodiversity and cropland, plus statewide
information about distance from protected areas and landscape
Infactness (levels of land disturbance)

« Screen 3 — Includes biodiversity and cropland data, plus statewide
iInformation about terrestrial climate resilience (lands relatively buffered
from the effects of climate change, where conditions will likely remain
suitable for plants and wildlife)

* All screens use information that is publicly available.

California Public Utilities Commission




Offshore Wind Resource Potential

* The offshore wind resource potentialis ,
currently based on the 2019 UC Berkeley study on _ Resource Potential
offshore wind resource assessmentin California

« This study includes three BOEM call areas/energy areas and two
additional areas of interest

« A new 2022 study of two of the five areasin the 2020 study, eI el 2o I 24
Morro Bay and Humboldt Bay, has presented potential
updatesto the resource potential assumptions Humboldf Bay 1.6 GW 3.0 GW

« This is based on additional analyses of the potential outputs of new

turbine configurations Cape Mendocino 62 GW N/A
« Stakeholderfeedbackrequested onwhich of these inputs Del Norte 6.6 GW N/A
should be assumed for modeling these offshore wind resources
in the 2022 Inputs and Assumptions Diablo Canyon 43 GW N/A
« Staffis workin? with CEC o assess the potential for additional sea
space as parfof the CEC's development of the AB 525 Offshore .
ind Strafegic Plan. *These potential volues.ore based on the 4 rofor
. The full range of resource potential assumptions for offshore wind diameters b?.’orolf.ord’ome’ers (4D x 10D) turbine
will be presented in the Inputs and Assumptions draft document spacing contiguration

California Offshore Wind: Workforce Impacts and Grid Integration. Collier et al. 2019, UC Berkeley. Study link

Assessment of Offshore Wind Energy Leasing Areas for Humboldt and Morro Bay Wind Energy Areas, California.
California Public Utilities Commission Cooperman et al. 2022. NREL. Study link 61


https://laborcenter.berkeley.edu/offshore-wind-workforce-grid/
https://www.nrel.gov/docs/fy22osti/82341.pdf

e
Annual Build Out Limits

* |n previous RESOLVE analyses additional near-term annual 2022 LSE Filing
build-out limits have been applied to solar resources o Requirements Assumptions

constrain the model from overbuilding solar resources to =
capture the expiring ITC.
 Cumulative annual build limitsof 11 GW through 2025 were —
assumed in the 2021 PSP and the 2022 LSE Filing Requirements 2022 3,094
RESOLVE analyses o 455
« The annual build limits were determined based on '
consideration of different parameters including 2024 1,201
 LSE in-development and planned resources amounts 0025 3250
« CAISO Interconnection Queue amounts
 Historical annual new resource operation amounts
« With the extension of the ITC due to the Inflation Reduction Max Annudl
Act (IRA), this approach will need to be updated — el
« Unlikely to see a rush to build solar resources in the near-term LSE Planned 3,480
« Annual build limits should betterreflect feasible annual SARO L. —
development Gleue :
Historical Annual 2,600
*represents the maximum amount proposed to come online in a single year in the CAISO 62

California Public Utilities Commission
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First Available Online Year

* In addition to the resource potential and
resource costs, another key assumption for -_
new candidate resources is the first available Technology |Resource Online Year

online year Tehachapi 2026

* Thisis of particular interest for long-lead time RidCEISelsast 2027

resources like offshore wind, out-of-state pumped  Riverside West 2029

wind, geothermal, and pumped hydro Hydro Storage San Diego 2030

STOI’Gge resources Greater Imperial 2026

« These assumptions are based on the Inyokern North Kramer 2026

developmenT Tlme of the resource and the Northern California 2026

development time for fransmission Geothermal  Pacific Northwest 2028

?ssocm’red with some of the technology Riverside Palm Springs 006

ypes Solano 2026

* The emerg?ing tech review has introduced Southern Nevada 2026

additional technologies that will also require Humboldi Bay 2030
assumptions for theirfirst available year. Offshore Wind

orro Bay 2030

Out-of-State  Wyoming A

California Public Utilities Commission Wind New Mexico 2026




Conclusion

 We will be updating the solar, wind, and geothermal resource potential
with updated land-use screens

« We welcome stakeholder input on updated data for resource potential
for pumped hydro storage resources as well

* In addition o these established resources, CPUC will also infroduce
emerging technologies in the available candidate resources

» Staff seeks stakeholder feedback on the first available year assumptions
for all candidate resources

California Public Utilities Commission 64



4. Operating Assumptions



4.1. Renewable Characterization Methodology
- Generation Profile Creation
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Contents

 Process overview and data sources
« Technology assumptions
« Additional considerations
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Developing Generation Profiles — Process Overview

Resource Scatter Nelggle]ls
Points in NREL data

Region at Poinfts

Aggregate
& Normallize
Profiles

Potential
Shapefiles

N

o 80%
I solar PV (2021) mfj'f?
TR Ne f 2 ‘ . e - — § 70%
Ag @ » g
otal Area: 31,800,000acres b : — 60%
otal Capacity: 3,862 GW 2 II 2
i . S e = B osow
e p : i Z a0%
; SR\ R Transforming ENERGY T Lo
/
7 a
/ 8 20%
10%
79
% 0%
60%
)
X 50%
e
\ o
R T 40%
> K v
N - b % >
. 3 Y £ ™
' ]
Sl 2 20%
: NSRDB S
3 Solar:
N3 Meyica, 0 SONDRY, >
Y 7S OEsepr .
Esr, HERE, Gaimin, FAO, USGS, EPA, NP3 WI n d . WT K
- . 0%

123456 7 8 9101112131415161718192021222324
California Public Utilities Commission Hour




Wind and Solar Profiles Simulated from NREL Resources

« E3 creates location-specific
hourly profiles for wind and
solar resources using NREL's
publicly available datasets

« otherlocation-specific
generationresources
are dispatched by the
RESOLVE optimizationrather
than using a fixed hourly
profile

California Public Utilities Commission

National Solar Radiation Database (NSRDB)

priediasli

* 4 x4 km grid spafial representafion i
« 30-mintemporal resolution s
« 1998-2017 historical period

« Available through Solar Prospector

Wind Integration National Dataset (WIND Toolkit)

2 AT
WEL R e

» 126,000 sites across continental US
* 5-mintemporal resolution ’ r
. 2007-2013 historical period
« Available through Wind Prospector

69



https://maps.nrel.gov/wind-prospector
http://maps.nrel.gov/prospector

Solar Generation Profiles

Overview of Current Simulation Methodology

« Solar profiles for utility-scale resources

Inverter Loading

simulated using NREL System Advisor Model Trackinglype ~ Category Ratio (ILR)
gg‘még?g (H‘SGRBIS)T'O”Ol Solar Radiation Fixed-Hilt Existing Only 13
. . Single-axis Existing and
- Hourly generaftion profiles are based on Tracking New 2
location and weather data from 2007-2009
historical years in Pacific Standard Time (PST)
. T . . Installed capacity MW
Individual resource generation profiles Latitude/longitude degrees
simulated based on planf-specific Online date date
characteristics where possible (for existing Planned retirement date date
resourc eS) Forced outage rate %

- Supplemented with generic location and vean Tme o repar o
technology assumptions where data was nof Tacking/fieed ti ot
available (for existing and new candidate Azimuth angle degrees
resou rceS) Tilt angle degrees

Ownership/contractual shares %

California Public Utilities Commission




Wind Generation Profiles

Overview of Current Simulation Methodology

» Hourly wind profiles from 2007 —
2009 simulated based on NREL’s
WIND Toolkit

« Simulafions based on plant-
specific hub heights and power
curves data collected in the
Generator list

« Choose best-match models for

existing wind plants w/o power
curve data

« Assume NREL generic curves for
planned turbines (NREL 2) based
on local wind speed level

California Public Utilities Commission

Collected Wind Turbine
Model List

VestasV80-1.8

Mitsubishi MWT-1000A

GE1.5-77

GE1.5SLE

Clipper Liberty C?26

VestasV100-1.8

VestasV17-75

GE1.53

GE 1.6 XLE

GE 1.6 XLE
NREL 2

Models used in
WIND Toolkit simulation

Leitwind LTW80 1.8 MW (MT)

VergnetGEVHP(104.4dba)_62m_1000kw(MT)

GE 1.55LE 77m 1.5 MW (MG)

GE 1.5SLE 77m 1.5 MW (MG)

ClipperLibertyC96_96m_2500
kW(MG)

VestasV1001.8 MW
Wind Energy Solutions18_18m_80kw(MT)

GE 1.55LE77m 1.5 MW (MG)
GE 1.5XLE82.5m 1.5 MW (MG)

GE1.5SLE77m 1.5 MW (MG)
NREL Generic Curve 2 MW




Offshore Wind Resource Generation Profiles

« The offshore wind resource generation profiles are derived from NREL's 2020
study on offshore wind resource assessment in California

« These profiles were based on assumptions that are still considered state of the
art, inCluding as-yet to be commercially available 15 MW turbines

» Since the release of that study NREL has updated some of the underlying
assumptions used in creating the generation profile, leading to improvements
to the hourly generation profiles

« These updatesimprove assumptions around losses that imEpoc’r the hourly
generation, that could potentially be included in RESOLV

« Staff is currently discussing with NREL how to achieve consistency between the
undﬁrlylng climate data for land-based wind and offshore wind generation
profiles

« Particularlyrelevant to the connection of generation profiles between the CPUC's
RESOLVE and SERVM models

 Staff will present the proposed updated cT:fenero’rion profiles in the Inputs and
Assumptions draft document later this Fa

California Public Utilities Commission


https://www.nrel.gov/docs/fy21osti/77642.pdf

Recommended Updates

* Arefresh of the new candidate resource generation profiles

» This will allow us to incorporate improvements to land-based wind turbine
technology, improved hourly generation profiles for offshore wind, and
improved climate modeling for wind speed and insolation

* An expansion of the fime horizon of the historical generation data to
reflect more recent weather conditions
« Current RESOLVE generation profiles are based on 2007 — 2009
historical years
* Improved data consistency between RESOLVE and SERVM models

« To further consolidate the interconnectedness of the inputs and results of
the analyses of these models

California Public Utilities Commission



4.2. Hybrid/Paired Solar-Storage Modeling



Infroduction

« The pairing or hybridization of generation and storage resources is becoming
increasingly frequent

« “"Paired’ refers to generation and storage resources that share the same grid
iInterconnection

« "Hybrid" resources are paired resources with constraints that require storage charging
to occur using the paired generationresource rather than the grid

: : Solar Panels Transmission
This presentation focuses Interconnection System

specifically on combinations ._+-.

of solar and storage because
of strong commercialinterest
in solar-storage combinations

charge G} discharge

Battery

California Public Utilities Commission




Motivation

« To date, RESOLVE capacity expansion modeling for the CPUC IRP has not
represented hybrid orpaired resources, though RESOLVE can build solar and
storage (and otherresources) independently

« Post-processing of RESOLVE results into SERVM model inputshas resulted insome
hybrid and paired resources being represented in SERVM production cost
modeling. SERVM also includes some existing or planned hybrid and paired
resources.

« Hybrid and paired resources are important to modelin RESOLVE because:

« Hybrid and paired resources are expected to make up a significant fraction of resource
additionsin the upcomingyears

« The economicsand operations of hybrid and paired resources are different than
standalone resources

 There may be different transmission capacity requirements for hybrid and paired
resourcesrelative to standalone solar and storage, which couldresultin different
recommendations to CAISO’s transmission planning process (TPP)

California Public Utilities Commission 76



IRP modeling balances complexity across many
types of inputs

* IRP modeling must balance complexity across resource types, years,
geographic areas, policy goals, etc.

* IRP capacity expansion modeling produces future portfolios that inform
future policy direction but...
* Further downstream studies are required for more detailed analysis such as
CAISQO’s transmission planning process, loss of load modeling, production
cost modeling efc.

- Hybrid and paired resource modeling in IRP, especially in capacity
expansion, must be simplified to a limited design space
 Likely only a single hybrid or paired configuration is possible for capacity
expansion modeling for the current IRP cycle

 Staff requests feedback on the ideal configuration (or configurations) to model
in IRP capacity expansion modeling

California Public Utilities Commission 77




Hybrid or Paired Design Parameters (1)

Design Parameter

Duration of storage Hours of sustained discharge for a given power capacity.

Solar to Storage ratio Ratio of solar capacity to battery power capacity, for example 2 MW solar for ev ery
MW of battery discharge capacity.

DC- or AC-coupled DC-coupled systems typically have one inv erter and energy from the solar field can
be directly sent to the battery without havingto first go through aninverter. AC-
coupled systems have two inv erters behind a shared interconnection.

Solar inverter loading ratio Ratio of solar panelrated MW to inv erter MW. DC-coupled systems usually have
higher inv erter loading ratios than AC-coupled.

Interconnection sizing Combined limit on solar and storage output.

Representation in CAISO Transmission capacity needed for hybrid or paired resource may or may not be

transmission deliverability materially different from an equiv alent standalone solar and battery. Highest Peak

constraints (HSN), Secondary Peak (SSN), and Off-Peak periods should be considered.

Resource adequacy contribution The resource adequacy conftribution of hybrid and paired resources could
be similar to or lower than equiv alent standalone resources.

California Public Utilities Commission 78



Hybrid or Paired Design Parameters (2)

Design Parameter

Co-control or independent control? Aretherenewable and storage portfions of the resource dispatched together or
independentlye

Storage charging from the grid The extent to which storage can charge from the grid or is restricted to charge
from on-site solar.

REC freatment of renewable energy Sforage losses from the hybrid or paired facility may or may not deduct from
generated and subsequently stored Renewable Energy Cerfificates (RECs) generated by the resource.

Operational reserves « Should the storage part of the resource be modeled as providing operational
reserv es (such as regulation, spinningreserv e, etc.) ¢
» Should the solar part of the resource be modeled as providingreserv es? Ifso
which reserv es?

Cost of hybrid or paired resource In most cases a hybrid or paired resource is expected to be less expensive than
relative to standalone equivalent an equiv alent standalone solar and battery due to shared infrastructure,
permitting, etc. Tax credits will play a role in whether the cost difference is small or
large.
California Public Utilities Commission 79




Stakeholder input: recommended hybrid or
paired configuration for capacity expansion

« Giventhat the number of
configurations of hybrid or
paired resources will be
limitedin the current IRP
cycle, staff is seeking
stakeholderfeedback on the
single most important
configuration that IRP should
model in capacity expansion

« Stakeholders are free to suggest
more than one configuration with
the knowledge that IRP capacity
expansion will be limited in the
number of configurations that
can be modeled

California Public Utilities Commission

A “configuration” isa complete set
of valuesfor the “Design Parameter”
rows in the previousslides

Stakeholders should
support their choices with
data and/or explanations

A

A

EXAMPLE value -

Design

Parameter
suggest others

Duration of storage 4 hours

Solar to Storage ratio
discharge capacity

DC- or AC-coupled AC-coupled

Solar inverter loading
ratio solar inverter capacity

Interconnection sizing Equal tosolar invertersize

stakeholders can/should

1.4 MW of solar panels per MW of

\[ |
Explanation of choice

Frequently seen in recent RFPs

2 MW solar for every MW of battery

... Confinue with all design parameters on the previous slides ...
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4.3 Transmission Constraint Implementation



Contents

* Background
« Updates since 2019 Inputs and Assumptions document
« Additional Updates since 2021 PSP Workshop
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Background - Transmission Constraint Modeling
in RESOLVE

« The modeling of transmission constraints in RESOLVE is fied to the
CAISO’s representation of the transmission system in its Transmission
Planning Process modeling and the associated Transmission
Deliverability Whitepaper

* Prior fo 2021, CAISO represented fransmission deliverability in
Renewable Transmission Zones with technology-agnostic available
capacity in full-capacity deliverable status (FCDS) and energy-only (EO)
amounts.

* In 2021 the methodology and representation of the fransmission regions
were updated by the CAISO and implemented in RESOLVE

California Public Utilities Commission 83



Transmission Updates Since 2019 Inputs and
Assumptions: Limits and Consiraints

« CAISO updated on-peak and off-peak transmission capability and included
technology-specific fransmission information

« CAISO released a white paper in July 2021 entitled “Transmission Capability Estimates for
use in the CPUC’s Resource Planning Process” which documents the updated capability
estimates

« Available at: http://www.caiso.com/Documents/WhitePaper-
2021 TransmissionCapabilityEstimates-CPUCResourcePlanningProcess.pdf

* New transmission constraint limits generally increase the amount of available capacity
on the transmission system relative to the 2019 CAISO white paper values, though this is
not frue for every constraint

* The new limits also include geographic areas that were not covered inthe 2019 white paper

» 2019 CAISO white paper available at: https://www.caiso.com/Documents/WhitePaper-
TransmissionCapabilityEstimates-InputtoCPUCIntegratedResourcePlanPortfolioDev elopment.pdf

California Public Utilities Commission 84
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Transmission Updates Since 2019 Inpuis and
Assumptions: Storage + Solar

» Previous RESOLVE modeling did not considerinteractions between storage and transmission
constraints

* Instead, intferactions were addressed downstream in the bus-bar mapping process

« RESOLVE has been updated to:

« Account for the fact that storage capacity selected requires transmission availability to receive full
deliverability

 Lithium-ion battery and pumped storage resources were previous modeled as a single CAISO-wide
resource; multiple resources are now modeled such that transmission limits in different areas of the
CAISO grid can be considered

* Model the interaction between storage charging and off-peak transmission limits by expanding off-peak
transmission limits when storage is built

» Storage consumes on-peak fransmission capability
» Storage creates off-peak transmission capability

« Solar and battery locations aligned as a step towards modeling co-located and hybrid resources
» Full hybrid modeling out of scope

* No interactions are modeled between solar and storage in hourly dispatch
» Cost reductions from shared infrastructure are not modeled

California Public Utilities Commission 85



Additional Updates since September 2021 PSP Workshop

* The September 2021 CPUC IRP Proposed PSP workshop con
about the RESOLVE model updates carried out since the 20
Assumptions.

« However, after the release of the 2021-2022 TPP Analysis results in Q1 2022,
further updates were made to the transmission constraint modeling

« CAISO presented additional updates to the transmission constraint representation
that build on the information contained in the 2021 CAISO transmission deliverability
whitepaper

» This updated informationincludes:

« Adjustmentsto available capacity for a few transmission constraints

« Adjustmentsto RESOLVE resource mappings to specific transmission constraints

« Adjustmentsto tfransmission utilization factors for battery storage and out-of-state
windresources

* The upcoming 2023-2024 TPP portfolio development will provide stakeholders
with fur;rher détails on the specifics of these adjustments and their potential
impacts.

tains further details
19 Inputs and
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https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-division/documents/integrated-resource-plan-and-long-term-procurement-plan-irp-ltpp/2019-2020-irp-events-and-materials/psp-workshop-slides.pdf

4.4. Fuel Price Update



Summary of fuel price update

Recommendation: Perform test modelruns to decide: (a) keep LSE Filing Requirements/
2021 PSP natural gas price inputs or (b) use 2021 IEPR High natural gas prices

* Natural gas « Coal and uranium

« CEC 2021 IEPR price forecasts $0.5- « Coal and uranium prices have not been
1.5/MMBtu lower than LSE Filing updated —typically less volatile
Requirements/ 2021 PSP inputs (from . Coal and nuclear plants are not
June 2020) candidate resourcesin California

« This differenceis primarily a result of low RESOLVE, thus fuel prices do not impact
commodity prices at the time of CEC resource build results
modeling' « Nuclear plants are currently modeled as

« The low gas price forecasts contradict must-runin RESOLVE?, thus fuel prices do
the high fuel prices observedrecently not impactnuclear dispatch results

"'For defculs see: [EPR Commissioner Workshop on Nofural GasM arkef and Demand Forecasts. Augusf 30, 2021.

forecasts. 2 Nuclear power plants are characferlzed byhlgh capital cosfs relative To fuel cosfs ond are Therefore
California Public Utilities Commission economicallyincentivized to run at high capacity factors. 88


https://www.energy.ca.gov/event/workshop/2021-08/iepr-commissioner-workshop-natural-gas-market-and-demand-forecasts

Background on natural gas price in RESOLVE

« Gas price inputs in RESOLVE are based on WECC burner tip price
estimates from the CEC’s North American Market Gas-trade (NAMGas)

model runs

« Current gas price inputs (used for 2021 PSP and LSE Filing Requirements)
are from a NAMGas model run posted in June 2020 using the Mid
Demand Prices scenario

« Latest NAMGas model run was posted in September 2021 as part of

2021 |IEPR!
» Forecasts available through 2030

'Natural GasBurner Tip Prices for California and t he Western United States.
https://www.enerqgy.ca.gov/programs-and-topics/topics/energy-assessment /natural-gas-burner-tip-prices-california-and-western.
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Fuel price comparison

2021 IEPR vs. 2021 PSP / 2022 LSE Filing Requirements

“Mid” Burner Tip Price

(2021 IEPR vs. PSP / LSE Filing Req)

CA Burner Tip Price Sensitivities

(2021 IEPR Low/Mid/High vs. PSP / LSE Filing Req)
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5. Reliability Modeling in RESOLVE and SERVM
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5.1. Approach and Inputs



Use Cases for Reliability Modeling in 2022-23 IRP
Cycle

. %A\IkIDrOOd set of reliability updates are being conducted this IRP cycle, for use as
ollows:

« Near-term use case (in progress): LSE plan filing requirements! released in June
and July, 2022
 Reliability planning requirement, including the planning reserve margin

« Final Resource Data Templo’re,{R,DT) with resource accreditation metrics, including
effectiveload carrying capabilities (ELCC), by resource type

- Upcoming use cases:

« Updatesto RESOLVE and SERVM, and IRP planning track more broadly, including for
2023 Preferred System Plan (PSP) development

« Mid-to long-term procurement progrom,including reliability procurement need
determinafionfor 2025 and beyon

« Approach
 Where possible, use consistent methodologies and inputs across all use cases

1. Filing requirements plus related material from April and July 2022 MAG webinars are available at https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/electric-
DOWer-procure ng-term-procurement-p -irp- e-events-and-materio
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https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/electric-power-procurement/long-term-procurement-planning/2022-irp-cycle-events-and-materials

Opportunities to Improve IRP Reliability Planning

« 2017-18IRP Cycle Topic Past IRP Method Improvement
« Optimistic import assumptions meant

reliablity planning was secondary PRM Shifting PRMs not fied to  SERVM-based PRM to
* 201(9:;]21 IRP Cycle e led o LOLP fundamentals > meet reliability

. anging assumptions led to two
large %rogcuremeﬁ’r orders for new RESOLVE outputs not standard
resources always matched to

+ Ord t directly tied tol f iabili
00 probabilty (LOLP) modeling of reliability results from
refiability need loss of load modeling

. EAI%\ATg?rS# rgg%lgilﬁgs(?/\%\l?/)lz IT—ICi)grk?fllxleeCer Thermal NQC-based (installed ELCC-based to create
scenario has led 1o portfolio that resource capacity) > can tip the alevel playing field
exceeds the reliability standard, per . :
2021 Preferred System Plan (PSP) accounting  scalesin favor of gas
analysis plants vs. clean energy

’ 202@(’32:}%1&";5 fling requirements ELCCs for Solar + wind surface Solar + storage surface

present opportunity fo refresh RESOLVE (RECAP) (SERVM)
reliability planning inputs Storage ELCC curve Wind ELCC

» Planning track PRM update for IRP (SERVM) curves (SERVM)
modeling broadly

« PRM for mid-to long-term ELCCs for LSE Interpolation from SERVM-based ELCC
procurement program Plans RESOLVE outputs forecast

California Public Utilities Commission




S ReEEESELELELELTLTLTTTSSSS
Summary of 2022 Approach

* Reliability Modeling Approach
« Use the CPUC’s SERV M model, with any appropriate updates, as the basis for need determination and resource
accreditation
* Need Determination

« Calculate total systemneed via a perfect capacity (PCAP) based totalreliability need MW (TRN), then translate into a
PCAP planning reserv e margin (PRM) abov e median gross peak

« A PCAP-based approach means removing from the reserve margin an allowance for forced outages of firm resources, and
accrediting all resource types at their respective ELCC i.e., their perfect capacity equiv alent, based on simulations that
consider theirrisk of outages, resource av ailability, and their interaction with load and other resource types

« Calculate marginal reliability need (MRN) relativ e to totalreliability need (TRN) using a marginal ELCC study
» Base LSE-specific need on share of marginal reliability need using new multi-year CEC LSE-specific managed peak share
forecast
» LSE Plan Resource Accreditation
« Allresources will use marginal ELCCs

 RESOLVE Updates
» Align PRM and ELCCs with LSE plan inputs (i.e. use same PCAP PRM and ELCCs from same SERV M model)

« Changesolar + wind ELCC surface to a solar + storage ELCC surface, include demand response (DR) on the storage
dimension

* Developseparate wind ELCC curves
» Al otherresources wil also use ELCC (firm resources, hydro, etc.)

California Public Utilities Commission



Key SERVM Modeling Updates

The following key updates were completedin May 2022 and applied in the June 2022 PRM study?as
part of comprehensive model updates scoped for the 2022-2023 IRP cycle. Recent studies for the 2021
IRP PSP and the RA proceeding Feb 2022 LOLE/PRM study used assumptions from the prior IRP cycle.

« Performed extensive updates to the Baseline in SERVM. Added new resources online from CAISO Master
Generating Capability List as well as new Development resources from the LSE IRP Plans

« Weather Years now span 1998-2020 and determine the distribution of load, wind, solar, and hydro hourly shapes
« Demand forecast updated to CEC's 2021 IEPR mid-mid and Additional Transportation Electrification (ATE) case

« Updated Preferred System Plan portfolio from RESOLVE using 2021 IEPR and updated resource costs and
transmission zone limits

« PG&E Bay and Valleyregions collapsed into one PGE region

« Only CAISO (PGE, SCE, SDGE regions) units explicitly modeled — tfransfers with neighbors modeled as fixed import
shapes

« Updated forced outage rates

« Relaxed Path 26 transmission limits (tfo ensure congestion from unbalanced retirements or additions in N vs. S
does not increase system reliability need)

« Ratio of fixed to tracking solar capacity aligned with RESOLVE assumptions
« BTM battery storage treated as a load modifier using 2021 IEPR shapes

1.Staff’s mpuf data forrellobllltymodelmg is ovolloble at hTTos //www cpuc.ca qov/lndusfrles and- Toolcs/elecmcol energy/electric-power-
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https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/electric-power-procurement/long-term-procurement-planning/2022-irp-cycle-events-and-materials/unified-ra-and-irp-modeling-datasets-2022
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-division/documents/integrated-resource-plan-and-long-term-procurement-plan-irp-ltpp/2022-irp-cycle-events-and-materials/20220616-irp-lse-plan-prm-study-results.pdf

Energy Division's Reliability Modeling Strategy

Energy Divisionis using the LOLE reliability modeling frameworkin a variety of Commission
proceedingsin addition to IRP.

* Energy Division completed LOLE and ELCC studies in 2022 for the Resource Adequacy (RA) proceeding
to inform the determination of wind, solar and storage resource ELCCs as well as the PRM for the 2023
and 2024 RA compliance years.

« Energy Division is using the LOLE framework with the "NoNewDER" portfolio for the Avoided Cost
Calculator in the Integrated Demand Energy Resource proceeding to establish avoided costs.

* Energy Division is also proposing to perform LOLE modeling to support the Slide of Day framework in the
RA proceeding

These diverse applications of LOLE modeling all rely on the same IRP baseline dataset.

« Baseline dataset includes electric demand, baseline resources, generation profiles for non-firm
resources, fuel prices, etfc.

 Maintaining consistency and stability in datasets is critical for enabling modeling work across these
proceedings to be relatable and consistent with each other.

Modeling data is posted to the CPUC website (Unified RAHRP Dataset page) for parties to review and
comment

« Parties can provide feedback during the regular IRP Inputs/Assumptions development process and
periodic MAG meetings
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https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/electric-power-procurement/long-term-procurement-planning/2022-irp-cycle-events-and-materials/unified-ra-and-irp-modeling-datasets-2022

Next Steps

« Consider RESOLVE reliability updates (next section)

» Staff expects there to be more process around adoption of reliability
Inputs and approaches later this cycle, for IRP planning tfrack and mid-
to long-term procurement program, including reliability procurement
need determination for 2025efriei49ei¥hd
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5.2. RESOLVE Reliability Updates



Overview of Reliability Updates in RESOLVE

1. Updating RESOLVE'’s total reliability need (Planning Reserve Margin, PRM)
« Switch from ICAP (Installed capacity) to PCAP (Perfect capacity) PRM
« Update PRM based on SERVM analysis
« Switch basis of PRM percentage from managed peak to gross peak

2. Updating resource contributions to resource adequacy in RESOLVE

« Count allresources at their perfect capacity equivalent (Effective Load Carrying
Capability, or ELCC) to be consistent with the PCAP PRM

« Update resource ELCCs based on SERVM analysis
« Moveto asolar + storage ELCC surface to capture strong diversity benefits

These updates better align RESOLVE + SERVM
to better ensure RESOLVE develops sufficiently reliable porifolios

California Public Utilities Commission



No Resource Provides Perfect Capacity

Variable E_nergy Resources: F_irm Capacity: Perfect
variable output available on demand
Long- Natural On-Site “ ’
Wind Solar Sti-r';r . Sti-r';r . Hydro R[;zmg::e Duration Nag:;al Gas + Firm Fuel CF;e:‘::(i:tty
9 9 P Storage Pipeline Storage P

100%
Effective
Capacity
Value
(Nlustrative)
0% L
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PCAP PRM provides a more durable definition of
total reliability need

Capacity
Required to meet The PRM % required fo
the 0.1 LOLE meet a 0.1 Loss of Load
Standard (MW) Expectation standard

decreases with more
—_ resources counted at ELCC

e

>20% PRM
} 14% PRM
1:2 PeakLoad == =—=—
Resources
Even though no resource provides counted at When all resources are counted at
perfect capacity, ICAP accounting [RLE [e||{=e Wefe]eTe[ei1)Y the|[] ELCC Voa'SJeli .
gives “firm” resources credit for (ICAP) © The PRMY01s lower than its

their full installed nameplate Resources counted . ﬁpéppqu\l/lj 'S;Oa:je;ets not change as
capacity rather than their : : .
contribution to system reliability at pe.rfeCt CCIpCICIfY the resource portfolio evolves
equivalent (ELCC)

0% % of resources counted at ELCC 100%
= PCAP

California Public Utilities Commission *Since the PCAP PRM % is a function of operatingreserves, and load v ariability, the % may change over time if these inputs change 102

but the percentage won't be dependent on theresource portfolio.
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PCAP PRM Results

(from July Filing Requirements MAG)

A Perfect Capacity (PCAP) PRM analysis
variesPCAP MW until 0.1 LOLE is achieved

PCAP PRM is driven by

A. Inter-annualload variability in historical
weather dataset

B. SERVM'sload forecast error
C. 6% operatingreserves

PCAP PRM was calculated for 2024, 2026,
2030, and 2035

PRM is measured relative to median gross
peak (i.e. BTM PV counted as a supply-side
resource at ELCC)

Staff propose RESOLVE to use a 14% PCAP PRM .
applied to the IEPR gross peak

California Public Utilities Commission

SERVM'’s CAISO PCAP PRM Simulations (2024)

LOLP simulations indicate an 13.8% reserve
margin needed to meet 0.1 days/year LOLE

J

0.8

0.7

0.6

LOLE (days/yr)
e o o o9
oW R W
.

e
[

56 57 58 59 60 61 62 63

o

6% 7% 8% 9% 10% 11% 12% 13% 14% 15% 16% 17% 18% 19% 20%
PCAP (GW) / Reserve Margin (%)

PCAP PRM simulationsfor years 2024, 2026, 2030and 2035
ranged between ~13.5-14.0%

Equivalent 2030 ICAP PRM over gross peak is ~18-21.5%,
depending on the share of resources counted at ELCC vs.
installed capacity

All PRMs calculatedrelative to CAISO median gross peak
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Planning models need estimates of resource
adequacy contributions

« Capacity expansion models enforce resource Loss of
adequacy constraints (e.g. PRM) load

. To ensure reliability at minimum cost, the model
marginal and total resource adequacy
contribution of energy-limitedresources 1
needs to be accurately reflected I H?ﬁ,fgolvoide
 But declining marginal capacity values and 7 SnTnie et

interactive effects betweenresources require
constant re-calibration of energy-limited

resource adequacy confributions Capacity
* It's not feasible to embed a detailed loss-of- expansion
load model within a capacity expansion mode]

model
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ELCC captures complex dynamics resulting from increasing
peneirations of variable & energy limited resources

A portfolio of resources exhibit
“Variable”r r hift reliabili “ -limited” . .
Vatlable 1esouces i elcblly  ‘EneravIied resources 1ead  complexiniraciivesfects wher he
y rellapbiiity risks across longer periods — \hole may exceed the sum of its parts
Solar Impact on Net Load Storage Impact on Net Load Combined Solar & Storage Impact on Net Load
(MW) (MW) (MW)
30,000 30,000 30,000
25,000 25,000 25,000 Comvbined
capacity
20,000 20,000 e 20,000 value
Increasing solar Increasing levels of storage A ”””””
15,000 tpe"ef(':tm" shifts 15,000 |§;3g:::;l:,e tlaz(tfelaitdt:enljglliz 15,000 Combined capacity
e mea'n orel"l es.llr)tg, window of system needs to value exceeds sum
| moving renaniity longer durations of individual parts
10,000 risks away from the 10,000 10,000 due to a “diversity
traditional peak benefit”
(and lowering ene
5,000 marginal capacity 5,000 5,000
value of solar)
0 0 0
1 Hour of Day 24 1 Hour of Day 24 1 Hour of Day 24

The ELCC approach inherently captures both capacity & energy adequacy
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Proposed RESOLVE Approach

Planning Reserve Margin

Wind

Solar PV

Battery Storage

Demand Response
(Load Shed)

Pumped Storage
Hydro

Bio/Geo/Nuclear

Fossil (CT/peaker, CCGT, CHP,
coal)

BTM Storage

Prior Approach:

2021 Preferred System Plan (PSP)

22.5% installed capacity based (ICAP) PRM
above managed peak

Proposed Approach:
2022 IRP Cycle and beyond

14% perfect capacity based (PCAP) PRM
above gross peak

\
7

ELCC (in-state, OOS, offshore wind curves)

ELCC (solar/wind ELCC surface) - 11
X4 1 .

ELCC (solar/wind ELCC surface), after
increasing need by IEPR peak shift

DR program capacity (NQC) for new + existing

ELCC LY
(solar/storage surface) z,s

ELCC (model new DR on storage dimension of
solar/storage surface)

Installed capacity (NQC)

ELCC

Load modifier via IEPR assumptions

Load modifier via IEPR assumptions

RESOLVE will now
rely on SERVM runs
to represent ELCCs
for all resources,
driving further
consistency
between the two
models

* ELCC calculationsinSERVM use 2030 1oads from the 2021 IEPR and the 2030 38MMT portfolio from the LSEfiling requirement runs.

California Public Utilities Commission + To avoiddouble countinginteractive effects, ELCC calculationsin SERVMwere sequenced: firm resources first, hydro second, existing pumped
storage third, existing demand response fourth, then candidate resource options.



ELCC curves and surfaces address challenging
issues for capacity expansion models

* Saturatfion impacts are addressed because marginal ELCC declines
endogenously with resource penetration

« Creating ELCC curve equations using the results of a LOLE model implicitly
includes energy limitations on different fimescales

» For wind and solar, production profiles across many years in the LOLE model
allows for consideration of low renewable output periods

» For storage, ELCC simulations have charging and discharging constraints

» Portfolio ELCC captures charging energy sufficiency and flattening of the net peak
viathe LOLE model

« ELCC curve with a single resource class does not include synergistic or
antagonisfic impacts with other resource classes

« ELCC “surface” with two resource classes can include interdependent effects
between two resource classes

California Public Utilities Commission




Workflow for using ELCC curve or surface in

planning

LOLE model \

(SERVM|

Calculate ELCC of

2

combinations of
energy-limited

resources overad
wide range of

installed capacities

\

Linear equations

Convert portfolio
ELCC valuesat a
range of
penetrations into
linear equations for
marginal and total

Capacity Exponsion\

ELCC

Implement curve or
surface equations in
capacity expansion
model, create least-
cost portfolios

\_ J

California Public Utilities Commission

Reliability Check

Check reliability
using LOLE model,
adjusting if any
issues are found




Building an ELCC curve in one dimension

Calculate ELCC at Different Linear equations approximate Implement in capacity
Levels of Penetration “true” ELCC curve expansion model
Marginal
Points simulated by LOLE ELCC %
model approximate | :

Portfolio curve >

ELCC/ O - T —_

Resource Portfolio

Adequacy e ELCC

contribution Eng'ir;O (MW)

(MW) T decreasing ELCC curve is the Capacity expansion
Total ELCC closed region formed model travels along
is increasing by the lines when this curve while

viewed from below optimizing ‘
Resource Nameplate Capacity (MW) ' Resource Nameplate Capacity (MW) ' Resource Nameplate Capacity (MW)

California Public Utilities Commission



° 7 7
Wind ELCC Curves .-
5 .
Portfolio 4 -
» Proposed update is to model ECL;“:,S 3 py
three wind types (in-CAISO, out 2 l ] In CAISO
of state, and offshore) on : /
separate ELCC curves 2 4+ + 10 5
« SERVM runs with different Resource Nameplate Capacity (GW)
combinations of the three wind
types demonstrated that Annual
separate ELCC curves are more 60% 1 e
accurate than combininginto a 50% Factor (%)
singlewind ELCC curve 40% -
. . . Marginal |
* Marginal ELCC isrelatively stable  gecim) >
overrange of wind capacity 20% 1 ,
and is largely proportional to 10% 1 : In CAISO 0%
annual average capacity factor 0% —
0 2 4 6 8 10 12 14
Resource Nameplate Capacity (GW)
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Now add a dimension....

 An ELCC surface with two resource classes can capture both
diminishing returns and diversity benefits between resources

The height of the orange dots, ¢

The slope between each point gives the
calculated by SERVM, represents p . P g
. marginal capacity value of solar and
the total solar + storage portfolio ELCC . .
storage at a given capacity

For any plane on
the surface:

Solar + Battery
Portfolio ELCC

Marginal
ELCC of
battery

/7 1MW of

Battery acllditional
~~~J Penetration attery
-~

——Marginal ELCC
1MW of of solar
additional solar

-

Solar
California Public Utilities Commission Penetration




Solar + Baitery Surface Marginal ELCCs

Marginal Battery ELCC (%)

Battery marginal ELCC increases for a given

battery penefration as solar is added > Solar marginal ELCC increases for a given solar

penetration as batteries are added

Solar Nameplate Capacity (GW) Solar Nameplate Capacity (GW)

At lower levels of battery E _ 3035|4045 (50|55|60|65(70(75|80|85(90|95|100
copoc_l’ry, battery marginal J 5 0 2% Solar marginal
ELCC is supported by solar -~ = 2% ELCCs saturate

because A) solar can G = without supporting
. © 8 10 1% .
charge batteries, and B) 2 s storage capacity
solar production can delay & o |15 2%
battery discharge & % 20 | 29% | 27% | 21% | 18% | 13% | 12% | 4% | 4% | 3% | 1% | 1% | 1% | 0% | 0% | 0%
Q —
g gf 25 12%
2 30 15% 2 (30 18%
(35 15% 2 (35 18%
£ et
3 |40 9% § 40 18%
3 |as 6% 5 |45 20%
£ o
< [50 6% 3 |50 20%
Battery marginal ELCC Batteries support solar marginal
so’rgrd’res without . ELCC by shifting solar generation
supporting solar capacity to hours when it is needed most
California Public Utilities Commission 112



Solar + storage surface in 3D

Each colored area represents a different
combination of marginalsolar and .
marginal storage ELCC

As RESOLVE adds solarand
storage resources:
(1) the portfolio ELCC increases

35
30

Solar +

Sf:’,,‘;;e 25 and (2) the marginal solarand

Portfolio 5 storage valuesmay change if
ELCC (GW) . enough capacity isadded to

move to a different plane
(each coloredareais a plane)
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Shed Demand Response (DR)

100%
« 2021 PSP approach: Shed DR Zg:
program capacity (NQC) for e
existing and candidate oo 0
- 2022 proposed approach: battery
» Existing: constant SERVM-calculated eq”&;")'e“* 0%
ELCC of 96% in all years T
« Candidate: Modeledon the storage 10%
dimension of solar + storage ELCC 0%
surface with multiplier that represents
the 4-hour storage equivalent for DR
in each future year
« Multiplier calculated via pairs of SERVM S

runs in which additional batteries are
compared to additional shed DR

California Public Utilities Commission

Candidate shed DR reliability
contribution lower than 4-hour
batteryin all years, likely due to

~O Y demand response call limits

2025 2030 2035 2040 2045 2050
Year

Y-axis represents candidate shed DR reliablity
conftributionrelative to a 4-hour battery. 4-hour
battery ELCC declines with increasing penetration

via ELCC surface so candidate shed DR ELCC wvill

also decline in the same manner 114



Pumped Storage

« 2021 PSP approach: 100 % NQC
for existing and candidate

« 2022 proposed approach:

« Existing: constant 95% ELCC
calculated by SERVM

« Candidate:New pumped storage is
givena constant ELCC in each year

« ELCC doesn’t depend on the
capacity of otherresources on the

system

« However, ELCC decreases as a
function of year

California Public Utilities Commission

. ELCC=86%in 2028, when1 GWnet
. qualifying capacity (NQC) of new long
. duration storage is required to be online :

100%

90%
80%
70% Constant after 2035

New Pumped (g
Storage ELCC

(%) 50% New pumped storage ELCC
40% decreases ov ertime, in large
30% part due to interactive
° effects with increasing lev els
20% of battery storage
10%
0%
2025 2030 2035

Year

ELCC valuesfrom 2022 LSE plan fiing requirements
(38 MMT scenario) are used to define ELCC
trajectory ov ertime for new pumped storage



Long-duration Storage ELCCs

» Long-duration storage ELCCs

are higher than short-duration
storage... but how much higher
may change dramatically
across the solar-storage surface

Resource Class

Factors to consider:
« Storage duration

» Storage round trip efficiency (incl.
parasitic / idle losses)

« Charging energy availability
« Duration of charging energy availability

» Portfolio of longer and shorter duration
stforage already on the system

* Persistence of extreme weather events

+ LOLP modeled operations (including
foresight to pre-charge long duration
storage)

California Public Utilities Commission

4-nr Battery Storage
8-hr Battery Storage

More analysis will be explored
in this IRP cycle to refine
modeling of long-duration
storage ELCCs in RESOLVE

LSE Filing Requirements Marginal ELCC (38MMT scenario)

68% 61% 54% 47% 40%

89% | 91%

93% | 90% | e7% | sem | 8% | s2% | 79% | 7% | 73% | 70% |

Minimal ELCC
increase for
longer duration

Net Load
(Mw)

lllustrative

Longer duration
resultsin large
ELCC increase

Discharge Duration:
Longer duration s
beneficial since it can
discharge at full capacity
forlonger peaks

P a»
< »

Benefit of longer duration may
be limited if window to charge is
short and/or if round trip
efficiency is lower

I Discharge

|

Charge and Discharge
Capacity
Limit how fast energy
can be stored or
released

Net Load

Hour of Day



Hydro ELCC

« 2021 PSP approach: Non-pumped hydroelectric facilities counted at
their (Sept) NQC value from the CAISO NQC list

« 2022 proposed approach:

« ELCC of the hydro portfolio (both small and large) calculated by SERVM
 Portfolio ELCC = 4,970 MW
 Portfolio ELCC distributed between small and large hydro based on their

capacity-weighted NQC

« Resultant values to be used in RESOLVE:
* Large hydro = 60% ELCC, or 4,692 MW ELCC (includes Hooverdam imports)
« Smallhydro = 43% ELCC, or 278 MW ELCC

California Public Utilities Commission 117



> Due to portfolio

Firm Resource ELCCS interactive effects,

especially the dynamic

a Portfolio ELCC of e Firm resource portfolio ELCC Lhodp;rpggsr? (r)r]:clﬁglgrleec;/fenrﬁly
all “firm” allocated between resource during simultaneous
resources was classesusing capacity- outages, this resultsin a
calculatedin weighted forced outage rate lower ELCC than the
SERVM (EFORd from SERVM analysis) Unforced (UCAP) %
Resource Class 1-EFORd: Equivalent Forced UCAP =1-EFORd ELCC for RESOLVE
Outage Rate demand (%) (% of nameplate) (% of nameplate)
Combined Cycle 5.5% 94.5% 88.3%
Combustion Turbine 6.2% 93.8% 87.0%
Reciprocating Engine 4.2% 95.8% 21.2%
Steam 7.2% 92.8% 84.8%
Combined Heat and Power (CHP) 3.1% 96.9% 93.5%
Nuclear 2.0% 98% 95.9%
Biomass and Biogas 5772/%,((b k;(i)orgg:) 994234@({) é?orggg) 86.7%
Geothermal 2.6% 97.4% 94.5%
California Public Utilities Commission 118
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Next Steps

« Stakeholders are invited to submit their informal commentsto staff on the topics
coveredin thiswebinarby October 6, 2022.
« Submityour commentsto [RPDataRequest@cpuc.ca.gov and use "2022 [&A" in the subject
line
» Stakeholders are encouraged to include the IRP servicelist as well.

« Please categorize your comments based on the sectionsin this webinar and submitone
single pdf document

« Stakeholders shouldsupport theirinput with data and/or explanations. If referring to specific
data, please provide the link(s) to those data

Staff willreview and incorporate input in the draft I&A document

Staff expects to release the draft IRA document in Novemberfor stakeholders' review
« Staff willhold a webinar to present the draft I&A document

Stakeholders willhave two weeks after the draft I&A release to submit theirinformal
comments to staff.

Staff expects to finalize the 2022 I&A document, including the stakeholder process, by
late Q4 2022
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Appendix A
Additional Resource Cost Comparison

Notfe: Results shown in this section do not reflect impacts of the
Inflation Reduction Act (IRA). Impacts of the IRA are shown on slides
21-23 and in Appendix B.

California Public Utilities Commission



Summary of Data Sources
2022 1&A vs. 2022 LSE Filing Requirements

Technology Data Source - 2022 LSE Filing Requirements! Data Source -2022 18 A
solar PV NREL 2021 AnnualTechnology Baseline (ATB) NREL 2022 ATB
(utility-scale, distributed) 9y
Land-Based (Onshore) Wind NREL 2021 ATB NREL 2022 ATB
Offshore Wind NREL OCS Study BOEM 2020-048 NREL OCS Study BOEM 2020-048
(+ financing assumptions from NREL 2021 ATB) (+ financing assumptions from NREL 2022 ATB)
Geothermal NREL 2021 ATB NREL 2022 ATB
Small Hydro NREL 2021 ATB NREL 2022 ATB
Biomass NREL 2021 ATB NREL 2022 ATB
Gas
(combined cycle, NREL 2021 ATB NREL 2022 ATB
combustion turbine)
Lision Batter Lazard Levelized Cost of Storage v7.0 (LCOS7.0) Will be updatedtolazard LCOS 8.0 when
Y (+ cost trajectories from NREL batterystudy) available?
Flow Battery Lazard LCOS 4.0 No update (not availablein later LCOS)
Pumped Hydro Storage Lazard LCOS 2.0 NREL 2022 ATB

12022 LSE Filing Requirements” denotes costinputs used in the RESOLVE analysis for the 2022 LSE Filing Requirements. 2 Lazard LCOS v8.0 expected
fo be releasedin November. E3incorporated property taxes for battery costs in the 2022 I&A update. Property taxes are includedin NREL 2022 ATB
technology costs.
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https://www.nrel.gov/docs/fy21osti/77384.pdf
https://www.nrel.gov/docs/fy21osti/77384.pdf
https://www.nrel.gov/docs/fy20osti/75385.pdf

Resource Cost Methodology

» Levelizedfixed costs (RESOLVE

inputs) are calculatedin E3’s pro E3's Pro Forma Model
forma financialmodel
« E3's pro forma calculates levelized Inputs (Database) Outputs (Calculations)
costs of energy ($/MWh) or capacity -
(.?P/kW‘.yr) under fypical proje.c’r Technology Operations
financing structures, and validates Assumptions Levelized Costs
these results using discounted cash SeirEEE NS, L Outputs: Levelized Fixed Cost
flow analysis (LFC), LCOE
« The pro forma model with California- e velten
specificassumptionsis incorporated i
Intfo the Resource Costs & Build Discounted Cash Flow Model
workbook, whichis published as part el §Tonelie O WA, dil
SSUMPTIONS
Of The RESOLVE pOC k(]ge Sources: ATB, IEJ’)REL, Lazard
« The modeland me’rhodology are *Note: Levelized costsforemerging technologies can be generated using the same pro forma

consistentwith prev IoUSIRP an (]|yses model, with cost and performance data coming from various sources (combination of E3
analysis, and scientific and manufacturer literature, as documentedin the Zero-Carbon

Technology Assessment Report).
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More details: [nputs & Assumptions: 2019-2020 Infegrated Resource Planning. February 27, 2020.
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https://files.cpuc.ca.gov/energy/modeling/Inputs%20%20Assumptions%202019-2020%20CPUC%20IRP%202020-02-27.pdf
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-division/documents/integrated-resource-plan-and-long-term-procurement-plan-irp-ltpp/2022-irp-cycle-events-and-materials/cpuc-irp-zero-carbon-technology-assessment.pdf

Terminology

 Total (“all-in”) levelized fixed costs

» Include overnight capital cost, construction financing costs, fixed O&M costs, and
any capital-based tax credifs!

« Totallevelizedfixed costs are cost inputs into RESOLVE for candidate resources and
Impact resource build decisions

 Levelized cost of energy (LCOE)

« LCOE is not a RESOLVE input or output but can be inferred from dispatch results

» The LCOEs shown in this presentation are illustrative and are for generic
technologies

 The LCOE of individualresources may vary by factors such as resource location and
resource availability (e.g., capacity factor)

« The LCOE is calculated using the pre-curtailment potential production; RESOLVE can
curtail wind and solarresources, potentially resultingin lower levels of renewable
production than are reflectedin the LCOE values!

CaliforniaPublic Utilities Commission I Inputs & Assumptions: 2019-2020 Integrated Resource Planning. February 27, 2020. 129



https://files.cpuc.ca.gov/energy/modeling/Inputs%20%20Assumptions%202019-2020%20CPUC%20IRP%202020-02-27.pdf

Summary of Levelized Cost of Energy (LCOE)

2022 I1&A
« The LCOEs shown here are
illustrative 480
« The LCOE of individual
resources may vary by >70
factors such as resource
. S60
location and resource
availability < $50
- LCOEisnot a RESOLVE 2 w0
input or output but canbe  §
inferred from dispatch N 930
results €20
Note: (a) Levelized cost estimates shown $10

here do not reflect IRA. Impactsof IRA are

shown in Appendix B. (b) LCOEs are S-
estimated for t he following capacityfactors
utility-scale solar 33%, distributed solar 20%,
land-based (onshore) wind 36%, offshore

wind 49%, geothermal 90%.

California Public Utilities Commission

2020

lllustrative Levelized Cost of Energy (LCOE)

e N

2025 2030 2035 2040 2045 2050

Utility-Scale Solar Distributed Solar ——|and-Based (Onshore) Wind

Offshore Wind - Morro Bay =——Geothermal



Utility-Scale Solar PV
2022 1&A vs. 2022 LSE Filing Requirements

« Decreasesin total fixed costs and LCOE are drivenby continued declinesin solar PV
capex and O&M costs, tracking annual reports of utility-scale project costs

Fixed O&M Cost (2020 $/kW-yr) All-in Fixed Cost (2020 S/kW -yr) LCOE (2020 $/MWh)
$25 $100 $30
$80 $25
$60 520
$40 °15
$10
$5 S20 ¢s
$- s- $-
2020 2025 2030 2035 2040 2045 2050 2020 2025 2030 2035 2040 2045 2050 2020 2025 2030 2035 2040 2045 2050
—— Utility-Scale Solar - 2022 I&A
----- Utility-Scale Solar - LSE Filing Req
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Land-Based (Onshore) Wind
2022 1&A vs. 2022 LSE Filing Requirements

« Adjustmentsto capex trajectory resultin slight changes to levelized fixed cost and
LCOE

Fixed O&M Cost (2020 S/kW-yr) All-in Fixed Cost (2020 $/kW -yr) LCOE (2020 S/MWh)
$50 $160 $40
$140 $35 o
$40 --‘“"‘-'--..........__________-__-. $120 $30 i
$30 $100 e $25 |
$80 $20
$20 $60 $15
$10 $40 $10
$20 $5
S $- $-
2020 2025 2030 2035 2040 2045 2050 2020 2025 2030 2035 2040 2045 2050 2020 2025 2030 2035 2040 2045 2050

Land-Based (Onshore) Wind - 2022 I&A
----- Land-Based (Onshore) Wind - LSE Filing Req

California Public Utilities Commission 128




Floating Offshore Wind
2022 I1& A vs. 2022 LSE Filing Requirements

« 2022 I1&A costupdate usesthe sameinputs (capex, fixed O&M, etc.) as LSE Filing Requirements,
both from NREL OCS Study BOEM 2020-048

» Differencesin levelizedfixed costs due to NREL 2021 vs. 2022 ATB financing assumptions

Fixed O&M Cost (2020 S/kW-yr) All-in Fixed Cost (2020 $/kW -yr) LCOE (2020 $/MWh)

$120 $350 $80
$100 $300 $70
50 $250 560
$50

$200
$60 $150 $40
$40 \ Adjustments to $30
$100 debt fraction $20
$20 $50 $10
$- $- $-

2020 2025 2030 2035 2040 2045 2050 2020 2025 2030 2035 2040 2045 2050 2020 2025 2030 2035 2040 2045 2050

Offshore Wind - Morro Bay - 2022 I1&A
----- Offshore Wind - Morro Bay - LSE Filing Req

Note: Offshore wind costs in both 2022 |1&A and LSE Filing Requirements assume ITC benefits are accessed for
all projects coming online through 2035 via the safe harbor exemption. This assumes the developer would start

construction or spend atleast 5% of total capital expenditure of a project prior to end 2025. 127
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https://www.nrel.gov/docs/fy21osti/77384.pdf

Natural Gas Combined Cycle (CCGT)
2022 1&A vs. 2022 LSE Filing Requirements

« Reductionto capexresultsin lowerlevelized fixed cost

Capex (2020 S/kW)
$1,200

$1,000 N T e L.

$800

$600
$400
$200

S-
2020 2025 2030 2035 2040 2045 2050

California Public Utilities Commission

$140

$120

$100
$80
$60
S40
$20
S-

All-in Fixed Cost (2020 S/kW -yr)

-----
-
S~
- -
----------
----------
-y

2020 2025 2030 2035 2040 2045 2050

Gas CCGT - 2022 I&A
----- Gas CCGT - LSE Filing Req

$140

$120

$100
$80
$60
$40
$20
S-

All-in Fixed Cost (2020 $/kW-yr)

------
-----
---------------
—————————

2020 2025 2030 2035 2040 2045 2050
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Geothermal
2022 1&A vs. 2022 LSE Filing Requirements

« For NREL 2022 ATB, base year fixed O&M costs are decreased by 23% relative to 2021
« This adjustment is due to proprietary geothermal industry data acquired by NREL

« NREL ATB modifications to financing assumptionsresultin deviations between 2025-2027

Fixed O&M Cost (2020 $/kW-yr) All-in Fixed Cost (2020 $/kW -yr) LCOE (2020 $/IVIWh)
$160 $600 $70
2140 ______________________________________ $500 mmscmmeoeeee $60 TSI
120 - T T
S40
S80 S300
$60 $30
$200 $20
S40
$20 $100 $10
S S S
2020 2025 2030 2035 2040 2045 2050 2020 2025 2030 2035 2040 2045 2050 2020 2025 2030 2035 2040 2045 2050
Geothermal - 2022 1&A
----- Geothermal - LSE Filing Req
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Pumped Hydro Storage (PHS)
2022 I1& A vs. 2022 LSE Filing Requirements

« Costsupdated from Lazard LCOS v2.0 (2016) to NREL 2022 ATB

 NREL 2022 ATB includes 15 Classes of pumped hydro

« Class 1 (500+ MW) represents large-scale installations and is most aligned with new capacity additions in
California

* NREL 2022 ATB assumes 10-hour storage duration

Capex (2020 S/kW) Fixed O&M Cost (2020 S/kW -yr) All-in Fixed Cost (2020 $/kW-yr)

$3,000 S20 $300
$2500 [TTTTTTTTTTTTTmmmmsmsmsmssssomoooe ¢ Impact of financing

2,500 250 - assumptions

$15 /
$2,000 —m e $200 M e cemmemmmmemmm—=mm=mm=——coeoo-
$1,500 S10 $150
$1,000 $100 s
$5
S500 S50
> s- $-
2020 2025 2030 2035 2040 2045 2050 2020 2025 2030 2035 2040 2045 2050 2020 2025 2030 2035 2040 2045 2050

Pumped Hydro Storage (10-hr) - 2022 I&A

----- Pumped Hydro Storage (10-hr) - LSE Filing Req
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Utility-Scale Lithium-ion Battery  wowosm

$2,000

NREL 2022 ATB vs. Lazard LCOS 7.0 ,

\

$1,500 -\
* NREL representation of battery costs continuesto $1.000 \
improve, but Lazard is still the preferred data source \ ---------------------

* NREL 2022 ATB still lacks financing assumptions and other $500
key inputs for battery storage levelized costs; currently
relying on Lazard for these inputs — there may be more 50
refined financing assumptions for storage in future ATB 2020 2025 2030 2035 2040 2045 2050
publications Fixed O&M Cost (2020 $/kW-yr)

« NREL ATB storage costs have been on the high side
comparedto E3's experience of market prices
before, but with recent supply chain constraints, this
gap is narrowing and has likely flipped

* Lazard assumptionstend to be more optimistic on

upfront capital costs, but this is partially compensated $10
by higher fixed O&M costs
« Higher fixed O&M due to warranty extension, sozozo 5025 2030 2035 2040 2045 2050

augmentation, and periodic replacement

Utility-Scale Battery (4-hr) - Lazard LCOS 7.0 - Mid

----- Utility-Scale Battery (4-hr) - 2022 ATB - Mid
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Additional Cost Sensitivities

Capex Sensitivities - Offshore Wind Capex Sensitivities - Hydropower

$6,000
10-100% delta

$5,000

$4,000

$3,000

20205/kW

$2,000

$500 *Morro Bay offshore wind costs are based on the NREL

OCS Study BOEM 2020-048.
S0 $1,000

2020 2025 2030 2035 2040 2045 2050

------- OSW - NREL ATB High OSW - Morro Bay High* S0
— OSW - NREL ATB Mid OSW - Morro Bay Mid 2020 2025 2030 2035 2040 2045 2050
— — OSW - NRELATB Low OSW - Morro Bay low e Hydro High ———Hydro Mid = = Hydro Low

Colifornia Public Utiifies Commission Note: Biomass has the same cost trajectoryfor Low, Mid, and High scenarios. 154


https://www.nrel.gov/docs/fy21osti/77384.pdf

Appendix B
Additional Inflation Reduction Act (IRA)
Results



Inflation Reduction Act Impactis on Levelized
Cost of Electricity (LCOE)

lllustrative Levelized Cost of Energy Change due to IRA

« Relative ($/MWh) impact 610
on LCOE due to the IRA

« Assumes “Bonus’” incentive
levelfor meeting ‘.
prevailingwage and

S5

Utility-Scale Solar - ITC (33%)

0 . <
5
apprenticeship rules g UtityScale Solr-PTC (33%)
W
H H = Land- d (Onsh ind (36%
* IRA tax creditsend dateis S s10) rand-Based (Onshore) Wind (36%)
SUbeCT _I_O assum ﬁon Of ~ Offshore Wind - Morro Bay (49%)
J .. p . —— Geothermal (90%)
IRA emissionsreduction $(15)
*Note: Percentages in parentheses
TorgeT yedr $(20) denote capacity factor.
Note: Assumes carbon emissionsreduction targets are met 2025 2030 2035 2040 2045 2050
in 2045 (75% reduction below 2022 levelsfor power sector
perIRA), followed by a 3-year incentive step-down.
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IRA Impact on LCOE - Solar ITC

Changes to ITC Schedule LCOE Change due to IRA
60% $30 Showing 33% capacity factor

50% =0 e+ em s mm s mmoc mmo oo -

' L]
L] ‘
40% \
Pre-IRA < Pre-IRA
...... Base g ce----- Base
30% >
Bonus o Bonus
o
=== Bonus + 10% < ===-Bonus + 10%
20% S10
= « «Bonus + 20% -« Bonus + 20%
10% S5
0% -
2020 2025 2030 2035 2040 2045 2050 2020 2030 2040 2050
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IRA Impact on LCOE - Solar PTC

Changes to PTC Schedule

$35

$30 . . . . .
o — _.\
J
$25 :

$20

$15

$10

R ,.

S0
2020 2025 2030 2035 2040 2045

California Public Utilities Commission

Note: Solar does not
have access to PTC
pre-IRA.

Bonus

=== Bonus + 10%

= «Bonus + 20%

|

2050

2020 S/MWh

S30

$25

$20

$15

S10

$5

5(5)

LCOE Change due to IRA

Showing 33% capacity factor
Pre-IRA
Base
Bonus
Bonus + 10%
Bonus + 20%
2020 2030 2040 2050
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IRA Impact on LCOE - Solar ITC vs PTC

« Under the IRA, solar has the Solar ITC vs PTC — LCOE at Various CFs
optionto select eitherinvestment »50
tax credits (ITC) or production tax $45
credits (PTC) $40

* The decisionto choose ITC vs PTC $35 ITC - 20%
Is primarily a function of vintage . ITC - 25%
year, capacity factor (CF), and = TC - 30%
Capex % $25 \ ——ITC - 35%

S PTC - 20%

- Using NREL 2022 ATB Capex VRN o PTC - 25%
assumptions, PTC is found fo 515, — PTC - 30%
outperform ITC across a wide s10 | s, ; - ——-PTC - 35%
range of CFs . /

o T :

2020 2025 2030 2035 2040 2045 2050
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IRA Impact on LCOE - Onshore Wind

S35

$30

Changes to PTC Schedule

$25

$20

$15

$10

$5

S0
2020

2025 2030 2035 2040 2045 2050

California Public Utilities Commission

Pre-IRA

=== Bonus + 10%

= +Bonus + 20%

2020 S/MWh

S40
S35
S30
$25
$20
$15
$10

85

LCOE Change due to IRA
Showing 36% capacity factor

Pre-IRA

====Bonus + 10%

= - Bonus + 20%

2020 2030 2040 2050
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IRA Impact on LCOE - Offshore Wind

Changes to ITC Schedule

35%

30%

25%

20%

15%

10%

5%

0%

2020

California Public Utilities Commission

e Pre-|RA

= Bonus

2020 S/MWh

S80
$70
S60
S50
$40
$30
$20
$10

S-

LCOE Change due to IRA
Showing Morro Bay (49% capacity factor)

ATB increases the debt
fraction after 2035.

Pre-IRA

Bonus

Currently assuming offshore wind will have access
tothe IRA ITC, which is technology-neutiral.
Assuming the IRA emissions reduction targetis
met by 2045, offshore wind will have access to the
30% ITC longer than pre-IRA timeline (30% through
2035 to reflect 10-year safe harbor).

2025 2030 2035 2040 2045 2050




Appendix C

Additional Information on Emerging Technologies



« CCGTs+>99%

California Public Utilities Commission

Summary of Operational Parameters

Modeling suggests
CCS are found to ~30% - 45% (One-

CCGT +>99% CCS CCS has minimal

have slightly lower way) : T .
fficiency than Generation T e

€ B Alom Cycle CCS ~40-50% (One-way) IO
Allom Cycle + Y 30% (O Unk
CCS 6 (One-way) nKnown

) EGS 10-22% (One-way) Unknown
Ropr)d—Trlp H,: 70-80% (One-way),
efficiency of Hydrogen 25-45% (RTEin CT/  Electrolyzer: 100%/Min.
stforage CCGT)
technologies Electrolyzer:

: SNG: 40-50% (One-
tends to decline ( 100%/Minute. DAC

. . Storage SNG 257 :
withthe duration Wil 1527 [RIEI and Sabatier reaction
of s’roroge CT/CCGT) flexibility unknown
A-CAES 60% (RTE) Unknown
lron Air Battery 45-50% (RTE) Unknown

RTE = round-trip efficiency;, HHV = higher heating value

Efficiency (One-Way - . o
Category Tech. or RTE. HHV Ramp Rate Limit Operational Lifetime

Equivalentto plant
without CCS

30 vyears
30-80years
30-80years

20 years for
electrolyzer

20 years for

electrolyzer; 20-40
years for DAC and
Sabatier reactor

30-50years

Unknown



Cost Comparison -
Storage Technologies,
Normalized for Duration

» Energy Costs for Li-lon and PSH are very
high relative to other technologies

« CAES also has fairly high prices

* SNG, Hydrogen and iron-air batteries are
very cheap from a capital cost of energy
duration perspective

« Storage durations are chosen for
comparison purposes only
« CPUC RESOLVE model would be able to pick

lowest-cost combination of resources and
their durations

« Costdata do notshow effects from
Federal IRA

« This will be included in the draff I&A
document to be released Q4 2022

California Public Utilities Commission

Levelized Fixed Cost of Technologies Normalized

for Duration
(2022%$/kWh-yr)

$35 -

$30 -

§->$25 . Note: Costs
S 520 | Normalized
8 15 | by Duration
<='(

Rl
(¢}

VIOV g OV IFT(|OO|IIFT| OO |IFT|IO|O| IO
[enNol ol Nol NoRER ol Nol Noll ol Holl Nol NoR RN Ne] o | o
N[N N[N|N|N|N|N|N| N N[N N[N| N N[N N
Li-ion Std. CAES | Pumped A-CAES Iron-Air | Hydrogen
Battery (24 hrs) Hydro (24 hrs) Battery (200 hrs) | (1000 hrs)

(4 hrs) (12 hrs) (100 hrs)

Note: Li-ion batterycosts are from Lazard LCOS 6.0, pumped hydro costs
are from Lazard LCOS 2.0, and bot h are shown for comparison purposes
only. These costs are updatedfor2022 I&A per earlier slides.

144



Appendix D
Shift DR and Shed DR



—
Technologies Included in Shed DR and Shift DR

Supply Curves

* LBNL's Shed DR supply curve and Shift DR supply curve represent potential
from each of these sectors and technologies

 Light Duty EV potential isremoved from the Shed and Shift DR resources
and included in the VGl workstream

Commercial Residential Industrial
Medium/Heavy Duty EV | Light Duty EV Industrialheat
Light Duty EV Pool pumps Process

Space cooling Space cooling Industrialcooling
Space heating Space heating IndustrialPumping
HV AC fans Appliances AgriculturalPumping
Water heating Water heating

Refrigeration Refrigeration

Lighting Lighting

ITequipment Electronics

Office Equipment Spa heater

California Public Utilities Commission



Shift DR Supply Curve - Disaggregated View

« Each cost franche is the incremental supply available at that cost

Shift DR Supply Curve - 2030

1,800 ag-Pumping
ind-Pumping

1,600 1 ind-Ind. cooling

1,400 M ind-Process

g M ind-Ind. heat

E 1,200 res-Spa heater

.g 1000 res-Water heating

Q M res-Space heating

© 800 S l

& M res-Space cooling

=

L: 600 M res-Pool pumps

3]

=

—— B com-HVAC fans
[ [ —
S75 $100 $125 $150 $200 $250 $300
Annualized Cost (5/kW-yr)

. com-IT equipment
400 com-Water heating
200 - - - com-Refrigeration
. — N
— — — —
§25 $50

B com-Space heating
W com-Space cooling
® com-MHDEV

California Public Utilities Commission



Example Shift Hourly Resulis

Legend: DECREASELocd [ NCREAsELoad [
HVAC Refrigeration
300 40
20 2 hour
200 adjacency
Sunrise shift Sunset shift 20 constraint
100 -
z 2 10 I
0
0
100 123458 , 121314151&1?—222324 1234567 {)11121314151617‘.2021222324
- \ -10
Decreasing loadisrelatively A
200 constrainedfor HYAC on this -20
day
Process Pumping
2000 Different
Increasing loadiis relatively 500 qdjgcency
1500 constrained for process on this 500 limits lead
1000 day. Adjacency similar to fo different
HVAC. 100 shift
= windows
s S0 A
0 . 213141516 17m
-100
o0 123456 101112131415161?18'222324 ~6 hour adjacency
-200 constraint
-1000 300
California Public ket Cermmemrrsrem




Hourly Shift Up and Down limits

* Unigue limiton each hour of each RESOLVE dispatch day

« Shift Up limitsrepresent maximum “headroom” on loads, for example the number of
“pluggedin” devices minus the (unshifted) reference load of those devices

« Shift Downlimitsrepresent the portion of the (unshifted) reference load that could be
reduced in an hour while still maintaining an acceptable amount of “service” (cool

houses, pumped water, etc)

. 100% Shift Up less
‘g 20% V constrained
Se than Shift
v 2 60%
£ S Down
2 Z 40%
x 2 —— ShiftDown
0% opportunities

0 2 4 6 8 10 12 14 16 18 20 22
Hour of Day

limited

California Public Utilities Commission

—

Example
day for
HVAC
resource



Daily Mileage
« For many loads there is significant potential to shift loads up or down each

hour

« But, it’'s not acceptable to the end-user for the load to be increasing and
decreasing frequently

» LBNL provided daily limitson the MWh of shiftable load, per MW of shiftable
load capacity — these limits are enforced in RESOLVE

Load .
Increase Example: Without

mileage
I ’ \ / \ constraint, model
| __ _ wouldwant to do
both sunrise and
l sunset shifts.
Mileage

Load

Decrease Sunrise Shiff  -—OR--- Sunsef Shift constraint forces
0 2 4 6 8 10 12 14 16 18 20 22 it to pick only

Hour of Day one.

California Public Utilities Commission




Daily Energy Neutrality

« Shiff resources are assumed to be energy neutral across each day

 This is a simplification because pre-heating, pre-cooling, etc. can result in
some efficiencyloss (or gain)

Load
Increase

I Energy Neutral.
| shift up and down

l have equal
“areas”
Load
Decrease

0 2 4 6 8 10 12 14 16 18 20 22
Hour of Day

California Public Utilities Commission




Shift Hour Adjacency

 Shifting down and shifting up must be relatively close to each other
« Consumers can’t wait for most of a day to cool buildings, heat water, etc.

« Adjacency constraints ensure that if load is shifted downin one hour, an equivalent
amount of load s shiffed up at most X hours away

« X dependson the type of load and is provided by LBNL.
« Opposite limitis also enforced (if load is shifted Up in an hour, Down is X hours away)

Load
Increase

£

I | Example of 3-hour
‘\ adjocency: all shifts
balanced within 3

Load hours ‘\J

Decrease
0O 2 4 6 8 10 12 14 16 18 20 22

Hour of Day

California Public Utilities Commission




Appendix E
Vehicle-Grid Integration Analysis



Request to Stakeholders: Welcome

Formula for Flexibility Parameters  feedback on the methodology to

calculate flexibility parameters

ViG V2G

Shift window is calculated as the average flexible window for all charging sessions (e.g. a caris parked plugged in for 8 hours, and spends 2 hours

3 charging, flex window = 6 hours):
o . . . _kWh_end, — SOC_kWh_start
SOC_kWh_end, — SOC_kWh s
o) flex_windowg = plugin_period, —
c charge_powerg
= " flex_windo
; shift_window = 25 f _nWl Ws
:"E plugin_period = time the EV is parked ata location with charging
N SOC_kWh_start/end = state of charge of battery in kWh at the start/end of the session
charge_power = max available charging power for the session
Baseline shapes determines the hourly shift potential |EPR shapes assume no baseline discharging load so greyed out
>
g = Shift Down, = Baseline Charging Load, Shift Down,, = Plugged in Capacity, + Baseline Charging Load,,
i
@)
- v Shift Up;,, = Plugged in Capacity, — Baseline Charging Load,, Shift Up,, = Plugged in Capacity, — Baseline Charging Load,,
Daily energy is calculated as a minimum of the total shift V2G daily energy is not constrained by the totalenergy charged during the session, but
> >| up and shift down potential within a day: only by total plugged in capacity. Multiplying it by V2 because V2G can technically
= % charge during half of a day and discharge during another half:
23 23 23 1
(@) uc.l Daily_energy = min { Shift Downy, Shift Uph} Daily_energy = ( Plugged in Capacityh> *E
0 0 0

California Public Utilities Commission



lllustrative Example to Calculate Shift Window

 Shift window isthe average window when the vehicle is plugged in and able to
change its charging behaviors

Charging session 1 Charging session 2 Charging session 3

: Charging shifted ; :
I within session == I i

. Parked not . Parked not . Parked noft i
Charging charging Charging charging Charging charging |

v

Time of day
Parked not Parked not Parked not Parked not
. + . . + ...+ X
charging 1 charging 2 charging 3 charging n

 Shift window (h) =
N, Total Number of Charging Sessions

* Modeling currently assumes intra-session charge management, which means that charging can only be shifted within each session, not between sessions

California Public Utilities Commission




lllustrative Example to Calculate Daily Energy
« Aggregated, population-level average charging shapes per vehicle

ResV1G

Avg Power per Charge (kW)

5

-

-
-
-

Shift Down

012 3 45 6 7 8 91011121314151617 181920212223
Hour

V1G Daily Energy (kWh) =
Total shaded blue area of shift down potential

The daily baseline charging load determines the max

Assuming SkW

average nameplate

capacity
=
=
a
en
o
=
(=]
]
o
]
2
=}
o
<]
>
<<

amount of energy that an EV canshift in a day. It can't

reduce more load than its baseline charging amount.

California Public Utilities Commission

"ok WM R O R N W A O

Plugged In Charging Capacity

-------

-

Shift Up

.-
- -
- -

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

______
-o-'“-
-
-

-
e

012 3 456 7 8 91011121314151617181920212223
Hour

V2G Daily Energy (kWh) =

O Rk N W A WU

|
pa

Res V2G

@ Baseline Charging Load
V2G Dischaging Capability
== Half of Plugged In Capability

Plugged In Discharging Capacity

Plugged In Charging Capacity

Half of Total Plugged In Charging (or Discharging) Capability

V2G daily energy is not constrained by the total energy charged
during the session, but only by total plugged in capacity. It can
technically charge half of a day and discharge another half of a day

assuming the vehicle is plugged in the whole day



Example of VGI Participation
Potential (%) Calculation

« VGI Potential (%)

* % Driver with VGI Potential = % Access to L2 charger *
% Enrollment by tranches * % V2G potential as of V1G

Example in 2030 V1G V2G

Total LDV Population 100% 100%
% Accessto VGI (L2) enabled chargers 40% 40%
% Willingness to participate at cost tranche 1 14% 14%
% V2G potential as of V1Gin 2030 - 10%
T1 Potential as of LDV population in 2030 5% 0.5%

% of LDV participating in active VGI program
20.0%

15.0%

capable vehicles

10.0%

5.0% VG

0.0%
2022 2025 2030 2035 2040 2045 2050

BVIG Tl mVIG T2 V1G_T3 V1G_T4
mV2G_T1 V2G_T2 V2G_T3 V2G_T4

California Public Utilities Commission

Request to Stakeholders: Please provide better
enrollment data available from VGI programs
and assumpltions on V2G timeline and potential
to inform this modeling exercise

Total LDV
Population

Drivers with access
to L2 chargers

Driverswiling to
enroll in active
VGl programs

Active V1G and
V2G Potential



Example of VGI Potential (MW) Calculation
- Based on 2020 IEPR EV High + PATHWAYS Forecast

« VGI potential (MW)

Charger
EV

* V2G Potential = % Access to L2 charger * % Enrollment by tranches *V2G potential % as of V1G * LDV stock *
+ V2G potentialneeds tobe multiplied by two because it can not only charge but discharge

Res Example in 2030 V1G vV2G

V1G Potential = % Access to L2 charger * % Enrollment by tranches * LDV stock * ratio x charger capacity

Ch , ,
—==9% ratio * charger capacity * 2

Potential of active VGI

T1 Potential as of LDV population in 2030 5% 0.5% 30000
LDV populationin 2030 4 million 4 million
_ < 25000
Charger/EV ratio at Res 1 1 s
Charger capacity (kW) 5 10 g 20000
]
Res_T1 Potential in 2030 (MW) 1000 200 5 15000
o]
Com Example in 2030 V1G V2G g 10000
T1 Potential as of LDV populationin 2030 5% 0.5% Z 5000
LDV populationin 2030 4 million 4 million 0
Charger/EV ratio at Com 1/25 1/25 2022 2025 2030 2035 2040 2045 2050
Charger capacity (kW) S 10 WVIG Res T1 MWVIG Res T2 mVIG Res T3 = VIG_Res T4
- BV2G_Res_ Tl © V2G_Res T2 ~ V2G_Res_T3  V2G_Res_T4
* The Final LDV population in 2022-2023 PSP will be based on the " V20 Com_T1 V26 Com_12 7V26_Com 13 V26 Com T4

latest |IEPR forecast

California Public Utilities Commission



Request to Stakeholders: Welcome feedback
S U p ply Curve - VGI COS'I'S and better data to refine the assumptions and

. Costsincluded: projections of costs

« Fixed O&M Costsreflectthe cost of incentivizing participationin active VGI programs

Category Fixed O&M Costs ($/kW-yr) [1]

Administration Costs $20/yr for each enrolled customer (~$3/kW-yr)
Marketing Costs $15/yr for each enrolled customer (~$2.5/kW-yr)
Incentive Costs $0/kW-yr ~ $50/kW-yr, varying by incentive tfranches

« Variable O&M Costsreflectthe cycling degradation costs of V2G resources

EV Pack & Cell Price ($2018/kWh) [2] 134
Cycles [3] 3500 3500 3500 3500
Cost per cycle ($2018/kWh) 0.04 0.02 0.02 0.02

[1] Cost informationis obtained from LBNL's DR-path model. Fixed O&M costs are tentatively assumed to be constantinreal terms through the study
horizon

[2] EV pack and cell price forecasts in 2021 and 2030 is obtained fromthe BNEFreport andit’s extrapolated to 2050 using 2021 PSP storage cost
frajectory. The exact values can be subjected to change with updated storage cost frajectory for the 2022-2023 PSP

[3] The degradation costis estimated using stafionary storage cycle limit, assuming the impact of using EV as a stationary storage resource willhave less
degradationimpact on EVs compared to driving the vehicles. A typical EV warranty cycles nowadays is around 100,000 miles, around 500 cycles

California Public Utilities Commission


https://about.bnef.com/blog/battery-pack-prices-fall-to-an-average-of-132-kwh-but-rising-commodity-prices-start-to-bite/

Example of VGI Supply Curve Results
- Based on 2020 IEPR EV + PATHWAYS Forecast

« Supply curve is a function of cost and potential

Res V1G Accessto Willingness to LDV Charger/EV | Charger Potential Cumulative 0
Example in L2 Charger Participate (%) | Populafion | rafio at Res Capacity (MW) Potential
2030 (%) (kW) (MW)

Supply Curve in 2030

— 580

>
VIG_ResTl  40% 14% 4 million 1200 £ s60

W
VIG_Res T2 40% 6% 4 million 1 5 500 1700 “g $40

Q
VIG_Res_ T3 40% 3% 4milion 1 5 250 1950 “ $20
V1G_Res_T4 40% 2% 4 million 1 5 200 2150 S0

0 500 00 1500 2000 2500
umulative Potential (MW)
e . . ] —e—ResV1G —e—Workplace V1G ResV2G —o—Workplace V2G
Res V1G Adminisiration Marketing Incentives Total Costs © oripace ° oripace
Example | ($/kW-yr) (S/kW-yr) (S/kW-yr) ($/kW-yr)
in 2030 Due to the low charger to EV ratio at workplace,
the magnitude of the workplace VGI potentialis
VIG_Res Tl 3 much smaller than residential VGI
VIG_Res.T2 3 2.5 10 15.5 o
V2G cost perkW of capacityis2 of VIG because

VIG_Res T3 3 2.5 25 30.5 of its doubling capacity modeled in RESOLVE
V1G_Res_T4 3 2.5 50 55.5
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Request to Stakeholders: Welcome

EXCImpIe Of VGI Re"q bim.y feedback on the methodology to calculate
CO n'l'l'ibU‘l'io N Cq |C U |C|'|'io N reliability contribution and data to validate

VGI contribution during reliability events

« Giventhat VGl is not as fully available as grid-scale storage to provide power at its nameplatein
everysingle hour, a scaling factor will be applied to normalize VGI shift down capability relative to its
“nameplate capacity” during the 4-hr evening net peak (e.g., 6-10pm)

« Equation
. VGI Scaling Factor(%) _ 241; Shift Downy, . _ Population Average Shift Down'Potent'ial During P.eak Period (kWh)
Nameplate Capacityp Total Nameplate Potential During Peak Period (kWh)

V1G V2G
Population av erage shift down potential per charger from 6-10pm (kWh) 0.5 9
VGI nameplate capacity per charger (kW) 5 10
Peak window duration (hr) 4 4
Total nameplate potential per charger from 6-10pm (kWh) 20 40
Res VGI Scaling Factor (%) * 2% 20%

» Battery (4hr) Equivalent Capacity of VGI(kW) = VGI Nameplate Capacity (kW) = VGI Scaling Factor (%)

Res Example in 2030 V1G \"yic]

VGInameplate capacity per charger (kW) 5 10
VGl Scaling Factor (%) 2% 20%
Battery (4hr) Equivalent Capacity (kW) 0.1 2

California Public Utilities Commission * VQI scaling fgc’ror is highly dependen’r on the ur_wderlying load shapes qnd cho_r.ger.u’rilizo’rion.Workploce
caling factoris much higher than residential scaling factor due tothe higher utilization of charger

S
e



Appendix F

Additional Information on Fuel Prices



Fuel price comparison
2021 IEPR vs. 2021 PSP / 2022 LSE Filing Requirements, NW + SW

NW Burner Tip Price Sensitivities SW Burner Tip Price Sensitivities
(2021 IEPR Low/Mid/High vs. PSP / LSE Filing Req) (2021 IEPR Low/Mid/High vs. PSP / LSE Filing Req)
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